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Introduction 

 It is a great pleasure for the Local Organizing Committee and the Board of the 

International Union of Photobiology welcoming you in Córdoba, Argentina, for the 16
th

 

International Congress on Photobiology. We feel very honoured by your participation in this 

Congress, held for the first time in the Southern Hemisphere and even South of the Rio Grande. 

With ca. 500 participants from 38 Countries and the high level of the science shown by the 

abstracts submitted, this ICP promises to be a great scientific meeting.  

 We have tried to attract all groups working in Latin America in the wide area of 

photobiology and we are sure that this Congress will strongly enhance the connection among 

those groups. There is a significant number of abstracts dealing with specific problems of the 

region, such as the influence of the high level UV radiation caused by the ozone hole on the 

phytoplankton and zooplankton in the Atlantic coast and lakes of South America, the 

photobiology of extremophiles in the Puna region at high altitude, the particular properties of the 

algae from South Chile, and the effects on human health, through the production of skin cancer, 

of the high level of UV radiation in Brazil and other Countries (to mention just a few). The high 

number of Argentine participants (more than 150) underscores the development of many areas of 

Photobiology in the host country.  

 The strong financial support by the Argentine Minister of Science, Technology and 

Innovative Production (MINCyT) and by the Science and Technology Research Council 

(CONICET) have  permitted the participation of many graduate students and young researchers 

from Argentina, whereas the support by IUPAC (International Union of Photochemistry) has 

allowed us to aid the participation of young colleagues from Latin America. We also 

acknowledge the support by the International Union of Biological Societies (IUBS), The World 

Academy of Sciences (TWAS), and last, but not least, the support by the Photobiology Societies 

from Europe (ESP), the United States (ASP) and from Asia and Oceania (AOSP) as well as by 

the Research Institutions in Germany (MPG, DAAD, DFG, Humboldt Foundation, etc.) grouped 

under “Research in Germany”.  The generous support from several Companies (listed with 

their logos), such as L’Oreal, BASF, and Johnson & Johnson as well as all the exhibitors, has 

helped us finance this Congress without putting a very large burden on the fees, especially for 
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the participants from Latin America. The Rector and officers from the National University of 

Córdoba (UNC) have supported us in every possible manner and we are very grateful for this 

help.  

 We are sure that you will enjoy the 5 days of stay at the Campus of the UNC, the oldest 

University in Argentina, as well as visiting the surroundings in the City and, perhaps, the nearby 

wonderful mountains.  

 We also thank the “Agencia de Córdoba Turismo” and the  Gobierno de la Provincia 

(Province Government) for the welcome reception.   

 We deeply thank the members of the International Advisory Scientific Committee and the 

Symposia Organizers for the great collaboration and the time spent putting together the many 

puzzles that permitted to complete the complex programme of the Congress. 

 It is the effort and contributions of the participants what marks the success of a Congress, 

and this one should be no exception. We wish you a very fruitful exchange of scientific ideas, the 

creation of new friendships and the renovation of old ones as well as the establishment of fresh 

long-term scientific collaborations. 

 In the name of the International Union of Photobiology (IUPB, 

www.iuphotobiology.com) and the Local Organizing Committee of the Congress, 

  

  

 Silvia E. Braslavsky 

 Henry W. Lim 

 August 2014 
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PL1 - Optogenetics  
 
Karl Deisseroth  
 
Stanford University, USA E-mail: deissero@stanford.edu

  

 

This talk will address optical tools for precise, high-resolution investigation of  

intact biological systems, and application of these tools to study the neural circuit  
underpinnings of adaptive and maladaptive behavior. Results will be shown from both  

optogenetics (a technology for precisely controlling millisecond-scale activity patterns  

in specific cell types using microbial opsin genes and fiberoptic-based neural  

interfaces) and CLARITY (a technology to optically resolve high-resolution structural and  
molecular detail within intact tissues without disassembly). Most recently in  

optogenetics, our team has developed strategies for targeting microbial opsins and light  

to meet the challenging constraints of the freely-behaving mammal, engineered a panel of  
microbial opsin genes spanning a range of optical and kinetic properties, built  

high-speed behavioral and neural activity-readout tools compatible with real-time  

optogenetic control, disseminated the tools to thousands of investigators, and applied  

these optogenetic tools to develop circuit-based insight into anxiety, depression, and  
motivated behaviors. Distinct from optogenetics, our CLARITY technology can be used to  

transform intact biological tissue into a hybrid form in which components are removed and  

replaced with exogenous elements, resulting in a transparent tissue-hydrogel that both  
preserves, and makes accessible, structural and molecular information for visualization  

and analysis. With CLARITY, whole mouse brains have now been labeled and imaged, and  

molecular markers have been used to identify individual structures and projections in  
banked human brain tissue, thereby unlocking rich sources of information for probing  

disease mechanisms as well as the native structure and complexity of the nervous system,  

in a manner complementary to optogenetic approaches. 
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PL2 - Photoimmunology 

 
Thomas Schwarz 

a
 

a
Department of Dermatology, University Kiel, Schittenhelmstrasse 7, 24105 Kiel, Germany; E-mail: 

tschwarz@dermatology.uni-kiel.de 

 
Among the many biological effects exerted by ultraviolet radiation (UV), UV-induced 
immunosuppression is one of the least understood. It is known for decades that UV, in particular the UVB 
range (290-320 nm), suppresses immune reactions. UV-induced immunosuppression differs from drug-
induced immunosuppression in several ways. It is induced by low/physiologic doses of UV, it causes 
long-term suppression, it is antigen-specific and it affects primarily T-cell driven immune reactions. The 
antigen-specificity is due to regulatory T cells (Treg). These are induced by UV-damaged Langerhans 
cells which migrate from the epidermis into the regional lymph nodes, present there the antigen in a non-
professional fashion and thereby induce Treg. Due to the expression of specific homing receptors UV-
Treg locate to the lymph nodes and thus primarily inhibit sensitization. Since they act in an antigen-
specific fashion they harbor therapeutic potential, but in this case they should not only prevent 
sensitization but also inhibit elicitation. Recently strategies were identified by which the migratory 
behavior of UV-Treg can be modified in such a way that they migrate into the periphery and thus inhibit 
the elicitation of immune responses.  
 
Despite the well known immunosuppressive effects bacterial superinfections upon UV exposure are rarely 

observed. Even heavily superinfected dermatoses like atopic dermatitis improve upon phototherapy even 

without antiseptic treatment. This obvious discrepancy is due to the fact that T cells are not at all relevant 
for the antibacterial response in the skin. This job is mostly done by the innate immune system, in 

particular by antimicrobial peptides (AMPs) which are produced in quite high amounts in the skin. UV 

was shown to induce the secretion of AMPs including defensins which explains the good antimicrobial 
defense despite suppressed T cell immunity. Hence, UV exerts diverse effects on the immune system 

suppressing the adaptive but inducing the innate immune response. T cells in the skin are the critical 

cellular mediators of the vast majority of inflammatory dermatoses and thus probably more harmful than 
beneficial. Hence, it is tempting to speculate that a certain and constant level of immunosuppression by 

physiologic UV doses might be beneficial, taming overshooting immune reactions. At the same time, by 

inducing AMPs these low UV doses may foster the antibacterial defense. According this line it was 

recently shown that defensins exert also immunosuppressive functions, in particular induction of Treg. 
This implies that defensins may protect the skin from microbial attacks on the one hand, but tame T-cell-

driven reactions on the other hand, thereby enabling an antimicrobial defense without collateral damage 

by the adaptive immune system. Thus suppression of the adaptive and induction of the innate immune 
system by low doses of UV may be components of a physiological protection process.  

  

mailto:tschwarz@dermatology.uni-kiel.de
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PL3 - The Evolution of the Photosynthetic Apparatus 

 
Nathan Nelson 

Department of Biochemistry and Molecular Biology, The George S. Wise Faculty of Life Sciences, Tel 

Aviv University, Tel Aviv, 69978, Israel 
 

Photosynthesis spans the widest scale of redox potential in the biochemistry of life, as it has the 

ability to produce the most oxidative reaction (water splitting by PSII) and the most powerful reducing 

compound (ferredoxins by PSI). Operation under extreme redox potential presents an enormous challenge 
mainly to protect against damages of highly reactive components such as singlet oxygen, which is a 

byproduct, as well as loss of high-energy electrons to non-productive components in the environment. All 

of those challenges have been addressed in various ways by the long evolution of photosynthetic systems 
that are reflected in the fine structure of large protein complexes involved in this process. Determining the 

atomic structure of the photosynthetic complexes in several organisms living in different environment 

should shed light on the photosynthetic process and the way by which each part cope with the different 

challenges it faces.  
We will argue that the basic principals and the main active units representing the major 

bioenergetics complexes start evolving in the prebiotic world and thus DNA and protein sequences have 

no bearing on their early evolution. Rather, the basic chemistry of redox reactions and mechanical 
machineries, reflected in the fine structure of the current complexes, initiated the evolution of the various 

partial reactions that eventually assembled into the wide variety of today’s bioenergetics processes. 

Because cytochrome b-c complex operated at a neutral redox potentials in it is likely that it provided the 
template for the primordial electron transport chains. 

Life on Earth was initiated under anaerobic conditions in which free oxygen was highly limited. Under 

these conditions, energy is plentiful, provided that electron acceptors (oxidized chemicals with positive 

redox potential) are available. However, under anaerobic conditions, in which almost every chemical is 
reduced, electron acceptors are scarce. Primordial reaction centers provided the electron sink and enabled 

the evolution of the current bioenergetics systems. Marine viruses contain more genetic information than 

all the organisms together. Recently an operon encoding PSI was identified in cyanobacterial marine 
viruses and it is likely that many evolutionary steps that are not apparent in the current organism will be 

revealed in those viruses. A scenario for the evolution of photosynthetic systems will be discussed.  
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PL4 - Microbial Rhodopsins: Molecular Mechanism and Optogenetics 

                               
Ernst Bamberg 

Department of Biophysical Chemistry, Max-Planck -Institute of Biophysics, Frankfurt 

ernst.bamberg@biophys.mpg.de 
 

Microbial Rhodopsins are widely  used in these days as optogenetic tools  in neuro and cell biology. We 

were able to show that   rhodopsins  from  the unicellar alga Chlamydomonas reinhardtii with the 7 

transmembrane helix motif act as light-gated ion channels, which we named 
channelrhodopsins(ChR1,ChR2). Together with the light driven Cl

- 
pump Halorhodopsin ChR2 is used 

for the non-invasive manipulation of excitable cells and living animals by light with high temporal 

resolution and more important with extremely high spatial resolution. The functional and structural 
description of this new class of ion channels   is given (electrophysiology,noise analysis, flash photolysis 

and 2D crystallography). New tools with increased spatial resolution and extremely enhanced light 

sensitivity in neurons are presented.  Applications in cell biology as well as in neurobiology with a 

biomedical perspective-recovery of vision and optogenetic implants in the Cochlea- will be presented. 
 

Acknowledgements The work was supported  by the Deutsche Forschungsgemeinschaft, 

Sonderforschungsbereich 807, Centre of excellence Frankfurt Macromolecular Complexes, the German 
Federal Ministry of Education and Research (01GQ0815) and by the  EU FP 7 Optoneuro Project, 

(249867) and the Max Planck Society  
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S1 - The Photobiological Origins of DNA Repair Pathways 

 and Repair Deficient Diseases 
 

Philip C. Hanawalt  

Department of Biology, Stanford University, 371 Serra Mall, Stanford, California, U.S.A. 
hanawalt@stanford.edu   

 

The field of DNA repair began with studies of the effects of UV (ultraviolet light) on living cells and 
phenomena such as photoreactivation that affected the deleterious outcomes from irradiation. The 

ubiquitous pathway of NER (nucleotide excision repair) was discovered in 1964 shortly after we learned 

that the CPD (cyclobutane pyrimidine dimer) is the predominant UV photoproduct in cellular DNA. The 
structurally distorting  6-4PP (6-4 pyrimidine-pyrimidone photoproduct) was discovered some time later 

and shown to be more easily recognized by repair enzymes than the CPD. Inducible cellular responses to 

genomic stress in bacteria and in mammalian cells were shown to upregulate NER and improve the 

efficiency of CPD recognition for repair. A TCR (transcription-coupled repair) sub-pathway of NER was 
discovered and shown to selectively remove transcription blocking damage from the transcribed strands 

of expressed genes, while the GGR (global genomic repair) pathway deals with damage throughout the 

genome. Translesion DNA polymerases were discovered and Pol eta, in particular, can bypass CPDs with 
less mismatches than it generates on lesion-free DNA. 

 

The first example of a human hereditary disease due to deficient DNA repair was (XP) xeroderma 

pigmentosum, characterized by severe sun-sensitivity and a thousand-fold greater incidence of cancers in 
sun exposed skin than seen in normal individuals. A variant form of XP results from deficiency or 

mutations in Pol eta. Several other sun-sensitive diseases, including (CS) Cockayne syndrome and UV
S
S 

(UV sensitive syndrome) exhibit TCR deficiency and interestingly, develop no cancers in sun exposed 
skin. However, CS is characterized clinically by severe developmental and neurological problems while 

UV
S
S manifests only sunburn and freckles.  

 
We will briefly review the major landmarks in the history of DNA photodamage and repair, and then 

provide a perspective on the value of this burgeoning field for human health and the future of mankind. 

 

Acknowledgments PCH acknowledges long-term support from the NIH, and applauds the 
accomplishments of a talented group of students and postdoctoral research associates in his laboratory 

from over 35 different countries.  
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There is much electrophysiological information on the regulation of photosynthetic gas exchange by 

stomata—pairs of epidermal guard cells found on plant leaves, stems, and other organs. These cells 
respond to environmental parameters—temperature, carbon dioxide concentration, humidity, light, 

drought stress, etc., swelling or shrinking in response to changes in these parameters, resulting in opening 

or closing the pore between them, and balancing water loss against uptake of carbon dioxide for 
photosynthesis. The various channels and ATPases involved have characterized in great detail [1]. 

Drought stress is known to induce synthesis of the plant hormone abscisic acid (ABA) and ABA induces 

guard-cell shrinking and stomatal closure, curtailing water loss. On the other hand, blue light, absorbed by 

phototropins 1 and 2 activates ATPase activity that pumps out protons, leading to potassium influx, an 
increase in osmotic potential and water uptake that leads to pore opening. The prevailing view is that 

regulation of stomatal pore size is largely osmotic. We have shown that changes in microtubules are also 

essential for stomatal opening and closing. The guard cells of open stomata have abundant hoop-like 
microtubules arranged in bundles of various sizes.  Closure is accompanied by a decrease in bundling and 

a net loss of tubulin through proteolysis. Oryzalin, a drug that destabilizes microtubules prevents light-

induced opening and taxol, a drug that stabilizes microtubules, prevents closing induced by darkness or 
ABA [2, 3]. COP1, an E3-ligase, is required for degradation of the tubulin and cop1 mutants fail to close 

their stomata either in darkness or in response to ABA. These mutants lack measurable activity of the 

slow anion channel SLAC1, required for stomatal closing. Hypotheses relating electrophysiological 

changes to cytoskeletal changes in the regulation of stomatal aperture will be discussed.  
 

WRB acknowledges with gratitude financial support from the U. S. National Science Foundation. 
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K1 - Photobiology with Single Molecules using Optical Microresonators 
 
Frank Vollmer 

Max Planck Institute for the Science of Light, 91058 Erlangen, Germany; E-mail: 
frank.vollmer@mpl.mpg.de 
 

We study the binding of single biomolecules and their interactions from optical microcavity frequency 

shifts. Experimental and analytical results on single molecule studies of various molecular species will be 
reported, including photoresponsive proteins such as bacteriorhodopsin. Our platform combines ultra high 

sensitivity with fast time resolution and can find various applications in photobiology.  

 

Acknowledgments FV acknowledges support from the Max Planck Society. 
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K2 - Light Regulation of Plant Immunity 
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Plant immunity against pathogens and herbivores is a central determinant of plant fitness in natural plant 
communities and crop yield in agroecosystems. Plant immune responses are orchestrated by two key 

hormones: jasmonic acid (JA) and salicylic acid (SA). Recent work has demonstrated that in plants of 

shade-intolerant species, which include the majority of those grown as grain crops, light is a major 

modulator of immune responses. Light signals that indicate proximity of competitors, such as a low red to 
far-red (R:FR) ratio, down-regulate the expression of JA- and SA-induced immune responses against 

pests and pathogens [1]. This down-regulation, which is caused by inactivation of the photoreceptor 

phytochrome B (phyB), is likely to help the plant to efficiently redirect resources to rapid growth when 
the competition threat posed by other plants is high [2]. In this lecture, I will address the molecular 

mechanisms that link phyB with JA signaling and defense activation. A better understanding of the map 

of molecular connections between photoreceptors and the hormonal regulators of plant immunity will 
provide a functional framework to understand the mechanisms used by plants to deal with fundamental 

resource allocation trade-offs under dynamic conditions of biotic stress. This mechanistic understanding 

is likely to provide important clues to breeding programs aimed to increase crop plant resistance to pests 

and pathogens [3].  
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Besides visual photoreceptors, the vertebrate retina contains a subset of retinal ganglion cells,the 

intrinsically photosensitivecells (ipRGCs) [2] expressing the photopigmentmelanopsin (Opn4) [1]; 

ipRGCsare involved in diverse non-image forming tasks: the photic entrainment of circadian rhythms, 
pupillary light reflexes (PLR), melatonin suppression, etc. [3]. In the chicken, there are two Opn4 genes, 

named Opn4m and Opn4x(the mammalian and Xenopusorthologs respectively) [4]. We have previously 

shown that the chicken retina expressed both Opn4 proteins [5] with Opn4m confined to the GC layer and 

Opn4x expressed in the GC layer at first and in horizontal cells (HCs) at later developmental stages. 
Embryonic RGCprimary cultures expressing both Opn4s respond to light through a photocascade 

involving phospholipase C activation and calcium mobilization [6]. Blind chickens(GUCY1*) lacking 

functional rods and cones, expressed both Opn4s and retained photosensitivity that synchronizes feeding 
rhythms and PLR [7]. At present we are investigating intrinsic photosensitivity of Opn4x (+) HCs and the 

visual cycle acting in the inner retina. For this, we have obtained primary HC cultures and assessed 

positive light responses by calcium fluorescence imaging in these cells as compared with dark controls, 

and retinal levels in ipRGCs after light exposureand endogenous content in HCs. Results suggest that 
inner retinal cells (ipRGCs and HCs) acting as non-classical photoreceptors cooperate to detect light and 

participate in the regulationof non-visual functions. 
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K4 - Fungal Bioluminescence 
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Universidade Federal de São Paulo, Instituto de Ciência e Tecnologia, 12231-280 São José dos Campos, 
SP, Brasil; anderson.garbuglio@unifesp.br 

 

Although fungal bioluminescence has been reported since ancient times, the chemical pathways 

involved in light emission, the identity of the substrate and enzymes involved and the biological function 
of bioluminescence remain unsolved [1]. Likewise the bacterial and firefly bioluminescence, whose study 

enabled the use of luc and lux reporter genes and harnessed the development of the toxicological bioassay 

Microtox®, utilized by environmental protection agencies, industries and universities, the comprehension 
of fungal bioluminescence has the potential to generate a similar assay, provide information about the 

mechanism of bioluminescence and its use as a tool in Molecular Biology. 

  In this work will be presented the results obtained by our group: a) the identification and 
obtention of new cultures of Brazilian bioluminescent fungi [2-5], b) the investigation of the bio- and 

chemical mechanism of light emission [6,7], c) the development of a toxicological fungal-based 

luminescent assay using the species Gerronema viridilucens [8-10] and d) periodicity in fungal 

bioluminescence. 
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  The accumulation of the fluorescent material lipofuscin in the retinal pigment epithelium (RPE) is a 

hallmark of aging in the eye. Lipofuscin is a complex material containing little protein.  In organic solvent 

extracts of lipofuscin isolated from mice and humans, A2E is the most abundant molecule observed by 
clssical chromograpthic techniques. A2E is a fluorescent bis-retinoid by-product resulting from the 

normal visual process.  The absorption of a photon by visual pigments generates all-trans retinal, which 

can in turn be processed into A2E.   In vitro, A2E has been shown to exhibit a broad spectrum of 

cytotoxic and phototoxic effects which has made it a target of pharmcuetical interest. 
 

 Our studies have correlated the distribution of lipofuscin and A2E across the human and mouse 

RPE.Lipofuscin fluorescence was imaged in samples from human donors of various ages and from 
assorted mouse models.  The spatial distribution of A2E was determined using matrix-assisted laser 

desorption-ionization imaging mass spectrometry on flat-mounted tissue. Our data support the clinical 

observations in humans of strong fluorescence, increasing with age, in the central RPE, the area where 
damage is observed in various age-related retinal degenerations.   However, there was no correlation 

between the distribution of A2E and lipofuscin, as the levels of A2E were highest in the far periphery and 

decreased toward the central region. Interestingly in all the mouse models, A2E distribution and 

lipofuscin flouresence correlate well, indicating that the mouse is not a good model for central retinal 
degenerations. Our data demonstrate that the accumulation of A2E is not responsible for the increase in 

lipofuscin fluorescence observed in the central RPE with aging in humans.  The challenge remains to 

determine that species and to elucidate the connection with central retinal damage. 
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Light is a strong ecosystem modulator in freshwater lakes. Absorption of solar radiation generates the 

physical structure of the water column. Light supplies the energy for two major processes: phytoplankton 

photosynthesis and photodegradation of dissolved organic matter (DOM). At the biology level, light is 
involved in visual feeding, diel periodicities, and seasonal patterns. 

 

In Pampean shallow-lakes, phytoplankton primary production is almost invariably limited by light, rather 

than by nutrient. In addition, light availability controls community structure, population dynamics, and 
phenology. Increased light fluxes have direct effects at the base of the trophic food web (primary 

producers and decomposers). In the long run, any excess of light is used to generate additional biomass, 

resulting in negligible changes in the average amount of light perceived by producers. But increases in 
light fluxes may also affect negatively phytoplankton quality (i.e., decreased mass-specific phosphorus 

and pigment contents), or may even lead to more complex (bi-modal) seasonal patterns.  

 
At higher trophic levels, increases in light fluxes may negatively affect the demographic parameters of 

grazer populations, if they have access to food resources that are more abundant, but of lesser quality 

(e.g., paradox of enrichment). Changes in food availability (quantity and quality) and temperature, 

mediated by light availability generate “windows of opportunity” for the development of grazer 
populations, resulting in predictable phenology of grazer population over wide geographic areas. 

 

In aquatic environments, light availability not only depends on incident radiation, but also on water 
column depth and background attenuation. The latter two factors are strongly controlled by weather 

conditions and climate trends. Pampean shallow-lakes rank among the most turbid environments of the 

world and they are subjected to cyclical and aperiodic changes in depth and turnover rates. 
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Light is not only a source of energy but also a regulator of plant physiological adaptations. We show here 

that light/dark conditions affect alternative splicing of a subset of Arabidopsis genes preferentially 
encoding proteins involved in RNA processing. Experiments with red and blue light, the use of different 

mutants and of photosynthetic electron transfer inhibitors allowed us to rule out the participation of 

cryptochrome and phytochrome photosensors and to reveal the need for functional chloroplasts. The 

effect is not only observed in green tissues but also in roots when their communication with the 
photosynthetic tissues is not interrupted, suggesting that a signaling molecule travels through the plant. 

Using electron transfer inhibitors with different mechanisms of action we demonstrate that the reduced 

pool of plastoquinones initiates a chloroplast retrograde signaling that regulates nuclear alternative 
splicing (Figure 1). Furthermore, we demonstrated that this regulation is necessary for proper plant 

responses to varying light conditions [1]. 

 

 
 

Figure 1: Model for the regulation of alternative splicing by light. Light-induced reduction of 

plastoquinone to plastoquinol (PQH2) generates a signal that modulates alternative splicing in the 

nucleus. This signal, or a derived one, travels to the roots and provokes similar effects 
 

[1] E. Petrillo et al. Science, 2014, in press. 
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Humans have two kinds of vision: twilight vision mediated by rhodopsin (Rh) and color vision achieved 

by three color pigments, each of which absorbs blue (max = 425 nm), green (max = 530 nm) or red (max = 
560 nm) light [1].  A common chromophore molecule, 11-cis retinal, is used to distinguish different 

colors in vision, suggesting active control of light absorption by surrounding amino acids.  While atomic 
structures of Rh have been determined, structural studies of color pigments lag far behind those of Rh, 

mainly because of difficulty in sample preparation and lack of suitable methods in structural analysis.   

We thus attempted to express monkey green (MG) and red (MR) sensitive color visual pigments in 
HEK293 cell lines for structural analysis using light-induced difference Fourier-transform infrared (FTIR) 

spectroscopy at 77 K, where one FTIR sample was obtained from 300 culture plates.  The first structural 

information thus obtained [2] showed that the retinal chromophore is structurally similar between rod and 
cone pigments, but hydrogen-bonding network around the retinal chromophore is entirely different 

between them.  In addition, some spectral differences are observed between MR and MG, including 

protein-bound water molecules [3].   

Although the expression level of blue pigment was even lower than those of green and red pigments, we 
recently succeeded in preration of monkey blue (MB), followed by FTIR analysis, in which one FTIR 

sample was obtained from 930 culture plates [4]. 

Thus, we now have light-induced difference FTIR spectra of MB, MG and MR.  Color tuning mechansim 
will be discussed based on the first structural analysis of primate color pigments.  
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The knowledge of the fundamental processes induced upon absorption of UV radiation directly by DNA 

allows extrapolating in vivo conclusions drawn about DNA photo-reactivity from in vitro studies.  In this 
respect, the characterization of the DNA electronic excited states plays a key role. For long, the 

mechanisms of DNA lesion formation were discussed in terms of generic “singlet” and “triplet” excited 

states. But since the beginning of the 21
st
 century, both experimental and theoretical studies revealed the 

importance of “collective” excited states, i.e. excited states delocalized over at least two bases. Two 

limiting cases are distinguished: neutral excitons and charge transfer states in which positive and negative 

charges are located in different bases.  
During the lecture, the relevance of collective excited states in photon absorption (in particular in the 

UVA spectral domain), energy transfer, lifetime of the excitation, pyrimidine dimerization, electron 

ejection and the resulting oxidative damage, will be discussed. The effect of cytosine methylation will be 

also highlighted. 
 

Acknowledgments The French National Agency for Research is acknowledged (projects N° ANR -10-

BLAN-0809-01 and ANR -12-BS08-0001-01).   
 

[1] P. Changenet-Barret, Y. Hua, D. Markovitsi, in Top. Curr. Chem., ed. M. Barbati, A. C. Borin, S. 

Ulrich, Springer-Verlag, Berlin-Heidelberg, 2014, p. 10.1007/1128_2013_1511. 

[2] A. Banyasz, T. Gustavsson, D. Onidas, P. Changenet-Barret, D. Markovitsi, R. Importa, Chem. Europ. 
J., 2013, 19, 3762-3774    

[3] I. Vayá, T. Gustavsson, T. Douki, Y. Berlin, D. Markovitsi, J. Am. Chem. Soc., 2012, 134, 

11366−11368. 
[4] A. Banyasz, T. Douki, R. Improta, T. Gustavsson, D. Onidas, I. Vayá, M. Perron, D. Markovitsi, J. 

Am. Chem. Soc., 2012, 134, 14834–14845. 

[5] A. Banyasz, I. Vayá, P. Changenet-Barret, T. Gustavsson, T. Douki, D. Markovitsi, J. Am. Chem. 
Soc., 2011, 133, 5163-5165. 

[6] D. Markovitsi, T. Gustavsson, A. Banyasz, Mutat. Res. - Rev. Mutat. Res. , 2010, 704, 21-28. 

  

mailto:dimitra.markovitsi@cea.fr


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

31 
 

Awards  



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

32 
 

Finsen Medal 

Masamitsu Wada
 

Biology Department, Kyushu University, Fukuoka 812-8581, Japan. 
E-mail: wadascb@kyushu-u.org 

 

Chloroplast Movement, What is this? 

 
Chloroplasts accumulate at a weak light-irradiated area to absorb more lights for efficient photosynthesis 

(accumulation response), but move away from strong light to avoid photo-damage of the chloroplasts 
(avoidance response). In this lecture, I will show you what we clarified in light-dependent chloroplast 

movement and what should be elucidated in this mechanism in near future. Chloroplast photorelocation 

movement could be devided into three steps, 1) photoperception, 2) signal transduction, and 3) motile 
system. At the biginning of my talk, several movies of precise behaviors of individual chloroplast under 

different light conditions will be shown for easy understanding of the responses. Chloroplast movement is 

controlled by blue light in general but red light is also effective in lower plants. Photoreceptors were 

identified using mutant plants defficient in chloroplast movement. Accumulation response was mediated 
by phototropin 1 (phot1) and phot2 that were localized on the plasma membrane and avoidance response 

was exclusively mediated by phot2 on a chloroplast. In ferns red light-dependent chloroplast movement is 

mediated by neochrome, a chimera photoreceptor made of phytochrome chromophore binding domain 
and full length phototropin. Motive force of chloroplast movement would be raised by chloroplast actin 

(cp-actin) filaments that were found around chloroplast periphery on the plasma membrane side of 

chloroplast. CHloroplast Unusual Positioning 1 (CHUP1) is involved in polymerization or maintenace of 
the cp-actin filament. Signal transduction is totally unknown so far, although we calculated the 

intracellular speed of signal transfer. Recently we found that nuclear photorelocation movement was also 

dependent on the cp-actin filaments associated with plastids. I would like to discuss how cp-actin 

filaments are polymerized and raise the motive force for chloroplast movement.  
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Photodermatology and Photomedicine – What’s The Future? 

 
The lecture will review historical achievements remembering Niels Finsen, the founder of modern 
photomedicine, Albert Jesionek& Hermann von Tappeiner who invented photodynamic therapy, Ian 

Magnus, the Grandmaster of photodermatology, Thomas B. Fitzpatrick and Jan van der Leun, the heroes 

of modern phototherapy. 
My talk will cover the bright side of light such as phototherapy, photodynamic therapy, vitamin D 

synthesis, sun protection, visible light & mood, but also its dark side encompassing sunburn, 

photosensitivity to drugs &photodermatoses, photoageing and skin cancer. 
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Roman Ulm 

Department of Botany and Plant Biology, University of Geneva, Switzerland. 

E-mail: roman.ulm@unige.ch 

 

UV-B Photoreceptor Signalling 
 

Plants are able to perceive ultraviolet-B radiation (UV-B) using the UV-B photoreceptor UV 

RESISTANCE LOCUS 8 (UVR8) which activates a specific molecular signalling pathway leading to 

UV-B acclimation. The UVR8 UV-B photoreceptor exists as a homodimer that instantly monomerises 
upon UV-B absorption via specific intrinsic tryptophans which act as UV-B chromophores. The UVR8 

monomer interacts with CONSTITUTIVELY PHOTOMORPHOGENIC 1 (COP1), an E3 ubiquitin 

ligase, initiating a molecular signalling pathway that leads to gene expression changes. This signalling 

output leads to UVR8-dependent responses including UV-B-induced photomorphogenesis and the 
accumulation of UV-B-absorbing metabolites that function as “sunscreens”. Negative feedback regulation 

of the pathway is provided by the WD40-repeat proteins REPRESSOR OF UV-B 

PHOTOMORPHOGENESIS 1 (RUP1) and RUP2, which facilitate UVR8 redimerization, disrupting the 
UVR8-COP1 interaction. I will present our latest understanding of the biological process in plants from 

initial UV-B perception and signal transduction through to the known UV-B responses that promote 

survival in sunlight. 
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Skin Cancer from the Ground-State Up 
 

Skin cancers are as frequent in Western countries as all other cancers combined. This clinical reality is the 

readout of a coincidence between the quantum energy levels of DNA and sunlight.  

 
UVB photons that penetrate the ozone layer have sufficient energy to excite electrons in electronically 

coupled stacked DNA bases to a temperature of ~50,000 K, populating delocalized excited 
1
* singlet 

states. Where two pyrimidines are adjacent, a cyclobutane pyrimidine dimer (CPD) can form. These occur 

preferentially at motifs such as 5'(A:T)nTC3', with (A:T)n apparently an energy collector. Replication past 

a CPD often results in the classic "UV signature" mutation of CT at a dipyrimidine site. Mutations 

occur in hotspots influenced by both initial damage and excision repair "slowspots".  
 

Sunlight-induced mutations lead to skin cancer, revealed by UV signature mutations in the p53 tumor 

suppressor gene in squamous cell carcinoma and its precancer, in p53 and PTCH in basal cell carcinoma, 
and in a variety of genes in melanoma, especially at (A:T)nTC motifs. A key function of p53 in skin is 

UV-induced apoptosis, which removes damaged cells before they become mutant. Inducers for p53 and 

apoptosis are CPDs in the 2% of genes being actively transcribed. Other "special" sites are telomeres, 

which are hypersensitive to CPD formation but are not repaired, and 100 kb tracts of UV-hypersensitive 
DNA. 

 

Sun-exposed skin contains 60,000 clones of otherwise-normal p53-mutant keratinocytes that create larger 
targets for future mutations. Clonal expansion requires chronic UV, acting via physiology not mutations: 

First, a mutant's apoptosis resistance turns sunlight into a selection pressure favoring mutants over normal 

cells. Second, UV tilts the stem cell fate of a p53-mutant progenitor cell toward proliferation. Skin also 
contains melanin which, when UV-irradiated, deleteriously induces apoptosis and photosensitizes for 

DNA lesions via a lower set of DNA energy levels at ~35,000 K. 
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Current Concept of Photocarcinogenesis 
  

Photocarcinogenesis is multistage process of initiation, promotion and progression. In addition UV 

induced immunesuppression is strongly involved in photocarcinogenesis. A conventional knowledge 
demonstrated that genetic mutation caused by UVB induces initiation and UVB-inflammation (sunburn) 

induces promotion. However recent findings revealed that photocarcinogenesis pathway is more complex 

consequences where each process of initiation, promotion and UV induced immunesuppression is closely 
related. DNA damage itself trigers the signaling pathway in inflammation or immunesuppresion. In Ogg1 

knockout mice the presence of 8-oxo-7,8-dihydroguanine (8-oxoG), oxidative DNA damage, upregulate 

inflammatory genes [1]. Pyrimidine dimers, major DNA photodamage, has been shown to cause UV 

induced immunesuppression, partly by upregulation of IL-10, immunesuppresive cytokine [2]. UVB (and 
UVA) causes the formation of dipyrimidine photoproducts or oxidative DNA damage in skin cells, 

resulting in the alteration of the genes involved in cell cycle, apoptosis or inflammation. Oxidative stress 

caused by UV also modify cell signaling by redox regulation. Epidemiological studies have shown that 
intermittent severe inflammation caused by acute sunburn is a major risk factor in the development of 

skin cancers [3-4]. Sunburn is elicited by oxidative stress caused by UV at or near the membrane. We 

found that anti-inflammatory dietary food, Spirulina platensis (Sp) can reduce the development of UVB-
induced skin tumors in mice. The inhibitory effect of Sp on acute UV response, “sunburn”, was confirmed 

macroscopically and microscopically along with a significant decrease in the pro-inflammatory cytokines 

expressions  such as IL-1β and Cxcl-1 in mice irradiated with UVB. Sp has an antioxidant effect as it had 

reduced the formation of 8-oxoG, whereas it had little effect on the amount of pyrimidine photoproducts. 
We have shown that TLR4 is also involved in this photocarcinogenesis process [5]. These results 

indicated not only cumulative dose but intensity of UV is considered for skin cancer prevention. 
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Photobiology for the financial support of her attending this meeting. 

 

[1] M. Kunisada, F. Yogianti, K. Sakumi, R. Ono, Y. Nakabeppu, C. Nishigori. Increased Expression of 

Versican in the Inflammatory Response to UVB- and Reactive Oxygen Species-Induced Skin 
Tumorigenesis. Am J Pathol, 2011, 179 : 3056-3065.  

[2] C. Nishigori, D. B. Yarosh, S. E. Ullrich, A. A. Vink, C. D. Bucana, L. Roza, M. L Kripke. Evidence 

that DNA damage triggers IL-10 cytokine production in UV-irradiated keratinocytes. Proc Natl Acad Sci 
U.S.A.  1996, 93 : 10354-10359. 

[3] C. Nishigori, Y. Hattori, S. Toyokuni. Role of reactive oxygen species in skin carcinogenesis.  

Antioxid Redox Signal, 2004, 6: 561-570. 

[4] C. Nishigori. Cellular aspects of photocarcinogenesis. Photoch Photobiol Sci, 2006, 5 : 208-214. 

[5] F. Yogianti, M. Kunisada, E. Nakano, R. Ono, K. Sakumi, S. Oka, Y. Nakabeppu, C. Nishigori. 

Inhibitory effects of dietary Spirulina platensis on UVB-induced skin inflammatory responses and 
carcinogenesis. 2014, J Invest Dermatol Apr 14.[Epub ahead of print] 

  

mailto:name@server.domain


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

37 
 

Symposia 



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

38 
 

REGULATION IN PHOTOSYNTHESIS  



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

39 
 

The Cyanobacterial Photoactive Orange Carotenoid Protein is an Excellent Singlet Oxygen 

Quencher in Addition to be an Energy Quencher  
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Cyanobacteria have developed a photoprotective mechanism that decreases the energy arriving at the 

photosynthetic reaction centers under high light conditions in which oxidative stress is induced. The 

photoactive Orange Carotenoid Protein (OCP) is essential in this mechanism as light sensor and energy 

quencher. When OCP is photoactivated by strong blue-green light it is able to bind to the phycobilisomes 
and to dissipate excess energy as heat.  As a consequence charge separation and recombination leading to 

formation of singlet oxygen, an important source of oxidative damage, diminishes.  Here we 

demonstrated that OCP has another essential role in the cells. We observed that OCP protects 
Synechocystis cells also from strong orange-red light; a condition in which OCP is not photoactivated.  

We first showed that this photoprotection is related to a decrease of singlet oxygen concentration due to 

OCP action. Then we demonstrated that in vitro OCP is a very good singlet oxygen quencher. In contrast, 
another carotenoid protein having a high similarity with the N-terminal domain of the OCP is not more 

efficient as singlet oxygen quencher than a protein without carotenoid. Although OCP is a soluble protein, 

it is able to quench the singlet oxygen generated in the thylakoid membranes. Thus, OCP has dual and 

complementary photoprotective action as energy quencher and as singlet oxygen quencher. This activity 
becomes very important especially under stresses that induce the reduction of the photosynthetic electron 

transport chain under conditions in which the OCP is not photoactivated, such as low CO2 or temperature 

and nutrient starvation. 
 

Sedoud et al Plant Cell (2014) in press. 
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Photoprotection of the Chloroplast is Provided by both Photoreceptor-Dependent And -

Independent Mechanisms 
 

Luca Dall’Osto,  Stefano Cazzaniga, Alberta Pinnola, Alessandro Alboresi,  and Roberto Bassi
a
  

a
Department of Biotechnology, University of Verona. 15, Strada Le Grazie, 37134 Verona, Italy; E-mail: 

roberto.bassi@univr.it  
 

 Photosynthesis is light-dependent and yet excess light causes its inhibition by photooxidative damage of 

the chloroplast.  Photosynthetic organisms evolved several photoprotective processes to survive in a 

stressing environment. Resistance to continous high light is provided by  avoidance mechanisms at the 
level of leaves and cells leading to a strong decrease in photon absorption and shown by the strong 

photoinhibition undergone by phot-2 mutants, far stronger than that undergone by npq1 and npq4 

mutants, lacking respectively zeaxanthin and PSBS, the major components of Excess-Energy Dissipation 
mechanisms also known as NPQ, which are independent from photoreceptors and are rather activated by 

acidification of chloroplast lumen. 

 The  NPQ type mechanisms are characterized by their fast response to changes in light intensity and lead 
to dissipation of energy absorbed in excess as heat rather than to avoidance of absorption. Signaling of 

excess light consists in ATP/NADPH accumulation through chloroplast lumen acidification. The pH-

responding trigger for NPQ in green algae is the LHCSR protein,  while in vascular plants this role is 

fulfilled by PSBS. We have identified lumen-exposed protonatable residues essential for activation of 
NPQ in both PSBS and LHCSR. In Physcomitrella patens NPQ  depends on both LHCSR and PSBS thus 

making it the only available model for both algal-like and plant-like photoprotection. Excess energy 

dissipation is strongly modulated by zeaxanthin, a carotenoid accumulated in excess light conditions only. 
By this tool we have tracked the fate of zeaxanthin synthesized in high light and found it binds to 

LHCSR.  We conclude that the feed-back regulation of light use efficiency in photosynthesis is activated 

synergically by protonation of antenna proteins and the binding of zeaxanthin to specific sites of LHCSR 

in algae and to the PSBS-interacting proteins Lhcb4 and Lhcb6 in plants. 
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Interplay between Photodamage of Photosystem II and Photosystem I 
 
Eva-Mari Aro 

Molecular Plant Biology, Department of Biochemistry, University of Turku, FIN-200520 Turku, Finland 

 

There is a research history of several decades on the photodamage and repair of photosystem (PS) II. The 
mechanisms of PSII repair, starting from disassembly of the damaged PSII complex and degradation of 

the D1 protein, followed by lateral migration of PSII subcomplexes and finally the reassembly of PSII 

with the light-harvesting complex II (LHCII) again in the grana, are still under intense research, and a 
number of regulatory and assisting proteins are discovered every year. At the same time, it has become 

clear that also PSI is susceptible to photodamage, which however is irreversible. For this reason, the 

protective mechanisms against PSI photodamage are much more robust than those of PSII. In fact, the 
easily tunable photoinhibition of PSII is likely to be one of the PSI protection mechanisms. 

Regulation of PSII and PSI photodamage is interdependent and in plant chloroplasts involves (1) the 

differentially redox regulated phosphorylation of several PSII core and LHCII proteins by the STN7 and 

the STN8 kinase, respectively, (2) the proton gradient-dependent mechanisms, (3) the photosynthetic 
control of electron transfer via Cyt b6f and (4) the non-photochemical energy quenching. In 

cyanobacteria, the photoprotective regulatory mechanisms of PSII and PSI differ from those in 

chloroplasts. One specific feature is the flavodiiron protein (Flv)- mediated protective electron transfer 
route for both PSII and PSI by Flv2/4 and Flv1/3 proteins, respectively. 
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Regulation of Photosynthesis by PSI Cyclic Electron Transport 

 
Toshiharu Shikanai

 
 

Graduate School of Science, Kyoto University, Sakyo-ku, Kyyoto 606-8502 Japan; 

shikanai@pmg.bot.kyoto-u.ac.jp  
 

Cyclic electron transport around photosystem (PSI) forms the proton gradient across the thylakoid 

membrane. In angiosperms, it consists of antimycin A-sensitive pathway depending on PGR5/PGRL1 

proteins [1] and NDH-dependent pathway [2-4] Resulting ∆pH is utilized in ATP synthesis. In addition to 

the contribution to proton motive force formation, the acidification of the thylakoid lumen induces the 
regulatory processes of photosynthetic electron transport. Excessive absorbed light energy is safely 

dissipated as heat from PSII (qE), the process which is induced by monitoring the lumen pH. Low lumen 

pH also downregulates activity of the cytochrome b6f complex to control the rate of electron transport 
toward PSI.  During steady-state photosynthesis, the size of ∆pH is determined by the balance between its 

generation and relaxation. In thylakoid membrane relaxation of ∆pH mainly depends on chloroplast ATP 

synthase. Proton conductivity of ATP synthase is upregulated in the pgr5 mutant defective in the main 
pathway of PSI cyclic electron transport [5]. Although the exact molecular mechanism is unclear, ATP 

synthase is more activated especially at high light intensity in pgr5 than that in the wild type. In our 

model, PSI cyclic electron transport plays a central role to regulate photosynthesis [6]. 
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The Triggers of Excess Energy Dissipation, PSBS and LHCSR Proteins, Are Localized in Distinct 

Thylakoid Protein Domains in Physcomitrella patens 
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Photosynthetic organisms respond to strong illumination by activating several photoprotection 

mechanisms. One of them, Non-Photochemical Quenching (NPQ), consists in the thermal dissipation of 
energy absorbed in excess. Two gene products, PSBS [1] and LHCSR [2,3] have been shown to be 

essential NPQ, respectively, in plants and unicellular green algae, by transducing low luminal pH caused 

by excess light into quenching events within the Photosystem II (PSII) antenna system. In the moss 
Physcomitrella patens, an evolutionary intermediate between vascular plants and algae, both PSBS-

dependent and LHCSR-dependent NPQ mechanisms occur by an additive manner [4,5]. Quenching is 

initiated by protonation of lumen-exposed acidic residues and yet the mechanism by which this event 

leads to energy dissipation in PSII antenna system is still unknown. In principle the quenching can be 
produced by (i) changes in chromophore-chromophore and chromophore-pigment interaction within the 

antenna system of PSII or by (ii) the establishment of new interactions among quenching subunits or by 

(iii) both mechanisms. In this context, the localization of PSBS and LHCSR among thylakoid protein 
domains is relevant for the understanding of their mechanism of action since lateral segregation is an 

effective method for preventing spill-over of excitation energy between Photosystems. Thus, we have 

analyzed distribution of LHCSR and PSBS proteins upon fractionation of thylakoid membranes with 
different detergents and found that while PSBS is highly enriched in grana partitions, LHCSR is rather 

localized in stroma-exposed membranes and in grana margins. These results suggest that the transduction 

of low luminal pH signal into quenching events is obtained by different mechanisms in LHCSR- vs 

PSBS-mediated NPQ.  
 

1.  Li XP, Björkman O, Shih C, Grossman AR, Rosenquist M, et al. (2000) A pigment-binding protein 

essential for regulation of photosynthetic light harvesting. Nature 403: 391–395. Available: 
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2.  Peers G, Truong TB, Ostendorf E, Busch A, Elrad D, et al. (2009) An ancient light-harvesting protein 

is critical for the regulation of algal photosynthesis. Nature 462: 518–521. Available: 

http://www.ncbi.nlm.nih.gov/pubmed/19940928.  
3.  Niyogi KK, Truong TB (2013) Evolution of flexible non-photochemical quenching mechanisms that 

regulate light harvesting in oxygenic photosynthesis. Current opinion in plant biology 16: 307–314. 

Available: http://www.ncbi.nlm.nih.gov/pubmed/23583332.  
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Fluorescence of photosynthetic systems carries information about primary photophysical processes taking 

place in the thylakoid membrane[1] such as non-photochemical quenching (NPQ). PAM (Pulse-
Amplitude Modulated)-fluorometry is a sensitive tool which measures the fluorescence quantum yield 

Fl[2]. This has been used to characterise the photosynthetic apparatus of Synechocystis PCC6803 in vivo 
in different light-acclimated states[3]. In cyanobacteria, however, PAM-signals originate from different 

sources: chlorophyll a from photosystem (PS) I or II, and phycobilisomes (PB) that can be coupled as 

antenna to the photosystems.  
 

To cope with this complication we have developed a quantitative method to analyse such signals and 

estimate NPQ-parameters while resolving the different contributions. Our model uses two sources of 
input: (i) a minimal set of parameters which reproduces the full dynamics of the PAM-signal, such as 

(time-dependent) emissive species’ concentrations and (ii) the quantum yield of each emissive species as 

determined in ultrafast emission experiments. This results in a functional model of NPQ in cyanobacteria 

and it includes, for example, the dynamics of binding of the activated red form of the orange carotenoid 
protein (OCP

r
) to the PB, which triggers NPQ during high-light exposure. 
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Light-Induced Difference FTIR Spectroscopy of Rhodopsins and Flavoproteins 
 

Hideki Kandori 

Nagoya Institute of Technology, Showa-ku, Nagoya 466-8555, Japan; E-mail: kandori@nitech.ac.jp 
 

Biological systems utilize light as the source of signal and energy, as seen in our vision and plants’ 
photosynthesis, respectively.  However, light is also harmful, because UV light damages DNA.  

Interestingly, biological system has an enzyme to repair the damaged DNA using light.  Photochemical 

reactions of chromophore molecules in photoreceptive proteins initiate protein structural changes for 
various functions, whose mechanisms are of our particular interest.  Light-induced difference Fourier-

transform infrared (FTIR) spectroscopy is a powerful, sensitive and informative method to study 

structural changes of the chromophore, peptide backbone, side chains and protein-bound water molecules 
in photoreceptive proteins [1]. 

 

Using light-induced difference FTIR spectroscopy, we have studied various rhodopsins, which function 

as visual and bacterial light sensors, light-driven ion pumps, or light-gated ion channels [2].  Such 
multiple functions are initiated by common photochemistry, cis-trans isomerization of retinal, and light-

induced difference FTIR spectroscopy provided structural elements for each function.  A recent topic is 

the role of protein-bound water molecule, where our comprehensive analysis revealed that a strongly-
hydrogen-bonded water molecule is the functional determinant of proton pump [3]. 

We also study flavin binding photoreceptors such as LOV domain, BLUF domain, and photolyase (PHR) 

and cryptochrome (CRY), whose photochemistry differs with each other, unlike rhodopsins [4].   
 

I will present the recent FTIR results of these photoreceptive proteins, possibly including the topics on (i) 

microbial rhodopsins and (ii) PHR/CRY family proteins.  Protein structural changes for function and their 

vibrational detection will be discussed. 
 

[1] Y. Furutani, H. Kandori, Biochim. Biophys. Acta 2014, 1837, 598. 

[2] O. P. Ernst, D. T. Lodowski, M. Elstner, P. Hegemann, L. S. Brown, H. Kandori, Chem. Rev. 2014, 
114, 126. 
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Classical Force Field and QM/MM Simulations of Retinal Proteins 
 

Marcus Elstner 
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In the last years, we have combined ab initio quantum chemistry and density functional theory (DFT) 

methods with empirical force field and continuum electrostatic methods in so called Multi-Scale 

approaches. I will present the most recent results on the application of these techniques to retinal proteins. 
We have studied the structure of Channel Rhodopsin [1-4], the mechanisms of color tuning as well as 

proton transport pathways in Bacteriorhodopsin [5-7], using a variety of spectroscopic methods like 

UV/vis, IR, Raman, NMR in order to clarify details of the molecular structures, not resolved by 
experiment. 
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Resonance Raman (RR) spectroscopy is a versatile spectroscopic technique for studying the structure and 

dynamics of proteins. For chromoproteins, Raman bands of the chromophore are selectively enhanced 

when the excitation wavelength in visible wavelength region is employed. On the other hand, when the 
excitation wavelength is tuned between ~195 and 260 nm, strong RR scattering from the peptide 

backbone and aromatic amino acids provides vibrational information on local protein structure and 

environmental changes. Thus, we can selectively obtain structural information for the chromophore 
moiety and protein by tuning the excitation wavelength for RR measurements. Time-resolved RR 

spectroscopy is a powerful tool to examine protein structure evolving from the earliest moments such as 

the picosecond regime through the evolution of complexity toward time scales that are highly relevant to 

biological function such as the microsecond regime or millisecond regime. We have constructed time-
resolved visible and ultraviolet RR spectrometers to study protein dynamics in wide time range from 

picoseconds to milliseconds. In this talk, I will present our work on structural dynamics of retinal proteins 

upon chromophore photoisomerization [1-4]. 
 

Acknowledgments Samples of retinal proteins were provided by Prof. Hideki Kandori’s lab at Nagoya 

Institue of Technology and Prof. Yuki Sudo’s lab at Nagoya University. 
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Resonance Raman spectroscopy (RR) is a powerful tool for monitoring structural changes at the 

chromophore site of biological photoreceptors. Unlike conventional Raman spectroscopy, RR selectively 
enhances the vibrational modes of the chromophore among those belonging to the protein matrix. 

Extraction of structural information from these spectra requires a sound and comprehensive assignment of 

the experimental bands. [1]. 
 

Although the protein matrix is largely invisible in the RR spectra, steric and electrostatic interactions with 

the protein environment cause significant perturbations of the geometry and the electron density of the 
chromophore and may thus have a pronounced effect on the corresponding spectrum. To include the 

effects of the protein environment on the cofactor spectra, the most promising conceptual approach are 

hybrid methods that are based on the combination of quantum mechanics (QM) calculations and 

molecular dynamics / molecular mechanics simulations.[2] 
 

 

Fluctuations of the protein environment and their effect on the vibrational spectrum of the chromophore 

can be evaluated by calculating the Raman spectra of series of snapshots obtained from the MD 
simulations. In this way, the heterogeneous broadening of the Raman band can be estimated as sum of 

individual spectra obtained by normal-mode-analysis.[3] 

 

This theoretical approach has been successfully applied to various Phytochrome photoreceptors. The goal 
of this presentation is to explain the use of the QM/MM method for elucidating structural-, dynamical-, 

and chemical- properties of the biliverdin (BV) chromophore of PaBphP (Pseudomonas aeruginosa) and 

Agp2 (Agrobacterium tumefaciens) bathyphytochromes at different stages of the photocycle.[4]  
 

            
Left: structure of biliverdin in PaBphP; right: experimental and calculated RR spectra of PaBphP 

  
Acknowledgments We acknowledge the DFG-SFB1078 for financial support. 
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[2] M.A.Mroginski, P. Hildebrandt, Biophys.J. 2007, 93, 1885. 
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Cyanobacterial cyanochromes (CBCRs) are bilin-binding photoreceptors and show similarity to canonical 

phytochromes. CBCRs have gained remarkable scientific interest due to their unexpected chemical and 

photochemical properties. They are composed of arrays of GAF domains, and it has been demonstrated 
that autonomously expressed CBCR-GAF domains carry the bilin lyase activity and can accomplish the 

light-induced reactions formerly assumed to be possible only for the complete PAS-GAF-PHY domains 

of phytochromes. 

Prevoiusly, we have successfully reconstituted the GAF3 domain from SLR1393 of the cyanobacterium 
Synechocystis PCC6803. This GAF domain is formed as a red absorbing species (Pr, 640 nm) that can be 

photo-converted into a thermally stable green-absorbing form (Pg, 540 nm) and shows relatively simple 

microsecond-to-millisecond conversion kinetics [1]. 
Here we have studied the ultrafast dynamics associated with the photoconversion between the Pr and the 

Pg forms of the aforementioned SLR1393-GAF3 domain using femtosecond transient absorption 

spectroscopy. The experimental data were analyzed by a model-independent method called lifetime 
density analysis (LDA) [2]. The method allows uncovering potential lifetime distributions defining the 

observed kinetics. 

Our results reveal complex excited state (ES) dynamics. The Pr form relaxes to the ground state 

predominantly on the 100–1000 ps timescale, while the relaxation of the Pg form is significantly 
accelerated. The kinetics is strongly wavelength dependent and is associated with relatively broad lifetime 

distributions (Fig. 1), indicative for the presence of pronounced heterogeneity of the chromophore-protein 

conformation. Furthermore, the ultrafast kinetics of both forms is accompanied by strong coherent 
oscillations, which appear to be due to wavepacket motion on the ES surface. 

 

Fig. 1. A) Transient absorption spectra of the Pg from after 540 nm excitation. B) Lifetime density map 

reflecting the transient absorption dynamics in (A). 
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To perceive and react to stimuli in the form of light is of great importance to a wide variety of organisms. 
The light sensing function is carried out by photosensory proteins which need to detect as well as relay 

the light signal to downstream processes. The red-light sensing protein family, phytochromes, control 

several processes in plants, fungi and bacteria [e.g. 1, 2]. They consist of a photosensory domain and a C-
terminal regulatory domain [3]. As light is sensed by the bilin chromophore within the photosensory core 

the signal propagates through the protein to the C-terminal domain. The conformational changes 

associated with this have remained unknown. We have been able to elucidate the structural changes 
associated with this at the molecular level. Through the combination X-ray crystallography and small and 

wide angle X-ray scattering (S/WAXS) by protein in solution a crystal and solution structure of the dark 

and light adapted states of bacteriophytochrome from Deinococcus radiodurans were determined. The 

structures show how the changes in the chromophore translates to nanometer scale structural changes as 
the dimer opens at the C-terminal domain upon illumination.  

 

[1] S. H. Bhoo, S. J. Davis, J. Walker, B. Karniol, R. D. Vierstra, Nature, 2001, 386, 776. 
[2] K. C. Yeh, J. C. Lagarias, Proc. Natl. Acad. Sci. U.S.A., 1998, 95, 13976. 

[3] A. Moglich, X. J. Yang, R. A. Ayers, K. Moffat, Annu. Rev. Plant Biol., 2010, 61, 21. 
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Light‐mediated ion transport is achieved in many microalgae by microbial rhodopsins that function 

either as light-driven ion pumps for active transport of ions against an electrochemical gradient or as 
light-gated ion channels, channelrhodopsins, for passive transport along a gradient. The transport of only 

one type of ion in light-driven ion pumps is based on consecutive pK-changes of well-defined amino acid 

residues, conformational changes of the protein, and proton transfer reactions between residues and water 

that occur in a well defined sequence to ensure active transport against an electrochemical potential
1
. In 

contrast, channelrhodopsins choose from a promiscuous array of competing cations
2
 and the 

stoichiometry between light absorption and transported ions is highly variable. In this case, after light 

absorption a water filled pore is formed and the residues lining this pore and those that link the pore with 
the chromophore determine the kinetics of activation, open state lifetime, ion conductance and selectivity, 

desensitization, and voltage dependence. It is clear that proton transfer reactions and large conformational 

changes determine channel opening but cation conductance and selectivity depend on the size and polarity 
of the water pore. I will discuss these issues on the bases of the 3D-structure of the closed dark state

2
, 

spectroscopic data, and electrical measurements on wild type and mutagenized channels. Comparison of 

the evolutionary related pumps and channels reveal that the arrangement of water molecules within the 

protein and the polarity of the pore surface makes most of the difference
4
.   

 

Figure: Model of Channelrhodopsin based on 

the 3D-Structure of the dark state
3
 and a large 

volume of electrical measurements 
 

 

 

1Vogt, A., Wietek, J., and Hegemann, P. (2013) 

Gloeobacter Rhodopsin, Limitation of Proton 
Pumping at High Electrochemical Load. Biophys. 

J. 105, 2055 - 63.  
2Schneider, F., Gradmann, D. and Hegemann, P. 

(2013) Ion selectivity and competition in 

channelrhodopsins. Biophys. J. 105, 91 - 100. 

3Kato, H. E., Zhang, F., Yizhar, O., et al. (2012) 

Crystal structure of the channelrhodopsin light-

gated cation channel. Nature 482, 369 - 374.  
4Wietek, J., Wiegert, S. et al. (2014) Conversion of 

Channelrhodopsin into a chloride conducting ion 

channel. Science (in press) 
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Channelrhodopsins (ChRs) are light-gated cation channels derived from algae that have shown 

experimental utility in optogenetics; for example, neurons expressing ChRs can be optically controlled 

with high temporal precision within systems as complex as freely moving mammals. Although ChRs have 
been broadly applied to neuroscience research, little is known about the molecular mechanisms by which 

these unusual and powerful proteins operate. Here we present the crystal structure of a ChR (a C1C2 

chimaera between ChR1 and ChR2 from Chlamydomonas reinhardtii) at 2.3 Å resolution[1]. The 
structure reveals the essential molecular architecture of ChRs, including the retinal-binding pocket and 

cation conduction pathway. The integration of structural, computational, and electrophysiological 

analyses provides insight into the molecular basis for the remarkable function of ChRs. 

 
 [1] H. E. Kato, et al., Nature 2012, 482, 369. 
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Multiple lines of evidence, from psychiatric disease patients and animal models, have led to the 

hypothesis that changes in the cellular balance between excitation and inhibition (E/I balance) could lead 

to the severe behavioral deficits associated with epilepsy, autism and schizophrenia. Such changes, 

occurring throughout development, might lead to circuit reorganization and altered information 
processing in the cortical circuit. 

To probe functional changes in neural circuits that might be associated with cognitive and behavioral 

impairment, we have developed several new types of optogenetic tools that allow interrogation of neural 
circuits in situ, from the population to the single-cell level. I will describe the strategies we employed for 

engineering several new channelrhodopsin-based optogenetic tools, the methods for introducing these 

engineered opsins into the mammalian brain, and the experiments in which we applied them to study the 
neocortical excitation/inhibition balance. Our results demonstrate the utility of new optogenetic tools in 

probing neural circuits and provide direct support for the cellular E/I balance hypothesis in 

neuropsychiatric disease. Optogenetic tools allow fine-grained dissection of neural circuits in search of 

the mechanisms linking genetic and behavioral phenotypes in animal models of disease. 
 

Acknowledgments Our work is generously supported by the European Research Commission (ERC 
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Program (HFSP CDA). OY is incumbent of the Nollman Career Development Chair at the Weizmann 

Institute. 

  

mailto:ofer.yizhar@weizmann.ac.il


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

56 
 

Optical Control of Mammalian Endogenous Transcription and Epigenetic States 

 
Silvana Konermann, Mark D Brigham, Alex E Trevino, Patrick D Hsu, Matthias Heidenreich and Feng 
Zhang. Brain and Cognitive Science, MIT, Cambridge, Massachusetts, United States, 02142.  

 

The ability to directly modulate transcription and epigenetic states of the endogenous mammalian genome 
is critical for elucidating normal gene function and disease mechanisms. As naturally gene expression and 

epigenetic states are dynamic, an ideal method of perturbation would be able to match these 

spatiotemporal dynamics.  

 
Here, we describe the development of Light-Inducible Transcriptional Effectors (LITEs), a two-hybrid 

system integrating the customizable TALE DNA-binding domain with the light-sensitive cryptochrome 2 

protein and its interacting partner CIB1 from Arabidopsis thaliana. LITEs can be activated within 
minutes, mediating reversible bidirectional regulation of endogenous mammalian gene expression and 

histone modifications. We have applied this system in primary mouse neurons, as well as in the brain of 

awake, behaving mice in vivo.  

 
The LITE system establishes a novel mode of optogenetic control of endogenous cellular processes and 

enables direct testing of the causal roles of genetic regulation and dysregulation. In addition, it opens up 

new possibilities for correction of gene expression dysregulation in disease states in a fine tuned and 
dynamic manner. 
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Optogenetics has revolutionized neurosciences, which utilizes ion-transporting microbial rhodopsins as 

the tool of light control.  Channelrhodopsins (ChR), light-gated ion channels from Chlamydomonas 

reinhardtii (CChR) and Volvox carteri (VChR), are used to excite neurons by light in optogenetics.  
Recently, several chimeric proteins have been designed to understand ion-transport mechanism and to 

create better application tools.  C1C2, a chimeric protein based on CChR1 and CChR2, was crystallized 

and the strutcure was determined, which provided an important information on the ion-transport 
mechanism

[1]
.
 
 ReaChR (based on VChR1 and VChR2) was designed as the optogenetic tool responding 

to red light
[2]

.  

Light energy is used for gating the ion channel in ChR, where light-induced structural changes in 
retinal, protein and internal water molecules are important.  Fourier-transform infrared (FTIR) 

spectroscopy is a powerful method to study such changes.  In fact, our recent low-temperature FTIR study 

of C1C2 revealed unique water-containing hydrogen-bonding network
[3]

.  C1C2 has more protein-bound 

water molecules than other microbial and animal rhodopsins.  In addition, retinal Schiff base directly 
interacts with the counterion (Glu162) without intervening water molecule, while the hydrogen-bonding 

acceptor of the retinal Schiff base is a water in all other microbial rhodopsins.  These structural aspects in 

ChR may be related to the light-gated channel function.  We will present the data on ReaChR, and discuss 
about the water-containing hydrogen-bonding network in ChR. 

 

 

 
 

 

 
 

 

 
 

 

 

Water-containig hydrogen-bonding network in C1C2, based on X-ray crystallography and low-
temperature FTIR spectroscopy (Ito et al. J. Am. Chem. Soc. 2014, 136, 3475-3482). 

 

 
[1] Kato et al.  Nature 2012, 482, 369-374. 
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Photoexcitation of visual pigment rhodopsin leads to isomerization of its chromophore 11-cis-retinal to 

all-trans-retinal. The photoreaction is highly selective and one of the fastest and most efficienct observed 
in nature. Interestingly, the retinal binding site is found to be flexible enough to accomodate structurally 

modified retinals forming artificial pigments.  

 

Here, we use CASPT2//CASSCF/MM approach to investigate the primary step of photoisomerization 
process of synthetic retinal analogs of 11-cis-retinal in rhodopsin. The structural and spectroscopic 

properties of the dark state and its first stable intermediate - bathorhodopsin are examined, as well as 

photon energy storage. 
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The discovery of melanopsins gave us insight to understand how blue light spectrum participates 

in the photo-entrainment mechanism [1]. In mammals, the activation of retinal melanopsin [2] 
triggers a signaling pathway which culminates in the clock gene induction in the suprachiasmatic 

nucleus, and circadian clock resetting.  Drosophila and Danio Rerio possess the clock machinery 

in the whole body [3, 4], and unlike mammalian vertebrates, they do not rely only in the eyes for 

the photo-entrainment of the circadian clock [5] but also in photo-sensitive body cells.  However, 

the circadian photo-pigment, and the signaling pathways leading to clock gene expression are 

still unknown, as well as whether other groups of non-mammalian vertebrates exhibit similar 

photo-entrainment mechanism. Our research group has been working to support the hypothesis 

that melanopsin is one of the circadian photo-pigments responsible for entrainment in amphibian 

and fish.  Since Xenopus laevis melanophores and ZEM-2S embryonic cells are responsive to 

light, we have been using these cells in culture as models of study of respectively amphibian and 

fish. First we established the functioning of the clock machinery in these cells and how they can 

be entrained by the light-dark cycles, and whether this entrainment mechanism involved the 

melanopsins.  These cells show circadian variations of clock gene expression under light-dark 

cycle, and a blue-light pulse is able to alter the expression of Pers and Crys.  Our results place 

melanopsin as a strong candidate to the circadian photo-pigment in these models.   
 

Acknowledgments: This work was supported by grants from FAPEMIG, FAPESP and CNPq, 

Brazil.  
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Intrinsically photosensitive retinal ganglion cells (ipRGCs) express the photopigment melanopsin, which 

can respond to light directly, and are innervated by other retinal neurons to receive rod and cone inputs. 

However, the afferent circuitries of ipRGCs are not well understood. Here, we report inferred retinal 
circuitries for rod and cone signaling to ipRGCs based on human pupillary responses that are mediated by 

ipRGCs.  

We used a five-primary Maxwellian-view photostimulator that combined lights from 5 bright LEDs with 
different dominant wavelengths to achieve independent control of the excitations of melanopsin-mediated 

ipRGCs, rods, L-, M- and S-cones. We measured pupil responses in a wide retinal illuminance range (0.2 

Td–2000 Td) to rod-isolating, L-, M- or S-cone-isolating, melanopsin-isolating, and a combination of 
various photoreceptor signals using an EyelinkII eyetracker (sampling rate=250Hz, spatial 

resolution<0.01mm). The signals were sinusoidally modulated at 1 Hz (Michelson contrast=17%). Pupil 

response amplitudes and phases were extracted after Fourier transformation of the recordings.  

The results showed that low light level stimulations were below the threshold for melanopsin activation, 
but melanopsin-mediated responses speeded up with light levels at 20 Td–2000 Td. The S-cone response 

was out of phase from the L- or M-cone responses at all light levels, which is consistent with in vivo 

ipRGC recordings in primates [1]. Pupil responses showed a strong frequency-doubling pattern with an 
equal-luminance red-green modulation, suggesting that L- and M-cone signals are predominantly 

conveyed through the diffuse bipolar cells. Finally, we found rod responses were in phase with the L- or 

M-cone responses at low light levels but in phase with the S-cone responses at high light levels, 

suggesting that rod signals are transmitted via two distinct pathways to drive ipRGCs from mesopic to 
photopic light levels. In sum, we inferred that retinal circuitries for rod and cone signaling to ipRGCs are 

different from circuitries in the image-forming pathways.  

 
Acknowledgments NEI R01-EY019651, UIC core grant for vision research P30-EY01792, and 
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Light stimulation of Xenopus laevis melanophores triggers pigment dispersion [1] maximally evoked at 
wavelengths between 450 and 470 nm through the activation of the phosphoinositide cascade, which 

increases cytosolic Ca
2+

 and cGMP [2].  We have recently demonstrated that the same wavelength 

increases Per1 and Per2 expression, clock genes involved in photoentrainment mechanisms [3].  Since 
melanopsin was discovered [4], several studies in mammals showed the involvement of this opsin with 

photoentrainment [5, 6].  However, in non-mammalian vertebrates, its role needs to be further 

investigated.  Here we evaluated the blue light-activated intracellular signaling pathway which induces 

Per1 and Per2 expression in cultured melanophores kept in constant dark for 3 days. Both PLC 
(Phospholipase C) and PKC (Protein Kinase C) inhibitors abolished the blue light-induced increase of 

Per1, Per2 mRNA levels. Per1 expression was also stimulated by the guanylyl cyclase activator (YC-1), 

what suggests the participation of cGMP in the Per1-induced photoentrainment. In addition to mediate 
light-induced pigment dispersion, the phosphoinositide cascade is also involved in photoentrainment in 

Xenopus melanophores. Xenopus melanophore is a promising model for investigating the biological 

mechanisms involved in the perception of light and expression of clock genes. Our results constitute a 
pioneering contribution to the understanding of the control mechanism of peripheral clocks in non-

mammalian vertebrates. In addition, we have demonstrated that melanopsin is a strong candidate to 

mediate light perception and transduction to the clock machinery.  
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Melanopsin (Opn4) is a important non-visual photopigment present in the vertebrate retina[1] that has 

been shown to be involved in the synchronization of circadian rhythms, pupillary light reflexes and other 
light-regulated tasks[2]. In non-mammalian vertebrates there are two Opn4 genes, the mammalian Opn4m 

and the Xenopus ortholog Opn4x that is only expressed in non-mammals [2]. Both Opn4 photopigments 

are expressed in the inner retina of chicken [3]. Although Opn4 has been extensively characterized, there 

is still an open  question regarding the mechanisms involved in its chromophore regeneration. To this end, 
we have applied in vivo and ex vivo strategies to investigate retinoids in the chicken inner retina. In 

isolated retinal layers from chickens exposed to light or maintained in dark we found that levels of 11 cis-

retinal (11cRal) decreased in the photoreceptor cell (PRC) layer after light exposure, however they were 
maintained constant or elevated in the retinal ganglion cell (RGC) layer in the same light condition. 

Besides, cultures of immunopurifided RGCs supplied with all trans-retinal (atRal) displayed the capacity 

to isomerize atRal into 11cRal in the presence of light. These results support the idea of a light dependent 
mechanism of chromophore regeneration. At least two posibilities can explain these observations: Opn4 

has itself the ability to photoisomerize atRal like the invertebrate opsins and/or another photoisomerase is 

implied in the regeneration of the chromophore. 
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The antimicrobial chemotherapy field is in constant modification, because of the great variety of 

pathogenic species found and their rapid evolutionary changes. Consequently, the search for new 
effective antibiotic treatments is awfully necessary. Photodynamic inactivation (PDI) of microorganisms 

has been proposed as an alternative to controlling microbial infections. This approach is based on the 

administration of a photosensitizer, which is preferentially accumulated in the microbial cells. The 
subsequent irradiation with visible light, in the presence of oxygen, specifically generates a cascade of 

biochemical events that produce cell inactivation [1]. 

 

In the last years, several fullerene derivatives were evaluated as potential photosensitizers to inactivate 
microorganisms [1]. According with their photochemical properties, these nanostructures were used as 

efficient agents to mediate PDI of various classes of microbial cells [1]. In previous studies, we have 

investigated the photodynamic activity of fullerene derivatives with different number of cationic charges 
as agents to eradicate microorganisms, such as Staphylococcus aureus, Escherichia coli and Candida 

albicans. The photocytotoxicity activity induced by these cationic fullerenes can involve the intermediacy 

of both superoxide anion radical and singlet molecular oxygen, O2(
1
g) [2]. The results indicated that 

amphiphilic cationic fullerenes have potential as agent to the photoinactivation of microbial cells. 

 
On the other hand, novel porphyrin-fullerene C60 dyads bearing carbazoyl groups attached to the 

tetrapyrrolic macrocycle were evaluates as efficient photosensitizers. The production of O2(
1
g) was 

strongly dependent on the microenvironment polarity where the dyads are localized. The carbazole units 

were used to obtain a cationic dyad, which represents an interesting photosensitizer to inactivate 

microorganisms. Moreover, carbazoyl groups were used to obtain stable polymeric films over 
semitransparent indium-tin oxide surfaces. The main advantage of heterogenic eradication of 

microorganisms using antimicrobial surfaces is that they can be easily and quickly removed from the 

media after cell inactivation, avoiding permanent photodynamic effects. Thus, photoactive films can be 
used to form permanent antimicrobial surfaces activated by visible light to maintain aseptic conditions. 
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Foodborne infections remain major global problems that cause significant social, as well as 

economic impact [1]. Health experts estimate that every year food-borne illnesses in USA cost 86 billion 
US dollars in direct medical expenses and lost productivity. Raw fruits and vegetables have been known 

as vehicle for transmission of human diseases and became 2nd leading cause of food-borne illnesses, 

which costs the U.S. economy for instance $ 6.9 billion [2]. In the last E. coli O104:H4 outbreak in 
Germany 3228 cases and 35 deaths have been reported. Obviously, there is urgent need to prevent 

foodborne diseases and develop novel food safety technologies that are more effective. During the past 

decade the emphasis in postharvest fruit protection has shifted from using chemicals to various alternative 

physical techniques. 
The aim of this review is to present recent advances in the area of application of photosensitization 

for decontamination of fruits and vegetables. 

Results obtained in vitro indicate that different microorganisms, such as multidrug-resistant 
bacteria, yeasts and microfungi are susceptible to Chlorophyllin-based photosensitization. Of importance 

to note that spores of food pathogen B. cereus and biofilms of L. monocytogenes being extremely resistant 

to any antibacterial treatment are susceptible to Chlorophyllin-based-photosensitization. High 
antimicrobial efficiency of chlorophyllin-based photosensitization has been used to inactivate harmful and 

pathogenic microorganisms on the surface of different vegetables, fruits and perishable berries. Data 

indicate, that this treatment does not diminish neither nutritional value (antioxidant activity, amount of 

total phenols, anthocianines) nor organoleptic properties (color, taste, firmess) of treated produce. The 
overall reduction of microbial contamination prolonged the disease-free period of strawberries by 40%. 

Therefore, a photosensitization phenomenon might open a new avenue for the development of non-

thermal, cost-effective and ecologically friendly antimicrobial technology. 
Acknowledgements Author acknowledges EC for financial support (project HighQRTE) and I. Buchovec 

for participation in all experiments. 
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Drug resistance is a quickly growing and extremely dangerous health threat. The use of antimicrobial 
drugs is the single most important factor leading to drug resistance.  As a result, there is a pressing need 

for the development of new approaches to tackle infecting microbes. The objective of this study was to 

investigate the effectiveness and safety of a novel non-pharmacological approach, antimicrobial blue 
light, against infecting microbes (bacteria and fungi). 

 

Pseudomonas aeruginosa, Acinetobacter baumannii, and Candida albicans were studied. All strains of 
the pathogens were bioluminescent, allowing real-time monitoring of the extent of infection in vivo by 

bioluminescence imaging.  The susceptibility of the pathogens to blue light inactivation was compared in 

vitro with that of human keratinocytes. Repeated cycles of sub-lethal inactivation of the pathogens by 

blue light were carried out to investigate the potential resistance of these pathogens to blue light 
inactivation. Mouse models of 3rd degree burn infected with the pathogens were developed. A single 

exposure of blue light was delivered at 30 min after inoculation to each infected mouse burn. TUNEL 

assay was performed to evaluate potential blue light induced DNA damages in skin cells in vivo.   
 

It was found that all pathogens were significantly more susceptible (tens of fold) to blue light inactivation 

than human keratinocytes. Transmission electron microscopy revealed blue light-mediated ultrastructural 
damage in pathogen cells. Fluorescence spectroscopy and high-performance liquid chromatography 

(HPLC) confirmed the presence of endogenous porphyrins inside the pathogen cells. A single exposure of 

blue light at 55.8 J/cm
2
 significantly reduced the bacterial/fungal burden in mouse burns (16-100 fold), 

and saved the lives of mice in the event of potentially lethal P. aeruginosa infections. No elevated 
bacterial/fungal resistance to blue light inactivation was observed after 10 cycles of sub-lethal inactivation 

of the pathogens. No significant DNA damage was detected in mouse skin after a blue light exposure of 

195 J/cm
2
. 

 

In conclusion, antimicrobial blue light is potentially an effective and safe approach against infecting 

microbes. 
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Onychomycosis is the most prevalent infection worldwide that affects fingernails and toenails and the 

incidence of this disease is still increasing. The dermatophytes Trichophyton rubrum and Trichophyton 

mentagrophytes are most frequently isolated. Although therapeutic options have improved the last years, 
a single treatment modality is not yet available. This is mainly due to the hardness of the nail plate and 

justifies development of new treatment modalities like photodynamic treatment (PDT). PDT is a 

treatment that requires light-activated agents, photosensitizers, light of a proper wavelength and mostly 
molecular oxygen. We have  shown in-vitro that the multifunctional photosensitizer, 5,10,15-tris(4-N-

methylpyridinium)-20-(4-(butyramido-methylcysteinyl)-hydroxyphenyl)-[21H,23H]-porphine trichloride 

(PORTHE, derived from photosensitizer Sylsens B) can act both as nail penetration enhancer (weakening 
the nail plate) and photosensitzer. 

 

This study aims to demonstrate usefulness and mechanism of PORTHE when single PDT is used to 

eradicate dermatophytic onychomycosis in an ex vivo situation. 
 

PDT (532 nm laser, 30-45 mW/cm
2
, and 525 nm LED, 30 mW/cm

2
) efficacy of PORTHE was tested (pH 

5 and 8) in an ex-vivo onychomycosis model with conditions that favour T. mentagrophytus 
arthroconidia/chlamydoconidia production on human nails (37°, 6.6% CO2) and applied 7 and 35 days 

after infection of the nails with T. mentagrophytus . Fungicidal effects (fungal kill) were scored and 

compared to PDT effect of Sylsens B. The influence of argon and 24h nail pre-treatment with 2-Methyl-

2,4-pentanediol (HG), urea and propaan-1,2-diol (PG) on the PDT effect were also investigated. 
 

Fungicidal efficacy was obtained for PORTHE (40-80 µM) but also for Sylsens B. The capacity of single 

PDT to eradicate ex-vivo onychomycosis depended on pH (higher PORTHE efficacy at pH 5), growth 
stage (35-day-stage, extensive T. mentagrophytus penetration into nail interior, was less susceptible), nail 

pre-treatment (HG, PG increased photodynamic efficacy, urea had no effect). Argon conditions increased 

PDT efficacy for only PORTHE. 
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Tegumentary leishmaniasis (TL) is an important form of Leishmaniases in South America, which can 

cause ulcers throughout the body, including serious damage in the facial mucosal. Therapeutic approaches 
consist mainly in chemotherapy, which is not satisfactory due to the toxicity for the patient. Furthermore, 

conventional treatments can lead to the development of parasite resistance forms. Photodynamic Therapy 

(PDT) is a new therapeutic approach to treat TL that combines light, photosensitizer and oxygen. It has 
been used successfully against virus, bacteria, fungi and parasites [1], but literature about PDT on TL is 

still scarce. Our study investigated the PDT effects on Leishmania amazonensis promastigotes viability, 

using different laser irradiation parameters and methylene blue (MB) as the photosensitizer. Infective-

stage of L. amazonensis metacyclic promastigotes were isolated from stationary cultures in 96 well plates, 
and 10

7
 parasites were incubated with different MB concentrations (50μM, 100μM, 250μM, 500μM) 

during 10 minutes. Thereafter, the samples were irradiated during 1 and 5 minutes, using a LED (P= 100 

mW or 260 mW) with λ=630 nm. The MTT colorimetric assay ((3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide) was performed to evaluate cell viability. Data were statistically analyzed by 

Anova One Way test (p <0.05). Our results show that PDT using MB at 50 μM and 100 μM 

concentrations with LED power set on 260 mW for both times presented a higher leishmanicidal activity. 
We conclude that this therapy can be effective depending on light and photosensitizer parameters, and 

further studies using this approach would be valuable to advance its use in clinical practice. 
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Previous results from our group have shown that a total inhibition of Staphylococcus aureus ATCC 29213 
and an ESBL Escherichia coli  growth were observed when incubated with 2mM AuNPs and irradiated 

with LEDs at 525 nm for 12 h. [1]  Considering this potential of the AuNP in Photodynamic 

Antimicrobial Chemo Therapy (PACT), we wanted to elucidate which was the possible mechanism of 

cell death. Trasmission Electron Microscope images displayed that AuNPs selectively arranged around 
the outer bacteria membrane. On the other hand, pictures taken with Fluorescence Microscope probe 

(2',7'-dichlorodihydrofluorescein diacetate), showed that irradiation of AuNPs (4 hours with 525 nm 

LED) already attached to the peptidoglican wall promotes the generation of Reactive Oxygen Species 
(ROS) in both strains. This could be due to the photothermal effect of plasmon excitation. In addition, 

bacterial macromolecules damage was evaluated through the detection of Advanced Oxidation Protein 

Products (AOPP) at 340 nm  with KI and acetic acid. This experiment showed that after 4 hours of 
irradiation, the AOPP levels of ESBL E. coli and S. aureus treated with AuNPs were higher than the 

controls in the dark or without nanoparticles. 

We could conclude from this results that bacterial death caused through PACT, using AuNPs as 

photosensitizers, is mainly caused for an oxidative stress of bacterial macromolecules. This pathway 
seems to be valid for both a Gram negative bacilus and Gram positive coccus. 

 

100 nm

100 nm 100 nm  
 

Figure 1. TEM images of S.aureus ATCC 29213 shows the interaction between B-AuNPs and the 

bacterial wall after just1 h of incubation. Scale bar: 100 nm. 
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Ultraviolet radiation (UVR)-induced immunosuppression and genetic mutations are responsible for skin 

carcinogenesis. To study UV-induced immunosuppression we recruit human volunteers who have 
memory responses to nickel or tuberculin purified protein derivative. Recently, using narrow band 

interference filters, we have determined the wavelength dependence for UV immunosuppression in 

humans. There are two distinct wavebands in terrestrial sunlight that cause immunosuppression, one 
centered at about 310 nm (UVB), the other at 370 nm (upper UVA). UVB immunosuppression likely 

results from genetic damage (cyclobutane pyrimidine dimers). The similarity of the UVA waveband 

response to formation of reactive oxygen species (ROS) and oxidative damage to DNA (8-oxo-7,8-

dihydro-2’-deoxyguanosine) suggests that UV-induced ROS may be one mediator of UVA 
immunosuppression [1]. Other mechanisms that we have identified to be involved in UV 

immunosuppression include activation of the alternative complement pathway, activation of B suppressor 

lymphocytes, inhibition of T effector cell activation, modulation of chemokines, cytokines and mast cells. 
An additional mechanism is glycolytic blockade and reduced ATP levels [2]. This UV-induced energy 

crisis in skin cells can be prevented with topical or oral nicotinamide (vitamin B3). Nicotinamide is a 

precursor of NAD and an essential cofactor in the production of ATP. Nicotinamide enhances DNA 
repair, reducing the levels of UV-induced genetic damage [3]. Nicotinamide also protects humans from 

UV-induced immunosuppression [4]. Modulation of bioenergetics in the skin, by using nicotinamide to 

prevent the UV-induced energy crisis, is an effective form of suncare. 

 

[1] G.M. Halliday, D.L. Damian, S. Rana and S.N. Byrne, J. Dermatolog. Sci. 2012, 66, 176. 
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Chronic exposures to solar ultraviolet rays (UVA and UVB) contribute to the development of long term 

clinical alterations such as photo-ageing and photo-cancers. Although longwave UVA1 (340-400 nm) can 

represent up to 80% of solar UV and show high penetration properties, its biological impact has not been 
investigated thoroughly until recently, revealing its involvement in both carcinogenesis and 

immunosuppression. To deepen knowledge on early morphological, biochemical and molecular impact of 

UVA1 exposure, the effect of different doses (10 to 40 J/cm² UVA1) was evaluated in a human 
reconstructed skin model at different time points. In particular, a full genome transcriptomic profiling was 

performed 6 hours post exposure to 40 J/cm
2
 UVA1 using Affymetrix microarrays. UVA1 led to 

immediate injuries such as the generation of reactive oxygen species, lipid peroxidation and thymin 

dimers formation. Forty-eight hours post UVA1 exposure epidermal and more predominantly dermal 
structural alterations were detected. The transcriptomic profiling identified several hundreds of UVA1-

modulated genes in fibroblasts and keratinocytes. Gene ontology, KEGG pathways and bibliographic 

analysis revealed that a wide panel of biological pathways and cellular functions were impacted. Facing 
UVA1 exposure keratinocytes and fibroblasts set up a response to stress by up-regulating genes encoding 

heat shock proteins or involved in oxidative stress response. Major biological functions and processes 

including cancer and development, extracellular matrix, metabolism of lipids and glucose were also 

affected. Interestingly, ¼ of modulated genes were related to innate immunity with strong up-regulation 
of genes encoding inflammation markers and down-regulation of genes involved in antiviral defense.  

Our results emphasized the fact that UVA1 rays impact many biological issues from the skin surface to 

deeper structures associated with alterations of a large panel of functions. UVA1 has therefore to be taken 
into account probably more than previously assumed in photoprotection strategies. 
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Vitamin D has been shown to have beneficial effects on bone health.  There are also numerous reports on 
the association of vitamin D insufficiency/deficiency with various health end-points, including cancers, 

all-cause mortality, multiple sclerosis, atopic dermatitis, and others.  It is known that those who work 

indoor, and those who practice rigorous photoprotection tend to have insufficient vitamin D levels.  
However, analysis of all published report done in 2009 showed that normal usage of sunscreens does not 

generally result in vitamin D insufficiency, most likely due to inadequate application by the general 

population.  Individuals with dark skin types had lower vitamin D levels compared to those with lighter 

skin color.  South Asian living in Manchester, England, had lower vitamin D levels compared to 
Caucasians.  Therefore, for those at risk for vitamin D insufficiency, which include individuals who 

practice rigorous photoprotection, and those with dark skin, vitamin D supplementation (600-800 IU/day) 

is recommended. 
 

Kannan, S, Lim, HW.  Photodermatol Photoimmunol Photomed.  2013; 30:137. 
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Solar UV radiation has a range of acute and longer term detrimental effects on human skin, including 

sunburn, immunosuppression, photosensitivity, carcinogenesis and ageing.  Topical sunscreens can 

protect against these effects, although application methods are lacking in practice, with relatively low 
average surface density of sunscreen on the skin, and gaps where sunscreen is not applied.  Furthermore, 

topical sunscreen is applied less often in daily life than when on holiday.  Systemic photoprotection could 

potentially play an important role alongside topical protection, providing more continuous and even 

protection of the skin.  
 

A range of systemic agents have been evaluated in humans, with highly promising results recently 

emerging. Agents studied include those enhancing the skin barrier to UV penetration, including 
melanising agents, and those that more specifically reduce and/or repair the damage including anti-

inflammatory agents and antioxidants.  While many agents appear protective in experimental models, a 

range of further considerations apply to their use in humans, including prospects for longer term usage, 
dosage and tissue bioavailability, adequacy of study design, and selection of appropriate intermediate and 

clinical outcome measures. 

 

Recently, there have been significant advances through well-designed studies of novel oral and injectable 
agents performed directly in humans, including omega-3 fatty acids, nicotinamide, green tea polyphenols, 

and melanising agents. Many of these developments have provided further insight into underlying 

mechanisms of their photoprotective effects. Increased incorporation of relevant nutrients into foods 
could provide skin protection at population level, e.g. against predictable longer term skin damage, 

whereas more targeted approaches may be indicated in patient groups, such as those suffering from 

photosensitivity disorders. 
  

mailto:Lesley.e.rhodes@manchester.ac.uk


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

76 
 

Photoprotection in Brazil 
 
Sérgio Schalka

a
  

a
Alameda Jacacau 222, Cotia, São Paulo, Brasil; schalka@terra.com.br  

 

Brazil is the largest country in Latin America and most of its territory lies between the Tropic of 

Capricorn and the Equator. Its geographic characteristics make it one of the countries with the highest rate 
of insolation in the world. [1] 

The Brazilian population presents a peculiar miscegenation as it is made up of Caucasians of European 

descent, Afro-descendants and Indigenous peoples [2]. 
With most of its population living on or near the coast [3], there is an intrinsic cultural relationship 

between the Brazilian and exposure to the sun. 

Epidemiological data shows a worrisome increase in the incidence of skin cancer in Brazil, justifying the 

concern among dermatologists and Brazilian authorities to develop adequate programs of awareness in 
regards to healthy photo protection habits [4]. 

The objective of this exposition is to present the unique characteristics of sun exposure among Brazilians 

and update photo protection concepts in Brazil. 
 
[1] de Paula Corrêa, M. and C.M. Pires, L. (2013), Doses of erythemal ultraviolet radiation observed in 

Brazil. International Journal of Dermatology, 52: 966–973 

[2] IBGE: Tabela 2094 - População residente por cor ou raça e religião (2010). Page visit in March 5th, 
2014.  

[3] IBGE: Censo demográfico 2000: características da população e dos domicílios: resultados do 
universo. Rio de Janeiro: IBGE, 2001. 
 
[4] Estimativa 2014: Incidência de Câncer no Brasil / Instituto Nacional de Câncer José Alencar Gomes 
da Silva, Coordenação de Prevenção e Vigilância.  Rio de Janeiro: INCA, 2014 
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Introduction: To investigate whether people change their sun exposure habits over a period of thirteen 

years.  
 

Methods: In a follow-up sun exposure study in 2012, 31 healthy, adult, Danish volunteers (male 13) with 

previous low, middle or high UVR exposure participated in mean 127 days (range 62-162 days) wearing a 
personal, electronic wristwatch UVR dosimeter and completing sun exposure diaries. They had all 

participated previously from 2 to 4 years in studies with the same protocol: 32 in 2006; 20 in 2001; 26 in 

2000 and 21 in 1999 resulting in 130 sun-years (1 subject in 1 summer-half-year) for analysis.  
 

Results: There were no statistical significant differences from year to year in estimated annual UVR dose 

or in mean UVR dose per day. The results have only been fully analysed for 1999-2006, but the 

preliminary data for 2012 shows the same tendency. In addition, a subgroup of eleven 17-year-old high 
school students who participated in 1999 took part again in 2012, now 30 years old and indoor workers. 

They had lowered their risk behaviour and resembled now the group of indoor workers. However, for all 

groups there is a person effect showing that some people continuously received higher or lower UVR 
doses than their peers. The complete dataset will be presented at the congress. 

 
Conclusion: Prevention campaigns should be righted toward persons with previous high UVR exposure. 
 

Acknowledgements The study was supported by funding from the European Community 

Environment and Climate 1994-1998 Work Programme Contract no. ENV4-CT97-0556. 
 

[1] E. Thieden, P. Philipsen, J. Heydenreich, H.C. Wulf. Photochem. Photobiol. Sci. 2013, 12, 111-6 
[2] E. Thieden, Da. Med. Bul. 2008,110, 47-68 
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Introduction: Sunscreens are one of the main causes of photoallergic contact dermatitis (PACD) [1,2]. 
The objective of this study was to identify the most common photoallergens within a group of ultraviolet 

radiation (UVR) filters in patients with clinical diagnosis of PACD and those with a history of sunscreens 

allergy, who attended the National Institute of Dermatology of Colombia.  

Materials and methods: Between June 2011 and June 2012, 100 consecutive patients were enrolled in 
the study. A photopatch test was performed using 14 UVR filters; these allergens were applied in 

duplicate in the back of each patient, with 48 hours occlusion, and then irradiated with UVA 5J/cm
2
 only 

in the right panel. Readings were done 48, 72 and 96 hours after the application of the allergens, 
according to the guidelines of the International Contact Dermatitis Research Group, and relevance was 

determined using COADEX system [3]. 

Results: Only 14 patients showed photoallergic contact reactions (PACR) to one or several UVR filters. 
There was a total of 19 PACR, 57.9% were to benzophenone-3. Relevance was current in 36.8% of the 

cases and doubtful in 57.9%. Eight positive PACR were seen 96 hours after irradiation. Eighteen patients 

showed one or more contact allergic reaction to UVR filters, the most common allergen was tinosorb M 

(26.9%). 
Conclusions: The prevalence of positive PACR to UVR filters was low. However, the study showed 

benzophenone-3 as the most common photoallergen and tinosorb M as the most common contact allergen 

in this population. It is important to make photopatch testing late readings (96 hr) to avoid false negative 
results.  

  
 
[1] Taskforce E M P T S E. Br J Dermatol, 2012: 166: 1002-9. 
[2] J. Greenspoon, R. Ahluwalia and C. F. Rosen. Dermatitis, 2013: 24: 29-32. 

[3] J. Bourke, I. Coulson, J. English, Br J Dermatol, 2001, 145, 877-85. 
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Melanoma is an aggressive and low incidence tumor. Ultraviolet light (UV) has been related to the 

genesis of several types of cancer, including melanoma, since it promotes increased levels of reactive 
oxygen species (ROS). The melanin pigment is synthesized by melanocytes in a process called 

melanogenesis, and has photoprotective effects against UV light and ROS. However, recent studies have 

showed a conflicting role of melanin, once it can act as a photosensitizer generating ROS when exposed 

to the UV light or in the dark during stimulated melanogenesis in melanoma cells [1]. So, compounds that 
can be used as antioxidant agents to scavenge ROS in melanogenesis are of great interest. The aim of this 

study was to analyze the effects of the antioxidant N-acetylcysteine on melanoma murine cells (B16-F10), 

regarding of cell viability recover, melanin production, cell cycle and apoptosis. Therefore, B16-F10 cells 
were cultured under conditions of stimulation of melanogenesis (suplementation of culture medium with 

L-tyrosine and NH4Cl) and treated with N-acetylcysteine (1, 5 and 10 mM). Results showed a decrease on 

melanin synthesis and recover of cell viability in cells treated with all tested concentrations of N-

acetylcysteine after melanogenesis stimulation. These results were confirmed by flow cytometry analysis 
and seem to be independent of apoptosis. Furthermore, cells with melanogenesis stimulated exhibited cell 

cycle arrest in G1 phase, which was prevented in the presence of N-acetylcysteine. Further studies are 

intended to a better understanding of the cellular response against melanogenesis stimulus and ROS 
production, which may contribute to new proposals to achieve more effective treatments for melanoma. 
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The orange carotenoid protein (OCP) is a water-soluble protein containing a single molecule of 
carotenoid 3'-hydroxyechinenone (3'-hECN), involved in photoprotection of the cyanobacterial 

photosynthetic apparatus. Under high-light conditions, the OCP binds to the phycobilisome (PBS) and 

reduces PBS-to-photosystems energy transfer. The photoprotective cycle starts from a photoactivation of 
the OCP, easily detectable as a change in the protein coloration from orange to red. It has been proposed 

that OCP activation is associated with change of geometry of 3'-hECN that affects photophysical 

properties the carotenoid on the way it is able to serve as a quenching centre. However, detailed 

information on the molecular mechanism of the activation process as well as the subsequent recruitment 
of active OCP to PBS has not been elucidated. Our exploration of the mechanism of OCP photoactivation 

and subsequent binding into PBS uses a range of techniques, including native mass spectrometry (NMS), 

protein cross-linking and femtosecond time-resolved absorption. Transient absorption of the OCPs locked 
in their activity stages at 77 K demonstrated that each OCP form embraces two subpopulations with 

slightly different photophysical properties of 3'-hECN. The S1 energies of 3'-hECN determined for the 

long-lived subpopulations of both OCP forms are 13,750 cm
-1

 (inactive) and 12,300 cm
-1

 (active) and 
support that an effective conjugation of the carotenoid upon OCP conversion elongates. The NMS 

captured OCP with its intact pigment and revealed that OCP undergoes a reversible dimer-to-monomer 

transition upon light illumination. The LC-MS/MS with combination of in vitro OCP-PBS chemical 

cross-linking has shown that the active OCP links to two binding sites, the allophycocyanin trimers 
located in the PBS core.  
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Rps. palustris is an example of a purple photosynthetic bacterium that has a multi-gene family of puc 

genes, which encode the apoproteins that form the LH2 complexes. When cells of Rps. palustris are 
grown at high or low light intensities two different spectroscopic forms of LH2 are produced. In both 

cases the LH2 complexes exhibit a heterogeneous apoprotein composition. We have set out to try to fully 

understand how the different apoproteins can influence the spectroscopic form of LH2 that is synthesised. 
Since the multi-gene family is so complex and the apoproteins are so similar and, therefore, so difficult to 

separate we have adopted a genetic approach to solve this problem. We have created a set of deletion 

mutants where each puc gene has been deleted either singularly or in combination with the others. The 
effects of these deletions on the spectroscopic form of LH2 produced under both high and low light 

growth conditions will be described.  

 

Acknowledgements This work was supported by the BBSRC, Human Frontiers of Science Program. JS 
was supported as part of the Photosynthetic Antenna Research Center (PARC), an Energy Frontier 
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The light-harvesting apparatus of most photosynthetic purple bacteria consists of core reaction-centre 

light-harvesting 1 complexes (RC-LH1) and peripheral light-harvesting 2 complexes (LH2). The basic 

building block of LH2 is a protein heterodimer (), which accommodates three bacteriochlorophyll a 
(BChl a) pigments and one carotenoid molecule. However, high-resolution structures are available only 

for very few types of peripheral light-harvesting complexes, which have a well defined apoprotein 
composition. For the RC-LH1 complexes only low resolution x-ray or electron diffraction maps exist, see 

[1] and referencees therein. These represent, however, only a small fraction of purple bacteria that have 

been described and many species have a more complicated apoprotein composition with multiple types of 
LH2 apoproteins. Among this larger group are many bacteria which contain peripheral antenna complexes 

which have strikingly different near-infrared spectra compared to the "standard" LH2 complexes 

described above. Assuming that all these antenna complexes are constructed on the same modular 
principle, as that described for the B800-850 LH2 complex from Rps. acidophila, the structural basis of 

this spectral variation is completely unknown. The talk provides an overview how single-molecule 

techniques can contribute to shed some light on this issue. In particular we focus on the low-light 

peripheral light-harvesting complex from Rps. palustris, the high-light light-harvesting complex from Alc. 
vinosum, and the core complex from Rps. acidophila. For all three types of complexes we propose a 

structural model [2-4]. 
 

[1] R.J. Cogdell, J. Köhler; Biochem. J. (2009) 422, 193. 
[2] T. Brotosudarmo, R. Kunz, P. Böhm, A.T. Gardiner, V. Moulisova, R.J. Cogdell, J. Köhler; Biophys. 

J. (2009) 97, 1491. 

[3] P. Böhm, J. Southall, R.J. Cogdell, J. Köhler; J. Phys. Chem. B (2013) 117, 3120. 
[4] A. Löhner, A.-M. Carey, K. Hacking, N. Picken, S. Kelly, R. Cogdell, J. Köhler; Photosynth. Res. 
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Phycobilisomes(PBS) from Gracilaria chilensis present a three cylinder core of Allophycocyanin(APC) 
and rods of R-phycocyanin(R-PC) and R-phycoerythrin(R-PE). In the rebuilding of this macrocomplex 

using the 3D structures of the phycobiliproteins, molecular docking, and electron microscopy, we have 

proposed preferential energy transfer (ET) pathways by the analysis of the ET constants, using the Förster 
approach[1]. The transfer rates are in agreement with experimental values obtained for subcomplexes in 

other species. 

 

PBS from Gracilaria chilensis contain protein linkers associated to APC ( L
8.9

, LCM
  
), to R-PC (L

27
, L

32.5
), 

and to R-PE(L
12.5 


31

 and 
33

 ). These linkers have been associated to the stabilization and organization of 

the complex. The  linkers associated to R-PE  and the Core Membrane linker ( LCM ) are also 

chromophorylated, so they contribute to the energy process transfer. The LCM as terminal acceptor of the 
energy collected by the PBS, is formed by one globular domain PB that contains one chromophore, 

phycocyanobilin(PCB), and three Rep domains linked by Arm domains that interact with APC. We have 

been able to study the 
33

 linker, that has been proposed to be associated to the proximal hexamer of R-PE 
in the rods, a molecule of 33000, containing four chromophores, 3 Phycourobilines(PUB) and one 
Phycoerythrobilin(PEB). How this chromophores contribute to the efficiency of the system is an 

information still missing. 

 
Acknowledgments MB acknowledges FONDECYT 113.0256 for financial support and Becas 
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 [1] Förster T. (1965) Delocalized  excitation and excitation transfer. Modern Quantum Chemistry. 
Istanbul Lectures Part III, Action of Light and organic crystals, Academic press, NY: 93-137. 
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Green-(non)-sulphur bacteria have evolved a light-harvesting apparatus that is perfectly adapted to thrive 

photosynthetically under extremely low light conditions. The light is absorbed in supramolecular 

arrangements - so called chlorosomes - that consist of bacteriochlorophyll (BChl) c, d, e molecules, and 

which are considered as sacks that accommodate hundreds of thousands of BChl c, d or e molecules 
depending on the bacterial species and growth conditions. The electronically excited states of these 

molecular assemblies can be described as Frenkel excitons whose photophysical properties depend 

crucially on the mutual arrangement of the pigments. However, the great heterogeneity of the samples 
leads to inhomogeneous broadening of the spectra and subtle features, that might be characteristic for 

specific structural properties, are masked due to ensemble averaging. In order to minimize the inherent 

sample heterogeneity we performed polarization-resolved fluorescence-excitation spectroscopy on 

individual chlorosomes from the photosynthetic green sulfur bacterium Chlorobaculum (Chl.) tepidum. 
All spectra showed a strong intensity modulation as a function of the polarization of the incident radiation 

which clearly reveals that the broad ensemble absorption band around 740 nm consists of several spectral 

contributions. From comparison with the results of computer simulations we find that the photophysical 
properties of individual chlorosomes from wild-type Chl. tepidum are consistent with a (multiwall) helical 

arrangement of syn-anti stacked BChl molecules in cylinders and/or scrolled 2d-lamellae (spirals) of 

different size. 

 

a) Low-temperature (1.5 K) fluorescence-excitation sepctrum of an 

individual chlorosome as a function of the polarization of the incident 
radiation b) Average of the polarization-resolved scans (black) and 

polarization associated contributions (red, blue). 
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Phycobilisomes (PBSs) function as the antennal compartment of cyanobacterial photosynthetic apparatus. 

These gigantic particles of 3000-7000 kDa play the role of pigment-protein complexes composed of 

hundreds polypeptide and chromophore molecules. Excess light absorbed by PBSs is very dangerous and 
destructive for cyanobacterial cell due to formation of active oxygen species. In 2004, quite a new 

photoprotective mechanism of light convertion into heat known as non-photochemical fluorescence 

quenching (NPQ) was found in cyanobacterial PBS [1]. Cyanobacteria are the oldest oxygenic 

photosynthetics which evolutional age is equal to 2.5 Ga; the described effect is therefore the oldest one 
form of photobiological cell defense. It was demonstrated that the NPQ of cyanobacteria is caused by the 

chromophorylated orange carotenoid-protein (OCP) [2]. In our studies [3], the OCP docking site within 

the PBS was established by computer modeling using the crystal structures of OCP and allophycocyanin-
composed PBS core. It was shown that the core-membrane linker, LCM, besides its central role in 

excitation energy transfer from the PBS to chlorophyll and as a necessary structural component in settling 

down of fully assembled PBSs to the thylakoid membrane, appears to be at the heart of OCP binding in 
the photoprotective excitation quenching inside the PBS. Besides, the interaction of OCP with the LCM 

was supported by steady state fluorescence spectra studies and fluorescence lifetime measurements. Our 

quantum-chemical calculations demonstrate that the LCM-OCP interaction is realized within the model of 

the chromophore-chromophore weak exciton coupling. 
 

[1] M.G. Rakhimberdieva, I.N. Stadnichuk, I.V. Elanskaya, N.V. Karapetyan, FEBS Lett., 2004, 574, 85. 

[2] A. Wilson, G. Ajlani, J.-M. Verbavatz, I. Vass, C.A. Kerfeld, D. Kirilovsky, Plant Cell, 2006, 18, 992. 
[3] I.N. Stadnichuk, M.F. Yanyushin, G. Bernát, D.V. Zlenko, P.M. Krasilnikov, E.P. Lukashev, E.G. 

Maksimov, V.Z. Paschenko, J. Photochem. Photobiol. B: Biol., 2013, 125, 137.  
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The further development cryo-EM, particuarly techniques oringinally used for imaging structures in cells 
or tissues, has provided high resolution structures of purifed proteins. For instance, CEMOVIS (Cryo-
Electron Microscopy of Vitreous Sections)[1-2] allows the visualization of hydrated sections of cells or 
tissues, something not possible with conventional EM staining. Conventional plastic sectioning requires 
chemical cross-linking, dehydration and resin embedding, a process that undoubtedly denatures 
molecules, and causes the loss of any unlinked molecules during the dehydration process. Finally, the 
specimens are negatively stained with a heavy metal, such as uranium, for high contrast. In comparison, 
CEMOVIS involves the direct freezing of samples in a high-pressure freezing machine and their cutting 
into vitreous cryo-sections in the controlled environment of the cryomicrotome. In this way, we can also 
observe the phase contrast in vitrified samples by cryo-EM, which conveys the signals directly from the 
molecules in the proteins as opposed to contrast attributed to heavy metals in plastic sections. Here, by 
using a process based on CEMOVIS, we reveal that the paracrystal structure of the photo-sensing 
organelle in Euglena is composed mainly of photoactivated adenylyl cyclase (PAC) [3]. We also 
succeeded in showing the tetrameric structure of PAC using single particle reconstruction in addition to 
the homology modeling of PAC. By merging these collective results, we successfully showed the 
arrangement of PAC in situ. 
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The biflagellated unicellular green alga Chlamydomonas reinhardtii exhibits positive or negative 

phototaxis by changing the beating balance of two flagella. Switching of the phototacic sign must be 
crucial for maintaining the optimal light exposure for photosynthesis; however, the mehcanism 

underlying the sign-control has been unclear. In 1993, Takahashi and Watanabe showed that 

photosynthetic activity affects the phototactic sign: wild-type Chlamydomonas cells that show positive 

phototaxis under certain light conditions show negative phototaxis after treatment with an inhibitor of 
photosynthesis [1]. In addition, Forti et al. showed that the change in the intracellular NADP/NADPH 

ratio, an index of cellular redox (reduction-oxidation) poise, links to the photosynthetic activity [2]. From 

these studies, we surmised that intracellular redox poise plays an important role in Chlamydomonas 
cellular behaviors, and found that the manner of flagellar beating and the sign of phototaxis are regulated 

by the redox poise [3, 4]. Regarding the phototactic sign, we observed that cells always exhibited positive 

phototaxis after treatment with reactive oxygen species (ROS), whereas they always displayed negative 
phototaxis after treatment with ROS quenchers. I will discuss these results and subsequent analyses of a 

new mutant that shows opposite sign of phototaxis to the wild type. 
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The heterotrichous ciliate Blepharisma japonicum dwells in the debris at the bottom of water bodies 

where light is virtually non-existant. When B. japonicum swims in lighted areas, step-up photophobic 

responses help this microorganism to revert back to shadowed areas by means of a trial-and-error process. 
This photobehavior is driven by the benzodianthronic molecule blepharismin, which is distributed all over 

the cell body either free or confined in pigment granules, coloring the ciliate in red [1]. Blepharismin 

absorption spectrum is peaked at about 580, 540, and 490 nm, wheras emission peaks at about 600 and 

650 nm [2].
 
A pigment–protein complex has been isolated with an apoprotein of molecular weight of 

about 200 kDa [3]. The pigment is not covalently bound to the proteic framework but it is presumably 

inserted in a molecular pocket of the protein [4]. 

In this talk, I shall present recent results on the heterogeneity of the photophysical responses (lifetime and 
anisotropy) in cells. Notably, I shall present for the first time the use of the phasor approach to 

fluorescence lifetime imaging [5]. Concomitantly, I shall demonstrate how our strategy can provide an 

effective means to monitor lipid order in membranes of eukaryotes in different biological contexts. 
 

1. G. Checcucci, R.S. Shoemaker, E. Bini, R. Cerny, N.B. Tao, J.S. Hyon, D. Gioffre, F. Ghetti, F. Lenci, 

and P.S. Song, J Am Chem Soc, 1997, 119, 5762. 

2. N. Angelini, R. Cubeddu, F. Ghetti, F. Lenci, P. Taroni, and G. Valentini, Bba-Bioenergetics, 1995, 
1231, 247. 

3. T. Matsuoka, Y. Murakami, and Y. Kato, Photochem Photobiol, 1993, 57, 1042. 

4. P. Plaza, M. Mahet, M.M. Martin, N. Angelini, M. Malatesta, G. Checcucci, and F. Lenci, Photochem 
Photobiol Sci, 2005, 4, 754. 

5. M.A. Digman, V.R. Caiolfa, M. Zamai, and E. Gratton, Biophys. J., 2008, 94, L14. 
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Since the pioneering work of Engelmann on Euglena in 1882 [1] the hunting for the sensory 

photoreceptor that controls behavioral light responses continued for more than 100 years. Although the 

clean action spectra of Bodo Diehn were clearly flavin spectra Gualtieri and colleagues promoted a 
rhodopsin as the sensory photoreceptor and even claimed the purification of a Euglena rhodopsin [2]. But, 

only after Masakatsu Watanabe and his team were able to identify the Chromophore of the photoreceptor 

as FAD and to develop an assay for FAD, they were able to purify the photoreceptor from the 

paraflagellar swelling. The Watanabe group identified the photoreceptor as a heterotetrameric 

photoactivated cyclase (PAC) complex with the composition: PAC2PAC2 [3]. Shortly lated the 
Watanabe group presented many different members of a larger PAC-family [4]. This pioneering work not 

only finalized the long search for the Euglenoid photoreceptor, it also initiated the new field of light-

dependent enzymology as part of optogentics [5]. Photoactivated cyclases are now widely used to control 
cAMP levels in neurons or living animals with light and to study the involvement in metabolic and 

developmental processes.  

 

I will discuss identification and application of photoactivated cyclases with a focus on the Masakatsu 
Watanabes pioneering experiments.  
 
[1] Engelmann  Pflügers Arch. Ges. Physiol. 1882, 29:387 
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[3] Iseki et al. Nature 2002, 415:1047 
[4] Koumura et al. Photochem Photobiol Sci. 2004 3:580. 

[5] Schröder-Lang Nat Methods. 2007, 4:39  
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Nobody exactly knows when human beings begun to protect their skin from Sun radiation. 

Our early ancesters in Africa were probably dark-skinned, and had the benefit of natural 
melanin to avoid sunburn. When migrations to cooler regions happened they clothed to avoid 

freezy conditions, obtaining as additional benefit Sun-protection. Slowly loosing the skin 

pigmentation that acted as a sunscreen.  
 

Due to religious and cultural reasons, occidentals continued to cover their body up to the XX
th 

century. After World War I white skin was not any more attractive. The body was shown, and 
fashion wanted tanned bodies. People used “solar oils” with no protection against UV radiation. 

In 1935 Eugène Schueller, founder of L´Oreal, navigating the Mediterranean sea perceived it. 

Back to his lab he formulated the first radiation filtering product: “Ambre Solaire Huile”. 

Other references cite as a milestone the “Gletscher Créme” developed by chemist Franz Greiter in 
1946. He also introduced in 1962  the concept of the Sun Protection Factor (SPF). His original 

product was estimated later as SPF 2. 

Benjamin Green produced in 1944, for the soldiers battling in the Pacific, a red jelly substance as 
physical blocker. The hazards of sun overexposure were already becoming apparent. The product 

boomed under the brand Coppertone in the 1950s.  

My personal notes of 1982, for launches of the Vichy and Biotherm sun-protectors, still showed 
SPF factors ranged between 2 and 6. 

 

All those products protected only again UVB radiation, whose main visible result is erythema.  

There was still no concern on the more penetrating UVA radiation, and skin cancer prevention. 
Nor on the limitations of solar simulators, dose compliance, photostability of UV filters, water- 

resistance, standardised methods to evaluate UVA protection and other contemporary issues. 

Today we benefit from very high SPF products with broad UV protection. Solubility limitations 
and wanted sensorial properties make them difficult to formulate and stabilize.   
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Sun products have been in every day people’s life for many years. However, the Schulze method[1] was 

the test method of choice for European to measure the efficacy of these products, but it was not until 1974 

that the term “sun protection factor” denominated SPF was first introduced by Greiter [2] to describe the 
outcome of in vivo testing. In 1985, the DIN (Deutsches Institut für Normung)[3], published the first 

method for many European countries. In the meantime, the FDA (US Food and Drug Administration) 

published the Final Monography for sunscreens drug products for over-the-counter human use in 1999[4]. 

Because of the incompatibility between the German (DIN) in vivo techniques and the FDA Method, the 
actual Cosmetics Europe ex (COLIPA) European Trade Association for the Cosmetics and Toiletries 

Industry decided to develop a common SPF guideline for all the European Union countries. 

The resulting COLIPA SPF Method 1994 [5] introduced many revisions to the procedures and since 2006 
the International SPF Method [6]  has all the main elements of the FDA Monograph to complete 

harmonization to satisfy not only European requirements for in vivo techniques but also Japanese and 

South Africans. 

The SPF test begins with the selection of the panellist (human volunteers) previously screened against 

photobiological and medical criteria, follow Fitzpatrick, dermatologist who described six phototypes 

based on natural genotypic pigmentation levels. How do you get to this SPF?  The UV light from artificial 

source is an element to measure in vivo the efficacy of sunscreens products too. 

Nowadays the market and the Health Authorities are more conscious and demanding because of the 

dangers of sun damage.  

[1] R.E.Schulze,versuche und bermerkungen zum problem der handelsublichen lichtschutzmittel.  Parf 
Kosm. 1956, 37:310-315. 

[2] F.Greiter Sun Protection Factor-developments method. Parf.Kosm .1974 75, 55-70 

[3] DIN Standard .1985, 67501: 1-9. 
[4] Food and Drug Administration. Sunscreen drug products for over-the-counter human use. Proposed 

safety, effective and labelling conditions. Federal Register 1999 [4]. 

[5] COLIPA Sun protection factor Test Method. 1994 

[6] COLIPA International SPF Test Method. 2006 
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Sunscreens are used to protect the human skin against harmful UV radiation. The most important quantity 
characterizing sunscreen performance is the sun protection factor (SPF), the determination of which 
involves irradiation of the product by UV light. Thus, the photostability properties of the UV filters 
employed have an influence on sunscreen performance. As in most cases sunscreens contain more than 
one UV filter, it is desirable to understand the photostability properties of the whole system [1].  
 
At the stage of development of new sun protection formulations quick and inexpensive methods for 
estimation of the UV screening performance are highly desirable. The most convenient approach towards 
this goal is given by computational simulations. Models for the calculation of the sun protection factor 
(SPF) employ the same algorithm as used with in vitro SPF measurements [2], but replace the 
transmission measurement by the calculation of the combined extinction of the UV filters in an irregular 
sunscreen film. Thus, the simulations require a database with UV spectra of the relevant UV filters as 
well as a mathematical description of the film irregularity. The simulation algorithm implies also the 
consideration of photodegradation properties of the UV filters in the sunscreen composition. Besides 
using such simulations for designing new sunscreen formulations, the calculations can also help 
improving the understanding of sunscreen performance in general [3]. 
 
 
[1]  B. Herzog, M. Wehrle, K. Quass, Photochemistry and Photobiology, Symposium in Print: 
Pahrmaceutical Photochemistry, 2009, 85, pp. 869 – 878 
[2]   R. M. Sayre, P. P. Agin, G. J. LeVee, E. Marlowe: A comparison of in vivo and in vitro testing of 
sunscreening formulas. Photochem. Photobiol. 1979, 29, pp. 559 – 566 
[3]  B. Herzog, in: “Colloids in Cosmetics and Personal Care”, ed. Tharwart F. Tadros, Vol. 4., Wiley-
VCH, Weinheim 2008, pp. 275 – 308 
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Conventional UV filters perform their protective role by blocking a fraction of the incident solar 
irradiance through absorption or scattering [1,2]. A shortcoming of this mechanism of action is that 
conventional sunscreens do not provide a means to control the dose of radiation absorbed by the skin, as it 
depends on variables such as the duration and extent of sunlight exposure, the actual solar irradiance and 
its variability over time, or the amount of sunscreen applied. Progressive sunscreens that respond to 
exposure to radiation by concomitantly enhancing their blocking capacity may provide a solution to this 
problem and increase the safety and efficacy of sunscreen use [3]. In this presentation, details of this 
novel approach for topical photoprotection and selected examples will be discussed. 
 
 
[1] U. Osterwalder, B. Herzog, and S. Q. Wang, Expert Rev. Dermatol., 2011, 6, 479. 
[2] N. A. Shaath, The Encyclopedia of Ultraviolet Filters, Alpha Research & Development, Ltd., 2007, 

White Plains, New York, USA, 2007. 

[3] A. Gallardo, J. Teixidó, R. Miralles, M. Raga, A. Guglietta, F. Marquillas, J. Sallarès, and S. Nonell, 
Photochem. Photobiol. Sci., 2010, 9, 530.  

  

mailto:santi.nonell@iqs.url.edu


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

97 
 

Defect Rich ZnO Quantum Dots as a Potential Multifunctional Sunscreen and Cosmetic 

Active Ingredient 

 

Adersh Asok
a,

, Ajit R. Kulkarni
b,*

and Mayuri N. Gandhi
a
 

a 
Centre for Research in Nanotechnology and Science, Indian Institute of Technology Bombay, Mumbai 

400076, India. 
b
Department of Metallurgical Engineering and Materials Science, Indian Institute of Technology 

Bombay, Mumbai 400076, India. 
 
Transparent ZnO nanoparticles (NPs) used as a physical UV blocker in sunscreen, show high 

photoactivity because of its strong band edge emission in the UVA region.[1] When applied to biological 

surface, this highly photoactive ZnO NPs will increase the generation of oxidative stress. To eliminate 
this issue researchers are considering several strategies for the reduction of inherent photoactivity in ZnO 

NPs for sunscreen applications.[2] 

 
Figure 1. The absorption and emission spectra of D-ZnO QDs, schematics showing the UV attenuation in 

the presence of D-ZnO QDs and in the absence of sun protection layer.  

 
In this paper we introduce the use of defect rich ZnO (D-ZnO) quantum dots (QDs) as a multifunctional 

active ingredient in cosmetic/sunscreen application. These D-ZnO QDs make use of their defect energy 

levels to emit in visible region (Figure 1) by bypassing their harmful band edge emission at UVA 
region.[3] The D-ZnO QDs also show strong visible luminescence which matches with the 

autofluroscence of skin. Hence, this visible luminescence could be use for camouflaging applications, 

thereby enabling its potential as a biologically safe active ingredient for both cosmetic and UV screening 

applications.  
Acknowledgments We express our thanks to SAIF, IIT Bombay for PL and UV-Vis absorption studies. 
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We will discuss the importance of species composition and cell size in the ability of sea ice microalgae to 

adapt to incident ultraviolet radiation (UVR) during springtime. Antarctica’s ozone hole is known to be 
largest during the early spring, often coinciding with the break up and retreat of the sea ice.  At that time, 

ice algae populations are potentially exposed to increased UVR, as well as photosynthetically available 

radiation (PAR).  The sea ice communities studied had 77% Phaeocystis antarctica, 33% diatoms and 

10% cryptomonods.  
 

The ice algae communities showed significant effects of UVR on pigment abundance, and there is 

indication that adaptive photoprotective mechanisms were used to adapt to changing UVR conditions.  
 

Inhibition of photosynthetic ice algae pigments (chlorophyll a, fucoxanthin, 19’ hexanoyloxyfucoxanthin) 

increased with time due to UVR exposure (4 days).  Photoprotective pigments (diadinoxanthin and 

diatoxanthin) were inhibited at similar rates. When separating in different cell size fractions, both 
photosynthetic and photoprotective pigments in the total fraction were increasingly inhibited over the 

course of the exposure.  In contrast, the <8µ fraction inhibition did not increase in time; small diatoms 

appear to be selectively more resistant to UVR, contrary to model predictions.  
  

Xanthophyll cycling did occur in both large and small cells, presumably due to the influence of PAR. 

UVR seems to augment/amplify this effect, as increased exposure to UVR did increase the amount of 
diadinoxanthin (DD) converted to diatoxanthin (DT).  Xanthophyll cycling as a means of non-

photochemical quenching that de-epoxidizes the carotenoid DD to DT under high light (PAR) conditions, 

and conversely epoxidizes DT to DD in transitions from high to low light. 

 
Our results highlight the importance of considering algal composition, in addition to cell size, to predict 

UVR effect on algal physiology.  
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Due to stratospheric ozone depletion, several organisms will become exposed to increased biologically 

active UVB radiation (UVBR, 280–315nm), not only at polar but also at temperate latitudes. In order to 

evaluate the effects of UV radiation (UVR, 280-400nm) on physiological responses and toxin production 
of a native Microcystis aeruginosa (strain CAAT 2005-3 [1]), three radiation treatments (by using 

different filters) were implemented: (i) P (PAR, 400-700nm), (ii) UVA (PAR+UVAR, 315-700nm) and 

(iii) UVB (PAR+UVAR+UVBR, 280-700nm). We found a threshold for 305nm and 380nm doses of 1.13 
and 9.78 kJ m

-2
 respectively, below which no UVR effects on stress parameters or toxin production were 

observed. In addition for 305 nm doses between 1.13 and 1.22 kJ m
-2
, despite the decrease of 

Chlorophyll-a, in UVB was evident a significant decrease in reactive oxygen species (ROS, measured by 

2′-7′-dichlorodihydrofluorescein diacetate oxidation) due to antioxidant superoxide dismutase (measured 
by Assay Kit, Cayman Chemical Company) consume [2], as well as a decrease in assimilation number 

(measured by 
14

C inoculation) inhibition (%) (ANI). For higher than 1.22 kJ m
-2

 doses, at 305nm, all 

stress parameters and ANI, increased significantly, while most of UVR photosynthesis inhibition was due 
to UVAR. In relation to toxins production, for higher UVR doses, the microcystin (Mcyst, measured as 

Mcyst-LR equivalents concentrations[1]) were significantly increased in UVB than for UVA and P. 

These results suggest that UVBR may produce oxidative stress in 4-5h exposure, when the generation of 
ROS overwhelms the cell's natural antioxidant defenses for highest doses.  

 
Acknowledgments: we acknowledges to Dr. S. Díaz who shared the Biospherical Inc. radiometer and 
Drs. Opezzo - Costa and her group for laboratory support. 
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ABSTRACT 

The effects of some components of solar radiation on photosynthesis, pigments and phycobiliprotein 

composition were investigated in the marine filamentous cyanobacterium, Microcoleus chthonoplastes 

harvested from the intertidal zone of the Biriwa coast in Ghana. The organism was exposed to unfiltered 
solar radiation (UV-B, UV-A and PAR), and solar radiation filtered through optical filters, WG320 (UV-

A and PAR), GG400 (PAR only), and UG5 (only UV-B and UV-A). Photosynthetic oxygen production 

was measured using a Clark oxygen electrode connected to a microprocessor oxi-meter, which 

was inserted into the flask containing the organism. A 250-Watt slide projector, equipped with a 

halogen lamp was used as a light source with the entire set up covered with a black cloth. 
Photosynthesis was inhibited and was most severe within 1 to 2 hours exposure to under unfiltered solar 

radiation and combined UV-A and PAR. The reduction in the rate of photosynthetic oxygen production 

after exposure to only PAR or only UV-A and UV-B occurred after 2 hours exposure of the organism.  
Sucrose gradient ultracentrifugation and absorption spectra of the crude extracts of M. chthonoplastes 

indicated the presence of chlorophyll a, carotenoids, phycoerythrin, phycocyanin and allophycocyanin as 

the photosynthetic pigments, which were bleached under the various treatments. A comparison of the 

times taken for 50% bleaching of the pigments to occur indicated that under unfiltered radiation 

(PAR, UV-A and UV-B), phycoerythrin had the shortest half-life (less than 1 hour of exposure), 

followed by phycocyanin (about 1 hour 40 minutes), chlorophyll a (between 2 and 3 hours) and 

carotenoids (after 3hours 30 minutes). A combination of UV-A and UV-B was the least effective 

in causing bleaching. Even after 4 hours of exposure to this treatment, only carotenoids showed 

50% bleaching. The pigments were not completely bleached. 
Fluorescence spectra had peaks that decreased significantly in amplitude and also shifted towards shorter 

wavelengths with prolonged exposure time for all treatment but at differing degrees, indicating that 

energy transfer from the accessory pigments was adversely affected. Sodium dodecyl sulphate - 
polyacrylamide gel electrophoresis (SDS-PAGE) analyses of the protein profile, revealed a loss of high 

molecular mass proteins and that of low molecular mass ( and  monomers), indicating a dissembling of 
the phycobilisomal complex and impaired energy transfer from accessory pigments to the reaction 

centres. The implication is that increased solar radiation may have severe consequences on primary 

produces in the marine ecosystem. 
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The underwater light field is determined by the absorption and scattering of many optical active 
substances, among them, colored dissolved organic matter (CDOM)[1]. It has been recognized that 

different wavelengths could be utilized by phytoplankton due to a rich variety of photosynthetic pigments, 

enabling the niche differentiation and species selection in aquatic environments [2]. This chromatic 
adaptation has been demonstrated in picocyanobacteria [2-4], but in the nano and microphytoplankton 

fractions remains poorly investigated to date.  

 
An annual synchronic sampling schedule in two North Patagonian oligotrophic shallow lakes was 

performed to comparatively analyze the influence of CDOM over the underwater spectral light, and the 

consequent effects on the nano and microphytoplankton community structure.  

 
Lake Escondido (with higher CDOM concentration) showed a higher attenuation of blue and green light 

than Lake Morenito, being the spectral composition of underwater light field shifted towards green-

yellow light. In contrast, the underwater light field in Lake Morenito was dominated by green light. These 
outcomes underscore the influence of CDOM over the underwater light field in oligotrophic shallow 

lakes. Phytoplankton composition was dominated by cryptophytes and chrysophytes in both lakes; 

however, the phycoerythrin containing cryptophytes prevailed in Lake Morenito and their biomass 
showed a positive relationship with the relative green light availability during the annual cycle. 

Chrysophyte biomass was comparatively more important in Lake Escondido and decreased with the 

relative increment of green light availability.  

 
Overall, our findings showed that chromatic adaptation could play a central role shaping nano and 

microphytoplankton community structure. 
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In this overview, the UVR effects on freshwater copepods are examined focusing on the south-American 

widespread genus Boeckella. Interspecific variations of UV absorbing compounds were reported from 
natural Boeckella populations, showing that the qualitative and quantitative composition depend, largely 

on the light history of the species [1]. Kinetic rates of mycosporine like aminoacids (MAAs) calculated in 

several Boeckella species showed that MAAs concentration was related not only with UV exposure but 
also with the temperature [2]. From these experiments, also emerge the hypothesis that MAAs in 

Boeckella comes from an alternative source. Later, Pérez and coworkers suggested that these compounds 

would be produced by copepod associated prokaryotes [3-4]. The survivorship patterns of Boeckella 
suggest an acute sensitivity to increasing temperature reflecting their adaptation to high solar radiation 

exposure as well as to temperate and cold environments [5]. Intraspecific variation in photoprotection 

strategies were widely explored in Boeckella gracilipes. Large variability in the content of MAAs was 

found among populations inhabiting humic colourfull environments as compared to clear optically 
environments [1]. Moreover, some populations have a negligible photoenzimatic repair (PER) capacity 

and showed a behavioural avoidance of photodamage [6]. On the other hand, the activity of antioxidant 

enzymes measured in populations from lakes in a natural gradient of dissolved organic carbon (DOC) 
suggest that both low and high DOC concentration would enhance enzymatic activity because of direct 

UVR or through indirect effect of DOC-UVR interaction [7]. Altogether, these results highlight that 

sensitivity to UV can vary depending on extrinsic and intrinsic factors and the access to several different 
protective systems may considerably improve protection from UVR and thereby increase the animal’s 

fitness. 
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Natural environments are characterized by the presence of continuous interactions of multiple factors, 

making difficult to understand, and more difficult to predict, effects at an ecosystem level. Ultraviolet 
radiation (UVR) and elevated CO2 are two important environmental factors affected by global change. 

They affect aquatic and terrestrial ecosystems from the molecular to the community level and have a 

significant effect on the biogeochemical cycles. Experiments aimed to study the interactive effects of 
UVR and CO2 on aquatic phytoplankton have shown that they can produce different responses than 

expected by each single factor. As an example, high CO2 can increase growth and photosynthesis in 

phytoplankton acclimated to elevated CO2 concentrations. However, high CO2 also increases the 

sensitivity to UVR. These responses have been related to a down-regulation of the photosynthetic 
machinery under high CO2 availability. Down-regulation under high CO2 is a major physiological 

mechanism which reduces capability to incorporate and synthesize new metabolites, thus reducing 

intracellular pools, affecting the amount and activity of the enzymes involved in cellular repair processes. 

It can also reduce cell metabolic rates decreasing the esterase activity and the presence of reactive oxygen 
species. All the published findings suggest that increasing our understanding of the interactive effects of 

UVR and elevated CO2 is important to assess likely changes in growth, composition and productivity of 

marine primary producers as well as alterations in trophic level responses, including any effects on 

nutrient cycling. 
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The metabolic balance, the balance between production and consumption of organic matter in planktonic 
communities, is an important property informing on the role of the plankton communities as a sink or as a 

source of CO2 to the atmosphere [1]. The effects of solar radiation on planktonic primary production have 

been largely addressed through its effect on photosynthesis, but recent results suggest a major role of 
solar radiation in determining the metabolic balance because community respiration can also be strongly 

influenced by solar, particularly ultraviolet, radiation [2].  In aquatic systems, solar radiation affect the 

concentration and nature of dissolved organic matter and in consequence heterotrophic organisms 

activity, and impact planktonic organisms and communities, through interactions between all these 
processes resulting in great complexity [3], but only recently has it become apparent that these 

interactions can influence the metabolic balance of the ocean [2].  Here, we analyse how solar radiation 

and its ultraviolet component influence the metabolic balance of the surface ocean in contrasting areas, 
from polar waters of the Arctic Ocean to pristine ultraoligotrophic waters of the subtropical gyres in the 

Atlantic, Indian and Pacific Oceans, where solar light and ultraviolet radiation penetrates to considerable 

depth.  Responses differed greatly depending on the effects of solar radiation on the consumers, more than 

on primary producers, as heterotrophic organisms could be strongly inhibited or stimulated by solar 
radiation, being able to switch the communities from sinks to sources of CO2. 
 
[1] C.M. Duarte, A. Regaudie-de-Gioux, J. M. Arrieta, A. Delgado-Huertas, and S. Agusti, Annu. Rev. 
Mar. Sci. 2013, 5, 555 
[2] S. Agusti, A., Regaudie-de-Gioux, J. M. Arrieta, and C.M. Duarte. Limnol. Oceanogr. 2014, 59, 223.  
[3] R. G. Zepp, D. J. Erickson III, N. D. Paul and B. Sulzberger, Photochem. Photobiol. Sci., 2007, 2007, 
6, 286. 
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Biological photoreceptors have been shown to regulate the behavior of microbes and the interaction 

between different species, e.g., interplay between plant pathogens and their plant hosts, or regulation of 
infectivity in humans (animals). After significant progress being made for the characterization of the 

photochemical properties of photoreceptors, understanding of their impact for communication between 

species has started growing only during recent years.[1] A major aspect for describing and understanding 

the function of biological photoreceptors is the identification of the functional interaction between the 
sensing function and the signaling domain (that, in many cases is realized as an enzyme function). Best 

demonstrated light-regulated enzyme functions are (histidine) kinases and nucleotide cyclases (adenylyl- 

or guanylyl cyclases). 
 

The activation of photoreceptors by light, i.e., via a non-invasive mode of regulation, makes them ideal 

tools for in-vivo applications. Thi sis even more so, if receptors are employed that carry as signaling 
domains enzyme activities yielding products that serve as important second messengers for the regulation 

of physiological processes in higher organisms. Being initiated by the use of channelrhodopsins that 

opened the gate to ‘optogenetics’. This new branch of applications is based on the finding that genes 

encoding photoreceptors can be functionally incorporated into target organisms, and also the essential 
chromophores to fulfil the functions are present in the target cells or organisms. Following the enormous 

success accomplished with channelrhodopsins and its derivatives, light-regulated nucleotide cyclases hav 

ebeen introduced into optogenetics applications, allowing activation of nucleotide-gated channels and 
even morphogenic differentiation of entire organisms.[2,3] 

 

This presentation will present details of the identification of photochemical properties of microbial 
photoreceptors. Furthermore, applications of microbial photoreceptors in transgenic organisms will 

demonstrate their capacity to regulate photomorphogenic processes by light. 
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Order Rhizobiales includes bacterial genera like Brucella, Rhizobium, Bradyrhizobium and Bartonella, 
among others, that have important interactions with eukaryotic organisms. In the genomes of about 10% 

of species belonging to this order are encode an histidine kinase (HK) protein containing a LOV domain 

(LOV-HK). LOV domains are blue-light sensig modules that bind a FMN molecule as cofactor. Upon 

illumination LOV domain initiates a photocycle which forms a covalent adduct between the FMN 
cofactor and conserved Cys residue. The formation of the covalent adduct leads to increase of 

autophosphorylation activity of HK domain. We focus in two bacterial species belonging to Rhizobiales, 

Brucella abortus and Rhizobium leguminosarum, in order to study the function of LOV-HK. Brucella is a 
mammalian pathogen that causes a debilitating febrile disease for humans and, abortion and infertility in 

animals. R. leguminosarum forms symbiotic relationship with legumes plants that infects root hairs and 

induces the formation of nitrogen-fixing nodules. Brucella and Rhizobium are very similar bacteria that, 

in spite of their large difference in host preference, may have evolved similar cell-host signal transduction 
mechanisms involved in symbiosis and virulence.  Mutation of LOV-HK in both bacteria produces a 

decrease in the infectivity of Brucella and the formation of nodules in R. leguminosarum. In addition, 

exopolysacharide production, flagella synthesis and biofilm formation are also affected in the R. 
leguminosarum LOV-HK mutant strain. In Brucella, LOV-HK interacts with two response regulators 

(RR), a single domain RR (LovR), which is working as phosphate sink of the reaction, and PhyR which is 

the main regulator of the general stress response system (GSR). This system is conserved in 
alphaproteobacteria clade and consists of a alternative sigma factor (RpoE) of RNA polymerase which is 

inhibited by binding to an anti-sigma factor (NepR) and PhyR is the anti-anti sigma factor that, upon 

phosphorylation, sequestered NepR protein. Genes controlled by GSR system are down-regulated in the 

Brucella LOV-HK mutant confirming that LOVHK is regulating the stress response in this bacteria. 
Given the conservation of LOVHK and GSR proteins between Brucella and R. leguminosarum similar 

transduction pathways are present in both species. 
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Light is important for plants as a source of energy and as a source of information perceived by sensory 

receptors [1]. Here we show that the light environment also affects plants indirectly, via the perception of 
these signals by their bacterial pathogens. To investigate the function of LOV-domain-regulated two-

component system (Pst-Lov) of Pseudomonas syringae pv. tomato DC3000 (Pst DC3000), we produced 

two mutants of Δpst-lov. All the strains showed a similar growth pattern cultures in minimal medium and 

leaf of Arabidopsis in darkness. However, under white light, the wild-type strain showed a reduce growth 
than Δpst-lov mutant strains. We investigated the expression of principal and alternative sigma factors 

gene. Pst-Lov significantly reduced the expression of these genes under white light suggesting that Pst-

Lov is a novel master negative regulator of gene expression in Pst DC3000. In contrast to previous 
observations [2], where photoreceptors enhance virulence, Pst-Lov actually attenuates virulence of Pst 

DC3000 by reducing invasiveness in leaf tissues. We speculate that on the one hand, the lack of light-Pst-

Lov imposed growth restriction could keep the number of cells as high as possible reducing the chances 
of extinction of the soil population. On the other hand, the attenuated proliferation caused by light 

perception by Pst-Lov reduces Pst DC3000 damage to the light-exposed host leaf tissue, increasing the 

time available for dispersal to new hosts.  
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All photosynthetic species possess chlorophyll-based reaction centers that generate strong oxidant and 

reductant pairs on opposite sides of a membrane. Reaction centers capable of oxidizing water require the 
ability to capture photons of sufficient energy to drive this photochemical reaction. Indeed, all known 

oxygenic photosynthetic species possess a special chlorophyll pair that requires activation by visible or 

UV light. Although chlorophyll-based reaction centers maximally absorb red light, their turnover is 
insufficient without antennae complexes to increase their light harvesting efficiency. Cyanobacteria 

possess phycobiliprotein-containing antennae capable of harvesting any wavelength of photosynthetically 

effective radiation. Since phycobilisomes comprise more than 30% of the biomass of cyanobacteria, it is 

important that their antennae are tuned to the available light environment. Color sensing by cyanobacteria 
is performed by a family of linear tetrapyrrole (bilin)-based photoreceptors known as phytochromes that 

were first identified in plants. Plant phytochromes are photoswitchable red/far-red photoreceptors that 

enable competition with neighboring plants that also possess red light-absorbing chlorophyll-based 
antennae. In aquatic photosynthetic species like cyanobacteria, phytochromes and their distant 

cyanobacteriochrome cousins evolved to sense the shorter wavelengths of light that penetrate water. 

Spectral diversity also is observed for phytochromes from aquatic eukaryote algae that harbor diverse 
photosynthetic antennae. This color sensing diversity reflects a variety of tuning mechanisms that will be 

presented in this talk. Our studies demonstrate that extensive spectral tuning of phytochromes has evolved 

in phylogenetically distinct lineages of aquatic oxygenic photosynthetic prokaryote and eukaryote species. 
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The photodynamics of recently characterized phytochrome and cyanobacteriochrome photoreceptors are 

discussed. Phytochromes are red/far-red photosensory proteins that utilize the photoisomerization of a 
linear tetrapyrrole chromophore to detect the red to far-red light ratio. Cyanobacteriochromes (CBCRs) 

are distantly related cyanobacterial photosensors with homologous tetrapyrrole-binding domains, but 

exhibit greater spectral diversity.  

The excited-state mechanisms underlying the initial photoisomerization in the forward reactions of the  
phytochrome Cph1 from Synechocystis, and the RcaE and Npr6012g4 CBCRs from Fremyella 

diplosiphon, and Nostoc punctiforme, respectively, were contrasted via pump-dump-probe transient 

spectroscopy. A rich interplay of dynamics are resolved including excited-state proton transfer, 
photoisomerization, multilayered inhomogeneity, reactive intermediates, and Le Châtelier redistribution. 

NpR6012g4 exhibits a high quantum yield for its forward photoreaction (40%) that was ascribed to the 

activity of hidden, productive ground-state intermediates via a "second chance initiation dynamics" 
(SCID) mechanism. The ubiquity of such reactive ground-state will be discussed and how pump-dump 

schemes may be used to engineer single CBCR domain into in vivo fluorescent probes (after single-pump 

excitation) or into in vivo optogenetic samples (after pump and dump excitation). 

We use ultrafast wavelength- and temperature-dependent transient absorption spectroscopy to resolve 
multiple pathways within the ultrafast photodynamics of Cph1 that are primarily responsible for the 

overall low quantum efficiency (15%). We show that Cph1 is inhomogeneous at room temperature with a 

long-lived fluorescent subpopulation in equilibrium with a spectrally distinct, photoactive subpopulation. 
The fluorescent subpopulation is favored at elevated temperatures, resulting in anomalous inverted-

Arrhenius excited-state dynamics (slower kinetics at higher temperatures). We present an integrated, 

heterogeneous model for Cph1 incorporating the observed spectroscopic signals. 

 
Generalized single-population one-dimensional photoisomerization schemes resolved with ultrafast 

pump-dump-probe spectroscopy 
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Phytochromes are a Red/Far-Red light photoreceptor family broadly distributed throughout plants, 

photosynthetic and non-photosynthetic bacteria, as well as some fungi. Additionally, novel information 
derived from genome sequencing from oceanic species established the presence of this photoreceptor 

class in photosynthetic marine organisms as well. Interestingly, a recent study showed that eukaryotic 

algal phytochromes can span their absorption spectrum over the visible spectrum, from Far-Red to Blue 

light [1]. 
 

Diatoms constitute a very successful phytoplanktonic group, arising from secondary endosymbiosis. The 

increasing number of sequenced genomes and metagenomic information revealed the presence of various 
photoreceptor classes, including bacterial-like phytochromes in diatoms [2]. Phylogenetic analysis using 

novel diatoms and algal sequences allowed us to identify the existence of a specific Heterokont-clade 

within the Phytochrome family. 
 

We succeeded to reconstitute the diatom Phaeodactylum tricornutum holophytochrome PtDPh by co-

expressing PtDph in E.coli, along with a heme oxygenase gene producing biliverdin, the 

bacteriophytochrome chromophore.  Spectral analyses of the purified PtDPh provided evidences that DPh 
can act as a Red/Far-Red light photoreceptor. 

 

Considering the fast attenuation of the Red and Far-Red light in the water column, the role of this 
Red/Far-Red sensor is still enigmatic. To address this point, we are investigating the expression of PtDPh 

under different growth conditions and looking for Red/Far-Red light-regulated genes and -regulated 

responses in P. tricornutum WT and transgenic lines with a modulated PtDPh content.  
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Sunlight, essential for life on the earth, may be a severe insult for human health. It promotes skin 

inflammation and photoaging, systemic immunesuppression and skin carcinogenesis. These alterations 
are produced by the ultraviolet radiation (UVr) contained in sunlight. Molecular effects of UVr skin 

exposure are well known: promotion of DNA damage (leading to skin cells’ mutagenesis), reactive 

oxygen species production, isomerization of urocanic acid and activation of pro-inflammatory pathways 

(MAPK, NF-kb, PI3K), among others. These effects were studied on acute and chronic UV irradiation 
models, using high UV doses. The aim of our work is to compare the effects on the immune system of a 

single high UV dose (simulating a harmful exposure) versus repetitive extremely low UV doses 

(simulating daily exposures). ¿Are daily exposures as harmful as a careless single one? To answer this 
question we exposed SKH:1 mice once to 400 mJ/cm

2
 or 4 times (in consecutive days) to 20 mJ/cm

2
 and 

studied skin effects at different times after irradiation. Effects of both irradiation schedules on epidermis 

clearly differed: while the high UV dose produced late hyperplasia, loss of mitochondrial function (with 
increased production of superoxide anion) and T cell number decrease, repetitive low UV doses only 

promotes hyperplasia with an increment in mitochondrial function. Effects on inflammation were also 

different: the high UV dose increased the levels of proinflammatory cytokines (TNF-α and IL-6) and 

chemokines (CXCL-1 and CCL-2) while low doses did not. However, both irradiation schedules behaved 
in the same fashion on antimicrobial peptides and VEGF genes, by increasing their transcription rates. To 

sum up, a single high UV exposure causes tissue damage and a marked inflammatory environment while 

repetitive low exposures induce tissue adaptation, with low inflammation and a state of immune alert. 
Systemic effects on immune system will be also briefly discussed. 
 
Acknowledgments DGM acknowledges the University of Buenos Aires and CONICET for financial 
support.  
  

mailto:danielgm@ffyb.uba.ar


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

115 
 

Mechanisms of Photo(Chemo)Therapy in Photo-Responsive Inflammatory and Neoplastic 

Disorders 

 
Peter Wolf 

Department of Dermatology, Medical University of Graz; Graz, Austria; E-mail: 

peter.wolf@medunigraz.at 

 
Although photo(chemo)therapy has been used for a long time as a highly effective treatment for psoriasis 

and other inflammatory and neoplastic disorders, little is known how it exactly acts. In order to study the 

therapeutic action of psoralen plus UVA (PUVA), we have employed transgenic mice expressing human 
wild-type TGF-β1. These mice develop skin lesions and systemic cytokine abnormalities with strong 

similarities to human psoriasis. We found that an impaired function of CD4+CD25+ Tregs and increased 

cytokine levels of the IL-23/Th17 pathway were responsible for the psoriatic phenotype in this mouse 

model. These conclusions were mainly deduced from the interference with the pathogenesis of disease by 
(i) psoralen+UVA (PUVA) photochemotherapy, (ii) anti-IL-17 antibody treatment, and (iii) platelet-

activating-factor (PAF) injection or blockade of its receptor. PUVA suppressed the IL-23/Th17 pathway, 

Th1 milieu, as well as transcription factors STAT3 and orphan nuclear receptor RORgammat and induced 
the Th2 pathway and IL-10 producing CD4+CD25+Foxp3+Tregs (iTregs) with disease-suppressive 

activity that was abolished by anti-cytotoxic T-lymphocyte-associated antigen 4 (CTLA4) antibody 

treatment. These findings were paralleled by macroscopic and microscopic clearance of the diseased 
murine skin, which indicated that both iTregs involving CTLA4 signaling and inhibition of the IL-

23/Th17 axis are central for the therapeutic action of PUVA. Injecting PAF into the skin of transgenic 

mice led to inflammation and accelerated the manifestation of the psoriatic phenotype by a local effect. In 

contrast, injecting mice i.p. with PAF receptor antagonist PCA-4248 lowered the PAF level (most likely 
by depressing an autocrine loop) and blocked progression of the psoriasis-like phenotype. The effect of 

PAF blockade paralleled the molecular effects of PUVA. Therefore PUVA acts by interfering with IL-

23/Th17, Treg and/or PAF pathway. These findings may offer the opportunity to develop novel 
therapeutic strategies for inflammatory as well as neoplastic disorders. 
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Phototherapy is frequently used to treat patients with psoriasis suggesting potential immunoregulation for 

other autoimmune diseases like multiple sclerosis (MS). UV irradiation of skin, even sub-erythemal 
amounts, can suppress immunity for 1-3 months, both at the site of irradiation, and also systemically. 

During this time, immune cells in peripheral tissues are constantly replaced by cells from the bone 

marrow. Dendritic cells (DCs) cultured from the bone marrow of mice after UV-irradiation of skin have 

reduced immunogenicity when transferred into naïve mice. Prostaglandin E2 (PGE2) and an epigenetic 
process are directly or indirectly involved [1, 2]. To investigate DC development in vivo, bone marrow-

ablated mice were engrafted with bone marrow cells from steady-state (control) mice, UV-irradiated mice 

or mice implanted with pellets releasing PGE2. Sixteen weeks after bone marrow cell transfer, immune 
responses dependent on DC function in skin and airways were reduced in recipients engrafted with cells 

from the bone marrow of UVR- or PGE2-administered mice (UV-chimeric mice, PGE2-chimeric mice)[1, 

2]. However, if wild-type bone marrow-derived DCs were injected into the UV- and PGE2-chimeric mice, 
immune responses were restored to levels measured in control chimeric mice. Our studies suggest that 

UV irradiation of skin, via PGE2 production, has long lasting effects on bone marrow myeloid precursors, 

such that differentiated daughter cells have reduced immunogenic properties and contribute to UV 

radiation-induced systemic immunosuppression. These results support our consistent finding that mice 
irradiated on a single occasion with an erythemal dose of UVR, or on multiple occasions with sub-

erythemal UVR, can delay the development, and reduce the intensity, of experimental autoimmune 

encephalomyelitis, a murine model of MS. Data therefore support our trial of narrow band UVB 
phototherapy for patients with Clinically Isolate Syndrome, an early form of MS. 
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In non-melanoma skin cancer like squamous cell carcinoma (SCC), UVR is an acknowledged carcinogen. 

The influence of sun exposure in melanoma is more problematical. Only one subtype, lentigo maligna, is 
associated with cumulative sun exposure. For other melanomas, sun exposure may exacerbate 

tumorigenesis but is not essential. Transgenic mice carrying activated BRAF or NRAS in their 

melanocytes develop melanoma, and neonatal, but not adult UVR exposure, dramatically exacerbates 

neoplastic conversion. In performing a screen for melanoma modifier genes in Cdk4
R24C

::Tyr-NRAS mice 
we found variation in the ratio of UVR-induced/spontaneous melanoma onset, such that neonatal UVR 

has no influence on some strain backgrounds. Hence the effectiveness of UVR in inducing melanoma is 

probably complex genetic trait, and we have mapped genomic regions containing modifer genes. The 
strains in which UVR is most effective are relatively resistant to UVR-induced SCC, suggesting, as one 

might predict, different genetic variation controlling susceptibility to the respective cancers. To gain 

further insight into melanoma development we compared the exomes of spontaneous and UVR-induced 
murine melanomas. Trp53 was one of the few recurrently mutated genes (in ~30% of lesions). 

Paroxically, the UVR-induced murine melanomas carried more somatic single nucleotide variants 

(SNVs), but less copy number changes, than spontaneous melanomas. The increase in the number of 

SNVs was not only accounted for by “UVR-signature” C>T SNVs, but also A>T and T>G changes. 
Analysis of published human melanoma genome data shows that although C>T is the most common 

somatic SNV, chronic sun-damage (CSD) melanomas have more SNVs of all types than non-CSD 

melanomas. Tumour genomes contain the mutational “footprints” of the most common mutagenic insult 
the cell of origin is exposed to. Appropriate transgenic mice may be useful for asking mechanistic 

questions about the origin of various types of mutations present in UVR-induced melanomas (e.g. DNA 

polymerase replicative error etc). 
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Australia has the highest incidence of melanoma in the world, where it is responsible for 75% of all skin 

cancer deaths. The relationship between melanoma and sunlight is interesting in that sunburn is causal 

while occupational sun exposure is not, and it has been suggested that patient outcome may be linked to 

vitamin D levels at diagnosis. The biologically active compound, 1,25-dihydroxyvitamin D3 (1,25D), 
which is produced in skin following UV exposure, can mediate its effects through either a well-

established genomic pathway or a non-genomic pathway. We previously showed that 1,25D and a low 

calcemic non-genomic analog reduced UV-induced melanocyte cell death and DNA damage (thymine 
dimers), and that these effects were reversed by a non-genomic antagonist but not affected by a genomic 

antagonist [1]. Moreover, we demonstrated that the UV-induced increase in tumor suppressor p53 was 

further enhanced when melanocytes were incubated with 1,25D immediately after UV [1]. Thus, we have 

clear evidence that targeting of the non-genomic pathway in melanocytes prevents potentially mutagenic 
DNA damage that may lead to melanoma. We now show that incubation of human melanoma cell lines 

with 1,25D significantly (p<0.001) reduced cell growth and migration. We speculate that the ability of 

1,25D to inhibit growth and metastasis of melanoma cells may be associated with our finding in these 
melanoma cells of a 1,25D-induced increase (p<0.05) in PTEN, a known tumor suppressor and target of 

the metastasis suppressor, NDRG1. We also showed that 1,25D increases levels of NDRG1 in these cell 

lines. Non-genomic vitamin D analogs, which have no demonstrated toxicity in normal cells, may prove 
useful in preventing and inhibiting the growth and metastasis of melanoma cells. 
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Comparing pigment arrangements in the many available structures of photosynthetic antenna complexes 
with those appearing in reaction centers, one notices that very similar arrangements of the same pigments 
have been chosen to function either as efficient light harvesters or as centers of ultrafast charge 
separation. It thus becomes obvious that the detailed pigment arrangement is not the main factor 
controlling excited state processes. Rather it is the surrounding protein that actually decides about the 
specific functioning in a particular case, i.e. whether a pigment cluster functions as an antenna or as a 
reaction center (charge separator). Thus the protein – or more generally the “environment” - takes the role 
of a “smart responsive matrix”. At present we do not understand well the governing factors at a molecular 
level. However the design of efficient artificial antenna and charge separation units – with or without 
proteins – requires a deeper understanding and control of these environmental effects, i.e. the properties 
of the “responsive matrix”. 
 
Recent studies on non-photochemical quenching (NPQ) in antenna complexes have turned out to provide 
fundamental insights into these environmental effects controlling the fate of the excited state energy. A 
common denominator of most NPQ quenching processes is the ultrafast formation of a chlorophyll-
chlorophyll charge transfer state, by a mechanism that in many details operates in the same way as the 
“normal” processes of ultrafast photosynthetic charge separation occurring in reaction centers. 
Astounding and unexpected parallels between those - at first glance unrelated - processes of NPQ and of 
reaction center function have been found.  
 
The talk will discuss the general common principles governing the role of the surrounding protein in 

switching excitonically coupled pigment arrangements between light-harvesting, non-photochemical 

quenching, and energy-storing by ultrafast charge separation in reaction centers. 
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Proton coupled electron transfer (PCET) plays a fundamental role in the mechanism of water-splitting at 
the oxygen-evolving complex (OEC) of photosystem II (PSII). We address the underlying reaction 

mechanism by structural studies of catalytic intermediates. Many physical techniques have provided 

important insights into the OEC structure and function, including X-ray diffraction (XRD) and extended 
X-ray absorption fine structure (EXAFS) spectroscopy as well as mass spectrometry (MS), electron 

paramagnetic resonance (EPR) spectroscopy, and Fourier transform infrared spectroscopy applied in 

conjunction with mutagenesis studies. However, experimental studies have yet to yield consensus as to 

the exact configuration of the catalytic metal 
cluster and its ligation scheme. Computational 

modeling studies, including density functional 

(DFT) theory combined with quantum 
mechanics/molecular mechanics (QM/MM) 

hybrid methods for explicitly including the 

influence of the surrounding protein, have 
proposed chemically satisfactory models of 

the fully ligated OEC within PSII that are 

maximally consistent with experimental 

results. The inorganic core of these models is 
similar to the crystallographic model upon 

which they were based, but comprises 

important modifications due to structural 
refinement, hydration, and proteinaceous 

ligation which improve agreement with a wide 

range of experimental data. The computational 
models are useful for rationalizing 

spectroscopic and crystallographic results and 

for building a complete structure-based 

mechanism of water-splitting assisted by 
PCET as described by the intermediate 

oxidation states of oxomanganese complexes. 

This talk summarizes our recent advances on 
studies of the OEC of PSII and biomimetic 

oxomanganese complexes for artificial 

photosynthesis [1-5]. 

Acknowledgments We acknowledge support from the U.S. Department of Energy Grant DE-SC0001423 
(VSB) and computer  resources from NERSC and Yale University .  
[1] S. Luber, I. Rivalta, Y. Umena, K. Kawakami, J.-R. Shen, N. Kamiya, D. Bruce, G. W. Brudvig, V. S. Batista, 

Biochemistry. 2011, 50, 6308. 

[2] I. Rivalta, M. Amin, S. Luber, S. Vassiliev, R. Pokhrel, Y. Umena, K. Kawakami, J.-R. Shen, D. Bruce, G. W. 

Brudvig, M. Gunner, V. S. Batista, Biochemistry. 2011, 50, 6315. 

[3] R. Pal, C. F. A. Negre, L. Vogt, R. Pokhrel, M. Z. Ertem, G. W. Brudvig, V. S. Batista, Biochemistry. 2013, 52, 

7703. 
[4] M. Amin, L. Vogt, S. Vassiliev, I. Rivalta, M. M. Sultan, D. Bruce, G. W. Brudvig, Victor S. Batista, and M. R. 

Gunner, J. Phys. Chem. B 2013, 20, 6217. 

[5] A. C. Durrell, G. Li, M. Koepf, K. J. Young, C. F. A. Negre, L. J. Allen, W. R. McNamara, H. Song, V. S. 

Batista, R. H. Crabtree, G. W. Brudvig, J. Catalysis 2014, 310, 37. 

[6] M. Haumann, C. Muller, P. Liebisch, L. Iuzzolino, J. Dittmer, M. Grabolle, T. Neisius, W. Meyer-Klaucke, H. 

Dau, Biochemistry  2005, 44, 1894. 

 

Figure 1. Top: The structural changes induced by the S0S1 

transition. The distance between Mn3 and Mn4 is shortened 

by ~0.2 Å and the Mn3-O5 bond is shortened upon 

deprotonation of the hydroxo bridge. Color key: Green 

MnIV; Blue  MnIII. Bottom: Comparison of the experimental 

Fourier transform EXAFS spectra (red) [6] and the 

calculated (blue) spectra of the S0 (left) and S1 (right) 

QM/MM models [3]. 
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Stunning progress in protein crystallography has paved the road towards understanding of light-driven 

water oxidation in oxygenic photosynthesis [1-2]. Nonetheless, the mechanism of water oxidation at the 

Mn4Ca complex bound to the proteins of photosystem II (PSII)  is still unresolved. Recent finding 

obtained, inter alia, by photothermal beam deflection experiments [3] suggest that catalysis of water 
oxidation can be understood only by taking into account the proton movements which are coupled to the 

light-induced electron-transfer steps, at various time and length scales. New results on the pivotal role of 

evolutionary optimized protonation dynamics are discussed.  
 

 
 
Figure 1. Recently proposed sequence of events [3] during the classical S2→S3 transition of Kok's 

reaction cycle [4].   
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The outer light-harvesting system of the model green alga Chlamydomonas reinhardtii is composed of 20 

Lhc gene products, nine belonging to the antenna of Photosystem I (PSI), and eleven primarily to that of 

Photosystem II (PSII).  In addition, light harvesting in PSI and PSII is regulated by the process of state 
transitions that in response to changes in light quality/quantity balances the excitation between the two 

photosystems by shuttling light-harvesting complexes (Lhc) between them.  This process, which in plants 

involves 15% of the LHCII, was proposed to involve 80% of the Lhcb complexes in this alga. Finally, it 

was shown that C. reinhardtii is also capable of non-photochemical quenching, but only upon acclimation 
to high light which triggers the expression of LhcSR.  

I will present the recent data that we have obtained on the characterization of the photosynthetic 

membranes of this algae. From the integration of biochemical, structural and functional measurements a  
complete picture of light harvesting and its regulation in this alga starts to emerge. We show that both PSI 

and PSII supercomplexes are far larger than the complexes of higher plants [1,2], but despite this the 

overall trapping efficiency is very similar. State transitions seem to work differenty than in plants, with 
most of the LHCII antenna becoming functionally disconnected from PSII but only part of it connects to 

PSI [3]. The largest PSI-LHCII complex, contains two LHCII trimers and one monomer in addition to the 

nine Lhcas [4]. Finally, in vitro and in vivo studies of non-photochemical quenchnig support the role of 

LhcSR as pH sensor in the membranes [5] and indicate the presence of two different quenching 
mechanisms.  
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The excitation energy transfer in the Reaction Center protein (RC) from Rhodobacter sphaeroides  has a 

near quantum efficiency and to investigate this we study the role of coherences between the cofactors in 

the photo response. 
Time resolved laser spectroscopy has emerged as a tool for characterization of the light harvesting 

processes in detail. The development of ultra-short laser pulses in the femtosecond timescale allows 

resolution of the fastest light harvesting processes and enables preparation of coherent superposition of 
excited electronic and vibrational states of the molecules. By using two-dimensional electronic 

spectroscopy and by controlling the polarization of the laser beams used to trigger and probe the energy 

transfer between the cofactors we could study the oscillatory dynamics between intermolecular 
chromophores and assign them to electronic coherences. The coherences of the energy transfer lives 

longer than 1 ps, indicating that the RC coherently retains excitation energy which provides a suitable 

mechanism for delocalization of the excitation energy which would facilitate the electron transfer and 

thereby setting the stage for efficient charge separation. [1] 
To investigate the role of the protein scaffold in sustaining the long-lived coherence we performed 

additional experiments with RC with mutations which are assumed to be interacting with the cofactors. At 

the same time we are developing a method for distinguishing between vibronic and electronic coherences 
which might be crucial for the understanding of near quantum efficient energy transfer. 
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The primary reaction steps in bacterial reaction centers (RC) can be considered as a prototype for all 
photosynthesis energy conversion devices. A simple stepwise model (1), based on non-adiabatic Marcus-
type electron transfer, was proposed in the 1990ies to explain the molecular processes. Here, the electron 
is transferred from the originally excited special pair P via the accessory bacteriochlorophyll BA and the 
bacteriopheophytin HA to the quinone QA (for the spatial arrangement of the chromophores in the RC see 
[1,2]). Moreover detailed simulations have shown that this simple reaction scheme is able to explain the 
high quantum yield  > 95% and the good energy efficiency of the primary photosynthetic reaction [3].   

P
hv

P* 
3.5 ps

PBA

 
0.9 ps

PHA

 
200 ps

PQA


                                              (1) 

Recently a number of publications reported data which partially deviate from original publications and 
suggest alternative reaction principles (see e. g. [4,5]). In this context we use modern pump-probe 
spectroscopy in a systematic study of the electron transfer dynamics at different excitation conditions. We 
find (i) a pronounced influence of exposure and repetition rate on the dynamics of the RC and that (ii) the 
data recorded at low exposure levels are in excellent agreement with the stepwise electron transfer 
presented in equation (1).  
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[3] B. P. Fingerhut, W. Zinth and R. de Vivie-Riedle, Chem. Phys. Lett., 2008, 466, 209. 
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MICROBIAL RHODOPSINS:  STRUCTURE AND FUNCTION 
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Microbial Rhodopsins: Diverse Functions from a Single Protein Scaffold 

John L. Spudich 
Center for Membrane Biology, Department of Biochemistry & Molecular Biology, University of Texas 

Medical School, Houston TX 77030 USA. E-mail:  john.l.spudich@uth.tmc.edu   

 
The microbial rhodopsin family is comprised of ~7000 homologous proteins containing 7 transmembrane 

helices forming a pocket for the chromophore retinal. They are widespread in the microbial world, in both 

prokaryotes and unicellular eukaryotes, throughout the oceans from tropical waters to arctic sea ice, lakes 
and rivers, soil, and on the leaf surfaces of plants. The majority are light-driven ion pumps, most 

transporting protons and some chloride or sodium, transducing light into electrochemical potential to 

energize cell processes. Others are sensory transducers that use light to gain information about the 

environment to regulate cell processes.  The best studied rhodopsin photosensors are the phototaxis 
receptors in prokaryotes (sensory rhodopsins I and II, SRI and SRII) and homologous proteins mediating 

phototaxis in eukaryotic algae (channelrhodopsins). Our studies of sensory rhodopsins in haloarchaea, 

cyanobacteria, and algae, reveal diverse signaling mechanisms with diverse transducer partners, and 
suggest that lateral gene transfer of proton pumps has occurred frequently among prokaryotic and 

unicellular eukaryotic species, followed by coupling of the pump’s mechanism to the cell’s existing signal 

transduction machinery to carry out photosensory signaling.  SRI and SRII transmit signals by protein-
protein interaction to control a cytoplasmic phosphorylation cascade that modulates prokaryotic flagellar 

motor rotation. Channelrhodopsins activate Ca
++

 channels in the plasma membrane depolarizing the 

membrane and modulate beating of the algae’s flagella. They also depolarize the membrane by direct 

light-gated cation channel activity, evident at high light intensities in algae and also when heterologously 
expressed in animal cells. Providing a powerful combination, channelrhodopsins and rhodopsin ion 

pumps are widely used as genetically targeted light-controlled tools to modulate cell membrane potential, 

the channelrhodopsins inducing and the pumps silencing neuron spiking in the rapidly developing 
technology of optogenetics. The talk will present our current research on the structural and mechanistic 

relationship between rhodopsin pumps and sensory rhodopsins. 

Acknowledgment JLS acknowledges travel support from Endowed Chair AU-0009 from the Robert A. 
Welch Foundation. 
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The Two Distinct Functions of Channelrhodopsins in Algae 

 
Oleg A. Sineshchekov and John L. Spudich 

Center for Membrane Biology, Department of Biochemistry & Molecular Biology, University of Texas 

Medical School, Houston TX 77030 USA. E-mail:  E-mail: oleg.a.sineshchekov@uth.tmc.edu  

 

Sensory transduction in phototactic green flagellates involves a cascade of transmembrane electrical 

currents initiated by photoexcitation of two rhodopsin receptors. When heterologously expressed in 
animal cells, 7-TM domains of the algal sensory rhodopsins demonstrate light-gated cation conductance 

and are therefore best known by the name "channelrhodopsins" (ChRs). According to a simple scheme 

this direct channel activity initiates sensory transduction also in native algae such as the model organism 

Chlamydomonas reinhardtii. However, we have shown earlier that ChRs have two functions in native 
cells: (i) generation of a fast photocurrent without measurable time-delay and high light intensity 

saturation (attributed to direct channel activity), and (ii) activation of Ca
2+

-channels, which produce a 

delayed low light saturating current.  The latter function, most evident for ChR2, produces 3 orders of 
magnitude amplification of light stimuli providing extremely high, nearly single photon sensitivity of 

phototaxis.  In the present study, based on electrical measurements in native Chlamydomonas cells, 

knockout and mutants, we address the following questions: 1. Does ChR2 generate the fast photocurrent 
in vivo?  2. Does ChR1 activate delayed current?  3. Do fast photocurrents in native cells reflect channel 

activities with parameters similar to that in animal cells? 4. Are fast and delayed currents localized in the 

same region of the plasma membrane? 
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Cross-Protomer Interaction with the Photoactive Site in Oligomeric Proteorhodopsin 

Complexes 
 

Tingting Ran, Gabriel Ozorowski, Yanyan Gao, Oleg A. Sineshchekov,Weiwu Wang, John L. Spudich and 
Hartmut Luecke 

UC Irvine , 3205 McGHaugh Hall, United States 

Email: hudel@uci.edu 

 
Proteorhodopsins (PR), members of the microbial rhodopsin superfamily of seven-transmembrane-helix 

proteins that use retinal chromophores, comprise the largest subfamily of rhodopsins, yet very little 

structural information is available.  PRs are ubiquitous throughout all kingdoms of life and their genes 
have been sequenced in numerous species of marine bacteria. They have been shown to exhibit proton-

pumping activity like their archaeal homolog, bacteriorhodopsin (BR).  We report here the first crystal 

structure of a proteorhodopsin, a blue light-absorbing proteorhodopsin (BPR) isolated from the 
Mediterranean Sea taken at 12 m depth (Med12BPR).  Six molecules of Med12BPR form a doughnut-

shaped hexameric ring, unlike BR, which forms a trimer, resulting from differences in helices that are 

present at the interface between protomers.  This also differs from a pentameric arrangement observed in 

two mutants of HOT75BPR, whose crystal structures are also reported here.  The retinal tail is shifted 
towards helix C when compared to other microbial rhodopsins, and the putative proton-release region in 

BPR differs significantly from those of BR and xanthorhodopsin (XR).  The most striking feature of 

proteorhodopsin is the position of conserved active-site His75, also found in XR, which forms a hydrogen 
bond with the proton acceptor, Asp97, but also with Trp34 of a neighboring promoter.  Trp34 may 

function by stabilizing His75 into a conformation that favors an unprotonated Asp97 in the dark state, and 

suggests cooperative behavior between protomers when the protein is in an oligomeric form. Mutation-
induced alterations in proton transfers in the BPR photocycle in E. coli cells provide evidence for a 

similar cross-protomer interaction of BPR in living cells and a functional role of the Trp34-His75 

interaction in proton transport. Finally, Wat402, a key molecule responsible for proton translocation 

between the Schiff base and the proton acceptor in BR, appears absent in BPR, suggesting that the ion 
transfer mechanism may differ between BPR and BR. 
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Biospectroscopic Insights into the Unique Cyanobacterial Photoreceptor 
 
Leonid S Brown 
Department of Physics, University of Guelph, Ontario N1G 2W1, Canada; E-mail: lebrown@uoguelph.ca  
 

Anabaena sensory rhodopsin (ASR) is the only studied representative of a novel group of microbial 

rhodopsins called xenorhodopsins. While the exact functions of all xenorhodopsins are not known, ASR 

was suggested to have photosensory function, and its putative soluble transducer (ASRT) has been 
identified. Even though crystal structures of both ASR and ASRT are known, the mechanism of 

phototransduction has not been established. I will summarize a number of our published and new 

biospectroscopic studies on ASR done in the laboratories of L. Brown and V. Ladizhansky (at Guelph) in 

collaboration with a number of other groups. Previously, we have investigated light-induced proton 
transfers in ASR by infrared spectroscopy and interaction of ASRT with DNA using solution NMR. Our 

main current focus is ASR itself, mainly its structure, dynamics and light-driven conformational changes 

in the lipid-embedded form as studied by solid-state NMR. Along these lines, we have recently elucidated 
structure of lipid-embedded trimer of ASR [1,2] and studied the nature of its light-induced conformational 

changes by site-specifically detected H/D exchange [3]. Additionally, we are interested in oligomerization 

of ASR in different environments, in some of which we found not only trimerization but also a formation 
of bacteriorhodopsin-like hexagonal lattice of trimers. We apply a number of additional biophysical 

techniques (CD, SAXS, EPR, FRET) to understand the rules governing formation of oligomers and 2D 

crystals of ASR. 

 
Acknowledgments LSB and coworkers acknowledge support from NSERC and NRF Korea.  
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Histidine Kinase Rhodopsins in Microalgae 
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Recently, a new rhodopsin family was discovered in different algal genomes: the histidine kinase 

rhodopsins (HKRs). As concluded from the sequences each rhodopsin is linked to a His-kinase, a 

response regulator and in some cases to a guanylyl cyclase as effector domain [1]. HKRs are 

representatives of Two Component Signaling systems unified in a single protein unit.  

 

The foremost studied Chlamydomonas reinhardttii CrHKR1 appears in two photochromic states which 

can be interconverted by UVA- and blue light, respectively [2].  

Recently we purified the recombinant rhodopsin-domains of two HKRs from marine microalgae and 

compared them to CrHKR1 concerning light dependent behavior. One of these HKRs (Micromonas 

pusilla MpHKR) has also a bistable character whereas the other (Ostreococcus tauri OtHKR) shows an 

interesting slow photocycle with a dark recovery time of nearly one hour. In these simple unicellular 

organisms, HKRs are probably used as part of the circadian clock control [3]. We investigated the 

photocycle of OtHKR in further detail and found at least two slow photointermediates with decay kinetics 

in the range of minutes, one “early” blue-shifted photoproduct with a deprotonated Schiff base and one 

“late” red shifted intermediate with a protonated Schiff base. Different light qualities concerning the 

wavelength can cause the accumulation of the two photointermediates. We will try to elucidate why in the 

retinal binding pockets of HKRs the so-called M-state, the intermediate with the deprotonated Schiff base, 

is stabilized and the photocycles are so drastically slowed down compared to other microbial rhodopsins. 

Functionality assays shall define the active states of the rhodopsin domains which trigger the downstream 

signal transduction pathway. 

[1] Kateriya, S., Nagel, G., Bamberg, E., and Hegemann, P. (2004) News Physiol. Sci. 19, 133–137 

[2] Luck M., Mathes T., Bruun S., Fudim R., Hagedorn R., Nguyen T.M., Kateriya S., Kennis J.T., 

Hildebrandt P. and Hegemann P. (2012)  J Biol Chem 287, 40083–40090 

[3] Troein, C., Corellou, F., Dixon, L. E., van Ooijen, G., O’Neill, J. S., Bouget, F. Y., and Millar, A. J. 

(2011) Plant J. 66, 375–385 
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Spectroscopic Study of Light-Driven Sodium Ion Pump  
 
Yoshitaka Kato
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Light-driven H
+
 pump bacteriorhodopsin (BR) and Cl

-
 pump halorhodopsin (HR) were first discovered 

in 1970s, from halophilic archaea. Then, the photocycles and pumping mechanisms have been studied for 

about 40 years. As the result, responsible residues for pumping function are identified. In addition, HR 

can pump not only Cl
-
, but also other monovalent anions such as Br

-
, I

-
 and NO3

-. It has been believed that 

microbial rhodopsins cannot pump cations because the retinal Schiff base is protonated (positively 

charged). However we recently discovered that a new rhodopsin (KR2) from marine bacterium 

Krokinobacter eikastus is a Na
+
 pumping rhodopsin (NaR) [1]. KR2 pumps Na

+
 in NaCl solution, but 

converted to H
+
 pump in KCl or salts of larger cations. We also reported important amino acid residues 

for Na
+
 and H

+
 pump functions [1]. 

Although we reported various properties of NaR in the first paper, the mechanism of Na
+
 and H

+
 

pumping is still barely understood. In this study, we investigated molecular mechanism of NaR by using 

spectroscopic methods. We applied flash photolysis to measure transient absorption changes under 

different conditions, and found that pH and salt conditions affect photocycles. In the presence of Na
+
, 

photoreaction of NaR completes within milli-seconds time scale. On the other hand, in the presence of 

larger cations, the photoreaction become much slower. The measurements for different pH revealed that 

formation of the O intermediate is accelerated at low pH. O formation is also accelerated at high NaCl 

concentration [1]. These results suggest the common mechanism for Na
+
 and H

+
 pumps. We will discuss 

the relation between function and photoreaction. 

 

 

 
 

Figure 1   Light-driven outward H
+
 and Na

+
 pumps in marine bacteria 

 
 
[1] Inoue et al. Nature Communications, 2013, 4, 1678 
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PHOTO(CHEMO)THERAPY AND PHOTOPHERESIS 
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311nm UV-B Phototherapy Today 

 
Peter Wolf 

Department of Dermatology, Medical University of Graz; Graz, Austria; E-mail: 
peter.wolf@medunigraz.at 

 

Despite the introduction of new treatment modalities phototherapy continues to keep its prominent place 

in the therapeutic armamentarium of dermatology. In particular phototherapy with narrow band 311nm 
UVB is widely used to treat psoriasis (i.e. first choice anti-psoriatic treatment in the US and Europe) and 

various other conditions, including eczema, vitiligo, mast cell diseases, graft-versus-host disease (GVHD) 

after allogeneic bone marrow transplantation, lymphoproliferative disorders such as pityriasis lichenoides 
and lymphomatoid papulosis, and cutaneous T cell lymphoma. In addition, 311nm UVB phototherapy 

acts prophylactically in certain photodermatoses such as polymorphic light eruption. Choice of treatment 

and optimal regimes to maximize efficacy and reduce adverse effects is essential and will be discussed in 
the context of the large number of phototherapy-responsive diseases. The mechanistic action of 

phototherapy seems to be linked to vitamin-D-inducing, cytotoxic, pro-apoptotic, and/or 

immunomodulating effects, varying depending on the type of disease. For instance in psoriasis, 311nm 

UVB phototherapy suppresses the Th17/IL-23 axis and can induce regulatory T cells what relates to 
efficiency of the treatment. In contrast to other therapies, 311nm UVB phototherapy is followed by long-

lasting remissions (in average 6 months or more) after stop of treatment. New developments will be 

discussed, such as combination therapy (biologics plus 311nm UVB) as well as digital phototherapy, 
allowing the ultra-exact, targeted treatment of diseased skin. 
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PUVA versus Narrowband UVB Phototherapy in Vitiligo and Psoriasis 
 

Ljubomir B Novaković 

Department of Photodermatology, St John’s Institute of Dermatology, London, England 

E-mail: novakovic@doctors.org.uk 
 

The combination of the furocoumarin psoralen (P), ingested or topically applied, with ultraviolet A 

(UVA) irradiation (PUVA) is a well-established treatment for vitiligo and psoriasis. Such treatment with 
natural sunlight and topical psoralens for vitiligo dates back to ancient times. The development of a high-

intensity UVA lamp in 1974, initially used for the treatment of psoriasis and subsequently also vitiligo, 

marked the beginning of modern photochemotherapy. Narrowband (NB) UVB phototherapy (311-313 

nm) was introduced for the treatment of psoriasis in 1980s and first reported to be effective in vitiligo in 
1997. The use of NB-UVB phototherapy has steadily increased as it is easier to administer and has 

comparable efficacy with fewer adverse effects than PUVA. 

 
Controlled studies comparing PUVA with NB-UVB phototherapy for widespread non-segmental vitiligo 

have shown that NB-UVB is more effective, provides a better cosmetic outcome and has a better safety 

profile. Also, there is no need for psoralen use and eye protection after the treatment. NB-UVB 
phototherapy is the first line treatment for widespread vitiligo with PUVA reserved for treatment failures. 

Our recent long-term follow-up study suggests that vitiligo tends to recur in a significant number of 

patients treated with either PUVA or NB-UVB with many requiring repeated phototherapy courses. 

 
Studies of PUVA versus NB-UVB phototherapy for chronic plaque psoriasis have shown comparable 

efficacy of the two treatments. In our experience, PUVA appears to be more effective and induces longer 

remission times than NB-UVB. However, PUVA is carcinogenic and there is a significant dose-
dependent risk of squamous cell carcinomas. This may potentially be reduced with the combination of 

PUVA with oral retinoids; regular updating of treatment guidelines and protocols is essential. NB-UVB is 

the preferred phototherapy choice for psoriasis whilst PUVA is considered for patients with quick relapse 
after NB-UVB phototherapy or those with more severe psoriasis. 
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UVA1: OPTIMAL USE 

Piergiacomo Calzavara-Pinton
a
 

a
Dermatology Department, University of Brescia, Italy; calzavar@med.unibs.it 

 

In the past 20 years ultraviolet phototherapy with wavelengths strictly confined to the 340-400 nm 

spectral range (so-called ultraviolet A1 radiation, UVA1) proved a well tolerated and efficacious therapy 
for a broad range of skin disorders. The first studies reported the therapeutic effect on atopic dermatitis 

and, afterwards, clinical investigations focused also on skin disorders characterized by chronic dermal 

infiltrates characterized by the infiltrations of various benign and malignant cell populations, e.g. 
morphea, acrosclerosis, granuloma annulare, necrobiosis lipoidica, graft versus host disease, skin lesions 

of acute systemic lupus erythematosus,  mycosis fungoides and mastocytosis. However, the clinical 

evidence is supported only by a multitude of case reports or studies of small case series and the few 

randomized clinical trials, often enrolling a small number of patients. Therefore the clinical efficacy and 
tolerability must be assessed more in depth. 

 

In addition, there is a need of more work to clarify mechanisms of action and to assess dosimetry and  
optimal treatment protocols,  vantages/ disadvantages over other phototherapies and other standard 

treatments and long term adverse events 

 
Finally it is desirable that technology of light sources and control equipments is  improved and price as 

well as running and maintenance costs are reduced . 
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Phototherapy with Lasers 

 
Giovanni Leone 

Phototherapy Unit, San Gallicano Dermatologic Institute, Rome, Italy 
 

New sources  capable of delivering large fluencies of narrowband ultraviolet B selectively to cutaneous 

lesions in a shorter period of time have been recently introduced. Two systems emitting high energy have 

been developed: laser  and non-laser technology (308 nm MEL). Unlike NB UVB phototherapy, either 
308 excimer laser or  the 308 nm MEL modality can selectively treat single lesions sparing non affected 

areas and achieving clinical improvement in a faster time. The advantages over the laser system are low 

operating costs and the fact that a large area can be treated quickly. In contrast, the 308 nm excimer laser 
systems produce a small spot size which requires multiple treatments of adjacent areas to cover the 

lesional skin. These advantages led us to investigate the efficacy of this new 308 nm MEL delivery 

system in patients with psoriasis and vitiligo. We have treated now with 308 nm MEL more than 50 
patients with mild to moderate psoriasis. Efficacy was evaluated in psoriatic patients by comparison of 

pre-treatment and post-treatment psoriasis area and severity index score (PASI). Psoriatic lesions treated 

with 308 nm MEL showed a high reduction of PASI score (60%) after 1 month of treatment. Adverse 

events were limited to mild erythema. Our results on psoriasis patients suggest that targeted phototherapy 
with 308 nm MEL may represent a new therapeutic option for the management of this diseases in a 

shorter time and with better patients compliance as compared with other current modalities. 

We have now treated more than 50 patients with localized vitiligo by using targeted phototherapy with 
308 nm MEL. Conventional NB UVB remains the best treatment for diffuse vitiligo; targeted 

phototherapy may represent a new option for the management of non extensive vitiligo in order to achieve 

repigmentation in a shorter time and with better patients compliance as compared with other current 
modalities. 
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Extracorporeal Photopheresis 2014 
 

Robert Knobler 
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Pho top heresis ( extracorpore al ph oto pher esis, ECP)  is a leu kap heresis-based therapy now available 
at more than 200 centres worldwide. After its FDA approva l in 1988 for cutaneous T-cell lymp ho ma 

( CTCL), it h as increasin gly f ou nd acce pta nce f or oth er ind ications. A nu mber of key specif ic guide 

lines d ocu ments in Euro pe and the US hav e inclu ded ECP in their list of choice f or second line treat 

men t f or  Graf t-versus-Host Disease ( GV HD) after allogeneic ste m cell tra nsplant ation. Other c halle 
ng ing  uses are   prevent io n a nd tre at ment of rejection in so lid or gan transp la ntat io n, syste mic 

sclerosis, localized sclerod er ma, a top ic der ma tit is, inf la mma tory bow el d isease an d po ten tially  

mult ip le sclerosis a nd pe mphigus vulgar is. In spit e of cont in ued new f indings unrave ling the exact 
mecha nis ms of actio n of ECP is still an on -go ing process. In CTCL a nd GV HD in duction of regu lat 

ory T-cells and treat ment  init iat ed apo ptos is of collecte d cells may be key trig gers f or response 

initiat io n. Oth er hyp oth eses  inclu de  the ge nerat io n of clo ne-specific CD8 -positive cells, release of 
cytokines by re - infused white ce lls, shiftin g of T-cell p hen otype an d act ivation of mon ocytes durin g t 

he UVA rad iat io n proc ess in the instru me nt. As recen tly  su ggest ed plate lets may play a key role in 

in itiating t he  response process  in t he instru me nt  pr ior t o re inf usion into t he patient . Wit h th is 

knowledge at ha nd a nu mb er of grou ps are trying to maximiz e ef f icacy in the  yield of f unctio na l d 
endr it ic cells( DC). Certa inly  positive clinica l eff ects in nu merours clin ical sett ings have bee n ext 

ensive ly doc u me nte d. Bett er u nderst and in g of th e  

mecha nis m of action of ECP as w ell as ide ntif yin g o ptima l tre at ment schedu les w ill ult imate ly impr 
ove ef f icacy across all in dica tio ns w here it h as a lso conv incing ly be en sh ow n to have a n impr essively  

very low side ef f ect prof ile, ad din g t o its accept ance by treat ed pat ien ts an d health care providers. 

  

mailto:robert.knobler@meduniwien.ac.at


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

139 
 

Photodynamic Therapy - Today 
 
Rolf-Markus Szeimies 
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Since Hermann von Tappeiner coined the term „photodynamic therapy“ (PDT) in the early 20th century, 
it became an important procedure in the treatment of dermatological conditions. Three circumstances 
made it possible that PDT is meanwhile a success story in dermatology. 
1. Topical administration of photosensitizers is the desired way of drug application in dermatology: The 
use of porphyrin precursors like 5-aminolevulinic acid (ALA) is possible by direct application on the 
target lesion, i.e. epithelial tumors like basal cell carcinoma (BCC) or precancerous lesions (actinic 
keratoses, AK). 
2. Treatable dermatological diseases are relatively superficial, thus penetration of both photosensitizer and 
light is possible: The use of red light, matching the last absorption band of the porphyrins (Q-band) with a 
maximum at 630 nm also offers a sufficient activation of porphyrin molecules for a photodynamic 
reaction even in deeper skin compartiments (up to 3 mm), thus percutaneous illumination is sufficient. 
3. For PDT, incoherent light sources like filtered lamps, light emitting diodes (LED) or even intense 
pulsed light matching the absorption spectrum of PPIX can be used. With registered drugs and light 
devices, proven efficacy for a variety of dermatological indications and evidence-based guidelines for the 
use of PDT, this treatment option is an important photobiological procedure for dermatologists not only 
for oncologic indications but also inflammatory, infectious or aesthetic conditions of the skin. 
 
References: 
Lee Y, Baron ED. Photodynamic therapy: current evidence and applications in dermatology. Semin Cutan 
Med Surg 2011;30:199-209. 
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therapy part 1: treatment delivery and current indications - actinic keratoses, Bowen's disease, basal cell 
carcinoma. J Eur Acad Dermatol Venereol 2013;27:536-44. 
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FLUORESCENT PROBES IN BIOLOGICAL SYSTEMS 
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Fluorogenic Antioxidants, Visualizing Peroxyl Radicals from Ensemble to Single Molecule 
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We have identified peroxyl radicals as key species to monitor in our quest to reconcile the chemistry and 
biology of reactive oxygen species (ROS). In this context, we pioneered the development of lipophilic 

fluorogenic antioxidants for the spatiotemporal imaging of lipid peroxyl radicals in the membrane of live 

cells [1]. Our strategy involves preparing trap-reporter probes that mimic the peroxyl radical-scavenging 

activity of α-tocopherol, the most active naturally occurring lipid soluble antioxidant present in 
mammalian tissues [2]. The trap segment consists of the chromanol moiety of α-tocopherol. A tethered 

borondipyrromethane dye (BODIPY) reports structural changes at the trap end following peroxyl radical 

scavenging. Initially non-emissive, the BODIPY segment becomes fluorescent once oxidation of 
chromanol to chromanone deactivates an otherwise operational intramolecular photoinduced electron 

transfer (PET) process [1]. 

 
Building on this initial discovery, over the past few years we have tackled i) The elucidation of the 

mechanism of action of the first lipophilic fluorogenic antioxidant [3]; ii) the development of novel 

BODIPY dyes with versatile functionalities and tunable redox properties [4]; iii) The preparation and 

characterization of second generation fluorogenic antioxidants with enhanced sensitivity and reactivity, to 
image ROS in lipid membranes [5]; iv) The elaboration of high throughput assays to monitor how lipid 

unsaturation, peroxyl radical partitioning, and chromanol lipophilic tail affect the antioxidant activity of 

α-tocopherol [5]; v) The evaluation of the antioxidant activity of novel synthetic analogues of a-
tocopherol intended as new drugs [5,6]; vi) The imaging of ROS in the lipid membrane of living cells [7]; 

and most recently, vii) the development of a new probe that specifically targets the mitochondria [8]; and 

viii) the visualization at the single molecule level of oxidative reactions in surface immobilized liposomes 
stained with our probes [9]. 

 

In this presentation I will discuss the general concepts behind the new probes and will focus on the 

reactivity and imaging opportunities in live cells and at the single molecule/particle level arising from 
novel α-tocopherol based fluorogenic probes.  
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[3] K. Krumova, P. Oleynik, P. Karam, and G. Cosa, J. Org. Chem., 2009, 74, 3641. 
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Photoswitchable Quantum Dot Probes 
 
Thomas M. Jovin

 a
, Sebastián A. Díaz

b
, Florencia Gillanders

a,c
  

a
Laboratory of Cellular Dynamics (LCD), Max Planck Institute for Biophysical Chemistry (MPIbpc), 

Göttingen, Germany; E-mail: tjovin@mpibpc.mpg.de 
b
LCD, MPIbpc, Göttingen, Germany; E-mail: sdiaz@mpibpc.mpg.de 

c
LCD, MPIbpc, Göttingen, Germany; and Department of Organic Chemistry, Faculty of Exact and 

Natural Sciences, University of Buenos Aires, Argentina; E-mail: fgillan@mpibpc.mpg.de 
 

In photochromic FRET  (pcFRET), a photochrome is reversibly photoconverted by cyclical vis-UV 
irradiation between two isomeric forms, one with a negligible overlap integral J for a given FRET donor, 

and the other with a large value of J [1]. The fluorescence of the donor is quenched by the acceptor-

competent isomer to a degree dictated by the donor-acceptor distance (rDA). We have synthesized a series 
of photoswitchable quantum dots (psQDs) based on pcFRET for utilization in general biosensing and 

high-resolution microscopy [2-5]. 

 

QDs are relatively large (> 2-5 nm radius), thus potentiating interaction with multiple surface-bound 
FRET acceptors although the QD radius defines a minimal rDA. In the latest psQD implementation [5] the 
core-shell-shell QD donor was "capped" with an amphiphilic comb-like polymer carrying multiple 

photochromic diheteroarylethenes (PCs) attached via linkers of variable length. The latter defined 

different radial positions and thus the FRET efficiencies of the PCs in the cap. In the photostationary state 
achieved by irradiation at 340 nm, the maximum FRET quenching of all the psQDs was 38±2%. That is, 

the psQDs exhibited a modulation of the QD emission that was essentially independent of rDA. A 

physical-mathematical representation of the system provides the kinetic and structural rationale for this 

unusual "self-regulating" FRET property. 
 
Acknowledgments SAD and FG were supported by the DAAD (German Academic Research Service), 
the BMBF (German Ministry of Education and Research) project grant 03V0441 to TMJ (FG), and the  
Ministry of Education of the Republic of Argentina (FG).  
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In recent years, the development of new imaging techniques has allowed researchers to push the 

boundaries of fluorescence microscopy past the diffraction limit. Many of these techniques require the use 
of ‘smart labels’ such as photo-activatable and reversibly photoswitchable fluorophores. Although their 

performance is adequate for most basic visualization experiments, further improvement is needed if we 

want to push the state of the art past this basic level of ‘straightforward super-resolution imaging’.  
 

We previously reported on NijiFP, a four-way highlighter FP that is green-to-red photoconvertible and 

reversibly photoswitching in both states. In the present work, we engineered a similar optical highlighter 

probe by engineering photoconversion properties into the well-known reversibly photochromic protein 
Dronpa. We made ffDronpa, a Dronpa mutant that is formed up to three times as fast as Dronpa, while 

retaining the photochromic features of Dronpa. Using rational and random mutagenesis, we transformed 

ffDronpa to pcDronpa. This mutant combines Dronpa’s photochromism with the feature of being 
photoconvertible to a red state. We have shown that atomic level structure determination plays a pivotal 

role in linking spectroscopic characteristics to structural features 

 
Next, we developed new reversibly switchable fluorescent proteins based on rsEGFP with improved 

performance in structurally strained fusion constructs and general improved behavior at 37°C. Through 

the use of a disordered bait protein, which hampers the correct formation of a functional fluorescent 

protein, in combination with directed and random mutagenesis, we pushed our rsFPs further towards 
structural perfection. Several mutants show increased maturation/folding when expressed at 37°C or when 

put under strain by the bait protein, while retaining the specific photophysical properties and switching 

characteristics of rsEGFP. Other proteins in which switching was engineered will be discussed as well. 
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The amount of information obtainable from a fluorescence-based measurement is limited by 

photobleaching: Irreversible photochemical reactions either render the molecules non-fluorescent or shift 

their absorption and/or emission spectra outside the working range. Photobleaching is evidenced as a 

decrease of fluorescence intensity with time, or in the case of single molecule measurements, as an 
abrupt, single-step interruption of the fluorescence emission which determines the end of the experiment. 

Reducing photobleaching is central for improving fluorescence (functional) imaging, single molecule 

tracking and fluorescence based biosensors and assays. In this single molecule study, we use DNA self-
assembly to produce hybrid nanostructures containing individual fluorophores and gold nanoparticles at a 

controlled separation distance of 8.5 nm. By changing the nanoparticles size we are able to systematically 

increase the mean number of photons emitted by the fluorophores before photobleaching. A precise 

theoretical modelling demonstrates the increase in photostability is a consequence of an accelerated 
radiative decay in the presence of the metallic nanoparticles (Purcell efect). 
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exchange fellowship for J.V.P. and to the ANCyPT for financial support (PICT2010-2511). 
 
 
[1] Pellegrotti et al., Nano Letters, 2014, 14, Article ASAP, DOI: 10.1021/nl500841n 

  

mailto:fernando.stefani@cibion.conicet.gov.ar


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

145 
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Small, elementary ions (e.g. H
+
, Na

+
, K

+
, Ca

2+
, Mg

2+
) are simple but fundamental constituents of all 

biological cells. The free ion concentrations in cells, cell compartments, and in the extracellular space 

build the driving forces for ion-gradient dependent physiological processes. They also affect the rate of 

chemical reactions as well as enzyme activities and serve in cell signaling (in particular Ca2+ and H+).  
The non-invasive, fluorescence microscopy based observation of free ion concentrations – at best with 

high spatial resolution and in real time - is a powerful tool of state of the art cell biology. It is made 

possible by ion-sensitive fluorescent molecules (organic dyes and fluorescent proteins) and the many 
advanced fluorescence microscopy modalities, both developed in the past 40 years. In this contribution a 

variety of such molecules and their photophysical properties as well as some advanced fluorescent 

methods will be introduced. The observation of free ion concentrations (H
+
, Cl

-
, Ca

2+
) and their changes 

in different cell biological processes and systems – including neuronal cells and tissue, bacteria, receptor 
(GPCR) activation and measurements in cell compartments - will be presented. The development of new 

genetically-encoded sensors based on fluorescent proteins (GFPs, LOV-domains) will be also highlighted. 

 

 
Chloride concentration in nociceptor cells in live dorsal root ganglion of mouse determined by two-

photon fluorescence lifetime imaging of a chloride sensitive dye (Gilbert et a. 2007). 
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[3] K. Funk, A. Woitecki, C. Franjic-Wuertz, T. Gensch, F. Moehrlen, and . Frings. Mol. Pain, 2008, 4, 
32. 
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The discovery of new fluorescent molecules and labelling methods has been a key aspect in the 

advancement of fluorescence microscopy. Breakthroughs in fluorescence labelling have been particularly 
relevant to super-resolution microscopy, a group of techniques capable of surpassing the diffraction limit 

of light and imaging with a spatial resolution of tens on nanometers [1]. Super-resolution techniques 

based on single-molecule localization and switching, such as photoactivated localization microscopy 

(PALM) and stochastic optical reconstruction microscopy (STORM), rely on special fluorophores that are 
able to transition between bright and dark states. Importantly, these techniques require high labelling 

density, since the achieved spatial resolution will depend on this parameter, among other factors. High 

labelling density can affect the biological structure of interest, and a compromise between achievable 
spatial resolution and the extent of structural perturbation has to be found.  

 

To address this issue, we have implemented a novel correlative microscope that allows sequential in situ 
imaging of the same sample area by atomic force microscopy (AFM) and PALM/STORM [2]. This setup 

allows us to assess the quality of super-resolution images at the same time as the integrity of a biological 

structure. The technical aspects of the correlative microscope, including image alignment and sample 

preparation requirements will be discussed, as well as its application in optimizing DNA super-resolution 
imaging using intercalating dyes [3]. Moreover, this novel tool is able to reveal typical artefacts in super-

resolution imaging related to labelling and image reconstruction algorithms. The latter point is 

particularly relevant to localization-based super-resolution methods.  
 
Acknowledgments This work is supported by the Spanish Ministerio de Economía y Competitividad 
(RyC-2011-7637, MAT-2012-34487, PTA-2011-6702-I, BES-2013-064006) and the European 
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NATURAL SUNSCREEN COMPOUNDS  
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Production and accumulation of UV-absorbing compounds is a ubiquitous mechanisms of protection from 

solar radiation-induced damage in aquatic and terrestrial ecosystems.  
 

MAAs, occurring in diverse taxonomic groups, are among the most prominent examples of metabolites 

that have been suggested to act as UV-sunscreens. This in turn has prompted commercial interests as well, 

by considering MAAs as natural alternatives to synthetic UV filters that entail possible adverse effects. 
 

In the last years, we have oriented our research towards the exploration of the molecular mechanisms 

underlying the presumed photoprotective role of MAAs, by conducting “in vitro” photochemical and 
photophysical studies of different structures and related compounds. 

 

The photodegradation quantum yields, excited triplet state production and fluorescence emission of 
common MAAs (shinorine, porphyra-334 and palythine) and the structural- and biosynthetically related 

gadusol have been assessed in aqueous solution. Photoacoustic calorimetry results confirm the dominance 

of the non-radiative route for the deactivation of the excited states.[1-3] 

 
Besides, significant reactivity is observed for gadusol in the presence of photogenerated oxidative species 

such as singlet oxygen and triplet photosensitizers.[3] This suggests that antioxidant capability may 

complement the UV-filter action, thus enhancing the protective potential of gadusol in living systems. 
 

Recent progress in the study of the effects of micellar media and derivatization of these natural molecules 

on their photophysics and reactivity will be also discussed. 
 
Acknowledgments MSC acknowledges CONICET and UNMdP for financial support of this research.  
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The threat from ultraviolet (UV) radiation has been present on Earth before the development of any kind 

of life. Acting as a protecting cover, the ozone layer is responsible for filtering most of the UV radiation, 
but some still can enter the biosphere and affect life. Moreover, due to thinnig of the ozone layer, the level 

of UV radiation has increased in many parts of the world and it is likely to increase even further in the 

near future. During ages, several evolutionary adaptations have allowed living organisms to cope with UV 

radiation. Specifically, the damaging effects of UV radiation can be diminished by several 
photoprotective mechanisms, such as accumulation of UV absorbing substances which act as 

sunscreens.[1]  

 
Mycosporine-like amino acids (MAAs) are a family of substances occurring in a wide variety of marine 

and terrestrial organisms known to have a photoprotective role, among other functions. All these 

compounds are low-molecular-weight water-soluble molecules capable of absorbing UV radiation with 
absorption maxima ranging between 310 and 360 nm. The UV screening function of MAAs and related 

compounds can be inferred from their photophysical features, such as strong UV absorption, lack of 

fluorescence and high photo-stability. [2] 

 
Structurally related to MAAs, gadusol features a considerable antioxidant capacity and redox properties. 

These relations between MAAs and gadusol have induced the suggestion that gadusol may be the 

evolutionary precursor of MAAs. The stronger antioxidant capacity of gadusol, together with the 
photoprotection in more energetic regions of the UV spectrum could be linked to the characteristics of the 

early atmosphere, with strong UVC radiation and an increased oxidative nature.[3] 

 
Kynurenine and related compounds can be found in the eye lenses of mammals and are believed to act as 
ultraviolet filters. These molecules show a strong absorption between 300 and 400 nm and dissipate light 
energy through benign reactivity pathways.[4]  

 

State-of-the-art theoretical techniques [5] allow to obtain information about the different processes that 
take place after the interaction of light and matter. Using the available methodology, the mechanisms of 
photoprotection can be determined for different types of natural compounds. Then, we could use this 
knowledge to rationally design chemical systems that respond predictably to a light stimulus.  
 
Acknowledgments We thank the Spanish MINECO/FEDER (CTQ2011-24800) for financial support. 
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Microbial sunscreens have the potential to record variations in UV exposure through time. Some trace the 

history of UVA exposure in alpine lakes during the last 8,000 years [1]. UV fluxes have undergone 

significant variations through Earth’s history. UV stress potential must have also differed, a fact likely to 
have been recorded in the distribution of sunscreens among the branches of the tree of life [2]. In the 

anoxic Proterozoic, stratospheric ozone lacking, UVB/UVC constituted the ur-stressor. UVA, in the 

absence of oxygen, would not have been deleterious. Around 3 billion years ago, with the advent of 

oxygen-evolving cyanobacteria and the incipient local oxygenation of some habitats, UVA came into play 
as an additional factor. This “age of UV” had maximal fluxes and widest damaging spectrum [2]. As 

ozone formed in the stratosphere, exposure to UVC and UVB greatly diminished, a situation roughly 

unchanged for roughly the last 2 billion years.  In a way the biosynthetic pathway of mycosporines as we 
have recently come to know it [see 4], recapitulates this history. It is at this time that we can first place the 

origin of other suncreens, like scytonemin, eumelanins and DHM-melanins, given that they all necessitate 

the presence of molecular oxygen or oxidizing conditions for biosynthesis. Interestingly, each shows 
much more restricted distribution among microbes. Recent advances in molecular genetics allow us to test 

these evolutionary hypotheses in a more rigorous way by means of phylogenetic reconstructions of 

particular genes and gene clusters, some of which will be discussed.   
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Red algae are able to synthesize UV-absorbing compounds, as mycosporine-like amino acids 

(MAAs), to minimize the damage caused by UV. MAAs are molecules with low molecular weight, high 

molar extinction coefficients and absorption bands in UV region (310-360 nm) [1-2]. These features 
combined with their antioxidant activities [3] suggest a potential application in the prevention and 

therapeutic treatment of affections related with the free radicals production and UV irradiation of humans. 

However, the use of MAAs in biotechnological products is limited by the low concentration reported in 
algae. Thus, species with high MAA concentration are desirable.  

Increase in MAAs was observed in two algae from Chilean Patagonia. Briefly, MAA content was 

increased in Mazzaella laminarioides (from 2.1 to 3.24 mg g
-1

DW) and Pyropia columbina (from 3 to 10 
mg g

-1
DW) [4] under solar radiation and nitrogen supply during 4 hours.  Furthermore, changes in 

specific MAA concentration (e.g. mycosporine-glycine) has been observed under UV solar radiation. 

These increases could not be significative in the productive context, once it is necessary a high MAA 
accumulation to turn these species in source of photoprotectors. The alternative to turn these species 

interesting economically is obtain two or more compounds (including MAAs) from the same biomass 

using the biorefinery concept, in order to take advantage of the biomass in sustentable form. 

Acknowledgments NPN acknowledges the CONICYT-Chile and Fyboa Lab (Malaga University). 
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Lichens contain a variety substances which are used as medicines, food, perfume and miscellaneous 

purposes.
1
 In a significant number of scientific articles it has been reported that the phenolic compounds 

present in lichen extracts produce, photocontact dermatitis and 
photohemolysis

2
. Evernyl (Figure 1), is one of the major components 

of the fragrance called Oakmoss. This fragrance has a complex 

chemical composition and is extracted from lichen species
3
.  

Evernyl is widely employed in  a  variety  of  personal  care  

products  such  as body  lotions,  perfumes, makeups and 

sunscreens
4,5

. It is probably responsible for the photoallergy 
generated by Oakmoss, so it´s  photodegradation  pathways  

becomes  of  interest  from  the health  point  of  view.  In  order  to  

gain insight on  the  degradation of  Evernyl  under  natural-like  

photoirradiation conditions, Riboflavin (Rf, vitamin B2) was 
employed as generator of reactive oxygen species (ROS).  

The phenolic derivative does not generate O2(
1
Δg) upon direct photoirradiation. On the other hand,  

quenches this oxidative species whith a reactive rate constant of  2 x10
7
 M

-1
s

-1 
. It also quenches the  

electronically  excited  singlet  and  triplet  states  of  Rf, as result,  O2
●
  .and  H2O2,  are  generated  ־

The photoirradiation of individual aqueous mixtures of Evernyl plus the aminoacids (AAs) tyrosine, 

tryptophan and histidine produced a series of interactions with ROS and with excited states of Rf that can 
be mecanistically interpreted as a photoprotection of the biomoleules. 
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Figure 1: Evernyl (methylatratate) 
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Plant extracts are gaining the consumer attention as active ingredients for cosmetic preparations due to 
their bioactives compounds with functional properties and the powerful to be used as natural sunscreen. 

Direct exposition to sun radiation can cause cutaneous alterations such as erythema, skin cancer, 

photoaging and so on. Photoaging may stimulate changes different from aging such as depigmentation, 

wrinkles and malignancies. Plants from Paramo habitat are exposed to high level of ultraviolet radiation 
and extreme environmental conditions, and they are forced to produce natural defense against these 

conditions [1-3]. The objective of this study was to evaluate the in-vitro proto-protection potential of three 

Cavendishia sp. in order to be used as a source of anti-UV compounds.  
 

The extracts were obtained in acetone (pH 1,0) and the in vitro photo-protection effect was measured 

between 290-380 nm in the UVA-UVB spectra. On the other hand, antioxidant capacity was evaluated 
using the DPPH radical assay, total monomeric anthocyanin content (TAC) and total phenolic content 

(TPC). Extracts showed UV absorption similar to that of commercial sunscreen and with a potential 

antioxidant capacity (EC50 1.27x10
-4

 – 8.50x10
-5
 mg extract/mmol DPPH; TPC 469.8-573.2 Gallic acid 

equivalent/g dry weight and TAC 0.29-2.65 Cyanidin-3-glucoside equivalent/g dry weight). These results 
confirm that Cavendishia sp. extracts should be useful as a potential source of natural antioxidants and anti-

UV compounds; however a deep chemical study is necessary in order to establish which compounds are 

responsible of these biological properties. 
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UV-sensitive syndrome (UV
S
S) and Cockayne syndrome (CS) are rare human hereditary diseases. 

Individuals with these syndromes are extremely sun-sensitive, although not abnormally prone to cancer, 

and they carry mutations in the CSA or CSB genes, or in the UVSSA gene in some UV
S
S cases. UV

S
S and 

CS cells exhibit proficient repair of DNA lesions in the genome overall, but are deficient in transcription-

coupled repair (TCR) of "bulky" DNA adducts [1]. The clinical hallmarks of CS include severe 

neurological and developmental abnormalities and premature aging; UV
S
S patients develop normally. 

UV
S
S cells are not sensitive to inducers of oxidative damage that are cytotoxic in cells from CS patients 

[2]. Our findings imply that some mutations in the CSA or CSB genes may interfere with the TCR-

dependent removal of UV-induced damage, without affecting their role in the oxidative stress response. 
The differential sensitivity toward oxidative stress might explain the difference between the severity of 

symptoms in CS and the mild manifestations in UV
S
S patients that are limited to skin photosensitivity 

without precocious aging or neurodegeneration. However, we have recently shown that both CS and 

UV
S
S cells are defective in TCR of the oxidized lesion 8-oxoGuanine, and that hOGG1 and XPA are also 

required for TCR of these lesions [3]. We are currently investigating which other factors are involved in 

what appears to be a case of crosstalk between the base excision and nucleotide excision repair pathways. 

 
[1] G. Spivak, T. Itoh, T. Matsunaga, O. Nikaido, P. C. Hanawalt, M. Yamaizumi, DNA Repair 2002, 1, 

629. 

[2] T. Nardo, R. Oneda, G. Spivak, B. Vaz, L. Mortier, P. Thomas, D. Orioli, V. Laugel, A. Stary, P. C. 
Hanawalt, A. Sarasin, M. Stefanini Proc. Natl. Acad. Sci. USA 2009, 106, 6209. 

[3] J. Guo, P. C. Hanawalt, G. Spivak, Nucl. Acids Res. 2013, 41, 7700. 
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Xeroderma pigmentosum (XP) is a rare autosomal disease, where patients suffer from a hypersensitivity 
to the ultraviolet (UV) component of sunlight, leading to lesions particularly in exposed areas of the skin, 
developing tumours at early age. Some of these patients also bear more severe symptoms, such as 
developmental and neurological impairment and premature aging. At the molecular level XP patients are 
defective in nucleotide excision repair or translesion synthesis. Although skin cancer in XP patients is 
clearly associated with increased mutagenesis, reflecting the defective repair of DNA lesions, the more 
severe symptoms are more difficult to explain, probably involving cell death after transcription blockage 
by endogenously damaged template. Despite high levels of exposure to intense sunlight, patients living in 
tropical countries receive little attention or care, which likely also reflects the lack of understanding of 
how DNA damage causes cancer and premature aging. We started recently a search for the identification 
of mutations occurring in Brazilian XP patients. Interestingly, less severe phenotype was recently 
identified in patients carrying novel XPG mutations, and cells from these patients are sensitive to UV-
light, but not to oxidative stress, contrary to more severe XP-G phenotypes. Also a genetic cluster of XP 
patients was identified in a small community in the middle of Brazil, where consanguineous marriage is 
responsible for the high frequency of XP patients. Curiously, however, two mutated alleles of the XPV 
gene were identified in that community. Next generation sequencing has also been used to identify several 
novel mutations in different XP genes of patients. We expect that investigation with cells from these 
novel mutations can contribute to our understanding of some of XP symptoms [1].  
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Xeroderma pigmentosum (XP) is a rare, recessive disorder caused by a defect of nucleotide excision 
repair (NER). XP patients are subjected to numerous skin cancers with a frequency several thousand 

times higher than in the general population. 

In the absence of curative treatment for XP, except a strict avoidance of sun-exposure, regular surgical 
resections of skin tumors have to be done. Autologous grafts with repair-deficient own skin of the patients 

are sometimes necessary. As a better therapy, we would like to propose to XP-C patients a graft of skin 

pieces containing their own cells that have been complemented or corrected in vitro for the repair 
deficiency. 

In the past, we have developed complementation of XP-C fibroblasts and keratinocytes by using 

recombinant retroviruses. Unfortunately, the use of recombinant retroviruses is still under discussion 

before being applied for XP gene therapy. 
To overcome the need of retroviruses, we developed a new assay to directly correct XPC mutation using 
error-free Homologous Recombination (HR). We focused on the frameshift mutation c.1643_1644delTG 
(p.Val548AlafsX25), which is a founder mutation from North Africa and found in 90% of our XP-C 
patients. In collaboration with Cellectis, meganucleases or TALE nucleases were produced in order to 
induce a unique DSB at less than 100bp of this mutation. This DSB is repaired by HR in the presence of a 
correction matrix containing WT XPC sequences. Following repair, the genomic DNA has been corrected 
into a WT sequence, at least on one allele, that is sufficient to produce full length XPC protein and NER-
proficient cells. This technology allows us to correct a 2bp deletion without modifying the rest of the 
genome and with the XPC gene regulated by its normal endogenous promoter. This is a safe technique 
that should be available, in the near future, for human gene therapy. 
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Cells are the units of organic life and they store in their nuclei the DNA molecule that constitutes the 
instruction manual for cellular proper functioning. The integrity of the DNA is challenged by a variety of 
genotoxic agents (such as ultraviolet light) causing DNA lesions. Fortunately, cells have developed 
counteracting strategies that will repair the DNA lesions. One of these mechanisms is the Nucleotide 
excision repair (NER). NER is one of the most complex DNA repair systems, removing helix-distorting 
DNA adducts in a coordinated multi-step process. Importantly, NER proteins are found mutated in the 
highly cancer-prone xeroderma pigmentosum (XP) or in human pathologies displaying premature ageing 
features such as Cockayne syndrome (CS) and the trichothiodistrophy (TTD). Particularly, TTD is caused 
by mutations in the basal transcription/repair factor TFIIH. TTD syndrome presents a cellular UV-
hypersensitivity, which can be accounted by the NER defect in repairing UV-induced lesions. However, 
the surprising notion that, despite a NER defect, TTD patients, are not associated with cancer 
predisposition, suggests that part of the complex phenotype associated with mutations in the TFIIH 
subunits, cannot be simply explained by a NER deficiency and are thought to be the result of subtle 
impairments or alterations of its transcription function. The smallest subunit of TFIIH is an 8 kDa protein, 
also known as TTDA. TTDA is required for TFIIH stability, via its interaction with the p52 subunit and it 
is essential for the repair reaction. Surprisingly, while TTDA patients have a mild phenotype, TTDA 
knock out mice are not viable probably because a combination of defects in both RNA Pol II and RNA 
Pol I transcription and unexpectedly defects in the repair of oxidative damage. We will review the 
“history” of this small protein and we will show how this small protein has a big impact in DNA repair.  
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Xeroderma pigmentosum (XP) is a genetic disorder associated with defects in nucleotide excision repair, 
which eliminates a wide variety of helix-distorting types of DNA damage including sunlight-induced 

pyrimidine dimers. In addition to skin disease, approximately 30% of XP patients develop progressive 

neurological disease, which has been hypothesized to be associated with the accumulation of a particular 
type of oxidatively generated DNA damage called purine 8,5’-cyclo-2’-deoxynucleosides (purine 

cyclonucleosides). However, there are no currently available methods to detect purine cyclonucleosides in 

DNA without the need for DNA hydrolysis. In this study, we generated a novel monoclonal antibody 

(CdA-1) specific for purine cyclonucleosides in single-stranded DNA that recognizes 8,5’-cyclo-2’-
deoxyadenosine (cyclo-dA). An immunoassay using CdA-1 revealed a linear dose-response between 

known amounts of cyclo-dA in oligonucleotides and the antibody binding to them. The quantitative 

immunoassay revealed that treatment with Fenton-type reagents (CuCl2/H2O2/ascorbate) efficiently 
produces cyclo-dA in DNA in a dose-dependent manner. Moreover, immunofluorescent analysis using 

CdA-1 enabled the visualization of cyclo-dA in human osteosarcoma cells which had been transfected 

with oligonucleotides containing cyclo-dA. Thus, the CdA-1 antibody is a valuable tool for the detection 
and quantification of cyclo-dA in DNA, and may be useful for characterizing the mechanism(s) 

underlying the development of XP neurological disease.  

 

             
 

(Left) The ELISA using the CdA-1 antibody reveals a linear dose-response between the amount of 5’S-
cyclo-dA and the antibody binding. (Right) Treatment with Fenton-type reagents efficiently produces 

cyclo-dA in DNA. 
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Ultraviolet irradiation induces two major damages in DNA: cyclobutane pyrimidine dimers and 
pyrimidine(6-4)pyrimidone photoproducts. In many organisms these lesions are repaired by 

flavoenzymes, CPD photolyase and (6-4) photolyase respectively, that use blue light for their action [1].  

 

For photorepair to proceed the flavin cofactor needs to be fully reduced, which can be achieved by the so-
called photoactivation reaction. We studied this photoreduction for X. laevis (6-4) photolyase by transient 

absorption spectroscopy. The ultrafast behavior we observed is compatible with an electron hopping 

mechanism along a chain of three conserved tryptophan residues [2]. A particular effort has been devoted 
to distinguishing between spectroscopically identical but differently oriented tryptophan by transient 

anisotropy measurements. 

 

The actual photorepair mechanism of (6-4) photolyase is far less understood than that of CPD photolyase. 
Most works assume that the 6-4PP’s are repaired upon absorption of a single photon by the enzyme, 

except for one computational study [3].  

 
Fig. 1:  Proposed two-photon DNA repair mechanism of (6-4) photolyase. 

 
By monitoring the restoration of pyrimidine bases in series of short laser flashes, we could show that 

photorepair of a T(6-4)T lesion by (6-4) photolyase requires two photons (Fig. 1). The first photon 
prepares an intermediate, possibly the oxetane-bridged dimer (T(ox)T), which spontaneously decays to 

the initial T(6-4)T in ~2 min. Absorption of a second photon during the lifetime of the intermediate 

completes the repair [4]. 
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Phytochrome is a major plant photoreceptor regulating various physiological and developmental 

processes. The shade avoidance response mediated by phytochrome allows plants to escape from the 
shade cast by other plants. Classical spot-light irradiation experiments have suggested that leaves control 

the stem elongation for the shade avoidance response (eg. see [1, 2]). Hence, the inter-organ 

communication is a key to understand the response. 
  

To address the above issue, we first confirmed that the cotyledons perceived the shade stimulus for the 

promotion of hypocotyl elongation. We then demonstrated that vascular connection between cotyledons 
and the hypocotyl was critical for the response with the aid of a femtosecond laser device. Hence, an yet-

unknown growth promoting signal appeared to be transferred from cotyledons to the hypocotyl. We 

further demonstrated that this signal increased not the level in but the sensitivity of the hypocotyl to 

auxin. 
 

The single-cell gene expression analysis enables us to monitor gene expression at a high spatial 

resolution. We adopted such a technique to examine the gene expression response in the single 
Arabidopsis seedling. Consequently, dramatic differences in the pattern of gene expression response to 

EOD-FR were observed among individual seedlings. Hence, a yet unknown mechanism was presumed to 

determine spatial patterns of the gene expression response to the shade stimulus.  
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Many aspects of plant photomorphogenesis are controlled by the phytochrome (Phy) family of bilin-
containing photoreceptors that detect red and far-red light via photointerconversion between a dark-
adapted Pr state and a photoactivated Pfr state.  Whereas the 3-D models of prokaryotic Phys have 
become available recently, models of their plant counterparts have remained elusive.  Here, we present 
the crystal structure of the photosensing module (PSM) from a seed plant Phy in the Pr state, using the 
PhyB isoform from Arabidopsis thaliana.  The PhyB PSM crystallized as a head-to-head dimer with 
strong structural homology to its bacterial relatives, including a ZZZssa configuration of the 
phytochromobilin chromophore buried within the GAF domain and a well-ordered hairpin (or tongue) 
protruding from the PHY domain toward the bilin pocket.  However, its PAS and PHY domains, knot 
motif, and helical spine show distinct structural differences potentially important to signaling.  Included is 
an elongated -4 helix that extends the helical spine and novel interactions between the N-terminal region 
upstream of the PAS domain knot and the bilin A and B pyrrole rings.  Comparisons of this structure with 
those from bacterial Phys combined with mutagenic studies support a 'toggle' model for photoconversion 
that engages multiple features within the PSM to stabilize the Pr and Pfr endstates after light-driven 
rotation of the D pyrrole ring.  Upon expression in Arabidopsis phyB-9 null plants, several of these PhyB 
mutants substantially altered photomorphogenesis, including the Y361F variant that enhanced the red 
light-sensitivity of seedlings by at least 50 fold.  Taken together, this Arabidopsis PhyB PSM structure 
now enables mechanistic insights into plant Phy signaling and provides an essential scaffold to redesign 
their activities for agricultural benefit and as optogenetic research tools. 
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Phytochromes function as red/far-red photoreceptors in plants, and are essential for light-regulated growth 

and development. Depending on the light conditions, plants follow different developmental programs. 
Photomorphogenesis, the developmental program in light, is the default program in seed plants. In dark-

grown seedlings, photomorphogenic growth is suppressed by the action of the CONSTITUTIVELY 

PHOTOMORPHOGENIC 1 (COP1)/SUPPRESSOR OF phyA-105 (SPA) complex, which targets 

positive regulators of photomorphogenic growth for degradation by the proteasome. Nuclear export of 
COP1 has been suggested as a mechanism to inactivate the COP1/SPA complex leading to 

photomorphogenesis. 

Phytochrome A (phyA) is essential for seedling establishment in canopy shade, where the light 
environment is dominated by far-red light. Light-activated phyA inhibits the COP1/SPA complex 

resulting in the accumulation of transcription factors promoting photomorphogenesis; yet, the mechanism 

by which phyA inactivates COP1/SPA is still unknown. 
Here we show that light-activated phyA interacts with SPA1. We also demonstrate that phyA disrupts the 

interaction of COP1 and SPA1, providing a molecular mechanism for the inactivation of the COP1/SPA 

complex by phyA mediated light perception. Fluorescence resonance energy transfer-fluorescence 

lifetime imaging microscopy (FRET-FLIM) analyses show that SPA1, COP1, and phyA co-localise and 
interact in nuclear bodies. Two far-red insensitive phyA mutants, G727E and E777K, which do not 

localise to nuclear bodies, are impaired in binding to SPA1. Furthermore, stabilisation of HFR1, a 

photomorphogenic factor targeted for degradation by COP1/SPA1, correlates temporally with the 
accumulation of phyA in the nucleus and localisation of phyA to nuclear bodies. 
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Phytochrome B (phyB) mediates the classical red/far-red reversible responses and plays an important role 
in induction of seed germination as well as seedling deetiolation in red light. The light labile phytochrome 

A (phyA) is essential for the high-irradiance responses (HIR) in strong continuous far-red light and allows 

for example deetiolation in far-red enriched conditions, such as under a dense plant canopy. Interestingly, 

phyA and phyB exhibit dramatic differences in their action spectra, with phyB being most active in red 
light and phyA in far-red light [1]. These differences cannot be explained by the photophysical properties 

of phyA and phyB, because these are virtually identical [2]. Since both phytochromes act antagonistically 

in the regulation of seedling development in vegetation shade, it is essential for plants to clearly 
distinguish between phyA and phyB action. Intriguingly, the action spectrum for phyB mediated 

inhibition of hypocotyl elongation is more distinct from the phyA action spectrum than it could be 

expected from the calculated phyB action spectrum based on the photoequilibrium. Although our previous 
integrative mathematical model of the action of phytochrome B [3] could reliably predict the photon 

fluence rate response curves in red light, the model failed to reproduce the abrupt reduction in 

effectiveness at longer wavelengths. Considering the biochemical/biophysical properties of phyB in vitro 

it appears that dimerization is an integral part for the action of phyB, which was neglected in our previous 
model. In a combined approach between experiments and theory we were able to unravel the underlying 

principles leading to the strong drop of phyB function in wavelength longer than 690 nm. The 

discrimination of phyA and phyB action cannot be understood by the molecular properties of the 
phytochromes alone, but is evidently a system property of the phytochrome signaling network. 

 
Acknowledgments CF acknowledges financial support from the Human Frontier Science Program 
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Plants respond to endogenous and environmental stimuli to survive, develop and grow. Studies on the 

embryonic stem (hypocotyl) of the model plant Arabidopsis have shown that phytohormones, sunlight 

and the circadian clock are major regulators of plant growth promotion. Phenotypic analysis of two 
Arabidopsis ecotypes led to the identification of TZP (Tandem Zinc finger Plus3 domain containing 

Protein) as the gene essential for hypocotyl elongation in response to blue light. TZP expression is 

regulated by circadian rhythms and peaks at dawn. Overexpression of TZP leads to an upregulation of 
growth promoting genes that result in longer hypocotyls, petioles and bigger plants

1
. TZP is exclusively 

localized in the nucleus and forms nuclear bodies when expressed in stable Arabidopsis transgenic lines. 

The formation of TZP nuclear bodies is dynamic and responsive to light. Quantitative confocal image 

analysis revealed that irradiation of four-day old dark grown seedlings with red light leads to an increase 
in the density and appearance of nuclear body formation in the epidermal cells of the hypocotyl. The 

formation of nuclear bodies follow a diurnal pattern with the least number of nuclear bodies present 

during night and subjective dawn, when maximal hypocotyl growth occurs. A series of approaches such 
as structure-function analysis, protein interaction and localization studies have been employed in order to 

further characterize TZP and understand how it functions in promoting growth. 
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Low red:far-red (R:FR) ratios perceived by phytochromes, are an indication of canopy shading and of the 

proximity of plant neighbors. Many plant species favor stem elongation as part of the shade avoidance 

syndrome (SAS) to escape from neighbours and succeed in competition for light.  Phytochromes also 
regulate anatomical and physiological parameters involved in plant water relations and carbon economy, 

and participates in responses to different stresses (i.e. drought, cold, herbivory and pathogens). Thus 

phytochromes act as integrators of different environment signals [1]. 
Many crop management decisions and cultural practices can alter the light environment experienced by 

crops and hence affect important agronomical traits such as yield and fruit quality [2]. This study aimed to 

asses the photomorphogenic performance of the primary cultivated grape species, Vitis vinifera L. in 

response to different light environments. We evaluated anatomical, morphological and physiological traits 
involved in plant architecture, water and carbon balance and drought tolerance. Pot-grown plants of Syrah 

and Torrontés Riojano cultivated in a greenhouse were exposed to lateral illumination with FR radiation 

that reduced the lateral R:FR ratio, mimicking the proximity of other plants.  
None of the cultivars showed differences in stem growth, internodes length, petiole length and angle, leaf 

area, leaf thickness, photosynthetic pigments, stomata density and stomata index in response to the light 

treatment; as well, there were no differences in stomatal conductance (gs), plant conductance (K), stem 
hydraulic conductivity (Kmax) and in the components of leaf water potential (Ψw) estimated through 

pressure-volumen analysis. However, both varieties showed increases of GA1, GA3 and IAA leaf-levels 

but not in ABA, suggesting that phytochrome light signaling is uncoupled in this species.  

Grapevines performance under shade conditions and the implications of our results will be discussed in an 
agronomical context.  
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THE RADICAL-PAIR MECHANISM AS MAGNETORECEPTOR MECHANISM 
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Migratory birds travel spectacular distances each year, navigating and orienting by a variety of means, 

most of which are poorly understood. Among them is a remarkable ability to perceive the intensity and 

direction of the Earth’s magnetic field. Biologically credible mechanisms for sensing such weak fields are 
scarce and in recent years just two proposals have emerged as frontrunners. One, essentially classical, 

involves clusters of iron-containing particles. The other relies on magnetically sensitive chemistry. The 

latter began to attract interest following the proposal in 2000 that photochemically formed flavin-

tryptophan radical pairs in cryptochrome proteins in the retina could be responsible. The quantum spin 
dynamics of such transient reaction intermediates is conjectured to lead to changes in the yield of the 

signalling state of the protein even though the interaction with the geomagnetic field is six orders of 

magnitude smaller than the thermal energy per molecule. 
 

In this talk, I will outline the basis of the radical pair mechanism, present some of the experimental 

evidence for the cryptochrome hypothesis and comment on the extent to which cryptochromes are fit-for-
purpose as magnetoreceptors [1-5]. 
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The ability of some animals to navigate through detection of the Earth magnetic field is widely accepted 
today. The reception mechanism is most likely optimal around Earth magnetic field strength, cannot 
distinguish magnetic North and South, and involves light reception. Lack of a clearly identifiable 
magnetic compass organ suggests that the magnetic sense is based on a biochemical process integrated 
with an existing sensory organ, most likely the eye. 
 
Research efforts in magnetoreception are intense, yet little progress has been made in making a solid case 
for the physical mechanism underlying magnetoreception. The lecture makes the plea that researchers 
focus on chemical reality and biological purpose as can be found likely, but not definitely, in the 
activation and deactivation processes of the blue light receptor cryptochrome, the most widely accepted 
candidate for the biochemical realization of magnetoreception. Questions to be answered through 
experiment and theory are: What are the elementary reaction steps? How are they linked to activation and 
deactivation of cryptochrome? Can these steps be magnetic sensitive in principle, given the physical 
reality of the protein-cofactor system involved? Can a magnetic field dependence be predicted and 
measured? How is cryptochrome linked to neural sensory processing? Can this link explain 
magnetoreception? Answers to some of these questions could enrich the study of physical principles of 
quantum biology and will be discussed in the lecture. 
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Migratory birds are able to navigate over thousands of kilometers with a precission unobtainable to 

human navigators without a GPS. Information from the Earth’s magnetic field is one of several sources of 

information that the birds use, but it has been a long-standing riddle in biology, how the weak magnetic 

field of the Earth can be detected by the birds’ sensory systems.  
 

In my lecture, I will present the most exciting results from a number of combined experiments
1-10

 

involving molecular biology, anatomy, chemical analyses, neurobiology, and behaviour which has 
brought us to the conclusion that the magnetic compass of migratory birds is embedded in the visual 

system, and that migratory birds might in fact see the Earth’s magnetic fieldlines. 
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Many higher animals have evolved the ability to use the Earth’s magnetic field, particularly for 

orientation and navigation. However, the biophysical mechanism underlying magnetoreception remains 

elusive. One theoretical model (the radical pair mechanism - RPM) proposes that the geomagnetic field is 
perceived by chemical reactions involving the activated blue-light photoreceptor Cryptochrome (CRY). 

Recent evidence supports the RPM in Drosophila melanogaster, revealing a mechanistic link with the 

circadian clock. Here we reveal that exposure to a low frequency electromagnetic field (AC-EMF) or a 
Static Field (SF) robustly affects three behavioural phenotypes in the fruitfly, circadian rhythms, 

hyperactivity and negative geotaxis.  We genetically manipulate CRY both intra- and intercellularly and 

our results reveal some novel features of CRY-mediated magnetoreception that may indirectly support the 

RPM, but not in its classic form. 
Acknowledgments GF,ER and CK acknowledges the EMF Biological Research Trust. for financial 
support.  
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The Radical Pair Model (Ritz et al. 2000) proposes that the magnetic compass in birds is a chemical 
compass based on radical pair processes, where the equilibrium between two spin states – singlet and 

triplet –is affected by the magnetic field. Cryptochromes form radical pairs after light absorption, which 

makes them candidate receptor molecules for sensing magnetic directions. Cry1a is located in the outer 
segments of the UV/V-cones in the retina of domestic chickens and European robins, bound to the 

membranes of the discs, which provides the stable reference frame required for sensing the magnetic field 

axis.   
The oxidised form of cryptochrome absorbs UV and blue light, while the semichinon form absorbs from 
UV to green. We tested retinae of chicken that had been either exposed to light or kept in darkness, with 
each condition applied for 30 minutes. The antiserum raised against a sequence of aminoacids of the C-
terminal of Cry1a produced a signal only in the light-exposed retinae, but not in the darkness-exposed 
ones. - Was the protein degraded in darkness or does the antiserum bind only to the light-activated 
conformation of Cry1a? Therefore we tested retinae of chicken that were first kept in darkness for 30 min 
and subsequently exposed to light for 5 min. The fact that these conditions also resulted in a positive 
immunofluorescence response clearly favors the second explanation. On this basis, we systematically 
explored the wavelength and intensity range under which light-activated Cry1a was detectable and found 
a remarkable overlap with the light conditions under which the avian magnetic compass works in 
behavioural experiments. In particular the Cry1a activation and the oriented behaviour observed under 
green light suggest that the radical pair produced during re-oxidation is the crucial one for sensing 
magnetic directions. 
  

mailto:C.Niessner@lmu.de
javascript:popup_imp('/horde/imp/compose.php',700,650,'to=michael%40geophysik.uni-muenchen.de');


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

174 
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Photodynamic therapy (PDT) is a new concept in the therapy of neoplastic disease. In addition, recent 

advances in endovascular light delivery systems have broadened the scope of PDT to include 

atherosclerotic treatment, so called Photoangioplasty. 

 
The use of endogenous Protoporphyrin IX after administration of 5-aminolaevulinic acid (ALA) has led 

to many applications in PDT. We have previously reported that the conjugation of ALA to second-

generation dendrimers enhances porphyrin synthesis. 
  

The aim of this work was to evaluate the ability of ALA dendrimers carrying 6 and 9 ALA residues (6m-

ALA and 9m-ALA) to photosensitise cancer cells and macrophages. We proposed the use of ALA-
dendrimers in Photoangioplasty, and we focused our studies on selectivity, since the main aim of this 

therapy is to damage the macrophage component of the atheromatous plaque while leaving intact the 

vasculature structures. 

 
We employed the LM3 mammary carcinoma, the Raw 264.7 macrophages and HMEC-1 

microvasculature cells. Porphyrins synthesised from the three cell lines were evaluated fluorimetrically. 

 
Porphyrin synthesis induced in macrophages by 6m-ALA and 9m-ALA, was 7 and 9 times higher 

respectively as compared to the endothelial cell line, demonstrating high selectivity of ALA dendrimers 

for macrophages. On the other hand, ALA employed at low concentrations was slightly selective (2-fold) 
for macrophages. Under the same conditions, porphyrin synthesis from dendrimers was higher in tumour 

LM3 cells as compared to ALA, showing that the dendrimers are much efficient than ALA in PDT of 

cancer. 

 
Inhibition studies employing caveloae-mediated and clathrin-dependent endocytosis inhibitors, as well as 

macropinocytosis inhibitors, suggested that ALA dendrimers uptake is mainly mediated by caveloae-

mediated endocytosis. 
 

Our main conclusion is that, in addition to being promising molecules in PDT of cancer, ALA dendrimers 

are also encouraging in Photoangioplasty, since in vitro they showed selectivity for the macrophage 

component of the atheromatous plaque, as compared to the vascular endothelium. 
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Conventional treatment of head and neck cancer is based on surgery, radiotherapy and chemotherapy 
alone or in combination but have well documented disadvantages, which has stimulated interest in 

minimally invasive modalities such as photodynamic therapy (PDT). Photochemical Internalisation (PCI) 

is a technique for improving intracellular delivery of certain bioactive agents, particularly 
macromolecules, which are prone to sequestration or trapping within endolysosomes. The basic 

mechanism of PCI involves triggering drug release from endolysosomes within the target cells using a 

photosensitiser which is selectively retained with the endolysosomal membranes. This treatment enables 

the drugs to reach their intended subcellular target more efficiently and thereby improve their efficacy. 
PCI is therefore different from photodynamic therapy (PDT) where light activation of the photosensitiser 

alone induces cell kill, but at higher light and photosensitiser doses than used for PCI. 

 
In this study, we examined PCI of the anticancer agent, bleomycin, in a preclinical oral cancer model. The 

photosensitiser used was tetraphenylchlorin disulfonate (TPCS2a, supplied by PCI Biotech, Norway) with 

adjacent sulfonate substitution on the phenyl moieties to confer amphiphilic properties and optimum 
endolysosomal membrane localisation. An orthotopic hamster cheek pouch model was employed using 

the chemically-induced squamous cell oral carcinoma line, HCPC-1, syngeneic to the Syrian Golden 

hamster so that a direct and clinically relevant comparison can be made between the response of tumour 

vs. adjacent normal buccal mucosa. Tumour damage was assessed by quantitative histological scanning of 
stained sections, and damage to normal buccal mucosa was graded histologically. A greater extent of 

tumour damage was observed with PCI treatment than PDT using the photosensitiser alone without 

causing irreversible damage to the buccal mucosa. We are also investigating the efficacy of PCI for 
pancreatic cancer again using an orthotopic model in hamsters and preliminary results will be presented. 
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Ever since upregulated proteolytic activity was reported in diseases such as cancer or rheumatoid arthritis, 
research has tried to exploit this phenomenon for the selective delivery of drugs.[1] This can be achieved 
mainly by creating an inactive prodrug of a drug through coupling of a protease-sensitive peptide 
fragment. Upon digestion by the target protease, the drugs should be released in its active form thus 
exerting the desired effect. However, despite an early hype, none of these approaches has reached the 
market until today, presumably due to three main reasons: i) the prodrug is still active, ii) the released 
drug peptidyl fragment is less active than the parent compound, and iii) unsufficient amounts of drug are 
released at the target site.  
Only recently this prodrug approach was translated into photodynamic therapy and fluorescence 
imaging.[2-8] The underlying strategies can be roughly divided into horizontal, i.e. peptide-based and 
vertical, i.e. macromolecular approaches. In the latter, the protease sensitive sequence serves as linker 
between a polymeric carrier or a nanoparticle forming carrier and the photoactive payload. Such 
macromolecular approach may further benefit from passive targeting through the enhanced penetration 
and retention effect.  
Here we will discuss the benefits and drawbacks of these pertinent strategies for the improved delivery of 

photosensitizers in photodynamic therapy. 
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Photodynamic therapy (PDT) has a potential to treat progressive prostate cancers. However, PDT efficacy 

still has been limited by insufficient accumulation of photosensitizer (PS). In order to improve the 

accumulation of PS, inactivated hemagglutinating virus of Japan envelope (HVJ-E), which is a non-viral 
vector, and protoporphyrin IX lipid (PpIX lipid) were utilized as a PS carrier and PS, respectively. In 

addition, HVJ-E can suppress the growth of hormone-resistant human prostate cancer cells (PC-3). Not 

only to improve accumulation of PS but also to utilize the suppression of PC-3 growth by HVJ-E, a novel 
photosensitizer named porphyrus envelope was developed by inserting PpIX lipid into HVJ-E.  

 

PC-3 was incubated for 3 hours in a medium containing the porphyrus envelope or PpIX lipid. Then, a 
half of the cell groups were irradiated by 405 nm laser at a power density of 100 mW/cm

2
 for 60 s. After 

24 hours, the half-maximal inhibitory concentration (IC50) was evaluated. With laser irradiation, 

porphyrus envelope induced effective cell death, and IC50 of porphyrus envelope was 2.7 times as low as 

PpIX lipid [1]. On the other hand, without laser irradiation, porphyrus envelope hardly suppressed PC-3 
growth. Then, the RNA fragments in porphyrus envelope, which trigger suppression, were extracted and 

quantified. The quantity of the RNA fragments in the porphyrus envelope was 25% smaller than that in 

HVJ-E. The leakage of RNA fragment in porphyrus envelope at the time of PpIX lipid insertion can be 
considered the cause. Therefore, the amount of PpIX lipid inserted into HVJ-E was decreased to 5%. As 

the result, new porphyrus envelope can supress PC-3 growth even without laser irradiation. 

 

[1] M. Yamauchi, N. Honda, H. Hazama, S. Tachikawa, H. Nakamura, Y. Kanedad and K. Awazu, 
Photodiag. Photodyn. Ther. 2014, 11, 48. 
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We describe a pointsource sensitizer-tipped micro-optic device for the eradication of glioma U87 cells. 

The device has a mesoporous fluorinated silica tip which emits singlet oxygen molecules and small 

quantities of pheophorbide sensitizer for additional production of singlet oxygen in the immediate 
vicinity. The results show that the device surges in sensitizer release and photokilling with higher rates 

about midway through the reaction. This was attributed to a self-amplified autocatalytic reaction where 

released sensitizer in the extracellular matrix provides positive feedback to assist in the release of 
additional sensitizer. The photokilling of the glioma cells was analyzed by global toxicity and live/dead 

assays, where a killing radius around the tip with ~0.3 mm precision was achieved. The implication of 

these results for a new PDT tool of hard-to-resect tumors, e.g. in the brain, is discussed. 
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Inorganic and organic nanoparticles can be considered as emerging vehicles of photosensitizers that can 
improve the photodynamic therapy (PDT) treatment. Most of the examples reported in the literature use 

the particular properties of just one type of nanoparticle, where silica-based  nanoparticles and liposomes 

have shown good response and have a great advantage due to their biocompatibility and low toxicity. [1]  
 

Hybrids systems offer an opportunity to combine useful properties from the constituents within a single 

molecular scale composite. In this respect, we have recently addressed the preparation of nanohybrids that 

comprise mesoporous silica, metallic nanoparticles, and magnetic nanoparticles. Mesoporous silica 
nanomaterials are receiving growing attention during the last years due to their interesting structural 

properties, such as tunable pore sizes, colloidal stability, and the possibility to functionalize the internal 

pores and the external surfaces [2]. Magnetic nanoparticles allow their localization under a magnetic field 
for in vitro and in vivo applications, while  metalic nanoparticles can absorb visible light and be used for 

photothermal local effect.[3-4]   

 

The first aim has been to get an optimal preparation of multifunctional silica-based nanoparticles 
integrating hybrid nanoparticles, such as Fe3O4@Au, in its core. The final target will be to use these 

systems as nanocarriers of PDT photosensitizers of different nature, such as methylene blue and porfirin 

derivatives. The synthetic methodology and properties of the multifunctional plataform as well as the 
derivatization of the mesoporous silica surface with a photosentitizer will be discussed. 

 
Figure 1: Multifunctional silica-based nanoparticles  
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The primary objective of our research is the design of bio-inspired schemes that couple solar energy 

conversion to the oxidation of water and the subsequent use of the reducing equivalents to synthesize 

energy-rich compounds, such as hydrogen or fuels based on reduced carbon. In order to establish the 
design principles for a tandem, photochemical cell, we are assembling photoelectrodes that model 

photosystems I and II (PSI and PSII) of plants. The photoanode model of PSII contains colloidal IrO2 as 

water oxidizing catalyst, and a bio-inspired relay system (BiP-PF10) consisting of a high oxidation 
potential porphyrin covalently attached to a benzimidazole-phenol pair (BiP) that mimics the TyrZ-His190 

pair in PSII. When the BiP-PF10 construct is attached to TiO2 nanoparticles and excited with visible light, 

it undergoes photoinduced electron transfer. Electrons are injected into the semiconductor and the 
corresponding holes are largely localized in the phenol. But due to the strong electronic coupling between 

BiP and PF10, some spin delocalization into the porphyrin macrocycle occurs. Electrochemical studies 

show that the phenoxyl radical/phenol couple of BiP-PF10 is chemically reversible with a midpoint 

potential of 1.24 V vs. SHE (standard hydrogen electrode) and is therefore thermodynamically capable of 
water oxidation at neutral pH. High field EPR (electron paramagnetic resonance) provides a clear 

spectroscopic picture of these processes and the results are in agreement with transient absorption 

measurements. 
 

Incorporation of a BiP redox mediator/relay in the photoanode of photoelectrochemical cells for water 

splitting significantly improves the photocurrent of the device. The improvement can be attributed to the 

BiP providing a more efficient match between the fast electron transfer processes associated with the 
sensitizer/semiconductor construct and the relatively slow electron transfer processes associated with the 

oxidation of IrO2, the water oxidizing catalyst. [1]  
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Hydrogen production, through the reduction of water in electrolysers, is currently one of the most 
convenient ways to store energy durably, if the electrical energy is initially obtained from renewable 

resources. However, while electrolysis is a mature and robust technology, the most promising devices, 

based on proton exchange membranes, relay on the use of platinum as electrocatalyst to accelerate both 
hydrogen evolution and water oxidation reactions. However, this rare and expensive metal is not itself a 

renewable resource, so the viability of a hydrogen economy depends on the design of new efficient and 

robust electrocatalytic materials based on earth-abundant elements [1].  A competitive alternative to 
platinum could be found in living micro-organisms metabolizing hydrogen thanks to hydrogenases. 

Catalysis in hydrogenases only requires base-metal centers (nickel and iron) and we will show how their 

active sites can be used as an inspiration to design new synthetic catalysts [2] and we will present very 

recent results related to the use of these structural mimics for the development of biotechnological 
processes [3, 4]. We will then present the bio-inspired approach that we develop for a decade in the lab. 

We found that cobalt diimine–dioxime complexes are efficient and stable electro-catalysts for hydrogen 

evolution form acidic non-aqueous solutions with slightly lower overvoltages and much larger stabilities 
towards hydrolysis as compared to previously reported cobaloxime catalysts [5-8]. We will report on 

different approaches for the covalent functionalization of electrode materials with such catalysts and their 

activity under fully aqueous conditions [9]. Integration of cobalt-based catalysts into protein frameworks 
to prepare artificial hydrogenases and their combination with photosensitizers to design photocatalytic 

systems able to achieve the photochemical production of hydrogen will also be discussed [10-12]. 
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Photochemical water splitting is the ideal target reaction in artificial photosynthesis [1,2], potentially able 

to provide long-term solutions to solar energy conversion and storage. While the reduction of water to 
hydrogen is of obvious interest as the fuel generating reaction, the kinetic bottleneck towards water 

splitting is represented by the oxidation of water to molecular oxygen, a complex process involving four-

electron abstraction from two water molecules, with formation of a new O–O bond, and release of four 

protons [3,4]. This is why most of the attention in the area is focusing on the development of efficient 
water oxidation catalysts (WOCs). Among molecular WOCs, those featuring a reactive set of four 

transition metals can leverage an extraordinary interplay of electronic and structural properties [5]. These 

are of particular interest, owing to their close structural, and possibly functional, relationship to the 
oxygen evolving complex of natural photosynthesis. In the presentation, special attention will be given to 

two classes of tetrametallic molecular WOCs: (i) M4O4 cubane-type structures stabilized by simple 

organic ligands [6], and (ii) systems in which a tetranuclear metal core is stabilized by coordination of 
fully inorganic polyoxometalate (POM) ligands [7,8].  
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Metalloporphyrins and related tetrapyrrole derivatives such as corrole and phthalocyanine complexes 
represent the most important class of molecular photocatalysts for solar energy conversion in natural and 
artificial photosynthesis [1,2]. In the last years, a novel homogeneous photocatalytic system for the 
regioselective two-electron reduction of nucleotide cofactors driven by light has been developed and fully 
characterized in our group.  
For the first time it could be demonstrated in an abiotic system that photons in the long-wavelength region 
of the visible spectrum (> 610 nm) can be exploited to power the accumulation of NADH. Excellent 

quantum yields and stabilities have been achieved. The 

artificial photosynthetic reaction sequence described 
here in detail, involving a primary electron donor, a 

tetrapyrrole-based multielectron transfer photosensitizer 

with a chlorophyll-type spectrum, and an additional 
redox-mediator shuttling between the photoredox site 

and the nicotineamide substrate represents the first true 

functional model system for the overall light reactions 

occurring in natural photosystem I (PSI) of oxygenic 
photosynthesis [3]. 

The state of the art of our bio-inspired approach for the 

conversion and chemical storage of solar energy will be 
presented in this contribution. 
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Bio-inspired optoelectronic devices, like nanocrystalline semiconductor-based dye-sensitized solar cells 

(DSSC) and organic solar cells (OSC) have attracted significant attention as a low cost alternative to 
conventional photovoltaic devices. However, further improvements are still necessary, and new materials 

need to be thoroughly explored, like the use of new semiconductor materials. We demonstrate that DSSC 

devices constructed using titania-graphene paste thin films reach higher photocurrent and therefore higher 
efficiency than devices made with a commercial paste due to extra photocurrent generation. [1] We also  

developed [2] a strategy that proved to be effective in the design and synthesis of highly efficient organic 

sensitizers. We have investigated unprecedented panchromatic spiro-configured Donor/Acceptor 
sensitizers, which proved to be promising candidates for the realization of efficient solar energy 

conversion in DSSCs devices. 

 

On the other hand, the improvement and application of flexible optoelectronic devices are directly 
associated to the development of new suitable materials and deposition processes. A promising technique 

for conducting polymer film production is the electropolymerization of electroactive monomers. The 

formation and characterization of a series of polymer films with optoelectronic properties obtained by 
electropolymerization will be showed.[3] Polymers containing porphyrins, a powerful optical and redox 

active center, were synthesized and analyzed in our laboratory and applied in electro-optical devices. 
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Solar radiation induces modifications to different biomolecules and is implicated in the generation of 

human skin cancers. In particular, UV-A radiation (320-400 nm) can induce damage to DNA and other 

macromolecules through photosensitized reactions. This indirect action may be mediated by endogenous 
or exogenous photosensitizers and can take place through different mechanisms. 

 

Oxidized pterins, efficient photosensitizers under UV-A irradiation [1], accumulate in the skin of patients 
suffering from vitiligo, a chronic depigmentation disorder [2]. We have investigated the ability of pterin 

(Ptr), the parent compound of oxidized pterins, to photosensitize the oxidation of several substrates: 

proteins (albumin, tyrosinase), the peptide -melanocyte-stimulating hormone and free amino acids 
(tryptophan (Trp), tyrosine (Tyr), etc). The mechanism of the photosensitized processes is initiated by an 

electron transfer from the substrate to the triplet excited stated of Ptr. The photosensitized process 
produces chemical changes in, at least, two different amino acid residues: Trp and Tyr. The present 

findings are analyzed in the context of the general behavior of pterins as photosensitizers and the 

biological implications are discussed. 
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Pterins belong to a family of heterocyclic compounds derived from 2-aminopteridin-4(1H)-one. They 

participate in important biological functions [1], such as the synthesis of amino acids and DNA 

nucleobases or the activation of immune responses at the cellular level.  

 

 
 
Under UV-A irradiation (320–400 nm), aromatic pterins (PTs) produce reactive oxygen species (ROS), as 

a consequence of both energy and electron transfer processes from their triplet excited state [2, 3]. The 

efficiencies of production of singlet oxygen, superoxide anion and H2O2 depend on the substituents and 
on the pH. Reduced pterins (dihydro and tetrahydro derivatives) are biologically active forms of pterins. 

They are present in the skin and act as co-factors of a variety of enzymes. Dihydropterins (H2PTs) do not 

produce ROS under UV-A irradiation but are oxidized by ROS to yield PTs, among other compounds [4, 

5]. 
 

PTs such as biopterin and 6-carboxypterin have been found to accumulate in the skin of patients affected 

by vitiligo, a depigmentation disorder, and the photosensitizing properties of PTs may be responsible for 
the observed phototoxic effects [e.g. 6, 7]. 

 

Acknowledgments The authors thank the CNRS (France) and the CONICET (Argentine) for supporting 
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Neopterin – Indicator of Immune Activation and Oxidative Stress 
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Increased amounts of neopterin (6-D-erythro-trihydroxypropylpterin) are released from human 

monocytes/macrophages preferentially upon stimulation with Th1-type cytokine interferon- (IFN-), 
-type immune response that on the one hand, is deeply 

involved in the establishment of a functional T-cell response, and on the other, initiates several 
antimicrobial and antitumoral biochemical pathways in target cells like macrophages which includes also 

the formation of reactive oxygen species (ROS) within the so-called oxidative burst [1,2]. Accordingly 

increased neopterin concentrations are commonly observed in various clinical conditions including virus 
infections, autoimmune syndromes, malignant diseases and multiple trauma. Neopterin concentrations 

parallel the disease course in patients with, e.g., HIV infection and cancer and are associated with 

development of immunodeficiency and predict more rapid disease progression and shorter residual life 
span [2]. Increased neopterin concentrations are also associated with cachexia and weight loss as well as 

anemia. In vitro, neopterin derivatives interfere with redox systems, e.g. enhancing H2O2-induced 

chemiluminescence and also with redox-sensitive intracellular signal transduction pathways, e.g. 

enhancing NF-B and iNOS gene expression and triggering apoptosis [1]. In patients, elevated neopterin 
concentrations correlate with markers of oxidative stress and with the decline of circulating antioxidant 
biomolecules. Thus, increased neopterin concentrations may relate to oxidative stress because they 

indicate immune activation and increased endogenous formation of IFN-, probably the most potent 
inducer of ROS formation. Likewise in stimulated peripheral blood mononuclear cells in vitro, 

antioxidants not only inactivate ROS, they also suppress neopterin and IFN- production. Observations 
suggest that immune system activation is the most important source of oxidative stress and moreover, 

neopterin is well suited not only to indicate oxidative stress but also to interfere with the production and 

actions of ROS [1,2]. 
 
[1] J. M. Gostner, K. Becker, D. Fuchs and R. Sucher, Redox Report, 2013, 18, 88.  
[2] J. M. Gostner, C. Ciardi, K. Becker, D. Fuchs and R. Sucher, Curr. Pharm. Des., 2014, 20, 840. 
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The derivatives of pteridine heterocycle, flavins (7,8-dimethylbenzo[g]pteridine-2,4(3H,10H)-diones) and 

pterins (2-aminopteridine-4(3H)-ones) are widely known as essential coenzymes of the "dark 

biocatalysis". A relatively recent demonstration of the broad involvement of pteridine derivatives in 
photoreception has raised a number of new questions about the place of these compounds in evolution. 

  

1. How deep are the evolutionary roots of pteridine photobiochemistry? Can we hope to reconstruct the 
forerunners of pteridine-based biophotocatalysis? 

 

2. Today there is a vast amount of data on the evolution of the apoproteins of flavin-binding 

photoreceptors. But what principles governed the selection of molecules to the role of photosensor 
chromophores? Why common coenzymes of the "dark biochemistry", and not the specialized molecules 

have been selected to act as the photosensor chromophores in proteins?  

 
3. How does the evolution of flavin- and pteridine-based photocatalysis relate to the evolution of other 

photobiological processes, including photosynthesis? Could this process give rise to converters of light 

energy into chemical energy and how these converters fit the conditions that existed on the Earth? 
 

As can be seen, these questions concern not only the role of flavins and pterins in the modern 

photoreception, but also touch their involvement in the prebiotic chemical processes [1, 2].  

 
Acknowledgments. The support from the Basic Research Program No.28 of the Presidium of Russian 
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Tetrahydrobiopterin (H4Bip) is a cofactor for several key enzymes, including NO-synthases and 
aromatic amino acid hydroxylases (AAHs). Normal functioning of the H4Bip regeneration cycle is 
extremely important for the work of AAHs. Oxidized pterins may accumulate if H4Bip autoxidation 

occurs. These oxidized pterins can photosensitize the production of singlet molecular oxygen 
1
O2 and 

thus cause oxidative stress. In this context, we studied the photo-oxidation of H4Bip in phosphate buffer 

at pH 7.2. We found that UV irradiation at λ = 350 nm in the presence of biopterin (Bip) had a stronger 
effect than UV irradiation at λ = 300 (λmax of H4Bip is 298 nm). We showed that the rate of H4Bip 

oxidation linearly depends on the Bip concentration. Experiments with KI, a selective quencher of triplet 

pterins at micromolar concentrations, showed that photosensitized H4Bip oxidation accompanies the 
participation of the triplet biopterin 

3
Bip. In D2O, the oxidation rate increased by 92.4 ± 1.6%, indicating 

3
Bip-induced oxidation of H4Bip by 

1
O2. Using quantum chemical calculations we estimated the 

probability of reactions involved in the photo-oxidation process and proposed a mechanism for the 
reaction of H4Bip with 

1
O2. On the basis of experimental data we deduced the rate constant of this 

reaction and, consequently, we estimated contribution of type I and type II mechanisms in the 

photosensitized oxidation. The mechanisms involved in H4Bip photo-oxidation and their biological 

meaning are discussed in the context of perturbed H4Bip regeneration cycle and etiology of vitiligo 
disease. 
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RESPONSES TO DIRECT AND OXIDISING UV DAMAGE 
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The Recombinogenic Factor, Rad51, Facilitates DNA Replication after UV Irradiation 
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Exposure of cells to genotoxic stimuli causes replication fork stalling at DNA lesions which might lead to 

fork collapse and subsequent cell death. To preserve viability, cells activate tolerance mechanisms to 

replicate across damaged DNA. The main known mechanism underlying UVC tolerance is Translesion 

DNA Synthesis (TLS), with polymerase  as one of its key players. Template Switching (TS) is another 
DNA tolerance pathway involving at least some of the classic homologous recombination factors. In fact, 
TS relies on recombinogenic protein such as Rad51 and Rad 54 to facilitate the search of alternative 

undamaged template for lesion bypass. The relative contribution of TLS and TS to DNA damage 

tolerance after UV irradiation is poorly explored. By using the DNA fiber assay herein we show that both 
TLS and TS facilitate replication fork elongation after UV with apparently no overlapping functions. 

Intriguingly, the contribution of Rad51 to fork elongation after UV irradiation exceeds that of TS. Rad51 

prevents a massive UV-triggered and mirin sensitive degradation of newly synthesized DNA. DNA 

degradation in the absence of Rad51 was limited to nucleotides incorporated before UV irradiation and 
was independent of PAR, a factor required for fork reversal. Conversely, DNA elongation after UV 

irradiation was largely affected by PAR inhibition, but this effect was not associated with any Rad51 

function.  
Our work demonstrates that DNA replication after UV relies on a plethora of processes including TLS, 

TS and the protection of fork integrity by a non-recombinogenic function of Rad51. Importantly, this role 

of Rad51 is required for cell survival after UV irradiation and might therefore be central for the cellular 

response to the accumulation of bulky adducts. 
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UVA radiation as a model oxidant provides a powerful experimental system to understand the basis of 

iron, heme and redox homeostasis in skin cells. UVA radiation penetrates further in skin than UVB and 
leads to a dramatic , diffusible and sustained oxidative stress which will damage  key components of skin 

including structural components of the extracellular matrix of the dermis. Among the ROS generated by 

UVA radiation are singlet oxygen and hydrogen peroxide and various radical species including 
superoxide and hydroxyl radical.  UVA radiation also directly leads to an immediate increase in the labile 

iron pool as a result of ferritin degradation (1) and cyclooxygenase-dependent release of free heme 

(2).More recently it has been observed that UVA activates NADPH oxidases 1 and 4 at levels which 
depend on cell type (3; Zhang and Tyrrell unpublished)  and these oxidases generate superoxide anion. 

UVA radiation also elicits activation of quite distinct and cell-type dependent  stress pathways proteins, 

including heme oxygenase 1 (4) and metalloproteinases. UVA-mediated oxidative stress and disruption of 

heme homeostasis is further modulated by the activities of constitutive endogenous antioxidants (eg 
glutathione) ,constitutive and inducible antioxidant enzymes and stress proteins and all these factors  need 

to be considered in the restoration of the delicate balance of cellular homeostasis.  

 
(1) C.A Pourzand., R Watkin, J. Brown and R.M.Tyrrell., Proc.Natl.Acad.Sci. (USA) 1999,96 ,6751. 

(2) E.Kvam ,A. Noel,S. Basu-Modak and R.M.Tyrrell Free Radic.Biol. Med.(1999) 26 511. 

(3) A.Valencia and I,.Kochevar J.Inv.Dermatol.(2008),128,214. 
(4) S.M Keyse.and R.M.Tyrrell , Proc.Natl.Acad.Sci. (USA).1989 ,86 99. 
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UV mutagenesis is a critical step in the generation of different forms of skin cancer. However, the relative 
contribution to the transcriptional/DNA damage response of the most conspicuous UV-induced DNA 

lesions, i.e., cyclobutane pyrimidine dimers (CPD) and 6-4 pyrimidine-pyrimidone photoproducts (6-4 

PP), is unclear. 

It has been recently shown that UVB radiation (302 nm), which is the most harmful solar radiation that 
reaches the Earth’s surface, induces higher CPD/6-4 PP ratios than UVC. Although both lesions are 

removed by NER (Nucleotide Excision Repair), the different half-lifes of CPDs (≈24 hs) compared to 6-4 

PPs (≈2 hs) suggest that the recognition of both lesions, and may be the signaling generated thereafter, are 
not the same.  

We have previously shown that UV irradiation (UVC, 254 nm) causes the hyperphosphorylation of the 

carboxy terminal domain (CTD) of RNA polymerase II (pol II) large subunit, which slows transcriptional 
elongation rate and affects alternative splicing of a subset of genes through the kinetic coupling of 

transcription and splicing [1-2]. 

We have compared the response of human keratinocytes in culture to UVC and UVB treatment using 

doses that generate comparable CPD amounts. RNA-seq global analysis of control, UVC- and UVB-
treated cells revealed that transcriptional down-regulation and higher exon inclusion are more frequent 

than transcriptional upregulation and exon skipping upon both types of irradiation. However and most 

interestingly, we've identified alternative splicing events that are differentially affected by UVC and 
UVB, which might reflect specific CPD or 6-4 PP signaling pathways.  
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From early in vitro studies with human skin cells irradiated with UVA, it has been well established that 

the induction of haem oxygenase is a major endogenous defence response.  We have identified UVA 
protective dependence on CO released by HO activity, the consequent upregulation of guanylyl cyclase, 

and the critical role of cGMP levels in the skin, which can be maintained by inhibition of 

phosphodiesterase catalysed  cGMP degradation.   In mice, this inducible HO provides protection against 

the immune damaging effects caused by the UVB waveband, as well as against UVB-induced  
inflammation, DNA damage, and photocarcinogenesis in mice.  The UVA/UVB interaction can be 

observed to affect the skin when irradiated with the whole solar UV spectrum, and the UVA protection to 

be UVA-dose dependent.  Photoprotection by topical antioxidant phytochemicals is consistent with their 
dependence on inducible HO activity in the mouse skin.  However, most tested phytochemicals, for 

example the isoflavonoid equol, and the flavone luteolin, are also mild phytoestrogens, and it was found 

that oestrogen receptor (Erβ) blockade or deletion in mice abolished the photoprotective properties, not 
only of the phytochemicals but also of UVA irradiation. Thus signalling by the cutaneous Erβ was 

established as an important protective and regulatory mechanism that responds to the UVA waveband of 

sunlight.  Subsequently, male mice, relatively deficient in Erβ, were found to be more sensitive to solar 

simulated UV-induced inflammation and immune suppression, and were found to have a significantly 
reduced HO response to UVA.  These mouse studies are consistent with the known gender bias in both 

non-melanoma and melanoma human skin cancer incidence, males being predisposed compared with 

females, and with recent evidence of enhanced susceptibility to photocarcinogenesis in male hairless mice 
compared with females.  The evidence is consistent with the existence of a normal endogenous cutaneous 

Erβ–dependent antioxidant pathway that could be targeted for those particularly at risk, especially the 

male gender, for skin cancer. 
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Introduction 

The fibroblasts to myofibroblasts differentiation is mainly driven by transforming growth factor-beta1 

(TGF-β1) and accompanied by intracellulary expression and incorporation of α-smooth muscle actin (α-
SMA)[1]. Physiologically, this step is crucial for normal wound healing and wound closure [2]. However, 

deregulated myofibroblasts are considered as the main effecter cell type in fibrosis, e.g. in scleroderma 

and hypertrophic scarring [3]. Since blue light has exerted antiproliferic and toxic effects in several cell 

types [4], we have investigated whether blue light irradiations affect proliferation, myofibroblast 
differentiation and activity of human dermal fibroblasts (HDF).  

 

Methods and results 
We could observe that irradiations with non-toxic doses of blue light (LED array; 420 nm) significantly 

inhibit TGF-β1-induced differentiation of HDF into myofibroblasts shown by α-SMA 

immunocytochemistry and western blotting. Additionally, we found also reduced proliferation and 

myofibroblast contractibility measured by resazurin and collagen gel contraction assays. These effects 
could be observed in cultured human dermis speciemen visualized by 2-photon-microscopy. Furthermore,  

results indicate that blue light mediates cell toxicity by oxidative stress due to the generation of singlet 

oxygen.  
 

Discussion and conclusion 

We postulate that irradiations at non-toxic doses induce low-level oxidative stress and energy consuming 
cellular responses, which both may effect proliferation stop and interfere with myofibroblast 

differentiation. Thus, targeting differentiation, proliferation and activity of myofibroblasts by blue light 

irradiation may represent a therapeutic option to prevent or reduce pathological fibrotic conditions.  
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Development of new generations of safer and more effective metal-based anticancer agents, has been 
encouraged by severe side-effects encountered by patients treated with platinum-based drug. In this quest, 
ruthenium complexes have shown promising potential, displaying a broad antiproliferative profile against 
cancer cells. Seminal studies conducted in our lab have led to the development of ruthenium(II)-based 
new anticancer agents, which show distinct light activation and cytotoxicity mechanisms.  
First, a substitutionally-inert bis(dppz)-Ru(II) complex has been constructed that targets mitochondria, 
impairs their membrane potential, leading to apoptosis [1]. Follow-up structure-activity relationship 
analysis examining the influence of lipophilicity, charge, and size-based modification revealed the 
presence of carboxylic acid functionality as necessary to confer cytotoxicity to the Ru(II) complex  [2]. 
This complex could be rendered inactive by masking the carboxylate functionality with a photolabile 
protecting group, allowing anticancer activity to be retrieved by UV-A irradiation (2.58 J cm

-2
), if 

required [3].  
Second, a seemingly innocuous ruthenium(II) complex has been developed which targets the cell nucleus 
causes significant damage to DNA upon UV-A irradiation, acting most probably as a photosensitizer. 

Collectively, these findings are a major advancement towards developing a new class of 

metallocytotoxics which have the potential to overcome the disadvantages of the currently marketed 
platinum-based drugs.  
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The glucoside derivatives of rhodopin and rhodopinal are carotenoids that accumulate in different 

amounts in the photosynthetic bacterium, Rhodoblastus (Rbl.) acidophilus strain 7050, depending on the 
intensity of the light under which the organism is grown. The different growth conditions also have a 

profound effect on the spectra of the bacteriochlorophyll (BChl) pigments that assemble in the major LH2 

light-harvesting pigment-protein complex. Under high-light conditions the well-characterized B800-850 
LH2 complex is formed and accumulates rhodopin glucoside as its major carotenoid. Under low light 

conditions a variant LH2 (B800-820) is formed and rhodopinal glucoside is the most abundant carotenoid. 

This systematic difference in carotenoid structure provides an opportunity to examine the effect of a 

centrally-located carbonyl group on the excited state energy levels, spectra, and dynamics of the 
carotenoids as well as on the rate and efficiency of carotenoid-to-BChl energy transfer. The comparative 

analysis is providing insight into how photosynthetic systems are able to adapt and function under varying 

environmental conditions. 
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Carotenoids are coloured isoprenoid pigments derived from secondary metabolism. In plants, carotenoids 
are synthesized in plastids were they contribute to light-harvesting and photoprotection during 

photosynthesis, whereas they serve as scavengers to the oxidative damage caused by stress conditions.  

Carotenoids, are also precursors for important plant hormones and for vitamin A in humans. Carrot is an 

important and unique nutritional crop due to the high levels of pro-vitamin A (β-carotene and α-carotene) 
that accumulate in its storage root during secondary growth that takes place in darkness. Genes that codify 

for carotenogenic enzymes have been identified in carrot, and those expression is in correlation with the 

accumulation of carotenoid and storage root development [1]. Phytoene synthase (Psy) is a key point in 
the synthesis of carotenoids in plants and two paralog genes have been described in carrot, Psy1 and Psy2.  

Both are expressed in leaves and in root tissue during development, DcPsy1 expresses preferably in 

mature leaves, while DcPsy2 shows the higher expression level in young leaves and during storage root 
secondary growth. In addition, during de-etiolation, both genes are induced in leaves of carrot seedlings 

showing both a positive response to light.  On the contrary, during storage root development, light has a 

profound effect by inhibiting root thickening, preventing the differentiation of chromoplasts and 

eventually repressing the expression of most genes required for the biosynthesis of β-carotene. We 
observed an important transcriptional regulation for carotenoid synthesis and carotenoid profile in root 

segments grown either in the light or in the dark, which provided new evidence of the role of plastid cues 

in this control. Furthermore, our work supports the conclusion that post-transcriptional events likely 
associated with the differentiation of chromoplasts contribute to boost carotenoid accumulation during the 

later stages of development of underground storage roots.  

Acknowledgments: Project Fondecyt 1130245 

 
[1] P Fuentes, L. Pizarro JC Moreno, M. Handford, M. Rodriguez-Concepción and C. Stange. Plant 

Molecular Biology, 2012, 79 (1), 47. 
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Mechanism of non-photochemical quenching in photosynthetic systems is a subject of ongoing debate. A 
few mechanisms, quenching via energy transfer [1], reductive quenching via electron transfer [2] or 

quenching via excitonic interaction [3] were proposed, but there is so far no consensus on the actual 

quenching mechanism. 

 
Here we present results of transient absorption spectroscopy of a protein complex containing Photosystem 

II assembly factor Ycf39 and high-light induced proteins HliD and HliC. This Ycf39-Hlips complex 

isolated from the cyanobacterium Synechocystis binds Chl-a and -carotene in a stoichiometric ratio of 
3:1 and exhibits significant fluorescence quenching [4]. Our data reveals that after excitation of Chl-a 

about 60% of Chl-a signal decays within 100 ps, confirming effective quenching of Chl-a excited states. 
The data recorded in the 450-720 nm spectral region identifies the quenching mechanism. Within a few 

picoseconds after Chl-a excitation, a distinct signal characteristic of the S1 state of -carotene is detected. 

Kinetics measured at the maximum of the S1-Sn transition of -carotene has clear 2.1 ps rise that accounts 
for ~80% of the total signal. This observation identifies the quenching mechanism as due to energy 

transfer from Qy state of Chl-a to the S1 state of -carotene. The S1 state of -carotene populated via the 
Qy-S1 pathway decays with 12 ps lifetime. A slower quenching channel (~30 ps) that most likely 

populates the S* state of -carotene decaying with lifetime of about 50 ps is also detected. 
 
Acknowledgments. Research was supported by the Czech Science Foundation (P501/12/G055). HS 
thanks the project CZ.1.07/2.3.00/30.0049 for financial support. 
 
[1] A. V. Ruban et al., Nature 2007, 450, 575. 
[2] N. E. Holt et al., Science 2005, 307, 433. 
[3] S. Bode et al., Proc. Natl. Acad. Sci. USA 2009, 106, 12311. 
[4] J. Knoppova et al., Plant Cell 2014, in press. 
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Light is a source of both energy and information for plants. But when the energy of the incoming light 
exceeds the photosynthetic capacity of plants, highly reactive oxygen species are formed that may cause 
irreversible damage to the photosynthetic machinery. To minimize the deleterious effects of light on the 
photosynthetic apparatus, plants accumulate photoprotectants like carotenoids, which channel excess 
energy away from chlorophylls. The production of carotenoids and chlorophylls during deetiolation 
occurs in a tightly regulated and interdependent fashion. Little is known, however, about the specific 
factors involved in this coordinated control. 
Our work has shown that molecular factors involved in deetiolation also have a direct role in the control 
of carotenoid biosynthesis [1-3]. In particular, transcription factors of the phytochrome-interacting factor 
(PIF) family like PIF1, which accumulate in the dark and degrade upon interaction with photoactivated 
forms of the photoreceptors phytochromes, down-regulate the accumulation of carotenoids by specifically 
repressing the gene encoding phytoene synthase (PSY) [1]. PSY is the main rate-determining enzyme of 
the carotenoid pathway [4], and changes in the expression of the corresponding gene are sufficient to 
regulate the production of carotenoids in different tissues, including etiolated seedlings [1,3,5]. Because 
PIFs also repress the biosynthesis of chlorophylls and the development of chloroplasts in etiolated 
seedlings, light-triggered degradation of PIFs upon illumination results in a rapid derepression of PSY 
gene expression and a burst in the production of carotenoids in coordination with chlorophyll biosynthesis 
and chloroplast development for an optimal transition of dark-grown seedlings to photosynthetic 
metabolism. We have also identified positive regulators of both PSY gene expression and photosynthetic 
development. Interestingly, these factors do not regulate PSY gene expression or carotenoid synthesis in 
tissues that are not normally exposed to light such as roots. An integrated model summarizing our recent 
results will be presented. 
 
[1] G. Toledo-Ortiz, E. Huq and M. Rodríguez-Concepción, M. Proc. Natl. Acad. Sci. USA 2010, 107, 
11626.  
[2] A. Rodríguez-Villalón, E. Gas and M. Rodríguez-Concepción, Plant Signal. Behav. 2009, 4, 965.  
[3] A. Rodríguez-Villalón, E. Gas and M. Rodríguez-Concepción, Plant J. 2009, 60, 424.  
[4] M.A. Ruiz-Sola and M. Rodríguez-Concepción, The Arabidopsis Book 2012, 10, e0158. 
[5] M.A. Ruiz-Sola V. Arbona, A. Gómez-Cadenas, M. Rodríguez-Concepción and A. Rodríguez-
Villalón, PLoS ONE 2014, 9, e90765. 
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The photoactive Orange Carotenoid Protein (OCP) photoprotects cyanobacteria cells by quenching excess 
energy absorbed by phycobilisomes, the cyanobacterial antenna, and by directly interacting with singlet 

oxygen. Only the photoactivated form is able to bind phycobilisomes and quench excess energy (1). In 

contrast, both the dark orange form and the red light form quench singlet oxygen (2). In this work we 
isolated Synechocystis, Arthrospira and Anabaena OCPs binding three different ketocarotenoids: 

3’hydroxyechinenone (hECN), echinenone (ECN) and canthaxanthin (CAN). In the past, we showed that 

Synechocystis OCPs binding hECN and ECN are photoactive and are able to quench excess energy (3). 

Synechocystis OCP can bind also zeaxanthin however, Zea-OCP is photoinactive and unable to bind 
phycobilisomes (4). Here, we show that Arthrospira and Anabaena OCPs are unable to stabilize the 

binding of ECN. In contrast, they bind and stabilize the canthaxanthin. In darkness, CAN-OCPs present a 

red shifted absorbance spectra compared to ECN or hECN-OCPs with maximum at 478 and 502nm. 
Nevertheless CAN-OCPs are photoactive and the absorbance spectrum of the photoactivated proteins 

presents a maximum at 528nm. For the first time, we show that the activated CAN-OCPs are able to bind 

Synechocystis phycobilisomes and to quench their fluorescence and absorbed energy. All OCPs, 
independently of the carotenoid bound, are able to quench singlet oxygen.  

 

(1) Wilson A. et al. (2008) PNAS 105, 12075-12080. 

(2) Sedoud A. et al (2014) Plant Cell (in press). 
(3) Wilson A. et al. (2010) J. Biol. Chem. 285, 18364–18375. 

(4) Punginelli C. et al. (2009) Biochim. Biophys. Acta 1787, 280–288. 
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Animals living outside the tropics use changes in day length to adapt to seasonal changes in environment, 
but the molecular and endocrine mechanisms underlying seasonal time measurement are not fully 

understood. The Japanese quail is a robust model for the study of these mechanisms because of its rapid 

and dramatic response to changes in photoperiod. We have demonstrated that local thyroid hormone 

catabolism within the mediobasal hypothalamus (MBH) by thyroid hormone-activating enzyme (type 2 
deiodinase: DIO2) regulates photoperiodism [1]. Functional genomics analysis in quail demonstrated that 

long day stimulus induces thyrotropin (thyroid stimulating hormone: TSH) production in the pars 

tuberalis (PT) of the pituitary gland, which triggers DIO2 expression in the ependymal cells of the MBH 
[2]. In mammals, nocturnal melatonin secretion provides an endocrine signal of the photoperiod to the PT 

that contains melatonin receptors in high density. We have also demonstrated the involvement of TSH 

signalling pathway in mammals by using the TSH receptor null mice [3]. Although fish also exhibit 
robust seasonal responses, they do not possess an anatomically distinct PT. We found expression of TSH, 

DIO2, and rhodopsin family genes in the saccus vasculosus (SV), suggesting the existence of a 

photoperiodic signalling pathway from light input to neuroendocrine output. Although physiological 

function of SV has been a mystery for several centuries, functional analysis suggested that the SV acts as 
a seasonal sensor in fish [4]. 

 
Acknowledgments TY acknowledges the NEXT program for financial support.  
 
[1] T. Yoshimura et al., Nature 2003, 426, 178. 
[2] N. Nakao et al., Nature 2008, 452, 317. 

[3] H. Ono et al., Proc. Natl. Acad. Sci. USA 2008, 105, 18238. 

[4] Y. Nakane et al., Nat. Commun. 2013, 4, 2108. 
 

 

Figure 1. Signal transduction pathways regulating seasonal reproduction in vertebrates. 
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Glaucoma is a leading cause of blindness worldwide, characterized by retinal ganglion cell (RGC) 

degeneration and damage to the optic nerve. We investigated the non-image forming visual system in an 
experimental model of glaucoma in rats induced by weekly injections of chondroitin sulfate (CS) in the 

eye anterior chamber. Animals were unilaterally or bilaterally injected with CS or vehicle for 6 or 10 

weeks. Chronic ocular hypertension induced a similar decrease in the number of melanopsin-containing 
cells and superior collicular RGCs, as well as in melanopsin and Thy-1 levels. Experimental glaucoma 

induced a significant decrease in the afferent pupil light reflex. White light significantly decreased 

nocturnal pineal melatonin content in control and glaucomatous animals, whereas blue light decreased 
this parameter in vehicle- but not in CS-injected animals. A significant decrease in light-induced c-Fos 

expression in the suprachiasmatic nuclei was observed in glaucomatous animals. General rhythmicity and 

gross entrainment appear to be conserved, but glaucomatous animals exhibited a delayed phase angle with 

respect to lights off and a significant increase in the percentage of diurnal activity. Based on these results, 
we evaluated the effect of advanced glaucoma on locomotor activity rhythms and related sleep parameters 

in nine normal subjects and nine age-matched patients with bilateral advanced primary open-angle 

glaucoma, with more than 10 years since diagnosis. Patients were required to record the timing and 
duration of their sleep and daily activities, and wore an actigraph on the wrist of the non-dominant arm 

for 20 days. Glaucomatous patients exhibited a significant decrease in nighttime sleep efficiency, and a 

significant increase in the mean activity score, wake minutes, and mean wake episode during the night. 
These results suggest that alterations of the circadian physiology could be a risk to the quality of life of 

patients with glaucoma. 
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Biological rhythms are endogenous and can be entrained to environmental cycles; the main one the daily 

light-dark (LD) cycle. Although most of the main animal models have been characterized in terms of their 

circadian rhythms, the nematode Caenorhabditis elegans has remained elusive until recent years. We 
have demonstrated circadian rhythms in locomotor activity, metabolism and stress resistance, among 

other variables, with cycles that appear to be entrained to the LD cycle and free-run in constant darkness 

with periods that are close to 24 h.  

One of the main questions regarding circadian rhythms in C. elegans is that of photic entrainment, since 
this nematode lacks ocular photoreception and also most of the known photopigments are missing. We are 

currently looking into possible transductional pathways responsible for photic synchronization in this 

species, which includes the candidate photoreceptor Lite-1 and the genes coding for cGMP-sensitive 
CNG channels Tax-2 /Tax-4. In addition, we have investigated the role of pigment dispersing factor (pdf), 

an important component of the insect circadian clock, in C. elegans rhythmicity and entrainment. 

In summary, after demonstrating that C. elegans has a circadian clock, the puzzle must be completed with 
its putative entrainment mechanisms, both to light and temperature stimuli, in order to understand its 

adaptive capacity. 

 

Acknowledgments Supported by grants from ANPCyT and the National University of Quilmes. 
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    Daily behavioral rhythms in mammals are governed by the central circadian clock located in the 

suprachiasmatic nucleus (SCN). The behavioral rhythms persist even in constant darkness with a stable 

activity time due to coupling between two oscillators; the evening and morning oscillators that determine 
the timing of the activity onset and offset in mice. The cell-autonomous circadian oscillation is generated 

by a transcription-based autoregulatory feedback mechanism. Basic helix-loop-helix transcription factors 

CLOCK and BMAL1 form a heterodimer that activates transcription of Period (Per) and Cryptochrome 
(Cry) genes through their E-box enhancer elements. Translated PER and CRY proteins then translocate 

into the nucleus, where they interfere with CLOCK/BMAL1-dependent transcription and thereby repress 

their own expression. Individual neurons in a cultured SCN slice exhibit robust circadian fluctuation of 
intracellular Ca

2+
 concentration [1,2], while chelating of intracellular Ca

2+
 abrogates rhythmic expression 

of clock genes [3]. These studies led us to speculate that a Ca
2+

-dependent feedback system regulates the 

transcriptional rhythms and raise a fundamental question as to how the Ca
2+

 signaling is integrated into 

the transcriptional feedback mechanism. Previously, it was reported that Ca
2+

/calmodulin-dependent 
protein kinase II (CaMKII) in SCN was phosphorylated in a circadian manner, and it was suggested that 

CaMKII plays an important role in light-dependent entrainment of the SCN clock [4,5]. Here we show 

that CaMKII activity is essential for not only the cellular oscillation but also synchronization among 
oscillators in the SCN. A kinase-dead mutation in mouse CaMKII-  gene weakened the behavioral 

rhythmicity and elicited decoupling between the morning and evening activity rhythms. The mutant mice 

sometimes lost the behavioral rhythmicity in constant darkness. In the mutant SCN, the right and left 
nuclei showed uncoupled oscillations. These results demonstrate a dual role of CaMKII as a component 

of cell autonomous clockwork and as a synchronizer integrating circadian behavioral activities. 

 

 

Figure 1  A model for the role of CaMKII in the mouse circadian clock. 
 
[1] M. Ikeda, T. Sugiyama, C. S. Wallace, H. S. Gompf, T. Yoshioka, A. Miyawaki, C. N. Allen, Neuron, 2003, 38, 253. 

[2] R. Enoki, S. Kuroda, D. Ono, M. T. Hasan, T. Ueda, S. Honma, K. Honma, Proc. Natl. Acad. Sci. U.S.A., 2012, 109, 21498.  

[3] G. B., Lundkvist, Y. Kwak, E. K. Davis, H. Tei, G. D. Block, J. Neurosci., 2005, 25, 7682. 

[4] P. V. Agostino, G. A. Ferreyra, A. D. Murad, Y. Watanabe, D. A. Golombek, Neurochem. Int., 2004, 44, 617. 

[5] K. Nomura, Y. Takeuchi, S. Yamaguchi, H. Okamura, K. Fukunaga, J. Neurosci. Res., 2003, 72, 384. 
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Light is the main factor that influences circadian system. In adult rats, exposure to constant light (LL) 

produces a period lengthening and a further arhythmicity, which has been described as an uncoupling of 

the oscillators of the circadian system. However, rats that during suckling were maintained in LL 

manifested a robust circadian rhythm of motor activity under LL [1]. Melatonin (MEL) could be a good 

pharmacological candidate to favor coupling between the oscillators. MEL is also able to act as a 

scavenger of reactive oxygen and nitrogen species, preventing damage and cell death. Here, we studied 

the oxidative and behavioral changes caused by prolonged exposure to LL, in 4 groups of rats which 

differed in the lighting conditions during suckling, light-dark cycle (LD) or LL, and the MEL or vehicle 

treatment. As control we used a group of rats that were maintained in LD since birth. After 20 days post-

weaning, rats were treated for two weeks with a subcutaneous injection of MEL (10 mg /kg body weight) 

or vehicle, at CT12. Blood samples were taken, before and after treatment, to test catalases activity and 

nitrites level.  Motor activity was registered during the whole experiment. As expected, LL-born rats 

showed a more stable circadian rhythm than LD-born rats. MEL treatment was able to control the phase 

of the motor activity rhythm of LD rats, but not in LL rats, and increased the amplitude of their rhythm. 

There were no significant effects on nitrites level but an increment of catalases activity in the LL group 

treated with MEL, was observed. Results suggest that the lighting conditions are very important in the 

early infancy for the good functionality of the circadian and antioxidant systems. 

[1] Canal-Corretger MM, Cambras T, Vilaplana J, Díez-Noguera A. Am J Physiol, 2000; 278:R201-8. 
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Photochemistry provides an excellent tool for the synthesis of aqueous solutions of biocompatible 

nanomaterials derived from gold, silver, copper, niobium, etc.  Morphology, size and surface coverage 

can be readily ‘tuned’ to ensure compatibility within biocomposites while retaining long-term stability 

and performance. 

Our research at uOttawa has emphasized the applications of photochemically generated silver 

nanoparticles (AgNP) in hybrid nanostructures where the AgNP are stabilized in collagen structures, both 

in solution and as part of hydrogels.  These materials have excellent antibacterial properties, while 

remaining biocompatible, e.g., in the presence of fibroblasts and keratinocytes. 

In other work AgNP have been incorporated into medical-grade polyurethanes in the hope of producing 

new polymeric materials suitable for catheter fabrication but benefiting from the anti-infective properties 

of silver nanostructures. 

While much of the work mentioned above involves small spherical AgNP, photochemistry enables the 

production of other morphologies, bimetallic particles, and the control of particle size through a 

combination of seeding and ablative techniques. The potential of these materials in nanomedicine, and the 

risks associated with the potential toxicity of novel nanostructures remains to be explored in detail. 
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Photosensitizing effects of xenobiotics have become a matter of public health concern, since modern 
lifestyle often combines sunlight exposure with the presence of chemical substances in the skin. In this 
context, the photosensitive properties of an important number of compounds like perfumes, sunscreen 
components or pharmaceuticals have been reported. This has promoted photobiological research to 
understand the key early events involved in phototoxicity and photoallergy mediated by xenobiotics. 
 
Here, the attention will be focused on photobinding of drugs to proteins, which is in the origin of the 
photoallergy processes. In this context, the anti-inflammatory agent carprofen (CP), the broad spectrum 
antifungal drug itraconazole (ITZ), and the platelet antiaggregant triflusal (TF) will be considered. 
 
Indeed, different photoreactivities are expected, as the first two drugs contain an aryl chloride moiety, 
whereas TF has a trifluoromethyl substituent. A combination of methodologies has been used to address 

this study. In a first stage, the photolability of these drugs has been evaluated, and the photoproducts have 

been characterized to establish the photoreaction pathways. Then, formation of the excited states 
generated after light absorption, as well as any other drug-derived short-lived intermediates has been 

determined by spectroscopic techniques such as fluorescence/phosphorescence emission or laser flash 

photolysis. Finally, photochemical studies have been performed in the presence of proteins or their 

building blocks to obtain information on interaction between the drug and the biomolecule but also on 
covalent photoadducts formation. Overall, this approach has allowed us to evaluate the photobiological 

risk of halogenated compounds leading to protein photobinding through a radical mediated 

dehalogenation process or a photonucleophilic addition. 
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00476) and from the Consellería de Educació, Cultura i Esport (PROMETEOII/2013/005) is gratefully 
acknowledged. 
  

mailto:mmiranda@qim.upv.es


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

215 
 

Photosensitization of Melanin by Visible Light Damages Melano-Competent Cells 
 

Orlando Chiarelli-Neto, Waleska, Kerllen Martins Gardesani, Christiane Pavani, Divinomar Severino, 

Maurício S. Baptista 

Department of Biochemistry, Instituto de Química, Universidade de São Paulo, Brazil. 
E-mail: baptista@iq.usp.br 
 

Melanogesis is a natural strategy against UVB damage. However, type IV (but not type II) skin become 

darker under exposition with visible light, suggesting the role of melanin in the phototoxicity of visible 
light. We aim to relate photosensitization of melanin with phototoxicity of visible light. After excitation 

with visible light, melanin produces singlet oxygen (
1
O2), which was quantified by its emission in the 

Near Infrared (1270nm). The amount of 
1
O2 depends on how open the biopolymer structure is (urea, 

partial hydrolysis and oxidation, increases the level of 
1
O2 production). Melanin is also able to suppress 

1
O2 by functioning as a sacrificial agent (formation of a hydroperoxide at the C3 position of the indol 

ring). We were able to correlate the higher phototoxicity (cell viability decreased to 30% and 50% at 36 

and 72 J.cm-2 of visible light, respectively), with higher levels of melanin (5x more melanin)  and higher 
1
O2 generation (50% increase) in melanocytes. Cell death mechanism varied from autophagy/apoptosis to 

necrosis depending on the light dose and were correlated with higher DNA damage induced visible light 

in cells with higher levels of melanin expression. We aim to provide a mechanistic explanation for skin 
photoaging activated by visible light. 
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Recently, nitroxide coumarins that show a selective association to HSA (human serum albumin) have 
allow us to mimic free radicals in proteins, and their interaction with antioxidants [1], whereas bengal 
rose and methylene blue into HSA has permitted us to evaluate interaction of triplet excited states, and 
sensitized singlet oxygen, with amino acid residues [2]. 
 
In the present work, we combine the photophysical properties of coumarins for evaluating association to 
proteins, and therefore their location, with their ability to photogenerate reactive species by laser 
excitation at visible wavelengths [3]. In particular, triplet excited state of cumarine C314 is observed in 
apolar media (max 550 nm, 90 μs lifetime). In aqueous media, it is generated a free radical cation, C314

+•
 

(max 370 nm, ≈160 μs). Interestingly, almost diffusional rate constants are observed for the free radical 
cation reaction with phenolic antioxidants (10

9
 M

-1
s

-1
), while the reaction with free amino acids is 

considerable lower (<10
5
 M

-1
s

-1
). However, in the presence of HSA, it is not observed any transient from 

the triplet or free radical cation, and there is an immediate consumption of the Trp in agreement with 
coumarin association to binding site I. The mechanism involved in the protein damage induced by triplet 
and/or free radical is discussed based in the photooxidation products by stationary irradiation (420 nm 
lamp) and laser irradiation, and antioxidants effect for inhibiting protein oxidation induced by coumarin 
reactive species into proteins and micellar systems.  
 
Acknowledgments FONDECYT (1110809 and 1140240). 
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During the last years our group has investigated the ultrafast formation of DNA photo lesions upon direct 

UV irradiation (see e.g. [1]). Extending our studies to photo lesions induced by exogenous compounds, 

we are now investigating the photo addition of psoralens to DNA. 

The application of psoralens in combination with UV-A irradiation has been used for many decades to 
treat skin disorders like vitiligo or psoriasis – a treatment referred to as PUVA therapy [2]. 

It is well-known that the psoralen molecules thereby react while they are intercalated into DNA of the 

target cell [3]. Upon photo excitation, [2+2]-cycloadditions between the drug and adjacent pyrimidine 
bases can take place, ultimately prohibiting cell proliferation. 

Although the photo products formed by these processes are known, the photochemical pathways (e.g. 

contributions of singlet and triplet pathways or formation of intermediates) are not yet well understood. 

One reason for this are the high rate constants of the photoadditions. 
 

 
Figure 1: Scheme of the compounds under investigation. On the left, the structure of 4’-aminomethyl-

4,5’,8-trimethylpsoralen is shown. The highlighted bonds (thick, red) are the reaction sites in the 

photoaddition to DNA. 
 

In this work, modern femtosecond spectroscopy is applied to characterize the reaction of  

4’-aminomethyl-4,5’,8-trimethylpsoralen (see Figure 1) with defined DNA double helices in aqueous 

solution. For this derivative the additions appear to be completed within a few hundreds of picoseconds. 
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Flavins are compounds of considerable biological function. The best known representatives of this group 

of compounds are riboflavin (vitamin B2), FMN (flavin mononucleotide) and FAD (flavin adenine 

dinucleotide). The last two compounds, present in enzymes and photoreceptors, are factors involved in 

metabolic processes occurring in living cells [1]. Riboflavin undergoes photoreactions with nucleic acids 
and sensitizes destruction of tumour cells and intra- and extra-cellular HIV particles. Some research 

points out antitumor activity of riboflavin derivatives and their potential role in therapy of many other 

diseases [2]. There were  revealed their active part in pathogene destruction and inactivation of many 
viruses and bacteria [3,4]. Responsible for their activity in diverse redox transformations is isoalloxazinic 

system. Therefore, thorough investigation of spectral, photophysical and photochemical properties of 

isoalloxazinic system seems to be crucial for explaining flavins reactivity in nature. Due to this fact there 

have been investigated photochemical reactions of some flavin analogues (Fig. 1). Moreover, there have 
been studied interactions of riboflavin analogues to duplex and quadruplex DNA with using equilibrium 

dialysis method [5]. The selectivity of interaction between ligands and 10 different nucleic acid structures 

and sequences has been determined using absorbance and fluorescence spectroscopy. 
 

N

NH
N

N S

O

R1

H3C

H3C

2-TIO-RIBOFLAVIN
2TioRfl

RIBOFLAVIN
Rfl

N

NH
N

N O

O

R1

H3C

H3C

1
2

34567

8
9 10

3-BENZYL -RIBOFLAVIN
3BRfl

N

N
N

N O

O

R1

H3C

H3C CH2

R1 = -CH2-(CHOH)3-CH2OH
R1 = CH3

 
  

Figure 1. Structures of the studied riboflavin derivatives 
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Signaling photoreceptors bind a non-protein moiety known as a chromophore that absorbs a photon in the 

visible region of the solar spectrum. The chromophore then undergoes a rapid structural change such as 
isomerization, formation or rupture of a covalent bond, which is transmitted to the immediate 

environment and then throughout the protein, thus generating a structural signal that is essentially 

thermodynamic in nature.  Signaling photoreceptors are typically modular in architecture; the photon-
absorbing, input or sensor domain is covalently linked to an output or effector domain such as a kinase or 

transcription factor, whose biological activity is modulated by the absorption of the photon. Other linker 

domains are often also  present.  The sensor and effector domains are typically spatially distant from each 
other.  This raises a number of questions, which we address by time-resolved X-ray crystallography on 

the time scale from picoseconds to milliseconds or longer.  What is the primary photophysical event?  

How does it affect the environment of the chromophore?  How is this structural signal in the sensor 

domain transmitted to the distant effector domain?  How is the biological activity of the effector domain 
modulated by this signal? 

These questions will be illustrated by time-resolved crystallographic studies of the small, bacterial, blue 

light sensor domain known as photoactive yellow protein, PYP, and by structural studies of both 
naturally-occurring and designed red/far red, multi-domain, bacterial photoreceptors known as 

bacteriophytochromes that are closely related to plant phytochromes. 
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Light modulates the virulence of the bacterium Brucella through a histidine kinase (HK) containing a 

light-oxygen-voltage (LOV) domain [1]. In order to understand how light modulates the kinase activity 

we started a structural characterization of the molecule in its light and dark conformations. Crystal 

structure of the Brucella LOV domain shows it adopts the typical α/β PAS domain fold, consisting of a β-
sheet and α-helical connector elements. NMR studies point to the β-scaffold as a key element in the light 

activation [2]. According to secondary structure predictions, Brucella LOV-HK harbors a C-terminal 

helix (J-helix) contiguous to the LOV core, which is estimated to be 37 residues long and a 25 residue-
long N-terminal helix (N-helix), with no sequence similarity to other known LOV proteins. Solution 

experiments show that the N-helix is essential for the formation of a stable dimer and that, under the 

experimental conditions, the J helix is 17 residue-long, flexible and exposed to solvent. The N-terminus 
of the J-helix changes its chemical environment upon illumination suggesting a pivotal role. 

 
On the other hand, we solved the crystal structure of the HK domain. This is the first structure of a 

histidine kinase from the bioinformatically identified HWE family [3]. It presents a Dimerization and 

Histidine phosphotransfer subdomain and a Catalytic and ATP-binding subdomain. The structure shows 
two different dimer conformations. SLS experiments indicate the HK domain is a monomer in solution. 

These observations suggest that the HK domain alternates between the two dimeric conformations. 

Mutational analysis confirms the existence in solution of the two dimeric and the monomeric 

conformations. The function of these forms will be our next focus. 
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Phytochromes are photoreceptors, structurally divided in sensory and signaling modules [1].  Recent x-
ray crystal structures provided detailed picture about the structure of the sensory domain including the 
covalently attached open chain tetrapyrrole cofactor [2-3]. Yet, little is known about molecular processes 
associated with coupling between light-sensing and catalytic domain. Vibrational spectroscopies provide 
structural information about cofactor (resonance Raman) and protein (infrared difference) during the 
photoinduced reaction. Combined with theoretical methods, they contribute to a better understanding of 
photochemical and thermal processes in phytochromes [4]. We focussed on the activation of bathy 
phytochromes. The primary photochemical process of the parent state Pfr (far-red-absorbing) to Lumi-F, 
which involves the EZ isomerisation around the C-D methine bridge, is followed by thermal relaxation 
processes including proton translocation from ring C propionic side chain in the Meta-F state. In the 
catalytically active Pr (red absorbing) state, the chromophore undergoes tautomerization such that ring D 
is either in the usual keto or in an enolic form which inititates thermal Pr-to-Pfr reversion. This transition 
is pH-dependent and thus related to the tautomeric equilibrium, implying that protonation dynamics 
regulates the thermal cofactor isomerisation in the Pr state. Moreover, the isomerisation rate differs 
drastically for full-length phytochrome and the sensor unit, suggesting that communication between 
catalytic domain and photosensor involves protonation dynamics at the cofactor site. 
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Arabidopsis thaliana photoreceptor UVR8 (AtUVR8) mediates ultraviolet (UV) responses via dimer 

dissociation upon absorbing UV-B light. Monomeric UVR8 directly interacts with key regulators in plant 
light signaling pathways thereby modulating cellular processes involved in UV protection and circadian 

rhythm. UVR8 is unique among all known photoreceptors: it does not require cofactors to capture a UV 

photon. Static crystal structures and mutational studies suggested that clustered tryptophan residues at the 
dimer interface are responsible for UV-B responses in AtUVR8 [1,2]. However, the molecular mechanism 

of UV-B perception and structural events that lead to dimer dissociation remain elusive. To gain 

mechanistic understanding of UV-B signaling, we have applied dynamic crystallography [3,4] to probe 
transient light-induced structural changes in AtUVR8, and captured intermediate structures that are 

associated with primary photo-events. These light-induced structural changes observed at 1.6 Å resolution 

unambiguously establish the origin or epicenter of UV-B signaling in the AtUVR8 structure, and reveal 

molecular events beyond the epicenter that eventually lead to dimer dissociation. We also examine the 
role of each tryptophan residue as a pigment based on the TDDFT calculations and propose that UV-

absorbing residues in UVR8 collectively constitute a light-harvesting antenna similar to those in 

cyanobacteria and plants. These antenna pigments collect broadband UV-B irradiation, funnel excitation 
energy to the epicenter and trigger a UV-B-induced structural signal. 
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Bacteriophytochromes (BphPs) are red-light photoreceptors that regulate light responses in bacteria via 
reversible photoconversion between red (Pr) and far-red (Pfr) light-absorbing states. BphPs consist of a 
photosensory module that is composed of the PAS (Per-ARNT-Sim), GAF (cGMP 
phosphodiesterase/adenyl cyclase/FhlA), and PHY (phytochrome) domains. PHY domain is covalently 
linked to a signaling-effector module such as histidine kinase. We determined the crystal structure of the 
complete photosensory module of wild-type bacteriophytochrome SaBphP1, from non-photosynthetic 
myxobacterium Stigmatella aurantiaca at 2.35 Å resolution. Unlike classical BphPs, SaBphP1 undergoes 
limited Pr/Pfr photoconversion in the presence of the PHY domain. Wild-type SaBphP1 lacks a conserved 
His that forms a hydrogen bond with the chromophore in the Pr state in the classical BphPs. A single 
Thr289His mutation in the chromophore-binding pocket of SaBphP1 results in a complete Pr/Pfr 
photoconversion. Consequently, we determined the crystal structure of the complete photosensory module 
for SaBphP1 Thr289His mutant at 2.85 Å resolution. Both SaBphP1 crystal structures, solved in the Pr 
state, reveal how interdomain interactions bring together PAS, GAF and PHY domains to achieve Pr/Pfr 
photoconversion. Furthermore, comparison of the structures reveals significant differences in the packing 
of the PHY domain as well as specific changes in the chromophore binding pocket. We identify key 
amino acids that stabilize the chromophore in the Pr state and provide structural evidence to support the 
essential role of the PHY domain in Pr/Pfr photoconversion. Our results highlight local structural changes 
from the photosensory domain that significantly affect the long, signaling helices at the dimer interface 
and may impact the spatially distant  histidine kinase domain and its activity. 
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Phytochromes, the largest photoreceptor family, were first discovered in plants but homologs are 

also found in bacteria and fungi. These photosensors cycle between Pr (red-absorbing) and Pfr 

(red-absorbing) forms upon absorption of red and far-red light, respectively. The fact that diverse 

heterotrophic nonphotosynthetic bacteria contain bacteriophytochromes (BphP) raises many 

questions about the possible roles of red and far-red light as environmental signals in these 

organisms, but the biological functions of most of BphP proteins remain unknown. 

 

Phytochromes share a common photosensory module that contains three conserved domains 

(PAS, GAF, and PHY) and a C-terminal variable output domain. The photochemical properties 

are due to a covalently-bound linear tetrapyrrole (bilin) chromophore. Recently, the bathy 

phytochrome subfamily was discovered which owns the exclusive characteristic of showing the 

Pfr, and not the Pr, form as their thermal ground state.  

 

Xanthomonas campestris (Xcc) codes for a single putative bacteriophytochrome (XccBphP). We 

have established that XccBphP is a bathy phytochrome involved in Xcc virulence. In this work, 

we present the crystal structure of full-length XccBphP. Holo-full-XccBphP crystals belong to 

the tetragonal space group P43212 with two molecules in the asymmetric unit. The XccBphP 

structure was solved at 3.25 Å resolution by molecular replacement using the atomic coordinates 

of Rhodopseudomonas palustris BphP (PDB 4GW9) as template.  

 

The crystal structure shows XccBphP as dimer. Each monomer is constituted by four domains 

clearly defined, corresponding to the sensory module and a C-terminal PAS9 domain. The 

dimeric interface is mainly stabilized by interactions between long α-helices from the PHY and 

PAS9 domains. The dimeric association was also confirmed in solution by Static-Light-

Scattering measurements. 

 

There are few reported three-dimensional structures for BphPs, corresponding to Pr and Pfr 

states, for canonical and bathy BphPs, respectively. XccBphP is, to our knowledge, the second 

full-length BphP structure solved to date.   
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Singlet oxygen (
1
O2), activates a signaling pathway within chloroplasts that depends on the two plastid-

localized proteins EXECUTER (EX) 1 and 2 and triggers an acclimatory response that enhances the 

plant’s stress resistance. In wild type there are two possible sites within thylakoid membranes where 

chlorophyll may act as photosensitizer and transfer excitation energy onto ground state triplet oxygen 

thereby generating highly reactive 
1
O2. Chlorophyll in light-harvesting complexes is in close contact with 

carotenoids that efficiently quench excess light energy absorbed by chlorophyll and suppress 
1
O2 

production. Only under severe stress when the excitation energy remains trapped inside the antenna 

chlorophyll and exceeds the light-quenching capacity of carotenoids does the release of 
1
O2 occur, leading 

to non-enzymatic oxidation of lipids and carotenoids. Some of these oxidation products are biologically 

active and have been shown to act as signaling molecules. At the second site, the reaction center of 

photosystem II (PSII RC), 
1
O2 production occurs whenever the electron acceptor site is reduced and 

unable to oxidize the excited reaction center chlorophyll P680. Unlike the chlorophyll of the antenna 

complexes, the RC chlorophyll is not in direct contact with carotenoids. Thus, the release of 
1
O2 by the 

RC of PSII may occur even under low light conditions. To decide which of these sites is involved in 

activating the EX-dependent signaling pathway, we have analyzed the localization and interacting 

proteins of EX1 and EX2. Both EX proteins co-localize with active PSII RC within the core of grana 

stacks and physically interact with the D1 and D2 polypeptides, but not the chlorophyll proteins CP43 and 

CP47 of the PSII RC. Our results suggest that EX-dependent and 
1
O2-mediated signaling forms an 

integral part of PSII activity that translates environmental variability affecting photosynthetic electron 

transport into signals that control readjustment of plants to environmental changes. 
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Part of the damage undergone by plants exposed to adverse environments is caused by perturbation of 

electron delivery in chloroplasts, resulting in adventitious transfer to oxygen and build-up of reactive 

oxygen species (ROS) that inactivate all types of biomolecules [1]. ROS are also involved in the plant 
response to pathogens, eliciting localized tissue death during the hypersensitive response (HR). 

 

Here we probe the role played by ROS produced in chloroplasts in the responses to various environmental 

hardships by using plants transformed with a plastid-targeted cyanobacterial flavodoxin (Fld). Fld is an 
electron shuttle not present in plants or animals. When expressed in plants, Fld reestablishes proper 

electron delivery to plastidic sinks, acting as a chloroplast-specific general antioxidant [2]. Transgenic 

plants expressing Fld displayed increased tolerance to multiple sources of stress, including drought, 
chilling, heat and overirradiation. Fld dose and redox state were critical for tolerance, and additional 

manipulation of the electron transfer machinery strengthened the protective effect, leading to even higher 

levels of tolerance with strong biotechnological potential. The mechanism of tolerance was studied using 
nuclear and plastid transformation, antisense and interference RNA technologies, indicating that ROS 

produced in chloroplasts account for a significant fraction of the damage undergone by stressed plants [2]. 

 

Chloroplast ROS production during plant interaction with a non-host pathogen was also prevented by Fld 
expression, resulting in attenuated cell death symptoms without affecting other aspects of the HR [3]. The 

results indicate that plastid-born ROS play crucial roles in plants exposed to both biotic and abiotic 

stresses. 
 
Acknowledgments NC acknowledges CONICET and the ANPCyT for financial support. 
 
[1] K. Apel, H. Hirt, Annu. Rev. Plant Biol. 2004, 55, 373. 
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Environmental stresses disrupt the metabolic balance of cells, resulting in the increased photoproduction 

of reactive oxygen species (ROS) in chloroplasts. The generated ROS may be toxic and cause oxidative 

damage, or they may act as signalling molecules that can activate the plant’s defense and acclimation 

responses. The non-radical ROS singlet oxygen was shown to be involved in plastid-to-nucleus retrograde 
signalling and to activate nuclear genes that are distinct from those activated by other ROS [1]. A genetic 

screen aimed to identify new factors involved in singlet oxygen retrograde signalling in Arabidopsis 

thaliana has revealed the central role of the plant topoisomerase VI (Topo VI) as a key regulator in the 
plant response to adverse environmental conditions, by controling the expression of specific sets of ROS-

responsive genes [2-3]. A Yeast-two-hybrid screen has recently allowed the identification of new Topo 

VI interactors, which give the first hints of possible mechanisms by which Topo VI may act as a regulator 

of gene expression, namely by directly interacting with the transcription machinery or with components 
of methylation pathways. The functional characterization of these TopoVI interactors and the genome-

wide analysis of chromatin modifications and gene expression changes resulting from these interactions 

during the response to oxidative stress are at the heart of our current research. 
 
Acknowledgments CL acknowledges the French National Research Agency (ANR) for financial support.  
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Salicylic acid (SA) is a key hormone involved in defense responses against biotic and abiotic stress in 

plants. Previous evidence suggests that SA accumulation affect GSH and reactive oxygen species (ROS) 

levels, being therefore critical to control cellular redox homeostasis in stressed plants. Looking for clues 
to understand this role of SA, we identify the subset of SA-induced genes that mediate early defense 

responses in Arabidopsis. A group of these genes code for antioxidant and detoxifying enzymes, such as 

glutaredoxins GRXS13 and GRXC9. We studied the transcriptional activation mechanism and the role of 

these GRX genes in the defense response to stress.  
 

Gain and loss of function assays indicate that GRXS13 gene expression is critical for limiting basal and 

photooxidative stress-induced ROS production. These results place GRXS13 as a member of the ROS-
scavenging/antioxidant network in Arabidopsis. On the other hand, by using GRXC9 gene as a model, we 

show that SA promotes a transient induction of this gene, in a process that involves TGA2 transcription 

factor and as-1-like promoter elements. Evidence suggests that this process is redox modulated by a 
feedback mechanism mediated by the GRXC9 protein. The importance of these mechanisms, in the 

context of the defense response to stress, is discussed.  

This work was supported by FONDECYT (grant N°1141202) and Millennium Nucleus for Plant 

Functional Genomics (grant N°P10-062-F). 
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Mitochondria and chloroplasts are the main energy producers of the plant cell. These two membrane 
enclosed endosymbiotic derived organelles depend upon each other for sustaining processes as 
photosynthesis and mitochondrial respiration. Moreover, they must be able to balance the rates of energy 
production in response to environmental fluctuations, being necessary a tight regulation of dissipative 
mechanisms to avoid oxidative damage. For instance, plant mitochondrial respiration protects 
photosynthesis against photoinhibition by dissipating excess redox equivalents from the chloroplasts. 
Though it is clear that the activities of mitochondria and plastids need to be coordinated, the nature of this 
communication is unknown.  
 
The regulator of alternative oxidase (rao1) mutant was isolated as a mutant deficient in the induction of 
ALTERNATIVE OXIDASE 1 (AOX1a) expression in response to the inhibitor of the mitochondrial 
cytochrome c reductase (complex III), antimycin A [1]. RAO1 encodes the nuclear localized cyclin-
dependent kinase E1 (CDKE;1). The rao1 mutant demonstrated a genome uncoupled phenotype also in 
response to redox changes in the photosynthetic electron transport chain as well as high light irradiance. 
Thus, CDKE;1 was shown to regulate both LIGHT HARVESTING COMPLEX B and AOX1a 
expression in response to retrograde signals [2]. 
 
To identify the initial source of the signalling events, we analysed the localisation of a kinase interactor of 

CDKE;1. Through transient expression in N. benthamiana, we observed a distribution of the kinase 
between mitochondria and nuclei. Moreover, under oxidative conditions, kinase-GFP signal was enriched 

in nuclei. Similar conditions also led to a change in mitochondria and plastids patterning in the cell. 

Considered altogether, these observations might indicate a way to facilitate retrograde communication 
from mitochondria and plastids to nucleus.  

 

 
[1] S. Ng et al., J. Biol. Chem , 2013, 288, 3449.  
[2] N. E. Blanco et al,. Phil Trans. R. Soc.B, 369, 20130231. 
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Plant production of reactive oxygen species (ROS) in various cellular compartments is a hallmark of 
pathogen recognition. Above all, chloroplast-generated ROS are implicated in initiation, propagation and 

limitation of the spread of the complex responses deployed by plants [1]. The contribution of this 

organelle to plant immunity is further underscored by the fact that plant immunity networks have been 
linked to the mechanisms of light perception [2]. 

 

The role of chloroplast-generated ROS in plant defence is evaluated using transgenic tobacco lines 
expressing a plastid-targeted flavodoxin, which showed increased tolerance to multiple adverse 

environmental conditions and lower ROS accumulation in chloroplasts [3]. These plants are employed to 

study the light requirements for ROS production in chloroplasts during interactions with pathogens. 

 
We report herein the phenotypic and biochemical characterization of the interaction between these plants 

and pathovars of Pseudomonas syringae that display compatible or incompatible interactions; in the 

presence or absence of light. ROS assessment by fluorescent microscopy and quantification of their 
reaction products indicate that transgenic plants accumulated fewer ROS and suffered less damage than 

wild-type siblings only if light was present. We also analysed sugar levels taking into account their role as 

signal molecules contributing to plant immune defence [4]. The results provide insights into the role of 
light and ROS on the succession of events that follow pathogen recognition. 

 

[1] A. Shapiguzov, J. Vainonen, M. Wrzaczek and J. Kangasjärvi, Front. Plant Sci., 2012, 3, 292. 

[2] S. Karpinski, H. Gabrys, A. Mateo, B. Karpinska and P.M. Mullineaux, Curr. Op. Plant Biol., 2003, 
6, 390. 

[3] V.B. Tognetti, J.F. Palatnik, M.F. Fillat, M. Melzer, M.R. Hajirezaei, E.M. Valle and N. Carrillo, 

Plant Cell, 2006, 18, 2035. 

[4] M.R. Bolouri-Moghaddam and W. Van den Ende, J. Exp Bot., 2012, 63, 3989. 
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Exposure of the skin to excessive amounts of ultraviolet radiation has a variety of deleterious influences 

including acute inflammatory responses, skin cancer and immunosuppression.  Because many of these 

consequences are mediated by alterations in DNA, there is a vigorous attempt by the host to repair the 

damaged DNA through activation of repair enzymes. UV exposure also activates cytokines in the skin, 
and studies have shown that these molecules play a key role in activation of DNA repair processes. 

Specifically, in in vitro studies and in vivo in animal models, administration of the cytokine interleukin-12 

reduced the number of cyclobutane pyrimidine dimers by promoting the synthesis of several enzymes 
involved in nucleotide excision repair [1].  IL-12-induced DNA repair enzyme synthesis reversed the 

immunosuppressive effects of ultraviolet radiation and a deficiency in this protein reduced acute 

inflammatory responses and tumor formation in animals subjected to a photocarcinogenesis protocol [2, 
3].  Studies from our laboratories have shown that green tea polyphenols and proanthocyanidins, dietary 

agents which prevent the adverse effects of ultraviolet radiation, mediate their photoprotective effects by 

increasing expression of IL-12, and its actions to stimulate augment DNA repair are important in 

mediating these effects [4, 5].  In animal models, we have also shown that toll like receptor 4, a member 
of the innate immune system inhibits UV-induced activation of nucleotide excision repair, and as a 

consequence promotes UVB-induced immunosuppression [6].  Thus, IL-12 antagonizes many of the 

adverse effects of ultraviolet radiation through its action on enzymes in the nucleotide excision repair 
pathway. 

 

[1]Schwarz, A., et al., Nat Cell Biol, 2002, 4,p. 26. 

[2]Meeran, S.M., T. Punathil, and S.K. Katiyar, J Invest Dermatol, 2008, 128, 2716. 

[3]Schwarz, A., et al., J Exp Med, 2005, 201, 173. 

[4]Meeran, S.M., et al., Cancer Res, 2006, 66, 5512. 
[5]Vaid, M., S.D. Sharma, and S.K. Katiyar, Cancer Prev Res (Phila), 2010., 3, 1621. 

[6]Ahmad, I., et al., J Invest Dermatol, 2013. 
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The photo-induced formation of bipyrimidine DNA photoproducts is strongly implicated in the etiology 
of non-melanoma and melanoma skin cancers as the result of exposure to either solar radiation and/or UV 

light provided by lamps in tan booths. Three main classes of photoproducts including cis-syn 

cyclobutadipyrimidines (P<>Ps), pyrimidine (6-4) pyrimidone adducts (6-4PPs) and related Dewar 
valence isomers (DewPPs) may be generated at each of the four main bipyrimidine sites (TT,TC,CT and 

CC sequences) giving rise to a total of 12 possible tandem lesions that can be singled out as modified 

dinucleoside monophosphates by high performance liquid chromatography coupled with tandem mass 
spectrometry (HPLC-MS/MS). Thus, cyclobutadithymine (T<>T) and to a lesser extent 6-4TC and T<>C 

are detected as the main UVB photoproducts in the DNA of human fibroblasts, keratinocytes and skin. In 

contrast DewPPs are barely detectable, in fact only at CC sites.  However, it was shown that the UVA 

component of solar light partly converts initially UVB-generated 6-4TC and 6-4TT into related Dewar 
valence isomers. In addition UVA radiation is able to specifically induce the formation of T<>T, and to a 

lesser extent of T<>C in the DNA of cells and human skin at the exclusion however of 6-4PPs.  From 

spectroscopic measurements it was suggested that the generation of T<>Ts is accounted for by direct 
UVA photon excitation of pyrimidine bases to newly characterized charge-transfer states with unique 

fluorescence features. Relevant information has been gained on the kinetics of global repair of the 

different bipyrimidine photoproducts generated by either UVB or UVA radiation in the DNA of isolated 
cells and skin. It may be pointed out as striking results that 6-4PPs and DewPPs are much better 

substrates for nucleotide excision repair enzymes than P<>Ps.  It was also shown that C<>C and C<>T 

are much efficiently excised than T<>T and T<>C. 
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Epidermal keratinocytes differ from cells in most other tissues in that they must proliferate and 

differentiate to form a competent epidermal barrier despite repetitive and sometimes intense 

DNA damage from the sun.  Although p53 activity is an important component of the overall 

response to DNA damage in epidermal keratinocytes, it’s role in global genomic nucleotide 

excision repair (GGR) in keratinocytes is distinctly different from other cell types.  The lack of 

increased non-melanoma skin cancer in the Li-Fraumeni syndrome as well as in vitro cell culture 

experiments illustrate that GGR of cyclobutane pyrimidine dimers (CPDs) and 6-4 

photoproducts (6-4PPs) are unaffected by p53 loss in keratinocytes and by epidermal 

differentiation.  Recent studies from our lab and others have suggested that the p53 homolog, 

p63, is a regulator of GGR of UV-induced DNA photoproducts in both normal epidermal 

keratinocytes as well as in immortalized keratinocytes and in some squamous cell carcinoma cell 

lines, and likely has both overlapping and complementary functions with p53 in maintaining 

genomic stability following photo-induced DNA damage.  Recent work illustrates that the 

vitamin D receptor (VDR), a downstream target of p63, is also important in GGR regulation in 

intact epidermis.  An additional level of NER regulation occurs at the level of the three-

dimensional architecture of epidermis.  Mouse keratinocytes exhibit little GGR activity of CPDs 

when grown in monolayer culture, yet the tissues from which they are derived, either in whole 

skin or in explanted epidermis, possess significant removal of both CPDs and 6-4PPs.  Multiple 

and redundant levels of regulation of GGR in keratinocytes may help to ensure the integrity of 

the epidermal differentiation program in the setting of chronic sun exposure. 
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It is well established that UV-irradiation of DNA in skin and in vitro generates predominantly 

cyclobutane pyrimidine dimers (CPD) and smaller fractions of 6-4 products.  It is also known that in the 

case of global genomic NER, the minor 6-4 photoproduct is a much better substrate of the human 
nucleotide excision repair (NER) system  than CPD.  There is evidence that this difference in repair 

efficiencies is related to the lower affinity of binding of XPC-HR23B, the heterodimeric protein that is 

usually the first NER factor that recognizes and binds to DNA lesions, and thus initiates the subsequent 

multi-step excision and DNA resynthesis processes.  A published X-ray crystallographic  structure of 
Rad4-Rad23 (the yeast analog of XPC-RAD23B) bound to double-stranded DNA with a single CPD 

lesion, has provided valuable insights into the structural properties of eukaryotic  recognition protein-

damaged DNA complexes [1].  While the differences in binding of XPC-RAD23B to the CPD  and 6-4 
photoproducts has long served as a paradigm for understanding the differences in NER excision 

efficiencies, recent work has shown that this  correlation is not universal for a number of  other  NER 

substrates [2,3].  The implications of these findings for understanding the recognition and processing of  
human NER substrates will be discussed.       

 

[1] J.-H. Min and N.P. Pavletich, Nature 449, 570. 

[2] S.M. Shell, E.K. Hawkins , M.S. Tsai,  A.S. Hlaing ,  C.J. Rizzo, W.J.  Chazin .  DNA Repair 12, 947.  
[3] Y.-C. Lee, Yuqin Cai, Hong Mu, Suse Broyde, Xuejing Chen,

 
Jung-Hyun Min, and Nicholas E. 

Geacintov. DNA Repair, April 28, 2014.  Epub ahead of print. 
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Thymine (Thy) triplet excited state, populated either directly or through photosensitization, is an essential 

species in the processes involved in DNA damage. Its photochemistry has been related to the formation of 
dimeric lesions like the well-known cyclobutane dimers. By contrast, and according to the generally 

accepted paradigm, the (6-4) photoproducts (6-4PPs) formation only occurs upon direct irradiation from a 

singlet excited state. These lesions result from a Patern −Büchi reaction, which involves nπ* triplet, 
occurs between the C4 carbonyl group of one Thy and the C5−C6 double bond of another one, followed 

by ring opening of the obtained oxetane. However, the lowest Thy triplet excited state is of ππ* nature, 

which is consistent with the unsuccessful 6-4PPs photosensitization attempts. 

 
Thus, our hypothesis is that part of the assumed singlet Thy photoreactivity should proceed from an upper 

triplet excited state T2 with the appropriate nπ* electronic configuration. 

 

 
 

 

In the present work,
[1] 

the photochemistry of Thy from upper triplet excited states has been explored by 
considering the Norrish−Yang photocyclization as typical nπ* photoreaction. With this aim dyad 1, 

containing a benzophenone (BP) chromophore and a 5-tert-butyluracil (t-Ura) moiety, has been designed 

as model compound. The t-Ura substructure presents γ-hydrogens prone to be abstracted by the 

neighboring C4 carbonyl group to yield 1,2-dihydrocyclobuta[d]-pyrimidine-2-one after dehydration of a 
cyclobutanol intermediate. In this dyad, the T2 (nπ*) of t-Ura is reached by a triplet-triplet energy transfer 

process from a high energetic triplet of BP populated through multiphoton excitation. The feasibility of 

this concept has been demonstrated by detection of the Norrish-Yang photoproduct. 
 
Acknowledgments Financial support from the Spanish Government (CTQ2012-32621, RyC-2007-
00476) and from the Consellería de Educació, Cultura i Esport (PROMETEOII/2013/005) is gratefully 
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Elect ronically excit ed st at es of DNA have been a subject of int erest for a long t ime because of 

their key role in the genet ic damage induce d by UV li ght [1]. It is common knowledge t hat t he 

absorpt ion of a photon by DNA is excitonic in nature, though the spatial extent and dynamics of 

the exciton remain quest ionable. We st udie d t he energy t ransfer over DNA st rand using a new t ype 

of acceptors, namely   metallic   Ag   nanoclusters,   by   means   of   fluorescence   steady -state  and  

time -resolved spect roscopy. T he energy transfer on the femtosecond time scale was observed from 

more than 20 base s in a single DNA st rand t o Ag nanoclust ers, t hus indicat ing fast excit on dynamics 

in DNA. 

 
Anot her part of our st udies is foc use d on t he excit at ion spectra on t he red side of DNA a 

bsorption band. T he absorpt ion of solar radiat ion above 300 nm can lead t o format ion of some 

photoadduct s [2]. Beca use of lo w int ensit y, t he long-wavelength transitions are not usually seen in 

DNA absorption, but t hey may be clearly seen in t he fluorescence excit at ion spect ra [3]. The excit 

at ion spect ra of nat ural calf thymus DNA also reveal a low-int ensit y t ransit ion at 330 nm. Our 

calculat ions suggest charge- t ransfer nat ure of t his t ransit ion in t he dist ort ed st ruct ure of t he st acked 

bas es. 

 
T he possible role of exciton and charge -transfer states in energy transfer over DNA will be 

discussed. 
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Plants are exposed to different degrees of shade depending on the position of neighbours and their foliage 

density and architecture. Shade reduces the activity of photosensory receptors such as phytochrome (phy) 

and cryptochrome and this change initiates signaling pathways that adjust plant body form and function to 
the prevailing conditions. Under shade, the reduced activity of phyB allows the increased activity of the 

bHLH transcription factors PHYTOCHROME INTERACTING FACTORS (PIFs). PIFs bind the 

promoters of genes involved in auxin synthesis, increase their expression and auxin abundance. This 

pathway promotes the growth of the stem, placing the leaves at higher, better light strata of the canopy. 
We will discuss the role played by other plant photoreceptors in the perception of shade. One of the 

current hypotheses is that the responses to shade are also caused by increased activity of 

CONSTITUTIVE PHOTOMORPHOGENIC 1 (COP1) a key component of an E3 ligase. We will present 
information describing the degree of convergence and divergence between the PIF and COP1 pathways 

based on the comparative analysis of gene expression in response to shade in the cop1 mutant and a 

multiple pif mutant. PIFs and COP1 define short pathways between light signals and changes in 
expression of target genes but these pathways are profusely connected to regulatory loops. This creates a 

rather intricate signalling network with links to the circadian clock, hormone signalling, defences, 

temperature signalling, etc. We are beginning to learn the functional dynamics of these multiple 

connections.  
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Plants such as Arabidopsis thaliana respond to foliar shade and neighbor proximity by elongation growth 

and leaf hyponasty to secure access to unfiltered sunlight. The phytochrome B (phyB) photoreceptor is 
the major light sensor mediating these adaptive responses. The shade avoidance response (SAR) involves 

phyB directly controlling protein abundance of Phytochrome Interacting Factors 4 and 5 (PIF4 and PIF5). 

PIF4 and PIF5 rapidly promote growth via auxin-mediated processes and simultaneously turn on HFR1, a 
negative regulator of SAR [1-3]. We are using a combination of computational modeling and 

experimental validation to study the SAR regulatory network. This lead to the identification of a novel 

role of HFR1 and further insight into the mechanism enabling PIFs to control auxin biosynthesis and 

sensitivity. We are comparing mechanism controling hypocotyl elongation in response to shade with the 
molecular events underlying the shade response in leaves: petiole elongation, reduced blade growth and 

leaf hyponasty. To this end we developed a novel phenotyping platform allowing us to analyze leaf 

growth and positioning with great spatial and temporal resolution [4].  
 
Acknowledgments CF acknowledges the University of Lausanne, The Swiss National Science 
Foundation and SystemsX.ch for financial support.  
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The ability to interpret daily and seasonal alterations in light and temperature signals is essential for plant 
survival. This is particularly important during seedling establishment when the phytochrome 

photoreceptors activate photosynthetic pigment production for photoautotrophic growth. Phytochromes 

accomplish this partly through the suppression of PHYTOCHROME INTERACTING FACTORS (PIFs), 
negative regulators of chlorophyll and carotenoid biosynthesis. While the bZIP transcription factor LONG 

HYPOCOTYL 5 (HY5), a potent PIF antagonist, promotes photosynthetic pigment accumulation in 

response to light. We demonstrate that by directly targeting a common promoter cis-element (G-box), 
HY5 and PIFs form a dynamic activation-suppression transcriptional module responsive to light and 

temperature cues. This antagonistic regulatory module provides a simple, direct mechanism through 

which environmental change can redirect transcriptional control of genes required for photosynthesis and 

photoprotection. In the regulation of photopigment biosynthesis genes, HY5 and PIFs do not operate 
alone, but with the circadian clock. However, sudden changes in light or temperature conditions can 

trigger changes in HY5 and PIFs abundance that adjust the expression of common target genes to 

optimise photosynthetic performance and growth.  
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In response to changes in light quantity and quality, plants can initiate a shade avoidance response that 

includes elongated hypocotyls, increased leaf angle, elongated internodes and petioles, and early 
flowering.  Many advances in our understanding of this process are from studies on Arabidopsis 

hypocotyls, which serve as an excellent, yet incomplete model.  Here we demonstrate that complementary 

approaches using natural variants, additional developmental stages, and additional species can lead to new 

discoveries of how the shade avoidance pathway works.  Analysis of natural variants confirmed 
previously identified shade avoidance genes and highlighted novel genes in the pathway, revealing the 

potential of natural variation as a means of identifying important genes.  To examine tissues beyond the 

hypocotyl, we combined RNAseq of leaf tissue with mutant phenotypic analysis to show that there are 
important shade avoidance genes specific to later developmental stages.  Studies in tomato suggest that 

relationships among the phytochrome photoreceptors vary between species. 
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When plants grow at high densities perceive the early presence of neighboring plants by sensing changes 

in light quality that surrounds them. This response is primarily mediated by phytochromes, a family of 

photoreceptors that detect a reduction in the red:far-red ratio  and trigger the shade avoidance syndrome 
(SAS). The SAS is a group of physiological responses being the most prominent the elongation of 

vegetative structures that enables plants to anticipate and avoid competition for light in dense stands. We 

found a group of zinc-finger transcription factors, called B-Box (BBX) proteins, involved in the SAS. 

Some BBX proteins, that contain two B-Box motifs, play opposite functions under shade. BBX21 
positively regulates the expression of early shade-response genes such as PAR1, HFR1, PIL1, and 

ATHB2, but later it inhibits the elongation growth. These results suggest that BBX21 could be a 

component of a negative feedback loop to avoid exaggerated elongation responses like that occurring with 
HFR1 and PAR1. In opposition to BBX21, BBX24 promotes cell elongation under shade. Both BBX 

proteins act in the COP1 signaling pathway and other BBX proteins can play redundant functions.  This 

talk will present new evidences for the roles of BBX proteins in the shade signaling pathways. 
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One of the most important roles of phytochromes in nature is the regulation of the shade avoidance 
syndrome (SAS), a set of plant responses aimed to adapt growth and development to environments of 
high plant density. Presence of nearby plants results in a reduction in the red to far-red (R:FR) ratio, a 
signal perceived by phytochromes. In Arabidopsis thaliana, a shade-avoider species, plant proximity 
perception results in increased hypocotyl elongation, reduced accumulation of photosynthetic pigments 
(such as chlorophylls and carotenoids) and rapid changes in the expression of dozens of 
PHYTOCHROME RAPIDLY REGULATED (PAR) genes [1]. Other plants have evolved to tolerate plant 
proximity or canopy shade (shade tolerance refers to the capacity of a given plant to survive, grow and 
even reproduce under low light levels caused by plant canopy shade). Cardamine hirsuta is an A. thaliana 
relative developed as a powerful model system for studying morphological and physiological evolution 
[2]. We have observed that C. hirsuta hypocotyls are almost unresponsive to low R:FR ratio light, making 
this species an excellent system to study tolerance to plant proximity and shade. We have been carrying 
out comparative analyses of responses to plant proximity between these two related plant species as a way 
to dissect the genetic and molecular basis for differences in shade avoidance and shade tolerance. In 
addition, we have initiated a genetic screen to identify C. hirsuta seedlings with a restored hypocotyl 
response to low R:FR. The latest results will be presented.  
 
Acknowledgments This work was supported by grants from MINECO – FEDER to JFM-G.  
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VISUAL RHODOPSINS 
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Ischemia is a key component of several retinal diseases that are leading causes of irreversible blindness. 

At present, there are no effective strategies for the treatment of retinal ischemic damage. Recent 

evidences indicate that environment conditions influence the visual system function. Enriched 
environment (EE) constitutes a strategy that boosts exploratory, visual, and cognitive activities, social 

interaction and voluntary physical exercise. In this context, the aim of the present work was to analyze the 

effect of EE housing against retinal damage induced by ischemia.  

 
Adult male Wistar rats were exposed to a standard environment (SE) or EE after retinal ischemia for 3 

weeks. EE consisted of big cages, housing 6 animals and containing several food hoppers, wheels and 

different objects repositioned once/day and fully substituted once/week. Retinal ischemia was induced by 
increasing intraocular pressure to 120 mm Hg for 40 min. Retinal function was weekly analysed and 

retinal morphology was analysed 3 weeks post-ischemia. Macroglial reactivity (glial fibrillary acidic 

protein, GFAP) and synaptophysin expression were assessed by immunohistochemistry. Anterograde 
transport from the retina to the superior colliculus (SC) was examined after an intravitreal injection of 

cholera toxin b-subunit. 

 

 In control animals, ischemia induced a significant decrease in retinal function, whereas EE housing 
completely avoided these alterations. In SE-housed animals, ischemia induced a significant retinal 

ganglion cell loss, an increase in GFAP levels in Müller cells, and reduced immunoreactivity for 

synaptophysin, which were prevented by EE housing. In control animals, ischemia induced a deficit in the 
anterograde transport from the retina to the superior colliculus, which was recovered by EE exposure. 

 

These results suggest that the exposure to an EE could become a new strategy for retinal ischemia 
treatment. 
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The Challenge of Photoreceptor Renewal 
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Light is critical to support life and most living animals have developed photoreceptors to detect it. This 

relevance is underscored by the presence of stem cells in most multi-cellular animals to replace these 
neurons in case of  injury or disease. However, this capacity is very limited in higher vertebrates, so that 

neurodegenerative diseases of the retina, like retinitis pigmentosa in humans, or in the retinal 

degeneration (“rd”) mice, end up in blindness. We have recently shown that rat Muller glial cells (MGC) 
express the stem cell markers nestin and Pax6, and promote trans-differentiation of photoreceptor 

progenitors into multipotent stem cells, which in turn, acquire morphological and functional properties of 

photoreceptors. However, it is not known why MGC are unable to replace photoreceptor loss in the “rd” 
mice.  We investigated this problem by comparing mixed neuron-glia cultures from wild type (wt) and 

“rd” mice. Nuclear morphology was substantially modified in “rd” MGC: in wt cultures nearly all of their 

nuclei showed a regular shape and less than 10% of them evidenced indentations. By contrast, in the “rd” 

cultures the percentage of MGC nuclei having deep indentations doubled. Moreover, nestin expression 
was reduced from about 80% in cultured wt MGC, to almost 40% in the “rd” cultures. Noteworthy, while 

in wt cultures each MGC supported about 2 photoreceptor progenitors, this number was 3 times higher in 

“rd” cultures, thus suggesting that this “overload” in “rd” mice might affect the availability of trophic 
support for photoreceptors, thus favoring their degeneration.  

 

In summary, our results suggest that, in addition to the already known defects in "rd" photoreceptors, the 
alterations in the structure of MGC and in their crosstalk with photoreceptors might contribute to the loss 

of photoreceptors and impair their possible renewal.  
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The cone visual pigments and rod visual pigment rhodopsin are highly homologous and share much in 
common including using 11-cis retinal as its chromophore and photoisomerizing it to the all-trans form to 

initiate visual signaling.  However, there are differences between the two types of visual pigments 

including absorption maxima, decay kinetics after photobleaching, and pigment stability in the dark.  

Such properties are ostensibly due to how the protein components (opsins) interact with the chromophore 
(retinal). Cone photoreceptors are also distinguished from rod photoreceptors by physiological properties.  

Cones are noisier than rods, and this noise is attributed to thermal isomerization of the chromophore of 

cone visual pigments in the dark. 
 

We expressed rod and cone opsins to probe opsin-retinal interactions in an in vitro activity assay and find 

that the long wavelength-sensitive cone opsins are able to accommodate a larger variety of retinoid 

analogs as inverse agonists than rod opsins suggesting cone pigments have a more open binding pocket 
than rhodopsin.   

 

In addition to the more open binding pocket, the long wavelength-sensitive cone pigments are also more 
prone to losing its chromophore in the dark. We now correlate this chromophore loss with thermal 

isiomerization of the 11-cis chromophore to the all-trans form in expressed and purified cone pigments 

using a straight-forward spectrophotometric assay.  HPLC was also used to verify the isomeric content of 
the chromophore.  We have measured thermal isomerization of retinal in cone pigments at different 

temperatures and with a ring-locked analog of 11-cis retinal that would prevent isomerization about the 

11-12 carbon bond. 
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Rhodopsin mislocalization is a hallmark of many retina degenerative disorders. To understand the cell 

biological mechanisms and process of rhodopsin trafficking, we applied a quantitative fluorescence 

microscopy technique to measure the concentration of various truncated rhodopsin fused to Dendra2 
fluorescent protein in different compartments of rod photoreceptors. These quantitative studies led to a 

realization that the cilia targeting signal, VXPX, of rhodopsin is dispensable for the outer segment (OS) 

localization, but is still required for accomplishing high concentration in the OS. Rhodopsin 
mislocalization observed in the absence of VXPX signal is due to additional signal that drives 

mislocalization. Therefore, rhodopsin mislocalization is a regulated event. 

 
Dendra2 exhibits green fluorescence upon its synthesis, but turns red upon photoconversion by blue or 

violet light. The fusion of Dendra2 to rhodopsin and subsequent photoconversion enhances the contrast of 

newly synthesized protein in green, thus facilitating the tracking of the dynamic trafficking of newly 

synthesized rhodopsin. This method was used to monitor the disk membrane morphogenesis that 
accompanies rhodopsin trafficking. The same method was also used to study the process of rhodopsin 

mistrafficking by introducing Q344Ter mutation, which removes the VXPX cilia targeting motif. We 

found that mislocalized rhodopsin is actively eliminated from the plasma membrane in young Xenopus 
laevis tadpoles at the ages of 9 – 10 days post fertilization. This elimination is due to active secretion of 

mislocalized rhodopsin to the extracellular milieu; however, lysosome mediated degradation also appears 

to contribute. Due to active elimination of mislocalized rhodopsin, rhodopsin mislocalization became 
gradually attenuated in old tadpoles at the ages of 21 – 22 days post fertilization. This attenuation was 

also contributed to by the stop of rhodopsin mistrafficking by a hitherto uncharacterized mechanism. 

These observations provide a notion that rhodopsin mislocalization is a reversible event, and potentially 

pave the way for curing or ameliorating degenerative events caused by rhodopsin mislocalization. 
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Due to its constant exposure to light and its high oxygen consumption the retina is highly sensitive to 

oxidative damage, which is involved in the death of photoreceptors in retinal neurodegenerative diseases 
such as retinitis pigmentosa and age related macular degeneration. A peculiar characteristic of retina 

lipids, their high content of polyunsaturated fatty acids, mainly docosahexaenoico acid (DHA), has also 

been proposed to contribute to this sensitivity. However, the role of DHA in the retina is still 

controversial. Its six double bonds make it highly prone to peroxidation and it has been shown to increase 
retina vulnerability to photo-oxidative damage. However, DHA has also a protective role on 

photoreceptors. Our lab has shown that DHA protects photoreceptors from oxidative stress by activating 

the ERK/MAPK pathway. We now investigated how DHA activated this pathway and if it also activated 
antioxidant defense mechanisms in photoreceptors. Addition of retinoid X receptors (RXR) antagonists to 

rat retinal neuronal cultures inhibited DHA protection during early development in vitro and upon 

oxidative stress. Inhibition of an alternative pathway, involving tyrosine kinase (Trk) receptors, did not 
affect DHA prevention of photoreceptor apoptosis. These results imply that activation of RXR was 

required for DHA protection. H2O2 treatment increased reactive oxygen species (ROS) production in 

retinal neurons, inducing photoreceptor apoptosis. DHA prevented H2O2-induced apoptosis, 

simultaneously decreasing ROS formation. Analysis of enzymatic activity evidenced that DHA addition 
increased glutathione peroxidase activity in cultures treated with or without H2O2. 

Our results provide the first evidence that DHA activates RXR to prevent photoreceptor death. They also 

suggest that DHA activation of antioxidant defense mechanisms is at least in part responsible of 
protecting photoreceptors from oxidative stress.  
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Glucocorticoids are well-known retinal protectors that prevent or reduce light-induced photoreceptor 

damage. Most glucocorticoid effects are mediated by the nuclear receptors GR and GR. GR is 

blocked by mifepristone (RU-486), which is the only known ligand of GR. Since a single dose of 

mifepristone triggers photoreceptor death in the mouse retina, we are now studying GR, GR, and the 
phosphorylated isoforms p-Ser

203
-GR and p-Ser

211
-GR.  

 

Experimental animals (Balb-c mice) were kept under cycling illumination conditions (12 h light, ≤ 60 
lux/12 h dark). Retinas were obtained at 12 a.m. or 12 p.m. Some mice were exposed to full darkness 

during 7 days or 1,500 lux (6 h, phototoxic conditions). We studied GRs using immunohistochemical 

procedures, and Western blots (WB) of extracts from whole neural retinas or isolated photoreceptor outer 
segments. 

 

Antibodies against GR, GR, and p-Ser
211

-GR immunostained cell nuclei in all retinal layers. Müller 
cell-nuclei showed the highest GRα immunoreactivity (IR) under all illumination conditions. 

Immunostaining was stronger in specimens obtained at noon and after exposure to 1,500 lux. Illumination 

had little effect on the nuclear localization of GR and p-Ser
211

-GR. GR- and GR-IR were also present 

photoreceptor nerve endings in the outer plexiform layer (OPL). Specimens obtained after full darkness 

displayed reduced OPL immunostaining. WB indicated that GR almost disappeared after 7 days without 

illumination, whereas GR was reduced under phototoxic conditions. 

 
Retinal cell nuclei showed low p-Ser

203
-GR-IR. However, this antibody reacted with photoreceptor outer 

and inner segments. Outer segments showed this immunoreactivity at noon and after 1,500 lux, whereas 

inner segments were intensely immunostained after darkness. WBs demonstrated the presence of GR, 

GR, and p-Ser
203

-GR in outer segments isolated at noon or after 1,500 lux exposure.  
 

Our findings suggest that glucocorticoids could exert a direct action on photoreceptor outer segments, and 

that this effect might be mediated by GR. 
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Antimicrobial photoinactivation is considered to operate by two mechanisms. These are the Type 1 

photochemical pathway involving generation of hydroxyl radicals (HO•) and hydrogen peroxide (H2O2) 

by electron transfer, or the Type 2 photochemical pathway involving generation of singlet oxygen (
1
O2) 

after energy transfer from the photosensitizer excited state. The balance between these two pathways has 
been thought to be primarily controlled by the chemical structure of the photosensitizer and also by its 

microenvironment. We have discovered evidence that suggests there is a 3rd pathway we will call Type 3 

photochemical pathway. This relies on electron transfer from the excited photosensitizer directly into the 
microbial cell that produces internal changes that lead to cell death. These internal changes consist of 

disruption of iron-sulfur clusters that can release free iron that can participate in Fenton reactions with the 

help of the supply of photoinduced electrons to continuously reduce the Fe
3+

 to Fe
2+

. Therefore although 

the Type 3 mechanism is similar to the Type 1 mechanism in that both involve the generation of hydroxyl 
radicals, in Type I the HO•  are generated by extracellular photochemistry, while in Type 3 the HO• are 

generated by an internal Fenton reaction powered by external photoinduced electron transfer. The cell 

damage caused by Type 3 photochemical pathway has similarities with apoptosis in mammalian cells. 
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In order to understand the relationship between the photosensitizer (PS) structure and the efficiency in 
triggering cell death after PDT, we have used two PS - methylene blue (MB) and 1,9-dimethyl methylene 

blue (DMMB) in HaCaT cells.  IC50 of DMMB and MB are 10nM and 2μM, respectively, showing 2 

orders of magnitude higher efficiency of DMMB. Only MB induced a significant increase of ROS in a 
dose-dependent manner as measured by DCF fluorescence and the GSH/GSSG ratio. MB did not show 

autophagy induction. In the case of photosensitization with DMMB, we have observed autophagy 

induction by interruption of the normal autophagic flux (immune assays with LC3II and acid vacuoles by 

acridine orange).  The mechanism of autophagy induction was shown to be the parallel damage in 
mitochondria and lysosomes, initiation of mitophagy, but accumulation of autophagolysosomes and 

consequent autophagic cell death. Consequently, cell death induced by DMMB is not related exclusively 

to the general level of oxidative stress, but instead, with the generation ROS in the proper cell location 
and induction of specific cell death mechanisms. This concept of inducing autophagy by causing mutual 

damage in the membranes of mitochondria and lisosomes was also show to occur for other 

photosensitizer families after illumination and for pentacyclic triterpenoids (in the dark). Developing 

concepts to improve specificity of the photosensitization reactions can be an interesting alternative to 
develop more efficient photosensitizers for PDT [1]. 
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Therapeutic proteins have recently attracted the attention of the biomedical community as novel 
biological drugs owing to their specific advantages over small-molecule based conventional drugs [1]. 
Fluorescent proteins (FPs) are generating increasing interest in the context of photodynamic therapy 
owing to the ability of expressing them anywhere in a cell.  
Two main families of FPs, namely GFP-like and flavin-binding FPs (FbFPs), have been developed over 
the last few years for genetically-encodable 

1
O2 photosensitization [2-5]. In the GFP-like family, the 

chromophore is part of the protein sequence; in contrast, FbFPs incorporate the flavin from their cellular 
environment. Flavins are ubiquitous in cellular systems and in principle do not need to be exogenously 
supplemented.  
In this presentation we shall review our latest contributions to the field and outline the influence of the 
protein environment on 

1
O2 photosensitization. 
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We reveal that PDT efficacy is intimately related to the dynamics of photosensitizer-oxygen interactions. 

Whereas charge transfer to molecular oxygen favours the generation of both singlet oxygen and hydroxyl 
radicals, which have synergistic effects in cell killing, an excess of charge transfer leads to extensive 

photosensitizer bleaching. We present a fluorinated sulfonamide bacteriochlorin (LUZ11) with an 

appropriate balance of charge transfer to molecular oxygen that is very efficient in producing singlet 

oxygen and hydroxyl radicals and is as photostabe as clinically approved porphyrin and chlorin PDT 
photosensitizers [1]. 

LUZ11 was used in cellular (drug-to-light interval DLI=72 h) and in vascular (DLI=15 min) PDT of 

BALB/c mice with subcutaneously implanted CT26 colon adenocarcinoma tumours. Cures (i.e., absence 
of palpable tumor >60 days after PDT) were observed in both cases and attained 83% of the cases in 

vascular PDT. Skin photosensitivity was evaluated at various times after i.v. administration of LUZ11 and 

was shown to be very small 3 days after i.v. administration, consistent with the fast plasma 

pharmacokinetics of LUZ11 in mice and in minipigs [2]. 
Rechallenging the cured mice with the same tumor cell line 4-6 month after PDT, together with a control 

group of the same age and cured at the same time by surgical removal of the tumor, led to tumor 

regrowths in all the animals of the surgery group, but 11 of the 32 mice cured with PDT resisted tumor 
rechallenge. The mechanism of immunostimulation was investigated by flow cytometry and biomarkers 

for immune cells (granulocytes, monocytes, lymphocytes) using blood samples form the PDT treated 

animals. A significant increase in CD4+ T helper cells was observed 2-6 h after PDT and interleukin 6 
(IL-6) was significantly increased 24h after PDT. 

Vascular PDT in wild type BALC/c mice is associated with high cure rates, but the same treatment 

protocol with nuce mice did not elicited any cures. 

Vascular PDT with LUZ11 is very successful with immunocompetent animal models and some of its 
success can be assigned to immunostimulation. These promising results encouraged the submission of a 

request for a clinical trial authorization that was granted. LUZ11 is currently in clinical trails in Europe 

[3]. 
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Hypericin (Hyp), a natural product found in plants from the genus Hypericum, has been utilized in the 

photodynamic treatment of cancer, as well as an antiviral, antibacterial, [1,2] and antifungal agent. 

We have recently demonstrated that apomyoglobin (apoMb) can be loaded with Hyp to obtain a 
convenient delivery agent, which overcomes the low water solubility of the compound. [3] The Hyp-

apoMb construct preserves the photophysical properties of monomeric Hyp, which is brightly fluorescent 

and undergoes efficient intersystem crossing to the triplet state, leading to sensitized production of singlet 

oxygen in high yield. Staphylococcus aureus cells loaded with the Hyp-apoMb construct were efficiently 
killed after phototreatment with visible light. No effects were observed on Escherichia coli cells. While it 

is generally accepted that the main target of the photodynamic effects is the cell membrane, high 

resolution localization of the cellular distribution of the dye was not reported in the literature. 
We show here that cellular distribution of the photosensitizer molecules with sub-diffraction resolution 

can be attained by means of Stimulated Emission Depletion (STED) fluorescence microscopy. The 

excited singlet state of Hyp-apoMb, populated after 570 nm excitation, can be efficiently depleted using 
715 nm light, with remarkably low photobleaching. Bacillus subtilis and Escherichia coli cells were 

loaded with Hyp-apoMb and STED images were collected. Fluorescence is mostly localized within the 

bacterial cell wall, with accumulation at apical positions yet to be identified. The membrane localization 

confirms the previous hypothesis that the photodynamic action is mostly exerted on this cellular 
component. Moreover, present results demonstrate the theranostic potential of hypericin loaded proteins. 
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Light signals are continuously emitted by biological beings. The analysis and interpretation of these 
signals may give information about their physiological state, ways of communication between species and 

presence of specific chemicals.   

 

Once an optical signal is detected several basic questions arise: Is the magnitude of the optical signal 
important? How can it be quantified? Has it any relevant role in biology? What is its origin? Does it allow 

obtaining information on the system in a non-destructive way? How much information (physiological, 

chemical, etc.) can be obtained from the signal processing? 
 

In this presentation I will focus on the fluorescence emission and I will show our contributions in 

answering some of these questions for different natural systems (Figure 1): flowers [1], birds [2], frogs, 
leaves [3], fruits [4] and plant containing nutraceutics [5]. Wherever possible, physical models have being 

developed to rationalize the observed fluorescence. 

 

 
 

 

 
 

 
 
 Figure 1. Studied natural systems 
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Early detection of fungal pathogen presence in the field would help decrease the number of 

phytochemicals treatments used to prevent crop production losses. We have chosen to address the 

pathosystem grapevine-downy mildew. The infecting agent Plasmopara viticola induces the synthesis of 
stilbenoid phytoalexins by the host Vitis vinifera early upon infection. Although present in very small 

quantities, these derivatives of resveratrol have the great advantage to be fluorescent under UV radiation. 

We therefore tested the potential of fluorimetry to detect the presence of downy mildew in vivo in the 
field through the presence of fluorescent phytoalexins. 

 

We performed a complete analysis of physicochemical and spectral fluorescence properties of several 
grapevine stilbenoid phytoalexins in vitro, followed by a 3D microspecrofluorimetric analysis in vivo [1]. 

In addition to the finding that the UV-induced violet-blue fluorescence is present mainly on the leaf 

surface of susceptible grapevine cultivars, it allowed us to define the characteristics of the potential 

optical sensor. Remained the problem of discriminating this specific fluorescence under field and daylight 
conditions. We adapted a previously developed hand-held solid-state UV-LED-based field fluorimeter 

named Multiplex (FORCE-A, Orsay, France) to measure stilbenoid phytoalexins in the field. It allowed 

us to follow the infection kinetics of downy mildew on intact leaves in the greenhouse and in the field [2]. 
 

By this work we introduced a new phytoalexin-based model for the detection of crop diseases using 

fluorescence that can be extended to other crops. Multiplex sensors have been mounted already on 
tractors to produce maps of flavonoids and chlorophyll on whole vineyards showing potential crop 

susceptibility. The mounting of the new Multiplex-330 will produce maps of disease early hotspots. 
 
[1] S. Bellow, G. Latouche, S.C. Brown, A. Poutaraud, Z.G. Cerovic, J. Exp. Bot., 2012, 63, 3697. 

[2] ibid., J. Exp. Bot., 2013, 64, 333. 
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By its nature fluorescence generates photons and for quantitative biological applications these photons 

serve as reporters of biologically active or relevant molecules.  It is common practice to report intensity 

values from fluorescence microscopy in arbitrary units such as “DNs” (digital numbers) or “ADUs” 

(analog to digital units).  But arbitrary units may not provide enough information to accurately 

characterize a sample and cannot be compared across multiple imaging platforms.  To precisely quantify 

intensity differences in terms of their biological significance several factors need to be considered.  

Cameras are not perfect and each individual camera has idiosyncratic performance characteristics [1].  

Truly meaningful data requires specific information about the camera as well as consideration of the noise 

and background of the sample.  In the absence of this information the analysis of image data is done 

without all the facts and replication of a given experiment is at best an approximation.   

We believe that the best way to report image intensity data is to “Think in Photons”.  Adopting a 

standardized unit for reporting intensity values would make image data clearly understandable, more 

descriptive of the experimental “truth” and replicable across all camera and software systems.    

In this presentation we will describe the imaging system factors that enable thinking in photons, why they 

matter and offer a simple method to actually calculate photon intensity within each pixel.  In the end we 

will understand not only how many photons have been detected, but also recognize that this is the first 

step to the more important query:  How many photons do I need to accurately answer my scientific 

question.  

[1] K. Bennett, S. Fullerton, E. Toda, T. Takahashi, H. Kawai & G. Holst (Hamamatsu Photonics K.K., 

Japan), Camera Tutorial - How to choose and use the right camera for a microscopy application, Focus 

on Microscopy, April 2014. 
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Commercial production of lettuce under light-emitting diodes (LEDs) has increased throughout the world 

the past decades with lettuce being one of the most valuable edible crops, mainly because of its nutritional 

value. Earlier research has shown that changes in light spectrum could result in changes in the 
biochemical status of the plant [1-2]. The experiment took place from January to March 2014 using 

plantlets of green and red leaf lettuce. Plants were grown under LED fixtures from Fionia Lighting A/S. 

The temperature in the greenhouse compartments was set to 24/18°C day/night, respectively. The five 
light treatments were (1) Control, (2) Blue from 6-8 am at 45 µmol m

-2
s

-1
, (3) Blue from 5-7 am at 45 

µmol m
-2

s
-1

, (4) Blue from 5-7 am at 80 µmol m
-2

s
-1

, and (5) SONT at 100 µmol m
-2

s
-1

 + Blue at 45 µmol 

m
-2

s
-1

from 9 pm to 8 am. Total fresh and dry weight was higher with additional blue light. Stomatal 

conductance was higher for all treatments with blue light compared to the Control. Photosynthetic yields 
measured with chlorophyll fluorescence were different for green and red lettuce (Figure 1). Quantitation 

of secondary metabolites was performed by HPLC (high-pressure liquid chromatography). The analysis 

showed that all four treatments with additional blue light had higher amount of carotenoids and 
flavonoids compared to the Control. 
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Figure 1. Photosynthetic yields of red lettuce under blue LEDs. 
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Bioluminescence is a widely distributed phenomenon among marine dwellers. Many of them generate 

light by oxidation of coelenterazine, an imidazopyrazinone derivative. Based on biochemistry of 

bioluminescence reactions, these coelenterazine-dependent luminous systems are divided into two classes. 

One is the luciferase-luciferin reaction in which enzyme catalyzes an oxidative decarboxylation of 
coelenterazine by O2 with generation of a product, coelenteramide, in its excited electronic state. Another 

type is Ca
2+

-regulated photoproteins, a unique class of protein biochemistry. The best known and studied 

among those are aequorin, first isolated from the jellyfish Aequorea victoria, and obelin, from the hydroid 
Obelia longissima. All photoproteins consist of a single polypeptide chain to which the oxygen-activated 

substrate, peroxy substituted coelenterazine, is stabilized by tight, non-covalent binding. Thus, 

photoproteins can be regarded as luciferases with a long-lived reaction intermediate. The Ca
2+

 binding to 
the protein initiates a final step of the reaction, decarboxylation of 2-hydroperoxycoelenterazine, leading 

to the generation of a protein-bound coelenteramide in its excited electronic state. Ca
2+

-regulated 

photoproteins belong to EF-hand Ca
2+

-binding proteins, one of the most numerous and extensively 

studied protein families, because all of them contain three EF-hand Ca
2+

-binding sites. 
 

Over the past decade, the spatial structures of several hydromedusan photoproteins, their ligand-

dependent conformation states, and some their mutants with altered bioluminescence properties have been 
determined. Based on these spatial structures and comprehensive mutagenesis studies, we proposed a 

proton-relay mechanism for triggering the bioluminescence reaction by Ca
2+

. The suggested mechanism 

provides qualitative rationalizations of many aspects of photoprotein bioluminescence as well as the 
function of residues constituting the substrate-binding cavity in this process. 
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Secreted luciferases of marine copepods among which the best known are Gaussia and Metridia 
luciferases constitute a group of relatively small homologous proteins, ranging from 18.4 to 24.2 kDa, 

that produce a bright blue bioluminescence using coelenterazine as a substrate. These luciferases share no 

sequence homology with other coelenterazine-dependent luciferases cloned to date, such as of Renilla-, 
Oplophorus-, and Cypridina-type. The first cloned copepod luciferases, GLuc from Gaussia princeps and 

MLuc from Metridia longa are now successfully applied as extremely sensitive bioluminescent reporters 

for biological and medical research including in vivo imaging. 
 

Here we report identification of 4 types of luciferase isoforms isolated from only one species M. longa 

using the cDNA functional screening strategy. They differ in length (18.4 – 23.9 kDa) and share protein 

sequence identity of 53%, 68%, and 80% with the longest sequence group. Protein sequence alignment of 
the copepod luciferases revealed variable N-terminal region of approximately 1/3 in length and a higly 

conserved C-terminal region containing two short homologous repeats of 31 amino acid residues with 10 

highly conserved Cys residues. It assumes the existence of 5 disulfide bonds. The conserved C-terminal 
region is responsible for the bioluminescence activity because the luciferase with truncated N-terminal 

variable region retains activity. 

 

Some biochemical and bioluminescent properties of Metridia luciferase isoforms of different types and 
GLuc were investigated using recombinant proteins produced in baculovirus/insect cell expression 

system. The most significant differences were found in kinetics, temperature optimum of bioluminescent 

reaction, and specific bioluminescence activity. It suggests that these isoforms with different 
bioluminescence properties may be selected for different applications depending on experimental tasks. 
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Land plant phytochromes are red/far-red photoreceptors that are characterized by a conserved domain 
structure, comprising an N-terminal bilin-binding photosensory core and a C-terminal histidine-kinase-

related domain (HKRD), which often lacks the conserved histidine phosphoacceptor residue. Two PAS 

(Per-Arnt-Sim) domains are inserted between the photosensory core and HKRD, and an N-terminal 
extension precedes the photosensory core. This canonical land plant phytochrome structure is found in 

phytochromes from streptophyte algae, the algal lineages most closely related to land plants. The N- and 

C-terminal modules appear to have different evolutionary histories [1]. The photosensory core comprises 
a linear sequence of PAS, GAF, and PHY domains; the chromophore is attached in the GAF domain, and 

the PHY domain is a phytochrome-specific GAF fold. This photosensory module is deeply conserved, 

and is shared with cyanobacterial, bacterial and fungal phytochromes [2]. In contrast, the evolutionary 

histories of the HKRD and the intervening PAS repeat remain uncertain. To explore their histories, and to 
characterize phytochrome evolution in the earliest-diverging land plants, we have generated new data and 

are using data mining to query transcriptome and genome assemblies, including the vast number of 

transcriptome assemblies generated by the OneKP initiative [3]. These studies indicate that 1) structural 
diversity of phytochromes in streptophyte and chlorophyte algae is greater than was realized, 2) several 

phytochrome gene duplications have occurred within the moss lineage, complicating the assessment of 

homology between Physcomitrella patens and angiosperm phytochromes, and 3) the other non-vascular 
land plant lineages, the hornworts and liverworts, each have a single type of phytochrome. Our studies 

also provide insight into the evolution of neochrome, a chimeric photoreceptor that originated by fusion 

of a phytochrome photosensory core to a blue-light sensing phototropin [4,5]. 
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Flavin-based photoreceptor proteins of the LOV (Light, Oxygen and Voltage) and BLUF (Blue Light 

sensing Using Flavins) superfamilies are ubiquitous and appear to be essential blue-light sensing systems 

not only in plants and algae, but also in prokaryotes. An unexpected large number of bacterial species 
possess flavin-based photosensors, amongst which are important human and plant pathogens. Still few 

cases are reported where the activity of blue-light sensors could be correlated to infectivity and/or has 

been shown to be involved in the activation of specific genes, resulting in selective growth patterns. 

Metagenomics and bio-informatic analysis have only recently been initiated but signatures are beginning 
to emerge that allow definition of a bona fide LOV or BLUF domain, aiming at better selection criteria 

for novel blue-light sensors. We also present here, for the first time, the phylogenetic tree for archaeal 

LOV domains that have reached a statistically significant number but have not at all been investigated so 
far. For construction of phylogeny trees we used the neighboring-method to obtain a branching pattern, 

limited to photosensing domains. We observed that in many cases organisms belonging to the same 

phylum are neighbor, but clustering mostly occurs according to the type of  functional domains associated 

to the photosensing modules. 
 

 
Acknowledgments AL acknowledge the congress organizers for travel support 
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Since the pioneering work of Stoeckenius, Blaurock and Oesterhelt about the function of the light driven 

proton pump Bacteriorhodopsin [1] more than 10000 publications have appeared about light driven ion 

pumps and related microbial rhodopsins including sensory rhodopsins and light-gated ion channels 
(Channelrhodopsins). However, key questions about the ion transport including the questions about which 

residues determine the power of the pumps or how pumps and sensors are differentially regulated by the 

membrane voltage are still obscure. Recently, several groups reported about Na-pumping rhodopsins [2] 

and proton and chloride selective channels [3] which stimulated the discussion about ion selectivity and 
ion competion in ion rhodopsin-based transporters. In addition, microbial sensory rhodopsins (SRs) were 

also intensively studied and it seems to be clear that activation of the effector domain occurs via rotations 

of the two transducer helices that are in intermembrane contact between two rhodopsin helices [4]. But 
this concept has been challenged by the identification of Anabaena sensory rhodopsins (ASR) that 

activate the transducer molecules via intra cellular loop contacts [5]. Finally, the rhodopsin-modules of 

the His-Kinase-Rhodopsins (HKRs) in microalgae signal via helix 7 that extends directly into the kinase 
domain without employing extra transmembrane effector loops [6].  

 

I will discuss these issues from an evolutionary perspective with a strong focus on structure-based 

relations.  
 
[1] Oesterhelt D, Stoeckenius W. Nat New Biol. 1971, 233:149 
[2] Inoue et al. Nat Commun. 2013;4:1678; Yoshizawa et al. PNAS doi/10.1073/pnas.1403051111 

[3] Wietek et al. Science. 2014 DOI: 10.1126/science.1249375 

[4] Moukhametzianov et al. Nature 2006, 440:115 
[5] Vogeley et al. J Mol Biol. 2007, 367:741. 

[6] Luck et al. J Biol Chem. 2012 287:40083. 
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Sabeeha S. Merchant 
Institute for Genomics and Proteomics, UCLA 
611 Charles E. Young Drive East, Box 951570, Los Angeles, California 90095-1570 
merchant@chem.ucla.edu 
 
Chlamydomonas has served for over half a century as a reference organism for fundamental discoveries 
in photosynthesis. While the structural constituents of the photosynthetic apparatus are well-defined, the 
factors that control the abundance, stoichiometry and function of individual complexes in response to 
light, nutrients and other environmental cues are much less so. Genomic resources have enabled new 
approaches for identification these regulatory components. In one approach, we compared the protein 
inventory of organisms that do or do not contain plastids, resulting in a list of 597 proteins in 
Chlamydomonas (corresponding to 710 in Arabidopsis, which includes co-orthologs), named GreenCut2, 
that are found only in the plant lineage, diatoms or cyanobacteria. Manual curation of this list and reverse-
genetic analysis in multiple laboratories has verified its relevance to photosynthesis and chloroplast 
metabolism. A subset of the proteins in the GreenCut2 is expressed preferentially in the senescent organs. 
Reverse genetic analysis of one of these generates a functional rather than cosmetic “stay green” 
phenotype, and we hypothesize that it may encode a factor required for the programmed disassembly of 
the thylakoid membrane. In a second project, synchronized cultures of Chlamydomonas were sampled 
over 2 cell / circadian cycles of growth to reveal highly coordinated expression of sets of genes encoding 
individual complexes or pathways. The resolution of this dataset permits the observation of transient 
changes that occur during the shift from dark to light.  
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UV-INDUCED MUTAGENESIS AND CARCINOGENESIS  
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The solar UV radiation reaching Earth's surface comprises above 90% of UVA radiation (320-400 nm). 
UVA contributes to photodermatosis, skin aging, and likely to skin carcinogenesis. It has long been 
recognized that UVA radiation induces the formation of reactive oxygen species (ROS), mainly singlet 
oxygen, generating an oxidative stress in cells. UVA produces a variety of damage to DNA, proteins, 
lipids, that elicites complex cellular responses. Cyclobutane pyrimidine dimers (CPDs) and 8oxoguanine 
are the two major DNA lesions produced by UVA radiation. We and others observed that, CPDs prevail 
in mammalian cells, whereas 8oxoG predominates in yeast. The predominant occurrence of CPDs at TT 
sites could suggests that CPDs are formed by photosensitization via triplet state energy transfer. However, 
recent evidences are in favor of CPDs formation by direct absorption of UVA photons by DNA. UVA 
exposure, via reactive oxygen species, causes an extended S-phase and a slowing-down of DNA 
replication, affecting various parameters of DNA replication while inducing extensive protein oxidation 
and glutathionylation. These events may have implication in the fate of skin cells. UVA is a relatively 
weak mutagenic agent, in agreement with a low induction of DNA damage [1]. UVA fingerprint in 
genome is in fact the typical UV mutagenic signature, C to T transition at bipyrimidine sites, described in 
mammalian cells or skin. Melanoma cells have been recently reported to harbor such mutations with a 
high frequency, and UVA could well contribute to these muations. In addition, the use of sunbed (> 99% 
UVA) has been associated with a significant increase in the risk of melanoma. Collectively, these 
observations point out a need in a better photoprotection towards UVA. 
 
[1] E. Sage, P.M. Girard, S. Francesconi,   Photochem. Photobiol. Sci. 2012, 11, 74. 
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Wavelength-dependent Antigenotoxic Response to UVR in Skin Epidermis 
 
Hironobu Ikehata 
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School of Medicine, Sendai 980-8575, Japan; E-mail: ikehata@med.tohoku.ac.jp 
 

Our cells protect themselves or their belonging system from ultraviolet radiation (UVR) genotoxicity by 

DNA repair, translesion DNA synthesis and apoptosis, but it has been unclear how these protections 
emerge in the skin tissue. I have studied UVR-induced mutations in the skin using a transgenic mouse 

which utilizes a bacterial lacZ transgene as a mutational reporter, and identified an epidermis-specific, 

anti-mutagenic response [1], which has been designated “mutation induction suppression (MIS)”. The 

MIS response antagonizes the UVR mutagenicity, suppressing the mutation induction to a constant 
plateau level of mutant frequency (MF). I analyzed the action spectra of the two opposing responses, 

UVR mutagenicity and MIS in the epidermis [2]. The mutagenicity spectrum was parallel to the action 

spectrum of cyclobutane pyrimidine dimer formation and skin cancer induction. The MIS spectrum was 
identical with the spectrum of inflammation (erythema) in the wavelength rage of sunlight UVR. The two 

spectra were largely similar but different. The difference between the two spectra caused a wavelength-

dependent change of the plateau MF, which resulted from the antagonistic interaction between the UVR 
mutagenicity and the MIS response. The plateau MF increased remarkably at around 315 nm maximally 

18-fold higher than at the other wavelengths. This increase indicates that the MIS response attenuates 

around at 315 nm, suggesting the genotoxicological significance of the border wavelengths between UVA 

and UVB. We further evaluated solar-UVR genotoxicity in mouse skin using the action spectra of the two 
opposing responses established in the present study [3]. 

 
Acknowledgments This study was carried out under the NIBB Cooperative Research Program for the 
Okazaki Large Spectrograph (14-501). 
  
[1] H. Ikehata and T. Ono, Mutat. Res. 2002, 508, 41. 
[2] H. Ikehata et al., J. Invest. Dermatol., 2013, 133, 1850. 
[3] H. Ikehata, N. Munakata and T. Ono, Photochem. Photobiol. Sci., 2013, 12, 2008. 

  

mailto:ikehata@med.tohoku.ac.jp


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

275 
 

A Pigment Independent Interactive Pathway between Mc1r and HGF is necessary for UV-
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The black C57BL/6-HGF mouse model produces both spontaneous and UV-induced melanomas similarly 

to human disease. Since in humans, variants in the melanocortin 1 receptor (MC1R) are associated with 
red hair and increased susceptibility to sunburns and melanoma, we have used this model to investigate 

the role of Mc1r in melanoma. The Mc1r deficient HGF transgenic mice on the C57BL/6 background 

were obtained by crossing C57BL/6-HGF transgenics with C57BL/6-Mc1r
e/e

 mice which lack a 
functional Mc1r receptor. 

 

Neonatal pups were UV irradiated with an FS40 sunlamps at 3 days of age as described previously. Both 

C57BL/6-HGF and heterozygous C57BL/6-HGF
 e/+

 develop heavy black pigmented melanomas after UV 
radiation, in contrast to homozygous C57BL/6-

e/e
-HGF mice, which produced no tumors at all. However  

heterozygous C57BL/6-HGF
 e/+

 animals produced melanoma at a significantly decreased rate compared 

with parent  C57BL/6-HGF mice. Electron paramagnetic resonance (EPR) analysis of  skin from 
C57BL/6

e/e
 and C57BL/6

e/e
-HGF animals revealed no significant differences between HGF transgenic and 

wild-type mice at any age  and yellow mice of both genotypes produced significantly lower levels of 

melanin than black mice at all ages. Both C57BL/6-HGF and C57BL/6-HGF
 e/+

 transgenic mice have 
abundant extra-follicular melanocytes at the dermal/epidermal junction. C57BL/6

e/e  
melanocytes express 

low levels of melanocyte markers therefore , the C57BL/6
e/e

-HGF strain was crossed with Dct-LacZ mice 

which enabled melanocytes to be identified by LacZ staining. The staining confirm presence of few 

junctional melanocytes in only neonatal skin of C57BL/6
e/e

-HGF -Dct-LacZ mice. After UV irradiation, 
activated proliferating melanocytes were readily observed at the dermal/epidermal junction of C57BL/6-

HGF and heterozygous C57BL/6-HGF
 e/+

.  

Although a decrease in numbers of extra-follicular melanocytes can explain lack of melanomas in 
C57BL/6

e/e
-HGF animals it is not the case in heterozygous C57BL/6-HGF

 e/+
 animals. Therefore we 

conclude that a pigment independent interactive pathway between Mc1r and HGF is necessary for 

melanoma development. 
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The human eye and skin are exposed to solar ultraviolet (UV) light which has a well-known genotoxic 
effect on skin cells. Absorption of UV radiations by DNA leads to the formation of DNA damage, mainly 

cyclobutane pyrimidine dimers (CPD). CPD have an established role in the initiation and progression of 

sun-related skin cancers. We have shown that UV radiations also induce the formation of CPD in the 

cornea and predominantly its foremost layer, the epithelium. It is thus unexpected that despite the 
induction of mutagenic CPD in UV-exposed corneas, no sun-related cancer has been reported in this 

structure. 

 
We have compared the response to genotoxic stress of cell strains derived from skin epidermis (NHEK) 

and corneal epithelium (HCEC). The transcriptome analysis by microarray shows no important difference 

in the expression of stress response genes. Accordingly, we have found a highly similar sensitivity to 

UVB-induce cell death in both cell types. However, our results demonstrate a significantly faster repair of 
UVB-induced CPD in HCEC (45% of initial CPD are repaired 12hrs post-UVB treatment) as opposed to 

NHEK (12% in 12hrs). We further analysed nucleotide excision repair (NER), the sole responsible of 

human CPD repair. We show a level of DDB2, responsible of CPD recognition in NER, 1.8 times higher 
in HCEC than in NHEK. At the transcription level, the qPCR analyses reveal a 2 fold increase of DDB2 

in NHEK, indicating a DDB2 stabilizing mechanism in HCEC may contribute to their proficient CPD 

repair. 
 

Our results indicate that the capacity of corneal epithelial cells to avoid UV-induced neoplasia is not due 

to a higher UV-induced cell death sensitivity but rather, at least in part, to their fast repair of UV-induced 

CPD. Furthermore, we suggest that a greater stability of DDB2 in HCEC may be responsible for their 
highly efficient CPD repair. 
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Stratospheric ozone depletion over the last three decades has resulted in a significant increase in solar 

ultraviolet radiation (UV-B, 280-315nm and UV-A, 315-400nm) on the earth’s surface. With the future 
uncertainty of stratospheric ozone recovery and global climate change, there is a critical need for a 

systematic evaluation of UV impacts on our environment and living organisms including the effects on 

human skin cancer rate. In this research, we investigated the UVA and UVB radiation and its impacts on 
melanoma skin cancer incidence over a recent ten-year period in the United States. Based on the data 

available from the US Department of Agriculture UVB Monitoring and Research Program and Centers 

for Disease Control and Prevention database, the spatial and temporal trends of UV-B and UV-A 

radiation in the recent years were developed and correlated to altitude, latitudes, and elevation in the U.S. 
The temporal and spatial distributions of age-adjusted melanoma incidence and their correlations to UV-

A and UV-B radiations were analyzed by race and gender in the U.S. This information will provide vital 

statistics to the scientific community and general public on raising the awareness of UV radiation and its 
impact on human health. 

  

mailto:yadong_qi@suagcetner.com
mailto:wgao@uvb.nrel.colostate.edu
mailto:gmheisler@fs.fed.us


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

278 
 

THE CIRCADIAN CLOCK AND FLOWERING  
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Circadian clocks allow organisms to time biological processes to the most appropriate phases of 

the day and year. We are interested in deciphering the regulatory networks that control clock function in 

plants, since this knowledge could be used to manipulate flowering time, a key factor influencing crop 
productivity. There is increasing evidence that propper regulation of clock function involves alterations in 

alternative splicing (AS) of clock genes, but little is known about the mechanisms linking AS and the 

clock. We have recently shown that defects in Protein Arginine Methyl Transferase 5, which transfers 

methyl groups to arginine residues present in Sm and LSm spliceosomal proteins, impair circadian 
rhythms in Arabidopsis. Here we show that some LSM genes, encoding core components of the 

spliceosomal U6 SnRNP complex, play a regulatory role in the control of circadian rhythms in plants and 

mammals. We found the circadian clock regulates expression of LSM5 in Arabidopsis plants and several 
LSM genes in mouse SCN. Further, mutations in LSM5 or LSM4 genes in Arabidopsis, or down-

regulation of LSM3, LSM5 or LSM7 expression in human cells, lengthens circadian period. Changes in 

expression and alternative splicing of some core-clock genes were identified in Arabidopsis lsm5 mutants, 
but the precise molecular mechanism causing period lengthening remains to be identified. Genome-wide 

expression analysis of either a weak lsm5 or a strong lsm4 mutant allele in Arabidopsis revealed larger 

effects on alternative compared to constitutive splicing. Remarkably, no significant defects were observed 

in the splicing of more than 95% of all introns evaluated using RNA-seq in the strong lsm4 mutant allele 
used in this study. These findings support the idea that some LSM genes play regulatory rather than 

constitutive roles in RNA processing, and that clock regulation of LSM gene expression is one mechanism 

integrating transcriptional and post-transcriptional regulatory layers within plant and mammalian 
circadian networks. 
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Flowering in plants is a process regulated by several pathways, which respond to both endogenous and 

environmental cues and finally converge on a small group of genes to promote flowering [1]. 

 
The objective of this project was to identify and characterize a new early flowering mutant of Arabidopsis 

thaliana, which was named gigantea suppressor 5, (gis5). Besides early flowering, gis5 displays curly 

leaves, a phenotype observed in plants that ectopically overexpress genes involved in flower development 
[2]. Interestingly, both phenotypes were dependent on growth temperature, were observed at 24°C but 

mostly disappeared at 18°C especially under short days. 

 

Genetic analysis indicated that the gis5 phenotype was dependent on FLOWERING LOCUS T (FT), as ft 
mutations suppressed gis5 early flowering and leaf phenotypes. Conversely, autonomous and 

vernalization pathways mutants gave mostly additive phenotypes suggesting that gis5 is not acting in 

these pathways.  
Given the leaf phenotypes, we investigated the expression of flower development genes. Among MADs 

box transcription factors involved in flower development, the mRNA levels of SEPALLATA (SEP) genes 

were highly expressed, also in a temperature-dependent manner. These pieces of evidence point to FT and 
SEP genes as the cause of the early flowering and curly leaf phenotypes of gis5 mutants. 

 

Acknowledgments FMI acknowledges the DAAD for financial support of his stay in the Max Planck 

Institute for Plant Breeding and ANPCyT for financial support. 
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Abstract: 
The circadian clock modulates the sensing of environmental signals. This effect leads to changes in 

sensitivity towards biotic and abiotic stresses through out the day.  In Arabidopsis thaliana, the circadian 

clock regulates UV-B mediated changes in gene expression. We observed that lines missexpressing 
circadian clock components lead to changes in the induction of transcription by UV-B and that the 

expression of some UV-B regulated genes are directly regulated by circadian clock components. 

Moreover, we have shown that light and the circadian clock modulate the time dependent sensitivity of 
plants towards UV-B stress under light/dark cycles.  
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Many plants respond to the yearly changes in surrounding environments to control the timimg of 

flowering. Among various enviromental factors that influence the flowering time, changes in day length 

and temperature are two major ones. Based on the studies of day-length dependent (=photoperiodic) 

flowering regulation in Arabidopsis, the coincidence of the presence of the circadian-clock regulated 
components, such as CONSTANS (CO) and FLAVIN-BINDING, KELCH REPEAT, F-BOX 1 (FKF1), 

with light in the afternoon triggers the flowering response [1]. The ambient temperature changes also 

affect flowering time, as lower temperatures delay flowering, while higher temperatures usually 
accelerate it [2]. The ambient temperatures fluctuate throughout the day, and the circadian clock 

modulates plant sensitivities to temperature changes occurred at a specific time of the day [3]. Currently, 

most of the works that investigate the temperature effects on flowering time in Arabidopsis have been 

performed under constant temperature conditions thouroghout the day. This prompted us to study the 
combinational effects of light and temperature changes throughout the day for flowering regulation in 

Arabidopsis. To study the effects, we grow plants under long-day conditions with or without lower 

temperature during the nighttime. We then analyzed the gene expression of a master photoperiodic 
regulator CO, and floral integrators FLOWERING LOCUS T (FT) and SUPPRESSOR OF CONSTANS 

OVEREXPRESSION 1 (SOC1), and temperature-regulated floral repressors, FLOWERING LOCUS C 

(FLC), and SHORT VEGETATIVE PHASE (SVP) in these plants. The cooler night treatment changed the 
expression patterns of CO and FT genes, but not for SOC1, FLC, and SVP genes. The CO mRNA level 

during the cooler night was higher than that in the long-day conditions without the temperature changes. 

Although the temporal expression patterns of CO and FT mRNAs were altered, their spatial expression 

patterns were not changed. Our data also indicated that FLOWERING BHLH (FBH) transcription factors 
are involved in the induction of CO mRNA during the cooler night. In addition, our results suggested that 

the temperature dependent FT level changes are also dependent on the longer photoperiods as well as a 

functional CO protein. These results indicate that there is a time-dependent interaction between light and 
temperature conditions for the regulation of flowering time. At this meeting, I will present our recent 

results regarding the interplay between light and temperature changes for flowering time regulation. 
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Circadian rhythms are widespread in nature, being found in most eukaryotes and some prokaryotes. 
 These rhythms are generated by an internal circadian oscillator or clock.  In plants as in other complex 
eukaryotes, the circadian clock influences a wide range of biological processes.  Since plants are rooted in 
their environment, they make an excellent model system for investigating how organisms can integrate 
internal temporal information generated by the clock with environmental cues to control physiological 
pathways.  In previous work in the model plant Arabidopsis thaliana, we found that the clock modulates 
both plant responsiveness to and free levels of the growth-associated hormone auxin [1, 2].  Since auxin 
plays a key role in plant directional growth responses [3], we have examined whether the circadian clock 
plays a role in the ability of sunflower plants to track the sun, a process called heliotropism or solar 
tracking.  Solar tracking involves both the continual orientation of the apex towards the sun throughout 
the day and the gradual re-orientation of the apex from west to east at night in anticipation of sunrise.  
Interestingly, solar tracking in sunflower ceases upon flower maturation with the flower heads facing east. 
We have found that solar tracking in sunflower is regulated by the circadian clock and that it is 
predominantly mediated by differential growth on opposite sides of the stem. In addition, sunflower 
phototropic responses are gated by the clock, with maximal bending occurring when plants are exposed to 
directional light in the morning.  Combined with the gradual cessation of stem growth upon flower 
maturation, this may explain why sunflowers face east at maturity. In ongoing work, we are examining 
the ecological consequences of this eastward orientation. 
 
Acknowledgments SLH acknowledges the National Science Foundation, grant number IOS 1238040, for 
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[3] E. Liscum et al, Plant Cell, 2014, 26, 38. 
  



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

284 
 

Combinatorial Activity of Short Vegetative Phase And Flowering Locus C in the 

Repression Of Flowering Time In Brassicaceae 

 
 
Julieta L. Mateos

a,b
, Pedro Madrigal

c,d
, Kenichi Tsuda

e
, René Richter

f
, Vimal Rawat

g
, Paweł Krajewski

h
 

and George Coupland
i
.  

a
Max Planck Institute for Plant Breeding Research, Carl von Linne Weg 10, D-50829 Cologne, Germany 

b
Present address: Fundación Instituto Leloir, IIB-BA-CONICET, Av. Patricias Argentinas 435, 

C1405BWE Buenos Aires, Argentina. E-mail: jmateos@leloir.org.ar  
c
 Institute of Plant Genetics, Polish Academy of Sciences, Poznań, Poland 

d
 Present address: Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Cambridge, UK. 

pm12@sanger.ac.uk 
e
Max Planck Institute for Plant Breeding Research, Carl von Linne Weg 10, D-50829 Cologne, Germany. 

E-mail: tsuda@mpipz.mpg.de 
f
Max Planck Institute for Plant Breeding Research, Carl von Linne Weg 10, D-50829 Cologne, Germany. 

E-mail: rrichter@mpipz.mpg.de 
g
Max Planck Institute for Plant Breeding Research, Carl von Linne Weg 10, D-50829 Cologne, Germany. 

E-mail: rawat@mpipz.mpg.de 
h
 Institute of Plant Genetics, Polish Academy of Sciences, Poznań, Poland. E-mail: pkra@igr.poznan.pl  

i
Max Planck Institute for Plant Breeding Research, Carl von Linne Weg 10, D-50829 Cologne, Germany. 

E-mail: coupland@mpipz.mpg.de  

 
The transition to flowering in plants is controlled by a regulatory network that responds to both 
developmental and environmental signals. The MADS-box genes FLOWERING LOCUS C (FLC) and 
SHORT VEGETATIVE PHASE (SVP) are major flowering repressors that enhance responses to 
environmental cues such as winter temperatures, high ambient temperatures and photoperiod. FLC and 
SVP physically interact in vivo and mutation of each gene causes early flowering while the double mutant 
is more extreme. The molecular mechanisms underlying these genetic interactions are mostly unknown. 
We addressed the regulatory input of these two key transcription factors (TFs) both individually and as a 
complex at the genome-wide level through ChIP-seq and microarray expression analysis in single and 
double mutants. Analysis of each TF demonstrated that the complex acts predominantly via functional 
redundancy in the repression of flowering. SVP and FLC bind to the same regions of the flowering genes 
SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1 (SOC1) and FLOWERING LOCUS T (FT) but 
do not require the presence of the other to bind. However, genome-wide identification of SVP and FLC 
occupancy events revealed that their binding scenarios are quantitatively and qualitatively affected by the 
presence of the cognate partner.  A subgroup of genes whose regulation by these TFs depends exclusively 
on combinatorial binding of both proteins was identified, demonstrating a qualitatively essential role of 
the SVP-FLC complex. Cis-regulatory elements enriched only at such complex-bound sites were 
identified. Thus the regulatory output mediated by SVP and FLC reveals substantial flexibility, leading to 
dependent and independent DNA binding that enables additive, cooperative and repressive modes of co-
regulation. Furthermore, we address FLC transcriptional repression in the perennial species Arabis alpina, 
a relative of Arabidopsis. 
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Cryptochromes act as sensory blue light receptors in bacteria, fungi, plants, and insects. They bind flavin 

adenine dinucleotide (FAD) in the sensory domain, the photolyase homology region (PHR). 
Cryptochromes are homologous in sequence to DNA repair enzymes, the photolyases, but have originally 

been defined as homologues without any repair activity. Recent findings in microorganisms have led to a 

revision of paradigms in the cryptochrome field. Cryptochrome/photolyase family 1 (CPF1) proteins from 

diatoms and microalgae have been shown to act both as sensory light receptors and DNA repair enzymes, 
thereby blurring the functional distinction between the two protein families. Furthermore, animal-like 

cryptochrome (aCRY) from the green alga Chlamydomonas reinhardtii has been demonstrated to respond 

to yellow and red light as well as to blue light, which expands the role of cryptochromes as blue light 
receptors to the other regions of the visible spectrum.  

 

These specific properties of cryptochromes from microorganisms could point to a functional separation 
from homologues in higher plants and animals. However, a second cryptochrome from the green alga, 

Chlamydomonas photolyase homologue 1 (CPH1), shows high similarity in its response to light to plant 

cryptochromes from higher plants. Both CPH1-PHR and Arabidopsis cryptochrome 1 have been shown to 

exhibit light-induced formation of the FAD neutral radical with a unique shift in the absorption spectrum. 
The radical is similarly stabilized by binding of ATP. Furthermore, the formation of the neutral radical 

takes place via protonation of the anion radical in the same time range of a few microseconds. We have 

investigated CPH1-PHR and aCRY [1] by infrared spectroscopy to elucidate the differences and 
similarities in their mechanisms in comparison to those of other cryptochromes and photolyases. 

 
[1] M. Spexard, C. Thöing, B. Beel, M. Mittag and T. Kottke, Biochemistry 2014, 53, 1041. 
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The phytopathogenic basidiomycete Ustilago maydis infects maize causing corn smut disease. Its life 
cycle consists of a haploid, nonpathogenic, saprophytic phase in soil, and a dikarotic, biotrophic phase in 

aerial parts of the plant [1]. The photobiology of U. maydis is in its infancy. Based on sequence 

similarities we predict at least ten putative photoreceptor candidate genes in U. maydis. Among them are 
members of the cryptochrome/photolyase family known to act as DNA-repair enzymes (photolyases) 

specific for one of the two major UV-B lesions (cyclobutane pyrimidine dimers (CPDs), or pyrimidine (6-

4) pyrimidone photoproducts (6-4)PPs), or have a function as UV-A/blue light photoreceptors 

(cryptochromes) [2]. U. maydis has four of these genes. One each which groups with class I (CPD) 
photolyases and (6-4) photolyases, and two with DASH-type cryptochromes known to repair CPDs in 

single-stranded and loop-structured DNA [3, 4]. Heterologous expression of these genes in E. coli yielded 

active proteins that bound FAD. In vitro studies confirmed their photolyase function. Our results show 
that some family members have a dual function as a repair enzyme and a photoreceptor. Transcriptome 

analysis revealed about 13% of the U. maydis genes regulated by blue light. We analyzed the knock-out 

mutants of U. maydis cryptochrome/photolyase genes for their UV radiation sensitivity and virulence on 
host plants. These data will be presented as well. 

 
Acknowledgments This work is funded by the German Research Foundation within Collaborative 
Research Center 987.  
 
[1] T. Brefort et al., Annu. Rev.. Phytopathol., 2009, 47, 423. 
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Cryptochromes act as blue light sensors in many organisms. Recently, we have characterized an animal-
like cryptochrome (aCRY) in the green unicellular alga Chlamydomonas reinhardtii [1, 2].  

In response to blue, yellow and red light, but not far-red light, aCRY alters the light-dependent expression 

of various genes, including, for example, such of carotenoid biosynthesis, nitrogen metabolism or the 
circadian clock; this expression is significantly reduced in an insertional mutant of aCRY. In vitro data 

show that blue, yellow and red light are absorbed by the neutral radical state of flavin in aCRY, which is 

assumed to act as dark form in aCRY in contrast to the plant CRYs. 
 

Among the known clock components of Chlamydomonas, the transcript level of the C3 subunit of the 

RNA-binding protein CHLAMY1, whose silencing causes phase shifts, is influenced by light and aCRY. 

But C3 is also influenced by changes of ambient temperatures (reviewed in [3]). Currently, we examine if 
C3 acts as a connecting signaling component that integrates light and temperature signals to entrain the 

clock and thereby we investigate the detailed role of aCRY.  

   
Acknowledgments MM acknowledges the DFG (FOR 1261) for financial support. 
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Members of the ancient photolyase-cryptochrome family (pc-family) are manifold involved in (1) the 
light-driven repair of UV-lesions within genomic DNA and (2) blue-light dependent signaling, e. g. for 

the light-control of flowering or gene expression. All of them utilize a unique, U-shaped FAD 

chromophore for catalysis or light absorption [1,2]. Class II photolyases and the recently discovered 
cryptochromes from proteo- and cyanobacterial species (CryPro) descend from the pc-family. However, 

unlike other, well studied "canonical" representatives of the pc-family, e. g. plant [3] and animal 

cryptochromes or class I [4] and (6-4) photolyases, these proteins comprise novel electron transfer 

pathways and hitherto unknown antenna cofactors. 
Class II photolyases are almost ubiquitously present in plants and animals, many of them important 

agricultural crops, but also occur in some viruses and prokaryotes. Recently, we discovered an archaeal 

class II photolyase that is closely related to plant and other metazoan enzymes [5]. This enzyme catalyzes 
like its distant relatives, the microbial class I photolyases [4], light-driven DNA-repair and 

photoreduction, but lacks their degree of discrimination between UV-damaged and intact duplex DNA. 

Crystal structures alone and complexed to duplex DNA comprising a synthetic CPD lesion showed a 
unique tryptophane dyad as conserved electron transfer pathway to the catalytic FAD cofactor. This 

pathway differs in class II photolyases from other members of the pc-family. Likewise, in terms of their 

DNA recognition mode, architectural peculiarities of class I and II photolyases apparently reflect different 

topological restraints imposed by pro- and eukaryotic DNA packaging. Based on these studies, we 
showed that the antenna cofactor, 8-hydroxydeazaflavin, is utilized throughout the whole green lineage 

apart from higher plants including angio- and gymnosperms. 

The 2.7 Å structure of a cryptochrome, cryB from Rhodobacter sphaeroides, a regulator of the expression 
of photosynthetic components genes, reveals besides the photolyase-like fold two cofactors only 

conserved in the CryPro subfamily: 6,7-dimethyl-8-ribityl-lumazine in the antenna-binding domain and a 

[4Fe-4S]
2+

 cluster within the catalytic domain [7]. Especially the latter closely resembles the FeS-cluster 
harbouring large primase subunit PriL, an essential component of eukaryotic DNA replication. This 

finding implicates that this primase subunit originates by gene transfer from the CryPro subfamily of 

cryptochromes. 

 
[1] Essen, L.-O. (2006). Cryptochromes and DNA photolyases: Common mechanism for different functions? COSB 16: 51-59. 
[2] Chaves, I., Pokorny, R., Byrdin, M., Hoang, N., Ritz, T., Brettel, K., Essen, L.-O., van der Horst, G. T. J., Batschauer, A., 

Ahmad, M. (2011). The cryptochromes: Blue light photoreceptors in plants and animals. Annu. Rev. Plant Biol. 62: 335-364.  
[3] Pokorny, R., Klar, T., Hennecke, U., Carell, T., Batschauer, A., Essen, L.-O. (2008). Recognition and repair of UV-lesions in 

duplex DNA by DASH-type cryptochrome. PNAS 105: 21023-21027. 
[4] Mees, A., Klar, T., Gnau, P., Hennecke, U., Eker, A. P. M., Carell, T., & Essen, L.-O. (2004). Crystal structure of a 

photolyase-DNA complex after in situ repair of a CPD-like DNA lesion. Science 306: 1789-1793. 
[5] Kiontke, S., Geisselbrecht, Y., Pokorny, R., Carell, T., Batschauer, A., Essen, L.-O. (2011). Crystal structures of an archaeal 

class II DNA photolyase and its complex with UV-damaged duplex DNA. EMBO J. 30: 4437-4449. 
[6] Kiontke, S., Batschauer, A., Essen, L.-O. (in revision). Structural and evolutionary aspects of antenna usage by class II 

photolyases. J. Biol. Chem. 
[7] Geisselbrecht, Y., Frühwirth, S., Schröder, C., Pierik, A. J., Klug, G., Essen, L.-O. (2012). CryB from Rhodobacter 

sphaeroides: A unique class of cryptochromes with novel cofactors. EMBO Rep. 13: 223-229. 
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Photolyases are flavoproteins that repair UV-induced pyrimidine dimers on the DNA in a light dependent 

manner, whereas the structurally related cryptochromes serve as photoreceptors or components of the 

circadian clock. Here we present the crystal structure of a cyclobutane pyrimidine dimer (CPD) class III 

photolyase termed PhrA with a resolution of 1.75 Å. Since class III photolyases are most closely related 
to plant cryptochromes [1], knowledge of the PhrA structure can help to understand the evolutionary 

transition between both groups. PhrA contains a 5,10-methenyltetrahydrofolate (MTHF) as an antenna 

chromophore. The MTHF binding site of PhrA differs from antenna chromophore binding sites of other 
photolyases [2]. Plant cryptochromes form a pocket at the same site that could accommodate MTHF or a 

similar molecule [3]. The classical photoreduction electron transfer pathway consisting of three Trp 

residues, is present in PhrA. In addition, PhrA possess a second tryptophan triad. Mutational analyses 

implies that both pathways can be used for photoreduction. Conservation of these amino acids suggests 
that this alternative pathway may also exist in plant cryptochromes, E. coli photolyase and Cry-DASH 

proteins. 
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High-Altitude Andean Lakes (HAAL) are shallow lakes located in the South American Puna-High Andes 

region. In order to survive under the extreme environmental conditions of those habitats (high UV-

exposure, wide temperature variations, high toxic element contamination), microorganisms had to 
develop highly efficient mechanisms. A major task for survival is taken over by photolyases, which are 

able to repair UV-induced damages in DNA. The complete genome sequence of Acinetobacter sp. Ver3, 

an extremophilic bacterium isolated from HAAL, revealed two genes encoding photolyases (PL1/Ver3Phr 

and PL2) [1]. During previous work these two genes had been cloned into E. coli BL21. Here, 
spectroscopic and functional characterization of these novel light-driven repair enzymes is presented [2]. 

E. coli strains harbouring the Ver3Phr gene were subjected to UV-B irradiation and then exposed to light 

(PR) and dark repair (DR). Survival was assessed by traditional UFC counting and measurement of DNA 
bipyrimidine photoproducts by HPLC coupled with ionization-tandem mass spectrometry (ESI-MS/MS) 

detection. All experiments were run in parallel with the ortholog E. coli photolyase (EcPhr) expressed in 

the same host cells to allow for a direct functional comparison of the novel photolyases from HAAL. 
Clear enzymatic function was assessed for Ver3Phr, both in vivo and in vitro. E. coli cells harbouring the 

recombinant plasmid carrying Ver3Phr survived after UV exposure while cells with the empty vector 

were completely depleted after the treatment. The recovery after PR in the cells carrying the Ver3Phr was 

three orders of magnitudes greater than observed in the control, prooving the functional and efficient 
activity of Ver3Phr. 

____________________ 
 [1.]  V. H. Albarracin, G. P. Pathak, T. Douki, J. Cadet, C. D. Borsarelli, W. Gärtner, M. E. Farias, Origins of Life 

and Evolution of Biospheres 2012, 42 201-221. 

 [2.]  V. H. Albarracin, J. Simon, G. P. Pathak, L. Valle, T. Douki, J. Cadet, C. D. Borsarelli, M. E. 

Farias, W. Gärtner, First characterization of CPD-class I photolyase from a UV-resistant 

extremophile isolated from High-Altitude Andean Lakes, Photochem. Photobiol. Sci. 2014, in press 
(DOI: 10.1039/c3pp50399b). 
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Feeding the world’s current population already requires 15% of the total net primary productivity of the 
globe’s land area and that will need to increase to 25% in order to meet the projected increase in 
agricultural demand this century. This near doubling of food production will have to be accomplished on 
globally declining acreage and during a time in which there will be ever increasing demand on cultivated 
lands for the production of bioenergy crops, while in the face of a changing global environment that has 
already resulted in decreasing global yield of some of the world’s most important food crops. The yield 
potential of crops is determined by their efficiency of capturing available light energy (i), the efficiency 
of converting intercepted light into biomass (c), and the proportion of biomass partitioned into grain (η). 
The remarkable yield gains of the Green Revolution in the middle of the 20th century resulted from plant 
breeders bringing η and i for major crops close to their theoretical maxima, leaving improved 
photosynthetic efficiency as the only yield determinant with sufficient capacity to double crop 
productivity. Opportunities to improve photosynthetic efficiency exist in readapting photosynthesis to the 
rapid changes in atmospheric composition and temperature, in redesigning photosynthesis for agricultural 
production and in applying synthetic biology to bypass evolutionary limitations and inefficiencies in 
photosynthesis [1,2].  
 
.  
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Microalgae are capable of efficiently converting inorganic CO2 with the help of sunlight energy and water 
splitting into organic biomass, which is composed of energy-rich carbon-based compounds. The rising 
interest on the application of phototrophic microorganisms as production hosts for sun-energy based 
commodities is currently reflected by numerous international research initiatives in this field. This 
presentation will summarize recent advances achieved in our lab at Bielefeld University including the 
development of new molecular approaches for efficient phototrophic cultivation and production/secretion 
mechanisms for high value products [1][2]. In addition recent findings will be presented, demonstrating 
for the first time that microalgae have the ability of cellulose degradation and assimilation for growth, a 
phenomenon which has been previously only shown for heterotrophic bacteria and fungi [3]. Phototrophic 
microbes may thus have the potential to serve as bio-catalysts in cellulosic biofuel production approaches. 
Finally, a new method for the construction and genotypical analysis of robust non-GMO algal mutants 
suitable for outdoor cultivation will be presented, opening up new ways for random forward genetics 
approaches in microalgae. 
 
[1] K. J. Lauersen, H. Berger, J. H. Mussgnug, O. Kruse J. Biotechnol., 2013 167: 101-110 
[2] K. J. Lauersen, T. L. Vanderveer, H. Berger, I. Kaluza, J. H. Mussgnug, V. K. Walker, O. Kruse, 
Appl. Microbiol. Biotechnol., 2013, 97(22): 9763 – 9772 
[3] O. Blifernez-Klassen, V. Klassen, A. Doebbe, K. Kersting, P. Grimm, L. Wobbe, O. Kruse  Nature 
Comm., 2012 3:1214 
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Microalgae are presented as a potential source of renewable biomass for the extraction of lipids in the 

production of biofuels. The technique of fluorescence analisys is highly sensitive and recent research, 
already use to quantify lipids. The fluorescence spectroscopy showed a rapid and very sensitive tool for 

monitoring of total lipids in microalgae using the fluorescent probe Nile red and triolein as model of 

lipids. Lipid production by Haematococcus pluvialis and  Muriellopsis sphaerica were totality dependent 

on the intensity of radiation during cultivation. The best lipid levels were obtained in the intensity of 
photosynthetic active radiation (PAR) in media 200 μE m

-2
 s

-1
 to H. pluvialis and 100 μE m

-2
 s

-1
 to M. 

sphaerica. 

 

       
Figure 1. a) Haematococcus pluvialis; b) Muriellopsis sphaerica. 

 
The interest in the biotechnological potential of microalgae is growing and its cultivation can be induced 

to produce natural antioxidants with high added value in the world market. The biochemical composition 

of microalgae is determined by the nature of the species, variation of the light intensity, temperature, pH, 

nutrients and other typical of the medium. The carotenoids of microalgae are natural antioxidants and 
operate in cell fotoproteção system. Haematococcus pluvialis species and Muriellopsis sphaerica are the 

ones that provide greater levels of carotenoids astaxanthin and lutein. 

 
The great point for carotenogênese of Haematococcus pluvialis was registered with radiation level equal 

to 200 µE m
-2

 s
-1

; concentration 62,5 g L
-1
 of NaNO3; 0,1 % m v

-1
 CH3COONa and 0,2 % m v

-1
 NaCl. The 

best result for the Muriellopsis sphaerica was obtained with radiation level equal to 100 µE m
-2

 s
-1

; 

concentration 25,0 g L
-1

 of NaNO3; no added CH3COONa and NaCl.  
 

 a)      b) 
Figure 2. a) Haematococcus pluvialis; b) Muriellopsis sphaerica 
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Operating at ~ 150 terawatts net primary production, photosynthesis powers most of the biosphere and 

over multiple glacial/interglacial periods controlled the "fast" global carbon cycle. Atmospheric 

measurements of CO2 and of carbon isotope ratios demonstrate unequivocally that by transferring carbon 

from the “slow” carbon cycle to the “fast” one, anthropogenic activity is responsible for increasing 
atmospheric CO2. Due to this added carbon burden, photosynthesis has lost control of the carbon cycle; 

atmospheric CO2 levels are rising and are higher now than ever experienced by human societies and a 

significant fraction of the biosphere. One way to restore control of the carbon cycle to photosynthesis is to 
develop new forms of super efficient photosynthesis including artificial, hybrid and reengineered natural 

systems [1,2].  

 
In selected systems, rational design, based on the principles demonstrated in artificial systems and the 

techniques of synthetic biology, could be used to optimize solar-to-biomass conversion efficiencies to 

meet specific needs. I will report our progress using fundamental design principles to develop high 

efficiency artificial reaction centers and systems that mimic the antenna, protective and control systems 
found in natural photosynthesis. 

 

This strategy would free natural photosynthesis to support the biosphere and lithosphere in the complex 
ways that all life depends upon. Research towards this objective must start now so that further damage to 

the natural, autotropic/heterotropic interdependent relationships can be prevented. 

 
Acknowledgments Portions of this abstract have been used for American Chemical Society, Materials 
Research Society and similar meetings. Work supported as part of the Center for Bio-Inspired Solar Fuel 
Production, an Energy Frontier Research Center funded by the U.S. Department of Energy, Office of 
Science, Office of Basic Energy Sciences under Award Number DE-SC0001016.  
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Unicellular algae are considered the best option for replacement of fossil fuels because of their high 

productivity with respect to higher plants and for their high lipid content whose extraction easily leads to 

biodiesel production.  Nevertheless,  the up-scaling of laboratory culture to industrial size plants has 

encountered a major obstacle due to a loss productivity with the increasing of photobioreactor size and/or 
growth in high irradiance.   We have analyzed the growth of Chlamydomonas reinhardtii upon 

acclimation to  different light intensisties during either continuous or intermittent illumination and found 

that light growth conditions determine the level of accumulation of the LHCSR protein responsible for 
Excess Energy Dissipation (NPQ) [1,2] and also determine the light use efficiency and  the growth rate of 

cultures [3].   Growth analysis of genotypes lacking two or three LHCSR genes [1] modulates NPQ 

activity and growth rate of the cultures. Isolation of page green (pg) mutants with reduced chlorophyll 

content per cell [4] led to increased growth rate and decreeased NPQ activity and yet scaling up of the 
photobioreactor size led to variable results. Chamydomonas being a shafile organism, we searched for 

similar pg mutations in high light growing species which led to reliable increase of productivity in large 

size photobioreactors.  We will report on the identification of critical gene products involved in this 
phenotype of reduced yield and on the strategies for domesticating strains of unicellular algae, presently 

adapted to growth in natural environment, to the conditions of industrial use [5].  A major role is played 

by the mechanisms of regulation of photosynthesis for resistance to excess light, which lead to dissipation 
of a large fraction of absorbed photons into heat. Engineering of this system can yield  to significant 

improvement of productivity. 

 
Acknowledgments RB acknowledges the financial support by EEC projects SUNBIOPATHS and 
ACCLIPHOT.  
 
[1] Peers G, Truong TB, Ostendorf E, Busch A, Elrad D, Grossman AR, Hippler M, Niyogi KK. 
Nature. 2009 Nov 26;462(7272):518-21. 
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PHOTORECEPTORS AND RESPONSES TO LIGHT IN BACTERIA: A 
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Xanthomonas citri subsp. citri (Xcc) is a Gram-negative bacterium responsible for the citrus canker 
disease. The Xcc genome has been fully sequenced, and includes four genes encoding proteins with 
domains involved in the perception of light. Among them is a protein belonging to the family of 
photoreceptors with LOV domains (Light, Oxygen and Voltage), which are sensitive to the blue region of 
the electromagnetic spectrum. It also has two BLUFs and one phytochrome. Xcc-LOV is composed by a 
LOV domain, a histidine kinase domain and a response regulator domain, being a hybrid histidine kinase 
protein. Xcc-LOV was characterized by biophysical and photochemical methods and by enzymatic 
activity showing that this protein is a canonical photoreceptor. The Xcc-LOV displays a photocycle that 
involves the generation of an excited triplet state, followed by the generation of a covalent protein-
cofactor photo-adduct that returns to the ground state in the dark with an unusually prolonged recovery 
time. Additionally, the photo-adduct has an increased kinase activity under light condition, probably 
involved in intracellular signaling. 
Furthermore, an Xcc mutant strain in the gene encoding the LOV photoreceptor was used to evaluate its 
role in the bacterial physiology and in the development of the disease during plant infection. It was 
observed that the synthesis of flagella, adhesins and exopolysaccharides are modulated by the lov gene. 
Moreover, a blue light dependence was observed in the bacterial adhesion to target tissues. 
Additionally, a global transcriptomic analysis was performed on orange leaves inoculated with the wild 

type and mutant strains of Xcc, and biochemical and histological methods were used to assess the defense 

mechanisms triggered by plants against bacterial infection. These results suggest that the LOV protein is 

probably involved in the regulation of bacterial effectors that counteract plant defense responses thus 
favoring the development of citrus canker disease. 
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The general stress response (GSR) of the soil-bacterium Bacillus subtilis regulates the transcription of 

~200 genes in response to environmental stress (such as a sudden increase in salt concentration or blue 
light intensity, or an energy stress (e.g. starvation)) [1]. A complex signal-transduction pathway tightly 

controls the activation of the GSR, which prevents unnecessary activation in unstressed cells and allows a 

rapid response upon mild stresses. 
 

The most upstream component of the environmental-stress pathway is a large protein complex called the 

stressosome. This complex can be formed in vitro from 60 copies of two different proteins, but includes at 

least seven different proteins in vivo [2]. Intriguingly, the stressosome incorporates the blue-light 
photoreceptor protein YtvA [3]. YtvA has an N-terminal LOV (light, oxygen, voltage) domain through 

which it activates the stressosome [4]. 

 
Of YtvA we have studied the photocycle, and its interaction with the stressosome, using in vitro and in 

vivo techniques [4-6]. We then applied this knowledge by using YtvA as a tool to demonstrate different 

roles for a paralogous class of components of the stressosome [7], and a larger light-sensitivity of the 
GSR than expected based on the properties of YtvA [6]. In the course of these experiments we also 

discovered a YtvA-independent effect of light on the energy-stress pathway [8]. 

 
[1] M. Hecker et al., Annu. Rev. Microbiol. 2007, 61, 215. 
[2] J. Marles-Wright et al., Science 2008, 322, 92. 
[3] M. Jurk et al., Biochem. Biophys. Res. Commun. 2013, 432, 499. 
[4] M. Avila-Perez et al., J. Bacteriol. 2006, 188, 6411. 
[5] M. Avila-Perez et al., J. Biol. Chem. 2009, 284, 24958. 
[6] J. B. van der Steen et al., Mol. BioSyst. 2013, 9, 2331. 
[7] J. B. van der Steen et al., J. Bacteriol. 2012, 194, 1708. 
[8] M. Avila-Perez et al., J. Bacteriol. 2010, 192, 755. 
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We previously demonstrated that the Gram-negative opportunistic human pathogen Acinetobacter 
baumannii senses and responds to blue light (Mussi et al., 2010). In particular, we have shown that 

motility, biofilm formation and virulence against Candida albicans are modulated by blue light. These 

bacterial responses depend on the expression of the blue-light-sensing A (blsA) gene, which codes for a 
protein that contains an N-terminal blue-light-sensing-using flavin (BLUF) domain. Interestingly, 

temperature plays a role in the ability of A. baumannii to sense and respond to light, as the 

photoregulation is not observed at 37ºC. In addition, we showed that light regulation is not restricted to A. 

baumannii but is widespread within members of the Acinetobacter genus, showing that light perception is 
a common trait in the lifestyle of these bacteria (Golic et al., 2013).  

The first step in the light transduction cascade was thus identified in A. baumannii: the photoreceptor 

BlsA. In this work, we present evidence on the last step of the light signal transduction cascade, which we 
have found to be mediated by cyclic second messangers as determined both by overexpression of the 

corresponding cyclases and phosphodiesterases in wild type and blsA mutants, as well as by external 

addition of the compounds. 
We were also interested in evaluating whether light modulates antibiotic resistance in A. baumannii, given 

its established character as a nosocomial pathogen. For this purpose, we performed a systematic analysis 

using standarized antibiotic susceptibility tests conditions. Our results show that many of the strains 

analyzed present slight but reproducible differences in antibiotic resistance between light and dark 
conditions. Moreover, in two strains, A118 and A42, we detected wider differences that could account for 

a role of light in modulation of antibiotic resistance. These differences were registered mainly with 

amikacyn, minocyclin and imipenem antibiotics.  
 
Acknowledgments We acknowledge Dr. Max Dow and Dr. Adrián Vojnov for their contributions to this 
work. 
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Twitching motility, a surface translocation movement involving type IV pili expression, is present in a 

variety of gram negative bacteria as a key feature in virulence associated phenotypes [1]. 

We previously found that blue light inhibits twitching motility in strain A.baylyi ADP-1 in a temperature 
dependent manner, reaching a maximum of inhibition at 20°C [2]. 

A.baumannii express a single BLUF photoreceptor (blue light using FAD), whereas A.baylyi ADP-1 

contains four predicted BLUF sequences in its genome. In order to study the role of these photoreceptors 
in twitching regulation, single knockout mutants (ACIAD2110, ACIAD1499, ACIAD2125 and 

ACIAD2129) were exposed to blue light/dark conditions and tested for twitching motility. Three of four 

BLUF knockout mutants (1499, 2125 and 2129) showed a supression of twitching inhibition by light 

whereas only ACIAD2110 mutant was reluctant to this supression and therefore, showed identical 
phenotype as the wild type, suggesting that this gene has no role in blue light twitching regulation. This 

effect was observed irrespective of which of three BLUF sequences was knocked, a behauviour observed 

also with a double (ACIAD1499 and ACIAD2125) and a triple mutant. Interestingly, twitching inhibition 
by blue light could be restored upon single knockout strain complementation with any of three active 

ACIAD sequences. 

Quantitative analysis by RT-PCR of the three genes involved showed a different expression levels in blue 
light than in darkness. In fact, all three genes gave higher expression level in darkness than in blue light: 

dark/light ratios were 2.69±0.39 (ACIAD1499), 1.79±0.21 (ACIAD2125) and 1.65±0.28 (ACIAD2129).  

According to these results, BLUF photoreceptors in A.baylyi ADP-1 have a high degree of redundancy 

and are interchangeable in their photosensory function.  
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Bacteria can detect and respond to environmental changes through two-component signalling systems 
(TCS), which consist of a sensor histidine kinase (HK) and its cognate response regulator (RR). The 

Brucella genome encodes a sensor HK, LOVHK, which has three domains: a LOV (Light-Oxygen-

Voltage) N-terminal domain, a PAS domain and finally a C-terminal HK domain which belongs to the 
HWE family. After exposure to blue light, the LOV domain initiates a self-contained photocycle, which 

promotes autophosphorylation of the HK domain. This leads to a signal transduction pathway that ends 

with an increment in Brucella virulence [1]. Using two-hybrid assays and phosphotransfer experiments 
we identified two RRs as interacting partners for LOVHK: a single domain RR named LovR and PhyR 

which has two domains. Phosphotransfer assays suggest that LovR is functioning as a phosphate sink for 

LOVHK, decreasing the phosphorylation level of LOVHK. PhyR is an anti-anti sigma factor which is 

involved in the General Stress Response (GSR) system characteristic of alphaproteobacteria and recently 
described in Brucella abortus [2,3]. Using qRT-PCR analysis, we demonstrated that phyR and other genes 

regulated by the GSR system are down-regulated in the lovhk mutant. We have also confirmed that PhyR 

protein level is decreased in the lovhk mutant compared to the wt. Expression assays using virB promoter 
fused to lacZ confirmed that LOVHK regulates virB expression. Light activation of the GSR system and 

virB expression is still under evaluation. In conclusion, our results suggest that LOVHK activates the 

GSR system and modulates virB gene expression, modifying the virulence of Brucella.  
 
[1] T. E. Swartz et al., Science, 2007, 317, 1090.  
[2] A. Staron et al., Mol Microbiol, 2010, 78(2), 271. 
[3] H. S. Kim et al., J Biol Chem, 2013, 288(19), 13906. 
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Bacteriophytochromes (BphPs) are red-light photoreceptors found in photosynthetic and non-

photosynthetic bacteria. However, their physiological role in non-photosynthetic bacteria is not yet 

understood. Here we present the first structural and functional characterization of two BphPs from the 
non-photosynthetic myxobacterium Stigmatella aurantiaca. Among prokaryotes, myxobacteria are 

distinguished by a unique multicellular stage in their life-cycle in which fruiting bodies are formed. 

Interestingly, fruiting body formation in S. aurantiaca is markedly stimulated by red and/or blue light.  

Our hypothesis is that BphPs may play a role in the fruiting body formation of S. aurantiaca. Like 
classical BphPs, SaBphP1 and SaBphP2 are composed of a photosensory module covalently linked to a 

histidine kinase and require biliverdin (BV) as a cofactor for photoactivity. They share 41% sequence 

identity and yet have distinct photoconversion properties. While SaBphP2 behaves as a classical BphP, 
SaBphP1 undergoes limited red light to far-red light (Pr/Pfr) photoconversion. The complete 

photoconversion of SaBphP1 can be restored by mutating threonine (Thr289) to a histidine (His) in the 

photosensory module. Besides BphPs, the S. aurantiaca genome annotation also indicates the presence of 
a putative heme oxygenase, which is essential in BV synthesis.  Conversely, the genome of the closely 

related Myxococcus xanthus completely lacks BphP and heme oxygenase genes. We cultured S. 

aurantiaca DW4/3.1 and M. xanthus DZ2 on starvation agar plates in both light and dark conditions. In 

contrast to M. Xanthus, which forms fruiting bodies in the dark, S. aurantiaca produces orange-pigmented 
fruiting bodies only in the presence of light. Currently, we are investigating the role of BphPs in fruiting 

body formation by inactivating/mutating genes coding for BphPs and screening for expected phenotypes. 

Our goal is to determine what mechanistic changes accompany light-induced morphogenesis in 
myxobacteria and the novel role of photoreceptors in these non-photosynthetic microorganisms. 
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Our research line applies a novel interdisciplinary synthetic biology approach focused on the introduction 

and further engineering of plant photoreceptors, like phytochromes, and their signaling modules in 

mammalian cell systems. Our objectives are two fold: 
 

On the one side we aim at developing optogenetic tools to control cellular processes in mammalian and 

plant cells. For instance, by wiring components of Arabidopsis phytochrome light-sensing system with 

synthetic effector molecules, we developed the first red/far-red light-triggered gene expression switch for 
use in mammalian and plant cells [1, 2, 3, 4]. The system provides unmatched spatio-temporal control 

capabilities and can be reversibly switched between on and off states by pulses of red and far-red light, 

respectively.  We further combined this system with synthetic modules sensitive to blue and UV-B light 
to achieve multi-chromatic, multi-gene control of gene expression in mammalian cells opening up novel 

perspectives for the spatio-temporally-resolved control of complex cellular processes and development of 

biomedical applications [5, 6]. Moreover, we have also developed tools for the light-dependent control of 

protein kinase activity [7], cellular localization of proteins [unpublished] and activation of signalling 
cascades [unpublished].  

 

While on the other, the mammalian cell system allow us to perform a partial reconstruction and study of 
phytochrome signaling pathways in an orthogonal environment, thereby being able to get insights into 

phytochrome biochemistry and signaling networks. 

We therefore harness the dialectic process between analysis and synthesis that sets the grounds of 
synthetic biology to design and generate synthetic tools and platforms to understand and control cellular 

processes and biological systems thereby providing novel research avenues for the plant as well as for 

animal cell research fields. 
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Microbial photoreceptors, bacteriophytochromes, absorb far-red / near-infrared light, which is optimal for 
optogenetic applications in deep animal tissues. Bacteriophytochromes autocatalytically bind its 

chromophore, biliverdin IX, which is naturally available in mammalian cells. We developed two 
approaches for engineering bacteriophytochrome-based optogenetic tools: (i) protein engineering of 

bacteriophytochromes with novel activities, and (ii) engineering of synthetic regulatory circuits. (i) Most 

bacteriophytochromes function as homodimers, where light-induced conformational changes are 

transmitted to the output domains via signaling -helices. We predicted that heterologous output domains 
whose activities require homodimerization can be fused to the photosensory modules of 

bacteriophytochromes to generate light-activated proteins. By fusing a bacterial adenylate cyclase domain 

to the photosensory module of the Rhodobacter sphaeroides bacteriophytochrome BphG, we engineered 

IlaC, a near-infrared light-activated adenylate cyclase. When expressed in cholinergic neurons, IlaC can 
control behavior of Caenorhabditis elegans in a light-dependent manner. (ii) To expand the range of gene 

and protein activities that can be regulated by far-red / near-infrared light, we designed a genetic module 

for light-controlled synthesis of cyclic dimeric GMP (c-di-GMP), a second messenger not produced by 
animals. The key component of the module is an engineered bacteriophytochrome diguanylate cyclase, 

BphS, whose activity is photoactivated by ~11-fold. BphS is linked to a c-di-GMP phosphodiesterase, 

YhjH, that maintains near-zero c-di-GMP background levels in the dark but is readily overpowered by the 

light-activated c-di-GMP synthesis. When linked to c-di-GMP-responsive transcription factor, this 
module controls photoactivated gene expression. The insights derived from these studies are expected to 

facilitate development of new classes of far-red / near-infrared light controlled optogenetic tools for 

mammals including bacteirophytochromes with novel activities and c-di-GMP-mediated circuits to 
control gene expression, protein activities and protein-protein interactions.  
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The goal of the discipline of synthetic biology is to understand how to program systems-level biological 

processes, such as the growth of an artificial tissue, by writing unnatural DNA sequences. In order to gain 

better understanding of, and control over, the path from DNA to cell- and organism-level processes, 
synthetic biologists have adapted a modular design framework from electrical and systems engineering. In 

the ‘biological systems engineering’ framework, the manner in which individual genetic components, 

such as signaling proteins or transcription factors, transduce, transform, and transmit biological signals is 

first understood through rigorous characterization. The goal is then that components can be assembled 
into higher-order devices, and eventually systems, whose performance can be predicted from the 

properties of the components. Though synthetic biology has made notable progress, the actual utility of 

the biological systems engineering framework has been limited by an inability to directly characterize the 
dynamical performance features of biological components, and thus predict how they will behave when 

composed and deployed in different contexts. The result is that synthetic biology is not yet a mature 

engineering discipline. To address this limitation, we have recently developed an all-optical biological 
‘function generator and oscilloscope’ framework that allows us to directly characterize the dynamical 

signal processing properties of genetic components in the native cellular environment. In particular, we 

have created sine waves and linear ramps of a transcriptional repressor in E. coli and shown that the 

promoter that it regulates transforms the repressor signal linearly with a seven-minute time delay. Our 
method is based upon our previously engineered light-switchable bacterial two component systems, 

mathematical models of their input/output dynamics, computational algorithms to design light inputs to 

program custom gene expression dynamics, and custom-built optical hardware for growing cells in well 
defined light conditions and making precise fluorescent protein measurements. Here, I will discuss how 

this and related methods can help overcome the major characterization bottlenecks that have limited 

synthetic biology, and along with future advances, enable a complete adaptation of the systems 
engineering framework to biology. 
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Visualization of biological processes non-invasively in live animals is an invaluable approach in basic and 

translational biology. The progress in optically-based in vivo imaging requires genetically-encoded near-

infrared probes [1]. In a near-infrared region of the optical spectrum (650-900 nm) mammalian tissue is 
more transparent to light because the combined absorption by hemoglobin and water is minimal. On the 

basis of bacterial phytochromes we have engineered three types of near-infrared fluorescence probes, 

which utilize present in mammalian tissues heme-derived biliverdin as a chromophore. These probes 
include several spectrally distinct permanently fluorescent proteins (iRFP670, iRFP682, iRFP702, 

iRFP713 and iRFP720) [2], fluorescent proteins that are photoactivatable from low to high brightness 

(PAiRFP1 and PAiRFP2) [3] and bimolecular fluorescence complementation probe that reports on 

protein-protein interactions (iSplit) [4]. The designed near-infrared proteins were imaged in tumor models 
in living animals. The multicolor deep-tissue and whole-body fluorescence imaging [2-4] and 

multicontrast photoacoustic imaging [5] techniques aided by the developed probes should become 

common approaches in cell and developmental biology, in studies of cancer and pathogen invasion, and 
in biomedicine.   
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In the emerging field of optogenetics, channelrhodopsins (ChRs) are used for light-induced membrane 

depolarization, thereby enabling precise action-potential firing in neurons. Complementary to ChRs, light-
activated proton and chloride pumps mediate neuronal inhibition via membrane hyperpolarization. Today, 

these optogenetic actuators have been established as tools to study neuronal circuitry by modulating the 

activity of specific subclasses of neurons. However, only few studies report subcellular targeting of 
optogenetic actuators. Here, we present “pHoenix” , a green light-activated proton pump that specifically 

targets to synaptic vesicles. Since pHoenix combines the proton-pumping Arch3 [1] with the GFP-based 

pH indicator pHluorin [2], it allows for simultaneous vesicular acidification and pH imaging. We 
expressed pHoenix in cultured hippocampal neurons by lentiviral delivery and verified its localization by 

confocal microscopy. Moreover, electrical recordings on autaptic (self-projecting) neurons were used to 

measure AP-evoked postsynaptic responses in a single-cell system. pHoenix activation was combined 

with the application of bafilomycin, a specific blocker of V-type ATPases, to study the impact of 
vesicular pH on neurotransmitter release in cultured glutamatergic neurons. Taken together, pHoenix 

represents a potent optogenetic tool to study synaptic release and its regulation in a time-resolved manner 

in living neuronal cells. 
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The control of spatiotemporal dynamics underlying life-threatening cardiac arrhythmias is extremely 
challenging due to the interaction of vortex-like rotating excitation waves with the heterogeneous 

anatomical substrate. For a lack of a better strategy, high-energy electric shocks are used to terminate 

cardiac fibrillation. However, these shocks may have side effects including tissue damage and intolerable 

pain. Low-energy anti-fibrillation pacing (LEAP) allows terminating cardiac arrhythmias with 80-90% 
less energy compared to conventional defibrillation [1,2]. It has been demonstrated experimentally that 

simultaneous and direct access to multiple vortex cores results in progressive and rapid synchronization of 

cardiac tissue [1]. However, further optimization of LEAP requires detailed understanding of the 
mechanisms and instabilities underlying the onset, perpetuation, and control of cardiac arrhythmias. 

 

Optogenetic photostimulation is a promising experimental tool to investigate and optimize the dynamics 

of multisite pacing strategies including LEAP [3, 4]. Here we show successful real-time control of cardiac 
arrhythmias in Langendorff-perfused intact transgenic channelrhodosin-2 mouse hearts using structured 

illumination and fluorescent imaging. 
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UV-B wavelengths initiate a range of regulatory responses in plants that modify morphology, metabolism 
and physiology and include changes in biochemical composition that promote UV-protection and defence 

against pests and pathogens. Photomorphogenic responses to UV-B are mediated by the photoreceptor 

UV RESISTANCE LOCUS8 (UVR8) [1]. It is well established that UVR8 signaling leads to the 
regulation of transcription of numerous genes that underpin photomorphogenic responses to UV-B.  

 

UVR8 is a 7-bladed -propeller protein [2,3] that exists as a homodimer maintained by electrostatic 
interactions between specific charged amino acids at the dimer interface. UVR8 lacks a bound 

chromophore and specific tryptophan amino acids act as UV-B chromophores for the photoreceptor. UV-
B photoreception causes rapid dissociation of the dimer into monomers. UVR8 monomers interact with 

the CONSTITUTIVELY PHOTOMORPHOGENIC 1 (COP1) protein to initiate signaling and hence gene 

expression.  
 

Recent research has extended the list of physiological responses mediated by UVR8. In addition, 

experiments with UVR8 proteins mutated in selected amino acids, either in vitro or expressed in 

transgenic plants, has provided new insights into the way UVR8 functions to regulate photomorphogenic 
responses. 
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The red/far-red light absorbing phytochromes cycle between their biologically inactive Pr (λmax = 660 

nm) and active Pfr (λmax = 730 nm) forms and act as light quality/quantity dependent molecular switches 

to control photomorphogenesis. Phytochrome signaling is launched by the Pfr conformer and mediated by 
specific protein-protein interactions between phyA-E Pfr and their downstream regulatory partners. It was 

shown that phyB is phosphorylated at Ser-86 [1] and Tyr-104 [2] and that phosphorylation of these 

residues negatively regulates all phyB-regulated photomorphogenic responses. Phosphorylation of Ser-86 

significantly enhances thermal reversion of the phyB Pfr into Pr and attenuates interaction of phyB Pfr 
with the negative regulator PIF3. Here we show that phyD and phyE are also phosphorylated at their N-

termini and, similarly to phyB, their phosphorylation negatively regulates R light induced signaling and 

physiological responses. We also demonstrate that (i) phyD and phyE Pfr do not bind PIF3 in vitro and 
(ii) phosphorylation does not alter the stability and photoconversion of phyD and phyE. We will present a 

model to explain and compare the mode of action by which multiple phosphorylation of phyB, phyD and 

phyE regulates red light induced signaling at the molecular level. 
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In order to achieve favorable conditions for photosynthesis, many plants have mechanisms to orient 
photosynthetic organs towards the light. These phototropic processes are usually considered to be mainly 
depending on the blue/ultraviolet (UV)-A photoreceptors phototropins (phot).   
We found that UV-B also can induce a phototropin mediated phototropic response in etiolated 
Arabidopsis seedlings [1]. This bending response is fast and completes within three hours after onset of 
unilateral light exposure. However, in plants defective in both phototropins, bending towards UV-B light 
persisted (Figure 1, [2]).  

Figure 1. Phototropin deficient Arabidopsis mutants bend towards a UV-B light source. 2 day old etiolated Wild 

type Col and phot1-5 phot2-1 (phot1 phot2) mutant seedlings were exposed to 24h unilateral monochromatic light of 

302 nm (UV-B, 0.12 µmol.m-2.s-1) or 450 nm (0.12 µmol.m-2.s-1). A) Photographs taken with the focal plane parallel 

to the incoming UV-B light. B) Quantification of the bending angle. 

 
The latter response is slower than the phototropin dependent response, starts at three hours and yields 
orientation towards the light at seven hours after the onset of unilateral illumination. Characterization of 
lines carrying artificial microRNAs against the specific UV-B photoreceptor UV RESISTANCE LOCUS 
8 (UVR8), showed that UVR8 is necessary for the slower response [1]. Furthermore, reporter line and 
mutant analysis revealed involvement of the transcription factor ELONGATED HYPOCOTYL 5 (HY5). 
In addition, meta-analysis of transcriptomic data and mutant phenotyping indicated a role for the auxin 
transport or signaling downstream of the UVR8 receptor. 
We conclude that unilateral UV-B exposure can induce bending towards the light by both the phototropin 

or the UVR8 dependent pathways. 
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Across the whole plant kingdom phytochrome (PHY) photoreceptors play an important role during 

adaptive and developmental responses to light. Extensive studies have shown that in seed plants like 

Arabidopsis thaliana light-activated phytochromes accumulate in the nucleus, where they regulate 

downstream signalling components, such as the phytochrome interacting factors (PIFs) and the 
COP1/SPA E3-ubiquitin ligase complex. 

PIFs are bHLH transcription factors that repress photomorphogenesis through the regulation of gene 

expression. In Arabidopsis, light-activated nuclear phytochromes suppress PIF activity, thus altering the 
expression of several hundred genes. In cryptogam plants (e.g., ferns and mosses) PHYs equally 

accumulate in the nucleus after activation by light. Their nuclear function, however, has so far remained 

elusive. Here we have analysed the effect of red light on gene expression in the moss Physcomitrella 
patens, thereby identifying putative target genes of phytochrome signalling. Among the differentially 

expressed genes we found homologs of genes that are regulated by PIFs in Arabidopsis. We identified 

putative PIF proteins in the genome of P. patens, which resemble Arabidopsis PIFs in their protein 

domain structure and molecular properties, and which, when expressed in Arabidopsis, result in a 
phenotype reminiscent of Arabidopsis PIF overexpression lines. Thus, although phytochrome clades from 

cryptogams have evolved independently of seed plant phytochromes, the function of PIFs as PHY 

downstream signalling factors that relay light signals to target gene promotors may have been conserved 
during the course of evolution.  
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Light regulates growth and developmental processes in plants through global transcriptome adjustment, 

translational control and multi-layered post-translational modification of proteins. The transcriptional 
activation and repression of light-responsive genes has been well documented, however, the impact of 

post-transcriptional regulation on conveying light signals has been less addressed. Here we show that 

optimal photomorphogenesis in Arabidopsis requires proper biogenesis of small regulatory RNAs, which 
play pivotal roles in the post-transcriptional regulation of gene expression. Arabidopsis carrying a 

mutation in HUA ENHANCER 1 (HEN1), which is required for stabilizing multiple classes of small 

regulatory RNAs, showed multiple light-hypersensitive phenotypes. Our finding indicated that HEN1 is a 
negative regulator of Arabidopsis photomorphogenesis. The light-activated HEN1 expression depends on 

photoreceptors phyA, phyB, cry1, cry2 and key transcriptional regulators, ELONGATED HYPOCOTYL 

5 (HY5) and HY5-HOMOLOG (HYH). We also demonstrate the involvement of small regulatory RNAs, 

miR157d and miR319, in moderating the expression of a positive regulator, HY5, and negative 
regulators, TEOSINTE BRANCHED 1, CYCLOIDEA AND PCF family proteins (TCPs), respectively, 

for Arabidopsis to achieve optimal photomorphogenic development. 
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Previously, we showed that UV-B radiation inhibits A. thaliana (a dicot plant) growth by inhibiting cell 

division in proliferating leaves [1]. Moreover, UV-B also affects maize (Zea mays, a monocot) growth 

under field conditions [2]; however, the mechanism(s) that participate(s) in this process is poorly known. 
To analyze this phenotype, we exposed maize seedlings to UV-B from solar radiation from germination 

until the completion of leaf 4 expansion. As a control, plants were covered with a cellulose acetate filter 

that absorbs UV-B but transmit all other solar wavelengths. Maize plants grown in the presence of solar 
UV-B showed a 15% (P<0.05) reduction in final leaf size. Leaf 4 elongation rate was about 15% lower in 

leaves exposed to UV-B (P<0.05). A kinematic analysis of leaf growth rates in control and UV-B-treated 

leaves was also done for a detailed spatial and temporal characterization. Thus, we measured epidermal 
cell length as a function of position along the leaf growth zone. For both treatments, the cell length profile 

had a typical shape characterized by distinctive domains. At the leaf base, there was a meristematic zone 

in which cell growth and division occur simultaneously. At more distal positions, cells sharply increased 

their length by expansion in the absence of mitotic activity (elongation zone). Finally, cell size did not 
vary throughout the mature part of the leaf. Epidermal cells expanded to the same mature cell length (120 

± 18 um and 121± 8 um in control and treated leaves, respectively) but cell production decreased 

significantly by 36% in UV-B-treated leaves. Surprisingly, average cell cycle duration was not affected 
by UV-B. These results suggest that overall postmeristematic cell expansion is unaffected by UV-B and 

that reduced cell production is responsible for the observed growth reduction, similarly as reported for 

other abiotic stresses [3-5]. 
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Cytochrome bc1 (mitochondrial complex III) is one of key enzymes of respiratory and photosynthetic 

chains. It transfers electrons between quinone and cytochrome c and uses quinone chemistry to 

translocate protons across bioenergetic membrane. Recent study indicates that cofactors of homodimeric 
enzyme form an H-shaped electron transfer system that connects four quinone catalytic sites (two on each 

side of the membrane). We use genetic approach of fusing two cytochrome b subunits to break structural 

symmetry of homodimer in purple bacterium Rhodobacter capsulatus and introduce mutations that knock 
out individual cofactors in various combinations. This, combined with light activation of electron 

transfers in cytochrome bc1 through the allied photosynthetic reaction center, allows us to expose 

individual electron transfer paths for kinetic scrutiny. In particular, we analyze conditions that engage 

inter-monomer electron transfer and conditions specifically designed to inject single electron to dimeric 
enzyme to trap intermediate states of quinone catalysis. Photo-induced electron transfer measurements 

indicate that the path involving inter-monomer electron transfer that connects catalytic sites across the 

dimer supports all kinetic phases of enzymatic turnover. The results also indicate that electron transfer 
connections in cytochrome bc1 are generally robust and tolerant to structural alterations as long as the 

appropriately assembled chain of cofactors connects the catalytic sites. Current challenge is to understand 

inter-monomer electron transfer and its relation to intra-monomer electron transfer from physiological 
perspective.  
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The photosynthetic bacterium Rhodobacter capsulatus contains a single (flavodoxin)-NADP(H) 

oxidoreductase (RcFPR) that catalyzes the electron transfer from NADP(H) to the flavodoxin nifF for 
nitrogenase reduction [1,2]. The plant type of these reductases presents a C-terminal Tyr residue involved 

in catalytic mechanism and stabilizing the re-face of the isoalloxazine ring of FAD. Differently, bacterial 

class FPRs bear a Phe or Ala residue instead of terminal Tyr, and a ending C-terminal extension = 
FVGEGI, which also participates in NADP(H) binding and hydride transfer mechanism [1, 2].  
 In this work, a site-directed mutagenesis approach on RcFPR was performed, producing three 

different mutants: A266Y, A266 and A266Y, where  represents mutants without the terminal peptide 
FVGEGI, and its effect on the photophysical properties of FAD was evaluated. 

 UV-vis absorption, and steady-state and dynamic fluorescence spectroscopy results indicated that the 

changes on composition of the C-terminal region resulted in the distortion of the appropriate distance and 
orientation of the isoalloxazine ring of FAD with the highly conserved Tyr66, producing efficient 

“switching-off” of the ultra-fast CT-quenching of FAD observed in the native enzyme. Contrary to the 

native enzyme, in the the modified enzymes, the isoalloxazine ring of FAD is located in a much less rigid 

nanospace of the enzyme, allowing more segmental motion of the isoalloxazine ring. The addition of 
extra Try266 did not increase the CT-quenching of FAD, suggesting that the Tyr266 does not stack the 

re-face of the isoalloxazine ring of the cofactor, as occur in plants FNRs [1]. Laser flash photolysis and 

O2-uptake studies demonstrated that in modified RcFPR, FAD forms long-lived excited triplet state, 
which is quenched by O2 producing reactive oygen species that produce cofactor and protein degradation. 

 

  These results reflect the delicate balance between enzyme structural conformation and functionality, 
since in native RcFPR where the isoalloxazine ring of FAD is tightly bound in the closer nanospace of 

Tyr66, the ultra-fast CT quenching is produced avoiding the formation of reactive triplet excited of the 

flavin, preserving the enzyme of self-photodegradation and favoring its enzymatic function involving the 

ground-state of FAD.  
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The structural and functional organization of bioenergetic electron transfer chains has been a matter of 

long-standing debates with fluctuating outcomes. The solid-state model, in which electron transfer 
reactions occur within a single supramolecular edifice [1] has been challenged by the random collision 

model [2] that relied on the findings that the enzymatic activities involved in the chain are borne by 

individual membrane bound complexes and that these membrane bound complexes are linked by soluble 

and freely diffusing electron carriers. Yet, the beginning of this century saw the revival of the solid state 
model with numerous and circumstantial evidences supporting the notion that the structural clustering of 

the various complexes of the mitochondrial electron transfer chain can shape its function. This reached its 

acme with the observation that “respirasomes” made of all the enzymes and soluble electron carriers 
required to funnel electron transfer from NADH to molecular oxygen do respire and are dynamic 

structures that determine electron flux from different substrates[3].  

As expected, similar concepts apply to the photosynthetic electron transfer chain. Protein crowding has 
been shown to constraint the diffusion of plastoquinone in the thylakoid membrane and of plastocyanin in 

the lumen. Along similar lines, the dynamic assembly or disassembly of supercomplexes that would 

sequester the soluble electron carrier, ferredoxin, has provided a tempting model to rationalize the switch 

between two essentially different electron transfer modes: linear and cyclic electron flow. The isolation of 
a supercomplex comprising, among others, Photosystem I, cytochrome b6f [4] has provided support to the 

notion that structural remodeling of bioenergetic electron transfer chain can shape their function by 

(re)routing the electron flux. 
To widen the spectrum of the methods available to assess the functional relevance of the structural 

organization of the mitochondrial membrane and complexes and contribute to this debate by alternative 

means that should provide a new perspective, we recently developed a different approach aimed at 
making the respiratory electron transfer chain amenable to time-resolved studies [5]. In parallel to these 

methodological efforts, we identified, in the photosynthetic electron transfer chain, the parameter that 

controls the switch between linear and cyclic electron flow and the correlated formation of PSI-

b6fsupercomplexes [6]. These recent results will be presented and the overall issue of the functional 
consequences of the structuration of the bioenergetic membranes will be discussed in the light of these 

and literature data. 
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Light is an essential factor in plants not only because it fuels carbon assimilation via the Calvin cycle, but 
also because it can act as a signal in several processes related to plant growth and environmental 

responses. In this work, we have addressed the effect of light on the regulation of electron flow and 

photoprotection. 
Light triggers changes in the proton motive force (pmf), which comprises two components (the proton 

gradient, pH, and the electric field, ). While both are equivalent for ATP synthesis, they play 
different roles in the control of electron flow and of light harvesting. The proton gradient modulates the 

rate of cytochrome b6f turnover (the “photosynthetic control”) and enhances thermal deactivation of 

excited states (“high energy quenching”). Conversely, no such effects have been evidenced for the electric 

field (). This suggests that photosynthetic organisms may alter their response to light stimuli by 
adjusting the relative composition of the pmf. Consistent with this, we have found that activity of ion 

channels present in the thylakoid membranes affect electron flow, potassium channels being extremely 

effective in modulating photosynthesis in cyanobacteria [1] and plants [2].  

Light can also act as a signal affecting light acclimation, as shown in the green alga Chlamydomonas 
reinhardtii. In this alga, light quality [3] and quantity [4] modulate the capacity to adjust the relative 

absorption of the two photosystems (in a process called state transitions), but also the thermal deactivation 

of excited states, as shown by the action spectrum of high energy quenching [5].  
Overall, we conclude that light not only controls photosynthesis via its consequences on electron flow and 

redox poise, but also by directly targeting specific light receptors controlling light dissipation. 
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Molecular imprinting is a technique that allows the fabrication of polymeric matrices with specific 

molecular recognition binding sites for practically any compound of interest [1].  

 
We report herein preliminary results of a project that involves the synthesis of fluorescent MIP-NPs 

(molecularly imprinted polymer-nanoparticles) as potential optical sensors. Discussion is focus in the 

transduction of the analyte / polymer rebinding event. To this end, non-imprinted NPs containing well-
characterized fluorophores that can emulate the transducer (or analyte) behavior in the optical sensor were 

synthesized [2]. The transduction process involves quenching of the polymer emission by the analyte 

through photoinduced eT (electron transfer) or ET (energy transfer) mechanisms [2].  
 

Five types of non-imprinted NPs were prepared: PAD0, PAD25, PAD75, PD25, and PD75. All NPs are 

highly crosslinked co-polymers of methyl methacrylate (MM) and ethylene glycol dimethacrylate 

(EGMA). PAD0, PAD25 and PAD75 contain also low doping levels of the 9-anthracenylmethyl 
methacrylate (A). In PAD25 and PAD75, N-(4-dimethylamino-benzyl)-2-methylacrylamide (D) replaces 

25% and 75% of MM, respectively. PD25 and PD75 were prepared as above without A. A and D stand 

for the electron (and energy) acceptor and donor, respectively. NPs (diameter 6-9 nm) dispersed in 
organic solvents were characterized using stationary and time dependent absorption and emission 

spectroscopy techniques.  

 
A shows a bimodal emission lifetime distribution in PAD0. The eT mediated quenching of PAD0 

emission by D in solution is dynamic and follows a complex behavior. Intraparticle quenching of A by D 

in PAD25 and PAD75 shows static and pseudo-dynamic components, results that can be rationalized 

using the Perrin model. Selective excitation of D in PAD25 and PAD75 leads to the formation of the 
singlet excited state of A via a Föster type mechanism. It is concluded that, despite the complex kinetics 

involved in the processes, both types of reaction (PeT and ET) could be used for the optical detection of 

an analyte in real MIP NPs.  
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Quantum dots (QD), nanometer-scale, fluorescent semiconductor crystals, are widely used as probes in 

several fields of life sciences [1]. QDs, incorporated into biomimcking systems may conduct electrons 

[2], as well as its fluorescence change in response to redox reactions occuring near to the surface became 

a base for wide array of biosensors [3,4]. Here we show that CdTe QDs can be used as electron donors for 
proteins being electron carriers: bovine cytochrome c (cyt c) and spinach ferredoxin (Fd).  QD-mediated 

reduction, manifesting in proteins UV/VIS spectrum changes, occurred during ilumination,  without 

mediation by oxygen (Fig.1). Two types of CdTe nanocrystals, distinct in diameter, were used to prove 
that surface electrons energy is tunable in a manner similar to tuning QD’s fluorescence emission. Stable 

conjugation between QDs and proteins was not required for efficient reduction: as evidenced from size 

analysis by gel filtration and fluorescence correlation spectroscopy (FCS), Fd was bound to nanocrystals 

surface, both in iluminated or non-iluminated sample, while cyt c did not interact steadily. Our results 
open new possibilities in powering and controlling  biological reactions.  

 

 
  

Fig.1. Changes in the UV/VIS spectrum of mixture of CdTe quantum dots (maximum emission 550 nm, 1.5 M)  and (a) cyt c 

(15 M ) or (b) Fd (50 M), after 30 min of incubation in darkness or at illumination. 
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Dronpa [1] is the prototype of photochromic fluorescent proteins (PCFPs), a recently developed subclass 
of the green fluorescent protein superfamily. PCFPs can be repeatedly photoswitched between a 
fluorescent (ON) state and a non-fluorescent (OFF) state and show great promise as probes for 
superresolution imaging. The molecular mechanisms of photochromism are far from elucidated. X-ray 
structures of the ON and OFF states of Dronpa showed that photoswitching is based on cis/trans 
isomerization and protonation/deprotonation of the chromophore [2]. This is however only a static 
picture, and the dynamic aspects, in particular the chronology of the two steps and their characteristic 
time-scales, are actively debated [3, 4]. 

 
Fig.: a) Chromophore structures and transition dipole moment directions in the ON and OFF states. 

b) Proposed photoactivation mechanism. 

 
We monitored the entire photoactivation process of Dronpa by transient absorption spectroscopy from 
100 fs to milliseconds. Following picosecond excited-state decay, we observed a ground-state species 
which was blue-shifted by a few nm with respect to the initial OFF state, a spectral signature 
characteristic for trans-cis isomerization of the chromophore. Its anisotropy is moreover consistent with 
the large reorientation of the transition dipole moment expected upon isomerization. The final ON state 
then formed in 12 µs by deprotonation of the chromophore, without any other detectable intermediate. In 
addition to photoactivation, we observed two-photon ionization of OFF-state Dronpa under relatively low 
femtosecond laser excitation. 
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Aggregation of planar chromophores greatly affects their photophysical performance. It is 

possible to avoid the aggregation of phthalocyaninates by axially binding them to the surface of 

aluminosilicates. For instance, we have recently designed a multifunctional zeolite L-based 

hybrid material able to target, label and photoinactivate pathogenic and antibiotic resistant 

bacteria.[1] A highly green luminescent dye was inserted into the channels of zeolite L 

nanocrystals for imaging and labeling the cells. The outer surface was functionalized with a 

Si(IV) phthalocyanine derivative that forms toxic singlet oxygen upon red light irradiation, and 

with amino groups for targeting the living microorganisms. Moreover, we’ve recently 

investigated the correlation between the degree of aggregation of the photosensitizer, the size of 

the nanoparticles, the functionalization with further solubilising moieties, and the quantum yields 

of fluorescence and singlet oxygen photoproduction. 

 

Currently, we aim to extend these concepts to cyclodextrine-based targeted, fully biodegradable 

platforms, a prerequisite for biomedical applications[3]. Our results elegantly show how a 

careful, rational design allow us to fully control the aggregation of planar chromophores, and, 

consequently, to tune their photophysical and photochemical properties. 
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Biocompatible and biodegradable silicon nanoparticles of 1−5 nm size (SiNPs) combine 
photoluminescence emission with the capability for singlet oxygen (

1
O2) and superoxide (O2

•−
) generation 

[1]. These properties provide SiNPs potential capacity as photosensitizers in PDT. SiNPs are also capable 
of increasing the yield of O2

•-
, HO

•
, and H2O2 upon 4 MeV X-ray irradiation of their aqueous suspensions 

[2]. Cytotoxic 
1
O2 is generated only in irradiation experiments containing the particles. Interestingly, X-

ray irradiation of glioma C6 cells only produced ROS in cultures with incorporated particles [3]. SiNPs 
capability of producing 

1
O2 upon X-ray irradiation opens novel approaches in the design of therapy 

strategies. 
If SiNPs could be preferentially delivered to tumor sites, then the dose and the damage to healthy tissues 
could be reduced while preserving or enhancing the destructive effects for cancer. Surface properties’ 
modifications as coating/linking with folate, antibodies, adjuvants, non-toxic poly(ethylene glycol), etc, 
may increase particles solubility, biocompatibility, targeting potential and circulation time, useful in the 
crossing of biophysical barriers and preventing opsonization.  
Thus, through intelligent design it should be possible to develop multifunctional nanoparticles with 
potential applications in imaging and therapy applications; however, care should be taken that their photo- 
and radiosensitising properties are preserved. 
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The cytotoxic effect of singlet oxygen, O2(

1
g), is currently used in photodynamic therapy (PDT) [1]. 

O2(
1
g) is most conveniently produced via photosensitization. In PDT, the sensitizer is the drug that is 

administered. It is, therefore, important to search for photosensitizers with highly efficient O2(
1
g) 

generation. Recently, using Riboflavin (Rf) as the sensitizer the enhancement of O2(
1
g) generation by 

pectin-coated silver nanoparticles (Pec-AgNPs) was demonstrated by indirect methods [2]. We here 
prepare Pec-AgNPs and measure the time-resolved phosphorescence (TRP) of O2(

1
g) (

exc
 = 355 nm) 

obtained from: a) solutions of Rf (A
355

= 0.55), b) suspensions of 4.45 gL
-1

 of Pec-AgNPs in solutions of 
Rf (A

355
= 0.55), and c) suspensions of 0.22 gL

-1
 of Pec-AgNPs. 

 
A modification of the procedure reported in reference [3] was employed to prepare  a suspension 
containing 4.45 gL

-1
 of Pec-AgNPs. The average diameter of the particles (13±6 nm) was measured by 

atomic force and transmission electron microscopies. The maximum of the plasmon absorbance of the 
aqueous suspensions of Pec-AgNPs was 408 nm. Negative Zeta potential values in the pH range 4-10 
confirm the effective coating of the particles. 
 
The TRP data confirm the metal enhanced production of O2(

1
g) by Rf in the presnece of Pec-AgNPs and 

show the O2(
1
g) generation upon excitation of the particles in the plasmon band. 
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Bacterial infections constitute a serious clinical problem. Despite the use of antibiotics, infections are 

difficult to treat and often require additional surgical interventions. Photodynamic therapy (PDT) is an 

established and minimally invasive treatment, and constitutes a fully physical treatment alternative 
against resistant and difficult-to-reach bacterial infections [1]. In PDT, the affected tissue is targeted with 

a photosensitizing agent and selectively irradiated with light being activated to yield singlet oxygen (
1
O2), 

a highly reactive oxygen species (ROS) leading to free radicals or radical ions. Phthalocyanines (Pc) are 

excellent for the development of phototherapeutic agents due to their low toxicity, high stability, efficient 
1
O2 generation and intense red light absorption corresponding to the therapeutic window where deep 

tissues can be reached [2]. Recently, a fluorescence labeled maltohexaose-based imaging probe was 

described to detect bacteria in vivo. A high sensitivity and specificity is reported for this method, as 
maltohexaose is selectively taken up via a bacteria-specific transport pathway and accumulates within the 

bacteria [3]. However, the translation to human application is currently prohibited due to significant 

limitations with regards to tissue penetration of the excitation/emission light and whole body imaging.  
Therefore we synthesized and labeled a maltohexaose-derivative with 

99m
Tc to get a SPECT (Single 

Photon Emission Computed Tomography) compatible radiotracer for imaging bacterial infections. In 

preliminary experiments we incubated selected bacterial strains with the radiotracer in vitro showing that 

the bacteria take up the tracer in a growth dependent manner. After localizing bacterial infections we also 
think about to expand this prove for therapeutic approaches and designed and synthesized different 

photoactive structures based on Zinc(II) and silicon(IV)phthalocyanines. We targeted them to the 

maltohexaose and first in vitro experiments show the desired uptake of the therapeutic agent.  
This strategy will shed new light onto the design of imaging of bacterial infections as well as third 

generation photosensitizers as “phototriggered magic bullets” for PDT. 
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The growing number of bacterial resistances against antibiotics urge the investigation towards new 

strategies for their treatment [1]. Finding a method to overcome this drawback along with a selective and 

efficient killing of pathogenic bacteria is key for this purpose. Photodynamic inactivation constitutes such 
a method [2-3], and requires photosensitizers (PS) that generate singlet oxygen (

1
O2). This species is 

reactive enough to oxidize organic moieties within its diffusion range, thus damaging membranes and 

organelles [4-5]. A class of well known and efficient PSs is represented by phthalocyanine (PC) 

derivatives [6]. Despite having 
1
O2 quantum yields of up to 70% as monomeric species, their water-

solubility is rather poor and inactive aggregates are usually formed [7-9]. Even though various attempts to 

increase their hydrophilicity have been undertaken, the formation of aggregates in water restricts their 

performance in aqueous media [10-11]. 
Laponite RD® is a layered clay consisting of disc-shaped nanoparticles of a diameter of about 25 nm that 

readily form stable suspensions in water. One of their characteristics is their ability to adsorb hydrophobic 

pigments such as indigo blue [12]. By adsorbing PCs on their surface, we have shown that the PS is 
dragged into the aqueous media and optically transparent dispersions or hydrogels are formed. The 

photophysical properties of the nanomaterial are presented herein, with particular emphasis on the singlet 

oxygen quantum yields and their correlation with aggregation phenomena at molecular and 

supramolecular level. Due to the nega -potential of the resulting nanoparticles, distinct electrostatic 
interactions with the membranes of different classes of bacteria can be inferred. A strong coulombic 

interaction with Gram-positive bacteria (Staphylococcus aureus) was observed, whereas Gram-negative 

bacteria such as Escherichia coli tend to repel the nanomaterial. This enables the selective 
photoinactivation of S. aureus in the presence of E. coli and provides a completely new and powerful tool 

for the targeted inactivation of antibiotic-resistant bacteria. 
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 Titanium dioxide in its colloidal form, attracts much attention due to its photophysical properties and 
high photocatalytic activity, enabling application of TiO2 for therapeutic purposes. Photoactive TiO2 may 

be applied in photocatalytic disinfection procedures and in photodynamic therapy due to efficient  

reactive oxygen species generation (ROS; OH
•
, O2

•−
, H2O2, 

1
O2, etc.). 

 It is highly beneficial to expand the photoactivity of titania from UV to visible light. We present a 
method of TiO2 modification by organic chelating ligands forming surface Ti

IV
 complexes leading to TiO2 

photosensitization and stabilization of colloids [1].  

Generation of hydroxyl radicals and superoxide under visible light irradiation has been studied by 
chemical methods and EPR techniques. When using an appropriate ligand, this type of materials may also 

be used as reactive nitrogen species (RNS) photo-triggers (photo-generators). In addition Near-infrared 

irradiation is postulated to enhance 
1
O2 generation in this systems [2]. Bovine serum albumin was selected 

as a model substrate to prove a high photocatalytic activity toward biological target under visible light 

irradiation and photoinduced peroxidation of lipids was also measured in selected model systems. A high 

stability in aqueous media is a unique property of synthesized transparent colloidal solutions. 

Photoelectrochemical and photocatalytic experiments revealed a strong photosensitization effect induced 
by the formed surface complexes. The results of reactive species generation mechanism together with 

results of photodynamic activity towards selected cell lines are presented. 
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Photoinduced electron transfer (ET) in biological systems especially in proteins is a highly intriguing 

matter. Its mechanistic details cannot be addressed by structural data obtained by crystallography alone, 
since it provides only static information on a given redox system. In combination with transient 

spectroscopy and site-directed manipulation of the protein, however, a dynamic molecular picture of the 

ET process may be obtained [1]. In BLUF (Blue light sensors using FAD) photoreceptors, proton coupled 

electron transfer (PCET) between a tyrosine and the flavin cofactor is the key reaction to switch from a 
dark-adapted to a light-adapted state, which corresponds to the biological signaling state. Particularly 

puzzling is the fact, that although the various naturally occurring BLUF domains show little differences in 

the amino acid composition of the flavin binding pocket, the reaction rates of the forward reaction differs 
quite largely from a few ps up to several hundreds of ps. Here, we modified the redox potential of the 

flavin/tyrosine redox pair by site directed mutagenesis close to the flavin C2 carbonyl and fluorination of 

the tyrosine, respectively [2]. We provide information on how changes in the redox potential of either 

reaction partner significantly influence photoinduced proton-coupled electron transfer. The altered redox 
potentials allowed us furthermore to experimentally describe an excited-state charge transfer intermediate 

prior to electron transfer in the BLUF photocycle. While in the dark-adapted state PCET occurs in a 

sequential fashion where electron transfer precedes proton transfer, in the light-adapted state the same 
radical pair is formed by a concerted mechanism. We propose that the altered nature of the PCET process 

results from a hydrogen bond switch between the flavin and its surrounding amino acids that 

preconfigures the system for proton transfer [3]. Hence, BLUF domains represent an attractive biological 
model system to investigate and understand PCET in great detail. 
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Cryptochromes and photolyases constitute a family of light-sensitive flavoproteins implicated in diverse 

sensory functions and DNA repair, respectively. In these proteins, light activation of the flavin-containing 
active site initiates multiple electron transfer reactions, often coupled to proton transfer, eventually 

leading  to biological response. After crystal structures of several cryptochromes and photolyases were 

determined [1-3], computational studies of electron-transfer dynamics in these proteins became possible. 

In order to conduct such studies, we developed a complex approach that combines high-level quantum-
mechanical calculations of photoactivation and electron-transfer energies and molecular dynamic 

simulations of protein and DNA in solution. With our approach, we obtain rates of individual electron 

forward- and back-transfer steps among multiple electron donors and acceptors and study how these steps 
are combined in order to achieve the photoactivation and DNA repair. Two specific topics addressed by 

our studies will be presented in this lecture - electron and proton-transfer dynamics leading to repair of 

the thymine-thymine (6-4) photoproduct by (6-4) photolyase [4-6] and formation of long-lived radical 
pairs in animal and plant cryptochromes [7,8]. Our simulations are particularly helpful for understanding 

ultrafast-spectroscopy data characterizing photoinduced electron-transfer dynamics in the wild-type and 

mutated cryptochromes and photolyases [9,10]. 
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Ultraviolet (UV) component of sunlight irradiation causes the major DNA damage by inducing 

the formation of cyclobutane pyrimidine dimer (CPD), which is mutagenic and a leading cause of skin 

cancer. Photolyase uses blue light to completely restore this lesion to two normal bases by splitting the 
cyclobutane ring. Our earlier studies [1] showed that the overall repair is completed in 700 ps through a 

cyclic electron-transfer (ET) mechanism. However, the two fundamental processes, electron tunneling 

pathways and cyclobutane ring splitting, were not resolved. Here, we use ultrafast UV absorption 
spectroscopy to show that the CPD splits in two sequential steps within 90 ps [2] and the electron tunnels 

between the cofactor and substrate through a remarkable route with an intervening adenine [3]. Site-

directed mutagenesis reveals that the active-site residues are critical to determining the functional state [4] 

and achieving high repair efficiency, a unique electrostatic environment to optimize the redox potentials 
and local flexibility, and thus balance all catalytic reactions to maximize enzyme activity. These key 

findings reveal the complete spatio-temporal molecular picture of CPD repair by photolyase and elucidate 

the underlying molecular mechanism of the enzyme’s high repair efficiency.         
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Adaptation to extreme environments is a seminal characteristic of life on Earth. Nowhere is this property 

more strongly evident than in single-celled organisms. Bacteria, archaea, and eukaryotes all have 

representatives that thrive in cold or hot environments. Many of these extremophile enzymes share 
significant amino acid sequence homology in spite of very different optimal growth temperatures (TG). 

Based on a simple amino acid sequence analysis it is unclear what adaptive changes are required to tailor 

homologous enzymes to function in extreme environments. 
 

A case in point is DNA photolyase (PL), a monomeric flavoprotein that binds UV-damaged DNA and 

repairs it by blue light activated picosecond electron transfer reaction from a conserved flavin adenine 
dinucleotide cofactor (FADH¯) to the tightly bound cyclobutylpyrimidine dimer DNA lesion. These 

enzymes also include a second light-harvesting cofactor. Here we present a comparative analysis of three 

recombinant CPD photolyases, hyperthermophilic Sulfolobus solfataricus (TG=353K, rSsPL), mesophilic 

E. coli (TG=310K, rEcPL), and psychrophilic Colwellia psychrerythraea (TG=281K, rCpPL).  
 

All PLs utilize FADH¯ bound in a highly conserved site for repair. In addition, each PL demonstrates 

different properties for its 2
nd

 cofactor. We used a variety of biochemical, physical, and molecular 
biological tools to compare these extremophile proteins with regard to repair yield, cofactor reduction 

potential and excited state properties. The difference in the stability of the redox state of the purified 

protein suggests different structural adaptations of each PL to their respective thermal environments. 

Denaturation studies, using either heat or chemical denaturants on rSsPL reveal its extreme stability 
whereas rCpPL is extremely sensitive to its thermal and aqueous environments. A comparison of cofactor 

absorption and emission spectra reveal significant differences in how the flavin cofactor is bound in the 

protein binding pocket, in spite of significant amino acid sequence homology for this cavity across all 
proteins. 
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Absorption of blue light converts the oxidized FAD cofactor of plant cryptochrome to the semi-reduced 

neutral FADH
•
 radical, the putative signaling redox state, through electron and proton transfer reactions 

involving intrinsic tryptophan and aspartic acid residues. We have studied effects of pH and ATP on these 

reactions in isolated Arabidopsis thaliana cryptochrome 1 by transient absorption spectroscopy on 

nanosecond to millisecond timescales. In the absence of ATP, the yield of light-induced FADH
•
 and also 

the yield of transient tryptophanyl radicals strongly decreased with increasing pH from 6.5 to 8.5. With 
ATP present, these yields were significantly higher and virtually pH-independent up to pH 9. ATP also 

altered the kinetics of the underlying electron and proton transfer reactions and induced band shifts in the 

stationary absorption spectrum of FADox. Analysis of the data in the light of the crystallographic structure 
suggests that ATP binding shifts the pKa of the aspartic acid D396, the putative proton donor to the 

initially formed FAD
•–

 anion radical, from ~7.4 to > 9, and favors a reaction pathway yielding long-lived 

aspartate D396
–
. Its negative charge could be the actual trigger of conformational changes necessary for 

signal transduction. 

 
Transient absorption signals recorded at 562 nm showing W324H•+ deprotonation (decay;  200 ns) followed by protonation of 

FAD•– by D396 (growth;  1.5 s). Presence of ATP and pH had a strong impact on the yield of the transient species, as well as 

on the kinetics of their formation/decay. Thorough analysis of our data revealed that especially in the absence of ATP, signals 

contained a non-negligible fraction of FADH• – Trp• radical pairs formed in an ultrafast manner (< 1 ns), congruently with a 

recent theoretical prediction [1]. 
[1] I. A. Solov'yov, T. Domratcheva, A. R. M. Shahi and K. Schulten, J. Am. Chem. Soc. 2012, 134, 18046. 
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 The necrotrophic fungus Botrytis cinerea is a phytopathogen that infects over 200 plant species, and not 
surprisingly ranks as the second most important plant pathogenic fungus based on its scientific-economic 

relevance. In order to understand how environmental signals affect is pathogenic potential, we have 

started assessing the effect of light and circadian regulation on this fungus. Thus, we have identified that 

some, but not all light responses, are processed by a LOV (Light Oxygen Voltage) domain transcription 
factor, which is the orthologue of Neurospora crassa WC-1 (White Collar 1). Thus, light modulates 

pathogenicity, and a strain that is devoid of BcWC-1 generates smaller lesions in the light, but not in the 

dark (where it behaves like the WT). Thus, the role of BcWC-1 in light regulation is being further 
addressed by RNA-seq analyses. We have also started the characterization of the B. cinerea circadian 

clock, which is composed of the FRQ (FREQUENCY) protein and a transcriptional complex formed by 

WC-1 and WC-2. Our results indicate that bcfrq mRNA presents daily oscillations in a light-dark cycle 

and in constant darkness (DD), rhythms which are lost in a bcwc-1 KO strain. We have observed 
oscillatory levels of the BcFRQ protein under temperature cycles and DD. Both the bcfrq mRNA and 

BcFRQ protein anticipate cyclical-environmental changes  (light or temperature), a key characteristic of 

circadian behavior. Importantly, we have observed an impaired infection process using bcfrq and bcwc-1 
KO strains. Moreover, we demonstrate that the outcome of the plant- fungal pathogen interaction using 

Arabidopsis thaliana and B. cinerea as working model varies with the time of day. Altogether, these 

results provide the first evidence indicating the existence of a circadian clock in this necrotrophic 
pathogen, putting forward the concept that fungal clocks can synchronize key elements of virulence and 

pathogenesis.  

 

Acknowledgments L.F.L acknowledges funding from Fondecyt 1131030, MN-FISB NC 
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Glaciers around the globe are melting rapidly, threatening the receiving environments of the world’s fresh 

water reservoirs with significant changes. The meltwater, carried by rivers, contains large amounts of 
suspended sediment particles, producing longitudinal gradients in the receiving lakes. These gradients 

may result in changes in water transparency affecting UVR penetration but also food quality for 

zooplankton by changes the light-nutrient ratio in the water column. Lake Mascardi, located in the North-

Patagonian Adean lake district, is a deep ultra-oligotrophic lake that receives the Upper Manso River, 
which begins at the largest glacier of Tronador Mountain (3554 m a.s.l.). Glacier fluctuations on 

Mountain Tronador have been observed since 1976 and show a continuous recession. We took advantage 

of the light gradient in Lake Mascardi, analyzing interannual variations in water transparency, UVR 
penetration and food quality as interacting factors affecting zooplankton populations. We analyze the 

oxidative stress due to UVR in Daphnia commutata and how this factor can modulate the coexistence 

with other potential competitors such as the copepod Boeckella gracilipes. In addition, we found 
significant differences in light:nutrient ratio and stoichiometric food quality of the seston, together with a 

switch from dominance of P-rich Daphnia in low carbon:nutrient stations to dominance of low-P 

copepods in high carbon:nutrient stations. In summary, here we showed how climate change would affect 

zooplankton via changes in water transparency and UVR effect. 
 
Acknowledgments EB, BM, MSS, and MBN are CONICET Researchers, CL is a CONICET postdoc. 
This work was supported by the Fondo para la Investigación Científica y Tecnológica of the Ministerio de 
Ciencia, Tecnología e Innovación Productiva of Argentina.  
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Most studies of the spectral dependence of inhibition in marine phytoplankton have focused on species or 

assemblages from polar, coastal or freshwater environments and little is known about the spectral 

dependence of photosynthetic response for phytoplankton prevalent in the central mid- and low latitude 
ocean.  We studied strains of the two genera which dominate subtropical and tropical ocean plankton 

assemblages, the picocyanobacteria Synechococcus and Prochlorococcus.  Cultures were grown at two 

irradiances (77 and 174 µmol m
-2

 s
-1

 PAR) and two temperatures (20° and 26°C). A biological weighting 
functions (BWF) coupled to the photosynthesis-irradiance responses (BWF/P-E model) were estimated 

for each growth condition using photosynthesis measured in a polychromatic incubator with 12 long-pass 

filter configurations with 50% wavelength cutoffs ranging from 291 to 408 nm, giving an effective 

wavelength range of 280-400 nm.  Examination of photosynthetic response vs weighted exposure 
revealed that repair rate progressively increases at low exposure but reaches a maximum rate above a 

threshold exposure ("Emax").  Adding Emax as a parameter to the BWF/P-E model provided a significantly 

better fit than the existing "E" or "T" models.  Sensitivity to UV and PAR inhibition varied with growth 
conditions for all strains, with higher growth temperature associated with a considerable reduction in 

sensitivity, consistent with an important role of repair in regulating sensitivity to UV.  The model has 

been applied to water column conditions over a range of latitudes in the central Pacific ocean and predicts 
that picoplanktonic productivity integrated over the full water column is inhibited from 10-30% by solar 

exposure, varying according to season and species.  Even greater effects are predicted for the productivity 

of just the surface mixed layer. 

 
Acknowledgments This work was supported by NASA grant NNX09AM85G to Brian Thomas, Patrick 
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The depletion of the ozone layer is constantly increasing. This atmospheric lack in protection against UV 

radiation (UVR) generates several impacts on marine organisms, including phyto- and zooplankton 
communities, rendering them particularly vulnerable to projected climate changes. Planktonic species 

may nonetheless show several strategies for protection against enhanced solar UV stress, such as vertical 

migration, as well as the synthesis of screening substances (e.g. carotenes) or UV-absorbing compounds 
(e.g. mycosporine-like amino acids, MAAs).  

The literature is extense regarding UV-absorbing compounds in zooplankton, which may be obtained 

from their algal diet or through symbiotic associations. However, when it comes to studies on marine 

crustaceans from coastal Argentina, the information is scarce. This paper reviews the effects of UVR on 
planktonic larvae of the Argentine red shrimp, Pleoticus muelleri, as our model organism. Larval stages 

of marine organisms are key study models for the evaluation of the deleterious effects of UVR on growth 

and survival, since they are more vulnerable to solar UV than the later stages; these effects translate into 
adult populations. 

Feeding P.muelleri larvae with different UV-irradiated microalgal diets, we found that UV- absorbing 

compounds synthesized by Chaetoceros sp. and Pavlova sp. are bioaccumulated in tissues of P. muelleri 
larvae. Moreover, larval growth, survival and development are dependent upon the concentration of these 

UV-absorbing compounds. This results in a dietary photo-protective effect under UVR stress, which 

might allow P. muelleri to acclimate to long-term UVR exposure. Additionally, preliminary data on 

antioxidant activity from UV-irradiated larvae point to MAAs accumulation as an effective protection 
strategy against UVR in P. muelleri larvae. 

Understanding the underlying mechanisms of sublethal and lethal stress factors, and the differences 

within and among species in their abilities to respond to these stressors, projections can be made about 
their success or failure to cope with climate change. 
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Pelagic embryos of fish may be exposed to high doses of natural UV radiation. Shortwave UV, UVB, as 

well as UVA may penetrate the water column to depths of several meters. The penetration depth differs 

depending on the contents of particles, dissolved matter or pollutants. Pollutants may also interact 
photochemically with UV- and visible radiation. 

The aim of this study was to establish the dose-effect relationship of phenotypic changes caused by UV in 

order to plan further multistressor studies including ionising radiation. A modification of the antioxidant 
defence was studied by adding a methacrylate that was previously found to decrease the amount of 

glutathione in cells [1].  

The zebrafish embryo test [2] was applied to score toxic effects of UVA and UVB. Embryos were treated 

in the period including mid- to late blastula stage, i.e. until 5 hours post-fertilisation. Radiation exposure 
was performed with a modified polymerisation unit equipped with various broadband fluorescent units 

with UVC filter.  

The broadband UVB source was approximately 1000 times more effective in inducing morphological 
lesions and embryo death of the exposed embryos than was the UVA source. Comparison with published 

action spectra indicates that DNA damage may be a major factor in the pathway leading to the observed 

effects. 
Hydroxyethylmethacrylate increased the UVB-induced effects on the embryos significantly. This finding 

indicates that synergistic effects may be induced if UV radiation and chemical pollutants interact in the 

environment.  
 
Acknowledgments This work was partly supported by the Research Council of Norway through its 
Centres of Excellence funding scheme, project number 223268/F50. 
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The planarian flatworm S. mediterranea, commonly used to investigate regeneration, is also a useful 
model organism for pigment cell research. Adult animals possess epidermal cells with structural 

similarities to vertebrate melanocytes that give them a dark brown color. We serendipitously found 

prolonged sunlight exposure triggers complete loss of this bodily pigmentation and subsequently 

determined that intense visible light is sufficient to trigger a depigmentation response. Light-exposed 
animals exhibit non-uniform pigment loss that continues for several days even if light exposure is 

stopped, indicating depigmentation is not simply a result of photobleaching. Instead, our observations 

suggest light-induced depigmentation is due to pigment cell loss – depigmented animals undergo gradual 
repigmentation when transferred to a dark environment (standard culture conditions), but this is not 

observed in the absence of the somatic stem cell population necessary for differentiated cell turnover. 

Additionally, light exposure leads to a marked increase in apoptosis, but not gross morphological defects 
associated with nonspecific cell death. We conclude that prolonged exposure to intense visible light 

triggers pigment cell apoptosis. One known apoptosis inducer in other organisms is oxidative stress and 

pigments such as melanin have been observed to sensitize cells to both UV-dependent and -independent, 

oxidative damage. Moreover, irradiation of melanin with visible wavelengths generates reactive oxygen 
species in vitro. We therefore hypothesize that the planarian body pigment (likely a melanin) exerts a 

photosensitizing effect under intense visible light by causing oxidative stress and eventually, pigment cell 

apoptosis. Consistent with this hypothesis, we are able to block light-induced apoptosis and 
depigmentation in vivo with the antioxidant dimethylthiourea. In conclusion, our work suggests that 

visible light, like UV radiation, can cause oxidative stress in pigment cells, and positions S. mediterranea 

as an experimentally tractable invertebrate model for photobiology research. 
 
Acknowledgments This work was funded by the NIH (NH-INBRE). 
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Solar radiation is one of the major environmental factors regulating the composition and production of 

phytoplankton of high Andean (3,800 m) tropical Lake Titicaca. Radiation attenuation depth (Z1 %) and 

phytoplankton chlorophyll-a concentration (biomass proxy) are trophic status indicators. As current data 
are lacking [1], we analyzed phytoplankton responses based on solar radiation attenuation in the water 

column over an annual cycle (December 2012 to April 2014). We combine vertical profiles every 16 days 

(Landsat 8 passing) in Huatajata (5 m) and Chua (40 m), in Lago Menor, with a high frequency 
monitoring (15-45 min) using automatic submerged probes in Huatajata (TITICACA SENSORS project).  

 

We relate physico-chemical parameters (Hydrolab DS5 probe), chlorophyll-a in vivo fluorescence of four 

functional groups (bbe FluoroProbe), and UV -B (280-320 nm), UV -A (320-400 nm) and PAR (400-700 
nm) (C -OPS Biospherical radiometer). Radiation attenuation depth decreases between rainy and dry 

seasons: UV-B (3.5 to 2.5 m), UV-A (7.0 to 4.5 m) and PAR (13.5 to 9.0 m).  Chlorophyll-a vertical 

profiles illustrate a strong surface inhibition (<1 µg/L) and deep maximums, close to the euphotic zone 
limit. Average chlorophyll-a concentration remains constant (9.4 µg/L), while the maximum increases (17 

to 38 g/L) and its depth decreases (12 to 7m). These results, the diatom dominance and the occurrence of 

blooms (220 µg/L in November) illustrate an advanced meso-eutrophic state.  
 

These effects are result from global change, particularly increasing lakeside anthropogenic pressure. It is 

imperative to reduce mining, urban and industrial pollution, particularly from El Alto city, a possible 

cause that will worsen in the future. 
 

 Acknowledgments: IRD PPR RIVIA, IRD GET/BOREA, IPGP, ANR CESA La Pachamama 
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Solar radiation is well known to exert a variety of detrimental effects on human skin and to contribute to 

photoaging and photocarcinogenesis.  For a long time, the responsible wavelengths were thought to be in 

the ultraviolet (UV) range. As a consequence, photoprotection was mainly concerned with the 
development of sunscreens which protect against UVB (290-320 nm) and UVA (320 – 400 nm) radiation. 

More recently, however, it was discovered that wavelengths in the near infrared range, i.e. infrared A 

(IRA) radiation (760 – 1400 nm) exert biological effects on human skin as well and e.g.  significantly 

contribute to photoaging.  Accordingly, in independent studies we and others have shown in-vitro as well 
as in-vivo that IRA radiation from solar radiation, which very well  penetrates into human skin and 

reaches the dermis at significant dose levels, contributes to photoaging by leading to an increased 

expression and activity of the collagen degrading enzyme matrix metalloproteinase-1 (MMP-1) in dermal 
fibroblasts. These studies strongly indicate that effective photoprotection of human skin should not be 

limited to UV protection, but include measures to protect human skin against IRA.  In this regard we have 

recently shown that IRA radiation-induced MMP-1 expression is mediated via a retrograde signaling 
response, which is initiated within mitochondria and which can be prevented in-vitro and, most 

importantly,   in-vivo in human skin by means of selected antioxidants.  In addition, we have also recently 

shown by microarray analysis of the IRA-induced transcriptome in primary human skin fibroblasts that 

IRA radiation regulates 599 transcripts.  The IRA-induced transcriptome differed from changes induced 
by UV and included genes relevant not only for extracellular matrix, but also for calcium homeostasis, 

stress signaling and apoptosis, indicating that the biological consequences exerted by IRA radiation on 

human skin may extend beyond MMP-1 regulation / photoaging.  Whether or not IRA radiation either 
alone or in combination with UV radiation contributes to the development of skin cancer is still a matter 

of debate and a topic of ongoing studies. 
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In cellular senescence proteotoxicity is increased through oxidation, reduced proteasome capacity, and 
accumulation of transcriptional and translational errors. Many heat shock proteins (hsp) act as molecular 
chaperones with a major role in protein homeostasis and during aging and senescence hsp play a role as 
defense mechanism to prevent proteotoxicity. Age-related decline in hsp function is a potential 
contributing factor resulting in increased vulnerability to environmental stress. In the skin constitutive and 
inducible hsp have been found with important roles in keratinocyte differentiation and inhibition of UV-
induced cell death [1].  
 
In UV-protected skin it was found that baseline levels and stress-related induction of the 72 kD hsp 
remains constant between ages 19 and 65. These results indicate that the hsp72 heat-shock response in the 
skin is an important protective mechanism remaining essentially stable during intrinsic skin aging [2]. In 
another study evaluating also chronically sun-exposed skin sites an age-related dysfunction of the heat 
shock response was found [3]. Evidence for the beneficial effect of hsp induction comes from a study in 
which repetitive mild heat stress slowed down age-related changes in cellular morphology, cell size, and 
cytoskeletal organization in cultured human skin fibroblasts [4]. More recently it has been shown in mice 
that the concomitant application of heat as well as overexpression of hsp72 can inhibit UV-induced 
wrinkle formation [5].  
 
In summary, hsp provide promising targets for intervention in photoprotection and skin aging. 
 
[1] C. Jonak, G. Klosner, F. Trautinger, Front. Biosci. 2009, E1, 539. 
[2] C. Jonak, G. Klosner, F. Trautinger, Int. J. Cosm. Sci. 2006, 28, 233. 
[3] T. Muramatsu, M. Hatoko, H. Tada, et al, Brit. J. Dermatol. 1996, 134, 1035 
[4] S. I. Rattan. Biochem. Mol. Biol. Int. 1998, 45, 753. 
[5] M. Matsuda, T. Hoshino, N. Yamakawa, et al, J. Invest. Dermatol. 2013, 133, 919 
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Ultraviolet (UV) irradiation induces free radical formation, which provoke various skin changes, such as 

erythema, inflammation, photoaging and skin cancer. UVB irradiation is related to induced elevation of 
nitric oxide (NO) and superoxide radical (O

-
2). Both of these free radicals can rapidly react with each 

other to form peroxynitrite (ONOO
-
), which is known to be responsible for oxidative/nitrosative stress 

and is cytotoxic, causing injury to the cell membrane. Besides direct photochemical reactions, such as the 
generation of specific pyrimidine dimers, UVB generates a high level of reactive oxygen species (ROS) in 

the skin resulting in photooxidative damage of the cells and extracellular matrix. Age related oxidative 

phenomenology continues to provide evidence that there is a decline in the antioxidant enzymes and 
antioxidant defenses leading to an accumulation of oxidative damage end products. The role of oxidative 

stress in cellular damage leading to the development of skin cancer is still under investigation. The UV 

irradiation is the most often described physical agent responsible for skin lesions and is the most 

important risk factor for initiation of cutaneous melanoma, which is one of the most aggressive solid. At 
cellular level ROS may directly or indirectly modulate the function of many enzymes and transcription 

factors through a multitude of cellular signaling cascades. These signals result in changes in gene 

expression that influence survival or cell death. The magnitude and duration of the stress as well as the 
type of cell involved are important factors in determining which pathways are activated. 
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Increasing plant biomass has the potential to offer solutions for the food, energy, and environmental 
challenges of the future. Enhancing photosynthetic capacity and efficiency are recognised in this regard as 
bottlenecks to raising plant productivity. Recent engineering strategies have targeted diverse aspects of 
photosynthesis. However, an additional approach would be to target physiological processes that serve to 
optimise photosynthetic productivity. These include phototropism, leaf flattening and positioning, solar 
tracking, chloroplast relocation and stomatal opening, all of which are regulated by phototropin blue light 
receptors. Higher plants, including Arabidopsis, contain two phototropins (phot1 and phot2) which 
comprise a serine/threonine kinase domain at their C-terminus and two specialised PAS domains, 
designated LOV1 and LOV2, at their N-terminus [1]. LOV domains bind flavin mononucleotide as 
chromophore and function as blue light sensors to regulate phototropin kinase activity and function [2,3]. 
The photochemical properties of the LOV domain are well established [1,4]. Moreover, fine-tuning of the 
LOV photocycle through site-directed mutagenesis has contibuted to its success and utility for a number 
of optogenetic applications [4]. However, no attempts have been made to engineer phototropin reactivity. 
Using a targeted mutagenesis approach, we have identified key amino acid changes that markedly 
increase or decrease the life-time of phototropin reactivity in vitro. Progress in engineering the 
phototropin photocycle will be discussed with a long-term aim of altering photoreceptor reactivity in vivo 
to modulate plant growth though changes in photosynthetic performance. Given the high degree of 
sequence conservation between higher plant phototropins, the design principles established here should 
extend to plant species important for producing sustainable food supplies and alternative fuel sources.  
 
Acknowledgments JMC acknowledges the Biotechnology and Biological Sciences Research Council and 
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Stomata open in response to blue light, and blue light is perceived by phototropins (phot1, phot2) [1]. The 

light signal is transmitted for activation of the plasma membrane H
+
-ATPase which drives stomatal 

opening. We have investigated the signaling pathway from phototropins to the H
+
-ATPase, and found a 

few signaling components. However, multiple components remain unidentified in this pathway. We 

developed the screening method to isolate the mutants that specifically impaired in blue light-dependent 

stomatal opening. We found many candidates of the stomatal mutants, and first identified blus1 mutant 
which completely lacked blue light response of stomata [2]. blus1 mutant exhibited the specific lesion 

between phototropins and the H
+
-ATPase. BLUS1 gene encoded a novel protein kinase and BLUS1 was 

phosphorylated at Ser-348 in the C-terminus in a phototropin-dependent manner. The phosphorylation of 
Ser-348 in BLUS1 was essential for the signaling, and BLUS1 was a substrate of phot1 and phot2. We 

are characterizing other mutants with repsect to phenotype of stomatal reponses and trying to identifiy the 

responsibe genes. Furthermore, we demonstrated that the fern species of Leptosporangiates includng 
Adiantum veneris lacked blue light response of stomata [3]. We thus suspect that the early evolved 

vascular plants lacked the blue light stomatal responses, and thus investigated the distribution of blue 

light response of stomata in a wide lineage of vascular plants. We will report the results.  

 
[1] K. Shimazaki, M. Doi, S. M. Assmann, T. Kinoshita, Annu. Re. Plant Biol., 2007 58, 219.  
[2] A. Takemiya, N. Sugiyama, H. Fujimoto, T. Tsutsumi, S. Yamauchi, A. Hiyama, Y. Tada, J. M. 

Christie, K. Shimazaki, Nat. Commu., 2013, DOI: 10.1038/ncomms3094. 

[3] M. Doi, M. Wada, K. Shimazaki, Plant Cell Physiol., 2006, 47, 748.  
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Phototropin (phot), a blue light (BL) receptor in plants, serves for phototropic response, chloroplast 
relocation, stomata opening and so on. Most plants, including Arabidopsis thaliana (At), have two 

isoforms of phot (phot1 and phot2). The phot molecules have two photoreceptive domains named LOV1 

and LOV2, and a Ser/Thr kinase domain (KD). LOV binds one flavin mononucleotide (FMN) 
noncovalently as a chromophore. Upon BL irradiation, the FMN transiently forms an adduct with a 

conserved Cys residue in LOV that activates the kinase. Phot is, therefore, a BL-regulated protein kinase. 

Of the two LOV domains, LOV2 has been shown to play a major role in kinase activation by BL, whereas 

LOV1 acts as a dimerization site [1]. To study the molecular mechanism underlying the photoactivation 
of the phot kinase, we have introduced a useful assay system that comprises of a LOV2-KD and a N-

terminal polypeptides of At phot2 used as a kinase and a substrate, respectively [2]. Small-angle X-ray 

scattering (SAXS) of the LOV2-KD revealed structural changes responsible for the kinase 
photoactivation in the linker region between LOV2 and KD [3]. SAXS of full-length Chlamydomonas 

phot proposed a BL-induced movement of LOV1 relative to the LOV2-KD in their tandem arrangement 

[4]. The effects of amino acid substitution in At phot1 LOV2-KD were important in the N-terminal region 
of LOV2 in the kinase photoactivation. Furthermore, we have recently succeeded in measuring SAXS of 

full-length phot1 (submitted). In this paper, we will discuss the molecular basis for the photoactivation of 

phototropin kinase based on these data. 

 
[1] M. Nakasako, et al., J. Mol. Biol. 2008, 381. 781. 

[2] K. Okajima, D. Matsuoka and S. Tokutomi, FEBS Lett. 2011, 585, 3391. 

[3] Y. Takayama, et al, Biochemistry 2011, 50, 1174. 
[4] K. Okajima, et al., J. Biol. Chem. 2014, 289, 413. 
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Phototropism, or the differential cell elongation exhibited by a plant organ in response to directional blue 

light, provides the plant with a means to optimize photosynthetic light capture in the aerial portion, and 
water and nutrient acquisition in the roots.  Though physiologically simple, the phototropic response is 

regulated by a complex dance of molecular and biochemical events that link cellular responses in 

different regions of the responding organ.  The phototropins, phot1 and phot2, have been shown to 

function as the primary photoreceptors modulating blue light-induced phototropism.  As light-activated 
protein kinases it should not be surprising that phot-mediated protein phosphorylation represents one 

means of regulating phototropic signaling.  Recently it was also shown that protein ubiquitination also 

plays a critical regulatory role in phot-dependent phototropic signaling.  Here we will present recent 
results from our studies aimed at better understanding how these post-translational events induced by blue 

light alter cellular responses to ultimately give rise to differential growth observed as phototropic 

curvatures.   

 
Acknowledgements ML acknowledges NSF (IOS-1146142) for financial support. 
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Phototropins are blue-light sensor proteins that regulate phototropism, chloroplast movement and stomata 

opening of higher plants. This protein consists of a kinase domain at the C-terminus, two light-oxygen-

voltage (LOV) (LOV1 and LOV2) domains at the N-terminus and a linker region that connects the LOV2 
and the kinase domains. Each LOV domain non-covalently binds a flavin mononucleotide (FMN) as a 

chromophore. The LOV2 domain plays a key role in the regulation of the kinase activity. For 

understanding the molecular mechanism of the biological function, the reactions of the LOV domains 
have been recently attracting significant attention.

 
Upon photoexcitation of the FMN, subsequent 

conformational changes of the LOV domain and the linker domain are considered to be important for 

regulating kinase activity. In particular, the J helix is destabilized and unfolded with a time constant of 1 
ms for the Arabidopsis Phot1LOV2-linker sample. It was suggested that the signal from the LOV core is 

propagated to the peripheral Jhelix. However, recently, the importance of another helix located at the 

N-terminus (A' helix) was suggested as the signaling route from the LOV2 domain to the kinase 

domain; i.e., the A' helix unfolds first and this change induces the dissociation of the Jhelix. This is an 
intriguing proposal for the signaling route of the LOV2-linker. We investigated the conformational 

change dynamics of the A' and Jhelices in time-domain for identifying the signaling pathway. The 
reaction was detected by the time-resolved TG method, which is a sensitive and powerful method to 

detect conformation changes of helices in the time-domain. We chose a phot1LOV2-linker construct 

containing both the A' and J helices as the wild type protein, and mutants which possess unfolded A' 

and J helices. By comparing the conformational changes of these protein, we found that these reaction 

occcurs almost independently. We will present the results of some mutants. 
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Blue and red light induce chloroplast movement in the moss Physcomitrella patens. The primary 
photoreceptors of these movements are phototropin (PHOT) and phytochrome (PHY), respectively [1-2], 

and PHOT is also involved in the red-light induced movement as a downstream component [1].  

In the present study, we found that, when PHOTA2-overexpressing protoplasts were irradiated with 
unilateral blue or red light for 1-2 days, chloroplasts were localized at the side away from the light source. 

By expressing various PHOTA2 mutants, we analysed the roles of PHOT in the blue- or red- light-

dependent chloroplast localization in protoplasts.  

The blue-light-dependent localization was not induced by the mutant PHOTA2 defective in the 
photoactivation of LOV1&2 domains, suggesting that the blue-light response is mediated by PHOT. With 

respect to the red light-dependent chloroplast localization, the primary photoreceptor of this response is 

probably PHY because the response was cancelled by simultaneous far-red light irradiation. Interestingly, 
the red-light response was able to be induced by the photoactivation PHOTA2 mutant, whereas the 

response was abolished by expressing a PHOTA2 mutant localized in the cytosol. The results suggest that 

the interaction of PHY and PHOT on the plasma membrane may be important for the induction of the red-

light-dependent response. 
 
 
[1] M. Kasahara, T. Kagawa, Y. Sato, T. Kiyosue and M. Wada, Plant Physiol., 2004, 135, 1388-1397. 
[2] A. Kadota, Y. Sato, T. and M. Wada, Planta, 2000, 210, 932-937. 
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The High-Altitude Andean Lakes (HAAL) at the Dry Central Andes region comprise a set of pristine 

shallow lakes and salt flats, locally called as “Lagunas” (L) or “Salares” (S), distributed along a wide 

range of altitudes (2,000 to 6,000 m) and exposed to a unique combination of extreme conditions (high 
solar total and UV radiation, hypersalinity, large daily thermal amplitude, desiccation, hiperaridity). The 

aim of this work is to present the diversity of microbial communities thriving at the HAAL which, in 

accordance with their original niche characteristics, displayed high UV-resistance.  Evidence regarding 

the diverse photoprotection and photorepairing mechanisms of these extremophiles is obtained by using a 
multidisciplinary approach that goes from environmental microbiology through genomics to 

photochemistry.  

An outstanding microbial biodiversity was observed in most HAAL niches: water, sediments, soil, 
fumaroles, evaporites, microbial mats, and even in multi-layered flat mats and stubby pillars called 

stromatolites (Farias et al., 2013). Due to the high altitude and the geographical and physicochemical 

characteristics of HAAL, UV radiation is one of the most limiting abiotic factors for HAAL microbial 
communities: solar irradiance is much higher than at sea level with instantaneous UV-B flux reaching 17 

W m
−2

 in some lakes (compared with 0,1-0,4 W m
−2

 at the sea level). In accordance with this, almost one 

hundred UV-resistant strains were isolated, characterized and identified as belonging to diverse 

taxonomic groups (Ordoñez et al., 2009; Bequer-Urbano et al., 2013). Several mechanisms are described 
as the base behind this high UV-resistance profile: i) photoprotection and negative phototaxis in a 

stratified microbial community (Farias et al., 2013); ii) competent protection against reactive oxygen 

species (ROS), potentially damaging agents for lipids, proteins and nucleic acids (Di Capua et al., 2011; 
Bequer Urbano et al., 2013); iii) capability of bypassing DNA lesions and high mutagenic frequencies 

(Fernandez Zenoff et al., 2008); and iv) efficient repairing ability of DNA photoproducts (Albarracin et 

al., 2012; 2014). The scenario pictured herein makes the HAAL microorganisms excellent test cases for 

exploring novel enzymatic functions driven by light, and for the bioprospection of novel molecules with 
potential biotechnological applications on energy conversion, biomedicine or industry. This brief 

overview is intended to "shine" scientific light on a high window from a quite unexplored, exotic 

environment, which otherwise constitutes an exceptional outdoor photobiology lab. 
 

[1] V. H. Albarracín, G. Pathak, T. Douki, J. Cadet, C. Borsarelli, W. Gärtner, M. E. Farias, Origin of Life 

and Evolution of Biospheres, 2012, 42, 201-221.  
[2] V. H. Albarracín, J. Simon, G. Pathak, L. Valle, T. Douki, J. Cadet, C. Borsarelli, M. E. Farias, W. 

Gärtner, 2014, Photochem. Photobiol. Sci., DOI: 10.1039/C3PP50399B. 

[3] S. Bequer Urbano, V. H. Albarracín, O. Ordoñez, M. E. Farías, and H. Alvarez, Extremophiles, 2013, 

17, 217-227. 
[4] C. Di Capua, A. Bortolotti, M. E. Farías, N. Cortez, 2011, FEMS Microbiol Lett, 317, 181–189. 

[5] M. E. Farias, N. Rascovan, D. M. Toneatti, V. H. Albarracin, M. R. Flores, D. G. Poire, M. M. 

Collavino, O.M. Aguilar, M.P. Vazquez, and L. Polerecky, 2013, PLoS One 8, e53497. 
[6] V. Fernandez Zenoff, F. Sineriz, M. E. Farias, 2006, Appl Environ Microbiol, 72, 7857-63. 

[7] O. F. Ordoñez, M. R. Flores, J. R. Dib, A. Paz, M. E. Farias, 2009, Microb Ecol, 58, 461-73. 
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The endolithic life-style is the most successful adaptation for survival in the driest and coldest deserts on 

Earth [1]. In the hyperarid core of the Atacama Desert active photosynthesis is only found inside halite 
nodules that are part of ancient salt encrusted playas [2,3]. The salt endolithic habitat provide access to 

sources of liquid water other than rainfall, dew or fog, and at the same time allow sufficient PAR to 

sustain photosynthesis [3,4]. In addition the interior of the salt rocks provides shelter against intense 
radiation, and stable environment against strong winds and burial.  

 

In this talk we will summarize research conducted in the past 8 years on the endolithic communities found 

inside halite nodules in the hyperarid core of the Atacama Desert. We will describe this unique taxonomic 
group, and we will show how the cyanobacteria inside the salt use deliquescence to resume PS II activity 

from a desiccated state. We will present exciting preliminary results that point to metabolic diversity 

previously unsuspected. We will discuss the formation of the salt habitat itself, a result of a delicate 
balance between extremely rare and short rainfall events and subtle cycles of deliquescence. Finally, we 

will place these results in the context of the natural limits of photosynthesis on our planet, and the 

possibility of photosynthesis beyond Earth, such as for example the surface of Mars.  
 

 
Acknowledgments AFD acknowledges the NASA Astrobiology Program for financial support.  
 
[1] E. I. Friedmann, Science. 1982, 215, 1045. 
[2] J. Wierzchos, C. Ascaso, C. McKay, Astrobiology. 2006, 6, 415. 
[3] A. F. Davila, I. Hawes, C. Ascaso, J. Wierzchos, Env. Microbiol. Reports, 2013, 5, 583. 
[4] J. Wierzchos, et al., Biogeosciences, 2012, 9, 2275. 
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High-altitude wetlands in the Chilean Altiplano are unique, extreme, remote aquatic ecosystems forming 

part of the global cold biosphere. Microbial diversity in different saline closed evaporitic basins (salares) 

is high and frequently includes previously undescribed clusters of Archaea and Bacteria [1,2]. Microbial 
mats are commonly found on the salares’ shores, formed by non-permanent layering of photosynthetic 

communities. Considering the extreme solar radiation concentrations reported from these environments 

(>1000 Wm
2
), we examined the response of the anoxygenic phototrophic bacteria (APB) microbial mat 

community in Salar de Huasco (3800 masl) to variation in exposure to solar radiation. An array of in situ 

solar radiation filters were used to selectively block different spectral ranges [3] and we examined the 

temporal response of the APB community at three different levels of solar radiation (morning, noon, 
afternoon) using T-RFLP of the bchY gene as a functional marker. APB community structure responded 

to variation in spectral range (filter) and radiation concentration (time of day) (both p< 0.001) due to the 

variation of dominant taxa and a unique group of OTUs (operational taxonomic units) (Fig. 1). These 

results suggest a strong regulation of the distribution and structure of the APB community based on solar 
radiation characteristics, affecting their vertical distribution and the relative abundances of dominant and 

rare bacteria.  
 

Acknowledgments: Fondecyt N°1110953; CODEI-UA 5380.  
 
[1] C Dorador, I Vila, K-P Witzel, JF Imhoff, Fund Appl Limnol (2013) 182, 135. 
[2] C Dorador, F. Remonsellez, I. Vila, J.F. Imhoff, K-P. Witzel, FEMS Microbiol Ecol (2010) 73, 291. 
[3] KL Hernández, R Quiñones, G Daneri, ME Farias, EW Helbling, J Exp Mar Bio Ecol (2007) 343, 82. 
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Incident solar ultraviolet radiation (UVR) varies over an order of magnitude through latitudinal gradients 

with even greater variability when time of day, season, and altitude are included. Depending on location, 
global temperatures at which organisms are found vary by approximately 100 degrees.  How these two 

environmental parameters interact, however, has not been well characterized for microbial communities. 

These interactions are further complicated by other environmental parameters including nutrient 

availability, salinity, water availability, and changing climates. It is often presumed that ultraviolet 
radiation induced DNA damage processes are temperature independent while enzymatically driven repair 

processes in microbes are temperature dependent. Organisms in warmer climates would be less sensitive 

to solar UVR while those at temperatures near freezing would have minimal repair capacity.  Were this 
true, however, then perhaps the polar environments might be virtually lifeless. Clearly the highly 

productive polar oceans demonstrate that temperature and UVR interactions are more complex and 

dependent on other factors. In most environments both UVR resistant and UVR sensitive microorganisms 
can be identified, but the adaptations that allow survival in high UVR environments or low temperatures 

under solar radiation remain largely unknown. Data will be presented from a series of sampling 

expeditions across large global scales (e.g., Arctic to Antarctic oceans) as well as more defined 

experiments under laboratory conditions. The goal of these experiments is to examine interactive effects 
between environmental parameters and identification of strategies and organsisms able to survive wide 

ranging UVR and temperature conditions. 

 
Acknowledgments Portions of this presentations were made possible by support from the National 
Science Foundation Office of Polar Programs and Division of Environmental Biology.  
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Aquatic ecosystems at high latitudes offer challenging environments to phototrophs. Thick ice cover can 

reduce the light penetrating to the underlying water column to a few percent of surface-incident and shift 

its spectral composition towards dominance by a blue-green wavelengths.  Periodicity of irradiance is 
characterised by extreme seasonal variation at high latitude, but diel variations can be very small with no 

periods of darkness and noon and midnight photon flux varying by just a few µmol m
-2

 s
-1

.  The net result 

is a situation that favours phototrophs with the ability to utilise efficiently nearly continuous, low fluxes 

of blue-green light. This is particularly true for benthic organisms, which are fixed in one location within 
the depth-dependent irradiance gradient. Here we describe light absorption and photosynthesis-light 

relationships under such unusual light regimes and compare the strategies used by benthic algal and 

cyanobacterial communities from Antarctic Lakes and Coastal oceans under thick ice cover.  A number of 
features are common; i)extensive use of phycobilins, especially phycoerythrin, as light harvesting 

pigments; ii) a perennial growth strategy, favoured by the absence or deterrence of grazers and (iii) 

photosynthetic processes tuned to optimal efficiency across a narrow range of irradiances, but showing 
little light saturation under ambient conditions.  In lakes at 78ºS, where ice cover is perennial, the strategy 

of low respiration and high efficiency of absorption and utilisation of low irradiance is the only strategy 

observed, within a complex, laminated community dominated by cyanobacteria.  In the coastal marine 

environment a similar strategy is seen in crustose coralline algae.  However, foliose red algae are unable 
to maintain net photosynthesis under ice cover, and rather are dependent on slow respiration and a short 

period of open water.  The southern limit of foliose algae appears to be set by this requirement for 

seasonal ice-free conditions.  Benthic phototrophs that spend long periods under ice can achieve very high 
levels of light use efficiency, but ultimately growth is slow and persistence is only made possible by 

extremely low rates of loss and disturbance. 

 

Acknowledgments IH acknowledges Drs Kay Vopel, Anne-Maree Schwarz and Hilke Giles for 

assistance with field programmes, Antarctica New Zealand and the US Antarctic Programme for logistic 

support, and the conference and session organisaers for the invitation to attend. 
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Salar de Huasco (a high-altitude saline wetland located at 3800m in the Chilean Altiplano) represents an 

extreme, remote and dynamic environment, with a high microbial diversity, [1,2]. This environment is 

exposed continuosly to abrupt changes even within a daily cycle in solar radiation, winds, temperature 
and low precipitation. Our question was whether bacterial production measured as LI (

3
H-Leucine 

incorporation) [3] in water samples collected along a saline gradient, were differentially inhibited by solar 

radiation in Salar de Huasco during Spring 2013. Water from historical stations H0 , H3 , and H4 was 
incubated in whirlpack bags for four hours under ambient irradiance. Four solar conditions were used 

including full sun, with UVB blocked (Mylar-320 nm-cut-off), UVA and UVB blocked (Courtguard-400 

nm-cut-off), and dark. Incident solar irradiance was very high, peaking above 0.25 E cm
-2

s
-1
 for PAR 

and 50 W cm
-2

s
-1

 for 320 nm.  Spatial variation was observed in LI within stations along the Salar (Table 

1) and ranging  between 0.0312 gC l
-1

h
-1

.  Higher incorporation rates and bacterial abundance were 
observed in the ponds with higher conductivity and low inhibition by solar irradiance (% dark, Table 1). 

In comparison, water near underground sources or from recently isolated ponds showed lower LI with a 

inhibition of almost 65%. 
 

Table 1. Average values for Spring Experiment in Salar de Huasco, November 2013. 

        

Stations Temp Conduct. Salinity pH Chl-a BSP Bact. Ab. 

 °C uS % NaCl  mgm
-3 gCL

-1
h

-1 CellsL
-1 

Ho-1 13 605  1.2 8.25 1.074 0.05 1.2E+08 

H4-pond2 0.1 *39.4  76.9 8.66 0.937 11.25 4.3E+09 

H4-3  0.1 620  1.2 7.94 9.596 0.15 1.5E+09 

H4-pond-4 0.3 658  1.3 7.87 4.415 0.87 1.6E+09 

H3-5 13 475  0.9 7.88 2.095 0.13 1.8E+08 

H3-pond-6 5 685  1.3 7.65 4.782 3.27 3.3E+09 

H3-7 15 490  1 7.9 15.276 0.23 3.1E+08 
* Units in mS 

 
Acknowledgments KLH acknowledges the FONDECYT 11110190, 1110953 for financial support of WJ 
travel .  
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Regulation of cellular behavior by light requires a photoreceptor fused to an output domain that 

influences a cellular response. The photo-sensitive degron (psd) module consists of the 

photoreceptor domain LOV2 of Arabidopsis thaliana phototropin 1 fused to the murine ornithine 

decarboxylase-like degradation sequence cODC1. The degradation sequence induces proteolysis 

of the fusion protein by the proteasome. Thus, the psd module provides synthetic light-control of 

protein stability. Variants of the psd modules with altered light-sensitivity were generated by 

site-specific and random mutagenesis as well as using different LOV2 domains. Characterization 

of the variants in the model organism Saccharomyces cerevisiae showed that psd modules with 

increased and decreased light sensitivity were obtained. The mutational approach resulted in 

improved variants of the psd module and increased the knowledge about LOV2 domains. The 

psd module provides a framework for characterization of LOV2 domains with unknown 

properties, which will facilitate generation of optogenetic tools based on this photoreceptor 

domain in the future. 
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Sensory photoreceptors elicit vital physiological adaptations in response to incident light. As light-

regulated actuators, photoreceptors underpin optogenetics, which denotes the non-invasive, reversible and 

spatiotemporally precise perturbation by light of living cells and organisms. Of particular versatility, 
naturally occurring photoactivated adenylate cyclases [2, 3] promote the synthesis of the second 

messenger 3'-5'-cyclic adenosine monophosphate (cAMP) under blue light. Here, we have engineered a 

light-activated phosphodiesterase (LAPD) with complementary light sensitivity and catalytic activity by 
recombining the photosensor module of Deinococcus radiodurans bacteriophytochrome [4] with the 

effector module of Homo sapiens phosphodiesterase 2A [5]. Upon red-light absorption, LAPD up-

regulates hydrolysis of cAMP and 3'-5'-cyclic guanosine monophosphate (cGMP) by up to 6-fold, 

whereas far-red light can be used to down-regulate activity. LAPD also mediates light-activated cAMP 
and cGMP hydrolysis in eukaryotic cell culture and in zebrafish embryos; crucially, the biliverdin 

chromophore of LAPD is available endogenously and needs not be provided exogenously. LAPD thus 

establishes a new optogenetic modality that permits light control over diverse cAMP/cGMP-mediated 
physiological processes. As red light penetrates tissue more deeply than light of shorter wavelengths, 

LAPD appears particularly attractive for studies in living organisms. 
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Synthetic Physiology: Optical Control of Cellular Survival Signals 
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The development and function of multicellular organisms relies on the ordered communication of cells. 

Our understanding of cellular communication hinges on the ability to modulate selected signals in space 
and time while monitoring effects in intact tissues and behaving animals. In the Synthetic Physiology 

group, we combine cell biology and synthetic biology to modulate the communication between cells and 

ultimately intervene with physiology. To achieve this goal, we re-engineer molecular components of the 

mammalian cellular communication machinery, particular those components that control cell survival and 
function, to be responsive to new synthetic stimuli such as novel ligands or, more recently, light. By 

encompassing the development of novel molecular concepts and applications in animal models, we 

attempt to open new avenues in the study of how cellular communication orchestrates in physiology. 
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The use of Light-Oxygen-Voltage (LOV) domains as components of engineered optogenetic tools is 

becoming increasingly popular. As a result, understanding how these domains naturally confer 
photosensitivity to a wide range of effectors is essential to guiding future protein engineering efforts. 

Here, we combine biochemical and biophysical approaches to elucidate the molecular aspects of a LOV-

histidine kinase from Erythrobacter litoralis HTCC2594. In this protein, the LOV domain transmits the 

light signal to dimerization/histidine phosphotransfer (DHp) and catalytic/ATP-binding (CA) domains to 
regulate autophosphorylation. Our NMR data shows extensive spectral changes under blue light 

illumination and the reversion of these changes as the protein returns to the dark, indicative of widespread 

and reversible conformational changes in the protein. Biochemical and mutational analyses indicate that 
LOV/DHp domain interactions inhibit autophosphorylation and point to light-induced conformational 

changes in the DHp/CA domain interface, consistent with a release of the CA domain from an inhibited 

state. We propose a signaling model in which disruption of the LOV/DHp interaction leads to activation 

by inducing the release of the CA domain, which is likely accomplished through changes in the DHp 

domain. Notably, this model is reminiscent of the LOV/J helix system from Avena sativa phototropin 1 
LOV2 domain, suggesting a generality in regulatory strategies that can be exploited in the design of 

allosterically-controlled recombinant proteins. 
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Profiting from our wide suite of available synthetic molecular devices based on conditional protein-
protein or protein-DNA interactions we succeeded in the design and engineering of optogenetic tools 

utilising plant and microbial light receptors for the light-dependent control of molecular systems in 

mammalian cells. For instance, by combining light-sensors responsive to the UV-B, blue, red/far-red 

portions of the light spectrum with synthetic effector modules, we have recently developed switches for 
the spatio-temporally resolved optical control of gene-expression, protein cellular localization, protein 

degradation and kinase activity among other cellular processes [1-6]. 

External chemical and physical signals are integrated and processed in living organisms by signal 
transduction systems of varying complexity. Upon external input perception, dedicated receptors and 

sensors initiate a cascade of information processing and relay through signalling components 

subsequently triggering an intracellular genetic or metabolic response as output of the system. 

Here we describe a multidisciplinary experimental and theoretical approach that facilitates the 
development of synthetic signal processing modules such as signal amplifiers and decoders, switches and 

logic gates coupled to photosensors. Aided by molecular modelling, we interface these modular molecular 

devices with each other and with endogenous signalling processes to build light-responsive (semi-) 

synthetic genetic networks with novel signalling topologies in mammalian cells. We further seek to 

implement and apply these resulting systems to decode, process and integrate multiple input signals of 

optical nature into dedicated output responses for the quantitative and spatiotemporally resolved control 
of complex cellular processes, the introduction of new systems functionalities, and the study of cellular 

regulatory networks. This synergistic theoretical-experimental platform for the rational design and 

development of synthetic optogenetic networks opens up novel perspectives in both applied and basic 

research.  
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The Physiological Need for Vitamin D, Diseases Associated with its Deficiency, and its 
Correct Assessment 
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Vitamin D is essential for calcium homeostasis [1]. The primary source in many regions is endogenous 

synthesis following exposure of skin to shorter wavelength solar radiation. Conversion to the systemically 

circulating active form requires two hydroxylations, first in the liver and then in the kidney. Other cells 
locally convert circulating precursors to the active form, and most cells have a vitamin D receptor; hence 

the interest in actions for vitamin D beyond calcium homeostasis.  

 

Severe vitamin D deficiency causes rickets and osteomalacia; vitamin D supplementation or sun exposure 
reverses these disorders [1]. Ecological and observational epidemiological studies show geographic 

patterns of disease distribution, or higher incidence/ mortality with low sun exposure or vitamin D, 

respectively, that are consistent with lower vitamin D status having adverse effects on health [2]. Clinical 
trials of vitamin D supplementation have, however, returned largely null results, including for 

osteoporosis and fracture prevention [3]. Possible reasons for the discrepant findings include reverse 

causality, uncontrolled confounding, independent protective effects of sun exposure, too low a 
supplementation dose, for too short a time, and others. 

 

If there is an association with disease risk, it is with vitamin D deficiency (<50nmol/L) [4], rather than 

lower risk with higher levels. A wide range of vitamin D assay types are available, but have problems 
with both accuracy and precision, including through the failure to separate out different vitamin D 

metabolites [5]. A standardised reference measurement protocol has now been developed; its use in 

quality assurance programs should improve assessment of vitamin D status. The optimal vitamin D level 
will need to be re-defined using standardised assays.  

 

Meanwhile, better understanding of the underlying causes of the discrepancy between observational and 
trial results of the association between vitamin D status and disease is required, to guide public health 

messages of optimal sun exposure.  
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During the winter in Northern Europe the level of ultraviolet (UVB) radiation and the amount of skin 
exposed to UVB radiation are not enough to sufficiently maintain the level of vitamin D in the 

population. During the winter the serum vitamin D level is reduced by 1 nmol/l every week, 

corresponding to 25 nmol/l in total.  

A human study has shown that 1 standard erythema dose (SED) every second week can maintain the 

summer level of vitamin D throughout winter. The total exposure dose will have to be about 12 SED to 

do that. This would add about 7-10 % to the Danish population’s yearly exposure from the sun in 
Denmark. The same effect can be obtained by travelling one week to a sunny holiday destination in the 

Mediterranean area. To bring the vitamin D level back to summer level in spring, the exposure dose will 

amount to about 60 SED, or about 30 – 40 % added to the Danish population’s yearly exposure from the 
sun in Denmark. This illustrates that a low dose of UVB is far more effectively producing vitamin D than 

high doses received on a sun holiday.  
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Solar range UVB radiation (~295-315nm) causes sunburn and initiates the synthesis of vitamin D in the 
skin.  Sunscreens block UVB, which raises concerns that they may prevent vitamin D synthesis as well as 

sunburn.  We studied the effects of sunscreens on sunburn and vitamin D synthesis (25(OH)D) (assessed 

by liquid chromatography/mass spectrometry) on white-skinned Polish people (from Lodz – 52
o
N) during 

a week’s holiday in March in Tenerife (28
o
N – approximately same latitude as Florida).  Participants were 

given sunscreens (SPF = 18) and instructed how to apply them 3 times daily at ~2mg/cm
2
 which is the 

application thickness used for SPF testing. The sunscreen intervention group (n= 40) was compared with 

a control group that brought their own sunscreens (n = 22) and were not given any instructions on their 
use. The control group had sunburn (objectively assessed daily) and a significant mean increase 

(28.0±16.5(SD)nmol.L
-1

) of 25(OH)D. The intervention group did not have sunburn, but also had a 

significant mean increase (16.0±13.1(SD)nmol.L
-1

) of 25(OH)D. A non-holiday control group (n=17) that 
remained in Lodz had a mean decrease (2.5±5.6(SD)nmol.L

-1
) of 25(OH)D during the same period. We 

conclude that correct sunscreen use allows the synthesis of vitamin D, albeit reduced, whilst preventing 

sunburn.  The cumulative mean 7 day-exposure dose of the sunscreen group was ~40 standard erythema 

doses (SED) when measured by electronic dosimeters worn on the wrist. This is reduced to ~2 SED when 
adjusted for SPF. These data suggest that low sub-erythemal exposures over large body surfaces are 

sufficient to maintain good vitamin D status. 
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Several epidemiological studies have shown an inverse relationship between some diseases and latitude, 

in accordance with the Ultraviolet Radiation (UVR) gradient. Skin exposure to UVR is the main factor in 
vitamin D photoconversion, and there is some evidence relating low levels of vitamin D with those 

diseases. The aim of this study is to determine whether UVR levels in southern South-America are 

sufficient to produce suitable levels of vitamin D year around. For this purpose, Vitamin D 
photoconversion weighted-irradiance was analyzed between S.S. de Jujuy (24.17°S, 65.02°W) and  

Ushuaia (54° 50'S, 68° 18'W). Skin type and area of the body exposed were included in the analyses. Due 

to broad ethnic variability in the region, skin types between II and V were considered.  Skin type II, under 

any condition of body area exposure, and skin V when exposing head, hands, arms and legs, would 
produce suitable levels of vitamin D year round, at all sites, except South-Patagonia. In this region, skin 

type II would not obtain healthy Vitamin D levels between mid May and beginning of August, if 

exposing only head. Skin type V, head exposure, is the most critical situation; they would not produce 
suitable levels of vitamin D around winter, at any of the sites, except the tropics. Best time of the day to 

expose, in order to obtain a suitable level of vitamin D without risk of sunburn, was analyzed. In 

agreement with previous studies, noon was best, during winter. In summer, during leisure times, longer 
periods of exposure without risk of sunburn would be recommended at mid-morning and mid-afternoon. 

Four hours before or after noon, solar zenith angles are almost the same at all sites, then, the necessary 

exposure periods are also about the same, except for meteorological differences.   
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Skin cancer is increasing in Europe, but at different rates in different countries. Solar ultraviolet radiation 
(UVR) is known to be the main cause of skin cancer, but is also essential for vitamin D production. We 

monitored holidaymakers during sun and ski holidays in March to determine the impact of nationality on 

sun behaviour and personal UVR exposure. We also investigated the simultaneous adverse and beneficial 
effects of solar UVB exposure; measured as urinary DNA damage (cyclobutane thymine dimers: T-T 

dimers) and vitamin D (25(OH)D) synthesis. 25 Danish and 20 Spanish sun-seekers were observed during 

a sun holiday in Tenerife (Canary Islands, Spain, 28° N, 16° W), and 26 Danish and 27 Austrian skiers 
were observed during a ski holiday in Austria (Wagrain, Austria (47° N, 13° E). The latitude on Tenerife 

is similar to the latitude in Florida. The participants recorded their location, sunscreen use, and clothing in 

diaries. Personal time-logged UVR data were recorded as standard erythema doses (SED) and UVB, by 

electronic UVR dosimeters worn on the wrist. Urine and blood samples were analysed for T-T dimers and 
vitamin D, respectively. 

Danish sun-seekers were outdoors for significant longer, received significantly higher percentages of 

ambient UVR, and received greater accumulated UVR doses than Spanish sun-seekers. Danish skiers 
were also outdoors for significantly longer than Austrian skiers, but the behaviour of the Danish skiers did 

not result in significantly greater accumulated UVR doses. There were strong associations between UVB 

exposure and post-holiday levels of T-T dimers and vitamin D, and the two biomarkers were strongly 
correlated with each other.  

Both sun-seekers and skiers received substantial UVR doses, with beneficial vitamin D synthesis and 

corresponding DNA damage. The behaviour's influence on the UVR doses received by the Danish 
participants may explain the higher skin cancer incidence among Scandinavians than other European 

populations.  
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Riau Province is one of the areas with a high growth of the palm oil industry in Indonesia with a total 

area of  2.372 million hectares of oil palm plantations. Opportunities for the development of oil palm 

plantations are there still very large and also followed by the building of palm oil processing factories. 
Uncompleted processing of palm oil factory waste can cause water pollution around the waste disposal 

areas. So, pollution of surface waters is an increasing problem. To address that problem a system 

employing living algae in a biosensor – as unspecific sensor system for water contamination - was 
developed and its usability in water quality monitoring was demonstrated [1]. The intelligent mobile 

lab (IMOLA) includes light emitting diodes to photosynthetically stimulate living algae. The algae are 

immobilized on a BioChip which incorporates microsensors for dissolved oxygen. Furthermore a fluid 

system is used to transport fresh water samples toward the algae in a stop and go mode (eg. 5 min on, 
5 min off). During the go mode the oxygen concentration of the water probe is measured. When the 

pump stops, the increasing dissolved oxygen concentration caused by photosynthesis is detected. 

When the pump starts again the base value is reached again. In case a toxic component is transported 
toward the algae, the photosynthetic activity will be altered and an alarm can be triggered. In the 

presented work, the microsensors and the system are described. First results from monitoring probes 

from Indonesian palm plants are presented. 
   

Keyword: Palm, Water Pollution, Biosensors, Dissolved Oxygen, Algae 
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The absorption spectrum of the high-light peripheral light-harvesting complex (LH2 complex) from the 
photosynthetic purple bacterium Allochromatium (Alc.) vinosum features two strong absorptions around 
800 nm and 850 nm. For LH2 complexes from other species for which high-resolution x-ray structures 
are available [1,2], similar bands have been observed and were assigned to two pigment pools of BChl a 
molecules that are arranged in two concentric rings (B800 and B850) with nine (Rhodopseudomonas 
acidophila) or eight (Rhodospirillum molischianum) repeat units, respectively. However, for the high-
light peripheral light-harvesting complex from Alc. vinosum the intruiging feature is that the B800 band is 
split into two components [3,4].  
 
In order to shed light on the origin of this splitting we recorded fluorescence-excitation spectra of the 

B800 band from 71 single LH2 complexes from Alc. vinosum. Having these spectra at hand we can 
unambiguously rule out that the split B800 band reflects the presence of two subpopulations of LH2 

complexes. 

 
From comparison with computer simulations we come to the conclusion that this peripheral light-

harvesting complex is best described as a 12-mer. The splitting in the B800 band reflects a slight 

dimerisation of the B800 BChl a molecules. The latter finding is consistent with an analysis of the 
primary sequences of the α-apoproteins in the B800 BChl a binding regions, which reveals that in Alc. 

vinosum these binding sites feature two different motifs. 

 

 
Figure 2: Structure used for computer simulations, reproducing the experimental results 

 
[1] J. Köpke, X. Hu, C. Münke, K. Schulten, H. Michel, Structure, 1996, 4, 581–597. 
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The deleterious effects of ultraviolet radiation (UVR) on survival of aquatic organisms have been 
documented for a wide range of taxa and ecosystems [1,2]. However, UVR affects factors other than 

mortality, and many studies have demonstrated subtle responses to UVR [2]. UV-absorbing compounds 

(UVAC) are the most common UV-sunscreens synthetised by primary producers [3,4], and it had been 
demonstrated that several aquatic organisms can counteract the detrimental effects of UVR by consuming 

food rich in these compounds [5,6]. In this study we investigated the combined effect of UVR and diet on 

predator-prey behavior (prey capture time; PCT) and metabolic rates (respiratory frequency; RF) of 

juveniles of the marine reef fish Patagonotothen sp. collected from Patagonian rocky shores. Fish were 
exposed to two radiation treatments: PAB (>280 nm) and P (>400 nm), and fed, 3 days before to the 

beginning of the experiment and until its end (12 days after), with two diets: a) poor in UVAC 

(amphipods fed with Ulva rigida), and b) rich in UVAC (amphipods fed with Porphyra columbina). The 
PCT (time in seconds since the prey was thrown to the chamber until the fish caught them) was affected 

by UVR but not by diet. Independently of the diet, under UVR, fish took more time to capture their prey 

than those not exposed to UVR. This seems to indicate that fish did not obtain benefits from UV-
absorbing compounds. The RF (number of operculum movements per minute) was significantly affected 

both by UVR and diet. Higher RF was observed in individuals exposed to UVR and fed with the poor-

UVAC diet. The higher RF under UVR could reflect energetic costs related to the repair of cellular 

components damaged by UVR, which could reduce energetic reserves necessary for the growth of this 
fish species, especially during periods of high UVR levels. 
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The effects of solar radiation on the formation of Water Accommodated Fractions (WAFs) developed 

from MC252 Deepwater Horizon oil and MC252 surrogate oil, and the subsequent effects on microbial 

growth, was investigated.  WAFs were generated under varying solar but controlled temperature 
conditions as well as from burned oil.  Total exposure to sunlight was manipulated by neutral density 

screens, duration of exposure, and UV-blocking broad band cut-off filters.  These full sun and UV-

blocked treatments were compared with WAFs made in darkness. After all WAFs were collected, each 

was added to a coastal seawater sample and their effects on bacterial production or phytoplankton 
photosynthesis determined.  Results from both assays demonstrated that WAFs produced in the dark had 

minimal effects on growth while inhibition was proportional to the amount of solar exposure.  Broad-

band cut-off filters also showed that the majority of the inhibition was from photochemical reactions 
driven by visible light. Burning oil prior to formation of WAFs increased inhibition of production 

independent of subsequent solar treatment. Chemical analyses, while ongoing, demonstrate significant 

changes in the chemical composition of the WAFs caused by solar exposure. The results imply that the 
ecological effects caused by oil spills are light dependent and thus would vary by season, location, and 

time of year and may occur to significant depths in the ocean. 
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The photovoltaic effect is a property that has greatly stimulated the conversion of solar into electrical 

energy investigation [1]. The more efficient architecture to build up polymeric solar cells is the so called 

bulk heterojunction that consists of mixing electron-rich polymers and electron-deficient compounds, 
usually fullerenes. Studies have shown that poly (3-hexylthiophene) is the most attractive electron-donor 

materials, with a conversion efficiency of 5% [3]. New materials are needed in order to achieve greater 

conversion or efficiency of those types of organic photovoltaic cells. The ideal polymer for use in a bulk 
heterojunction architecture must possess a broad absorption with high extinction coefficient in the solar 

spectrum, great hole mobility, an adequate or compatible level of energy with that of the fullerene to form 

a nanoscale bicontinuous interpenetrating network. In addition, the P3HT/fullerene system is considered 
the best, since reported polymers with a conversion efficiency exceeding 5% are very few. In the current 

work, synthesis of two novel electron-donor polymers is reported. Characterization was carried out using 

elemental analysis, FT-IR and UV-visible spectroscopy and cyclic voltammetry. The polymers exhibit a 

low forbidden band and wide optical absorption, ideal to be studied in solar cells. In this regard, Liang 
Feng Y. D. et al. [4] reported solar efficiencies higher than 5% in derivatives of such polymers. The figure 

shows structures and absorption spectra. Solar cells are under survey and 0.2% efficiency (PCE) has been 

obtained thus far. 

 

 
 
Fig. 1: Absorption spectra of synthesized polymers tested in solar cells. 
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Dye sensitized solar cells (DSSC) are photoelectrochemical devices that resemble natural photosynthesis, 

because they use an organic dye to absorb light and produce a flow of electrons [1]. Today, many 

researches are conducting around the search of the best dye in order to improve energy efficiency 

conversion [2]. The use of natural dyes is an attractive alternative due to the low cost of fabrication and 
the environmental benefits related to their employment [3-4]. In this work we characterize the 

anthocyanins from the Ceibo flower. We carried out spectroscopic, voltammetry and thermal stability 

studies in order to evaluate the potential use of such dyes as sensitizer for DSSC. UV-visible spectrum of 
anthocyanins in ethanolic solution showed a maximum centered at 530 nm. From spectroscopic data a 

value of 2.23 eV for the energy difference between the vibrationally relaxed levels of the first electronic 

excited state, S1, and the ground state, S0, of the dye (E0,0) was calculated. The dyes also showed suitable 
redox potentials, i.e., 1.3 V vs. Ag/AgCl. Taking into account these results, in connection with the redox 

potential of the anatase-TiO2 conduction band (-0.53 V) and I
-
/I3

-
 electrolyte (0.35 V), a spontaneous 

electron transfer reaction can be predicted. Additionally, the sensitizer showed good stability in the 

presence of quite high concentration of the electrolyte and also some solvents commonly used in this type 
of cells. 
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Ctenophores (comb jellies) are found in oceans worldwide and are practically all luminous. Their bright 

bioluminescence is determined by Ca
2+

-regulated photoproteins. Recently, the cDNA genes encoding 

photoproteins of ctenophores Beroe abyssicola, Bolinopsis infundibulum, Mnemiopsis leidyi, and 

Bathocyroe fosteri have been cloned. The analysis of amino acid sequences revealed all of them to have a 
high degree of identity of amino acid sequences (>82%) and to contain three canonical sequence loop 

regions, each of 12 contiguous residues, which supply the oxygen ligands needed for calcium ion 

coordination. This property brings ctenophore photoproteins into the family of EF-hand Ca
2+

-binding 
proteins, one of the most numerous and extensively studied protein families. Despite the fact that 

ctenophore photoproteins are functionally identical in many properties to hydromedusan photoproteins 

such as aequorin, obelin, etc., the degree of identity of their amino acid sequences is very low (<29%). 

Thus, these photoproteins might be regarded as a novel type of Ca
2+

-regulated photoproteins differing 
from the more famous hydromedusan photoproteins. 

 

Here we report the biochemical and bioluminescent properties of two ctenophore photoproteins, berovin 
and bolinopsin, from ctenophores B. abyssicola and B. infundibulum, respectively, their comparison with 

those of hydromedusan photoproteins, as well as the crystal structure of berovin. In addition, since the 

spatial structure revealed that coelenterazine-binding cavity of ctenophore photoproteins is formed by 
amino acid residues that are completely different from those in hydromedusan photoproteins, we also 

report comprehensive mutagenesis studies in attempt to identify the residues participating in peroxy 

coelenterazine stabilization, decarboxylation reaction, and light emitter formation, as well as responsible 

for their unique properties (sensitivity to light, unusual pH dependence at active photoprotein formation 
from apophotoprotein, coelenterazine, and oxygen, etc.). 
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Bioluminescence can be defined by the emission of visible and cold light from living organisms [1]. The 

majority of known bioluminescent organisms can be mostly found on oceans as bacteria, coelenterates, 
crustaceans, fishes and molluscs, but there are terrestrial forms like insects, bacteria and fungi. In 2009, 

Oliveira and Stevani [2] confirmed the enzymatic nature of light emission in bioluminescent fungi. 

Basically, the reaction occurs in two steps: the reduction of the luciferin in the first step at the expense of 

either NADH or NADPH followed by the oxidation of the intermediate in the active site of the luciferase 
probably consuming molecular oxygen. The product of this reaction (oxiluciferin) is formed in an 

electronically singlet excited state, and its decay to the ground state is responsible for the emission of light 

(Scheme 1).  

 

 Later on, Oliveira et al. [3] showed evidences that all four known linages of bioluminescent fungi 

share the same bioluminescent system. Unfortunately, the nature of the substrate responsible for light 
emission still remains unknown. The present work describes our advances in the purification of fungal 

luciferin using the denominated cold and hot extract assay first described by Dubois in 1885 [1,4]. This 

assay was very useful to confirm the presence of fungal luciferin in fractions upon purification by HPLC. 

Based on high-resolution mass spectrometry analyses of luciferin-enriched fractions we propose some 
structures for the substrate. 
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Light is source of energy and information and the physiological role of this stimulus in 

chemoheterotrophic bacteria has attracted interest worldwide for its potential implications. Xanthomonas 
citri subsp. citri (Xcc) is the bacterium responsible for citrus canker, a disease that causes severe losses in 

Citrus-exporting countries, including Argentina. Xcc lov gene encodes a LOV (Light, Oxygen, Voltage)-

protein of the hybrid histidine-kinase family, which we demonstrated to present a canonical phototropin 
photochemistry. This protein modulates the ability of Xcc to colonize host plants [1] and potentially 

participates in the bacterial counteraction of plant defense responses [2]. In this work, we present the 

extensive analysis of a Citrus microarray hybridization experiment, which showed that genes directly 
involved in plant defense were up-regulated upon infection with a lov mutant strain of Xcc (Δlov). To 

further explore the role of Xcc-LOV in disease development, we performed a qualitative and quantitative 

evaluation of reactive oxygen species in C. sinensis, and observed a more pronounced oxidative burst in 

Δlov-inoculated plants. Moreover, we studied Xcc non-host interaction in Nicotiana tabacum, Nicotiana 
benthamiana and Gossypium hirsutum, and found a stronger hypersensitive response in Δlov-inoculated 

plants. These results evidence the role of Xcc-LOV in the suppression of plant defense. Finally, we 

evaluated kinase activity in the Xcc-LOV protein and in a mutated protein lacking the LOV-domain 
reactive cystein. Both proteins resulted active in dark and light states, however, activity was 50 % induced 

upon illumination only for Xcc-LOV, suggesting that upon photoconvertion Xcc-LOV initiates a signal-

transduction process involved in the observed physiological responses.  
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Xanthomonas citri subsp. citri (Xcc) is a Gram-negative bacterium responsible for citrus canker, a severe 

disease that affects most commercial citrus cultivars, causing significant crop losses worldwide. The Xcc 
genome contains four genes encoding putative photoreceptors: one phytochrome, one LOV (Light, 

Oxygen and Voltage)- and two BLUF (Blue Light sensing Using Flavins)-proteins. BLUF proteins use 

FAD (Flavin adenine dinucleotide) as chromophore. In these proteins, a transient and reversible red-
shifted state (BLUFRED) is generated upon blue-light irradiation, dictated by a hydrogen bonding switch 

reaction involving N (5), O (4) and two conserved tyrosine and glutamine residues. BLUFRED formation 

seems to involve a light driven electron and photon transfer from a conserved tyrosine residue to FAD, 

followed by hydrogen bonding rearrangement and radical pair recombination [1]. In the present work, we 
studied bluf1 (Xcc2120) and bluf2 (Xcc3278) genes from Xcc. First, we performed an in silico analysis 

comparing these BLUF domains with those present in homologous proteins by amino acid sequence 

alignments. Considering Xanthomonas whose genomes have been sequenced (around 130 species), only 
ten have putative BLUF-proteins and a phylogenetic analysis revealed that all of them integrate the same 

monophyletic group. In order to perform a spectroscopic characterization of these proteins, we 

constructed BLUF1 and BLUF2 over-expressing strains in Escherichia coli. Both proteins were 
successfully over-expressed. Although most of the expressed protein was found in the insoluble phase, a 

small amount protein remained soluble. We also constructed a bluf2 gene knockout mutant strain of Xcc. 

Upon the interaction with host plants, this strain showed a remarkable reduction in infectivity compared 

with the wild type strain. This result suggests that bluf2 gene is functional and probably implicated in the 
bacterial pathogenesis process.  
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In Vaucheria, photosynthetic stramenopiles, blue light regulates various responses, such as chloroplast 
orientation movement, phototropism, and new branch formation from cylindrical cell, which are well-
known since 20

th
 century. However, the photoreceptor for the light response of branch formation has been 

identified in 2007 [1]. The blue light receptor, aureochrome (Aureo) has one basic region/leucine zipper 
(bZIP) domain, as transcription factor, and one light–oxygen–voltage (LOV) domain and is related to 
photomorphogenesis. Recently, much knowledge has been found with respect to spectroscopic analysis of 
AureoLOV domain. BL activates the binding of Aureo to the target sequence TGACGT with light-
induced conformational changes [2]. But little is known about the information of target sequence in 
Vaucheria genome, and any regulated genes by Aureo. Also there is almost no information of other 
photoreceptors in other photoresponses of Vaucheria. 

In the present study, to know Aureo-regulated genes, we carried out transcriptome analysis under 
various light conditions. Simultaneously, we searched other photoreceptors in transcriptome data. Total 

RNA of Vaucheria was isolated under blue, red, white light and dark condition for 6 hours after 

subculture and then was sequenced using the Illumina HiSeq. As a result, new orthologs of Aureo and 

LOV-containing protein were found. Also, many genes (>100) were up- and down-regulated by blue light 
except for photosynthetic genes. We will confirm the gene expression levels using real time PCR method. 
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[2] O. Hisatomi, K. Takeuchi, K.Zikihara, Y. Ookubo, Y. Nakatani, F. Takahashi, S. Tokutomi, and H. 
Kataoka  Plant Cell Physiol. 2013 54: 93–106  
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Light-oxygen-voltage (LOV) domains are flavin-binding blue-light receptors that serve as versatile 

sensors in diverse organisms.  Blue light absorption leads to the formation of a covalent bond between the 
flavin chromophore and the protein scaffold, thereby generating structural and dynamic changes that 

propagate via N- and C-terminal helices to associated effector domains [1]. The molecular details of 

signal transduction have been investigated for several photoreceptors at the level of the isolated LOV 

sensor domains whereas downstream propagation to associated effectors has often remained unresolved. 
Aureochromes, originally discovered in stramenopile algae, differ from other LOV photoreceptors in that 

their DNA-binding effector domains are situated N-terminally to the LOV photosensor domains [2 - 4]. 

This makes them interesting candidates for the optogenetic toolbox. Therefore, we characterized different 
aureochromes by electrophoretic mobility shift assays and fluorescence anisotropy to determine DNA-

binding affinities as a function of light. Absorption spectroscopy was used to follow photocycle kinetics 

in the different aureochromes and mutant derivatives. To elucidate the mechanistic bases for signal 

transduction, we focus on the role of N- and C-terminal helices adjacent to the LOV domain which in 
other proteins have been shown to undergo structural changes upon light activation. Comparison of our 

results to other LOV photoreceptors in which the effector domain is linked C-terminally reveals to which 

extent signaling mechanisms are shared and to which extent they differ between these photoreceptors. 
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Most physiological processes in mammals are synchronized to the daily light:dark cycle by a circadian 

clock located in the hypothalamic suprachiasmatic nucleus[1, 2]. Signal transduction of light-induced 
phase advances of the clock is mediated through a neuronal nitric oxide synthase-guanilyl cyclase 

pathway[3, 4].  

 
We have employed a novel nitric oxide-donor, N-nitrosomelatonin, to enhance the photic synchronization 

of circadian rhythms in hamsters. The intraperitoneal administration of this drug before a sub-saturating 

light pulse at circadian time 18 generated a twofold increase of locomotor rhythm phase-advances, having 

no effect over saturating light pulses. This potentiation was also obtained even when inhibiting 
suprachiasmatic nitric oxide synthase activity. However, N-nitrosomelatonin had no effect on light-

induced phase delays at circadian time 14. The photicenhancing effects were correlated with an increased 

suprachiasmatic immunoreactivity of FBJ murine osteosarcoma viral oncogene and period1. Moreover, in 
vivo nitric oxide release by N-nitrosomelatonin was verified by measuring nitrate and nitrite levels in 

suprachiasmatic nuclei homogenates. The compound also accelerated resynchronization to an abrupt 6-h 

advance in the light:dark cycle (but not resynchronization to a 6-h delay).  
 

Here, we demonstrate the chronobiotic properties of N-nitrosomelatonin, emphasizing the importance of 

nitric oxide-mediated transduction for circadian phase advances. 
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Circadian rhythms are driven by endogenous biological clocks and are synchronized to environmental 

cues such as light. Caenorhabditis elegans is a model organism in different fields of research and in 

recent years it has been proposed as a model in chronobiology, with evidence of rhythms in various 
variables such as osmotic stress resistance, oxygen consumption, defecation, feeding and locomotor 

activity. Recently, a phototransduction pathway has been described in this organism that requires Lite-1 

(candidate photoreceptor), Daf-11/Odr-1 (guanylate cyclases) and Tax-2 /Tax-4 (cGMP-sensitive CNG 
channels) and confers response to short wavelength light. 

We have developed an infrared method to measure locomotor activity in populations of C. elegans and 

found that, under LD conditions, 26% and 29% of the population was classified as rhythmic in lite-

1(ce314 and xu7) mutants (defective in blue light phototaxis) respectively, while 43 % of the wild-type 
strain (N2) was rhythmic (Fisher's exact test, p<0,01 vs. N2 strain). In addition, tax-2(p691) mutants also 

showed significant differences in rhythmicity as compared to the wild-type strain (20.27 %, p<0.0005 vs 

N2). However, we observed that under constant conditions the proportion of rhythmic nematodes in these 
mutants didn’t vary. In both lite-1 and tax-2 mutants the phase of locomotor activity had no relation to the 

zeitgeber, as the nematodes showed activity during both light and dark phases, suggesting a defective 

syncrhonization.  Our analysis of circadian rhythmicity in C. elegans opens the possibility for further 
screening of circadian mutations in this species. 
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[5] Liu, J., A. Ward, J. Gao, Y. Dong, N. Nishio, H. Inada, L. Kang, Y. Yu, D. Ma, T. Xu, I. Mori, Z. Xie 
y X. Z. Xu. 2010. C. elegans phototransduction requires a G protein-dependent cGMP pathway and a 

taste receptor homolog. Nat Neurosci 13:715-722. 
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There is increasing evidence that alternative splicing is an important regulatory layer controlling circadian 
networks across eukaryotic organisms, but splicing factors regulating this process are largely unknown. 
Here we show that LSM genes encoding core components of the spliceosomal U6 SnRNP complex play a 
regulatory role in the control of circadian rhythms in plants and mammals. We found that the expression 
of several LSM genes in Arabidopsis plants or mice SCN is regulated by the circadian clock. Furthermore, 
mutations in LSM5 or LSM4 genes in Arabidopsis, or down-regulation of LSM5 or LSM3 expression in 
human cells, lengthens circadian period. Changes in expression and alternative splicing of some core-
clock genes were identified in Arabidopsis lsm mutants, but the precise molecular mechanism causing 
period lengthening remains to be identified. Genome-wide transcriptomic analysis of Arabidopsis lsm5 
and lsm4 mutants revealed larger effects on alternative compared to constitutive splicing and, remarkably, 
no evidence of intron retention was observed in more than 95% of the approximately one hundred 
thousand splicing events evaluated in the strong loss of function lsm4 mutant allele. These findings 
support the idea that core components of the spliceosomal machinery play regulatory roles in RNA 
processing, and contribute to adjust physiological functions to dynamic environmental changes. 

  



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

403 
 

CRYPTOCHROMES -RADICAL PAIR MECHANISM 
  



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

404 
 

PO16-Evaluating Cryptochromes as Functional Avian Magnetoreceptors 
 
Jennifer Handsel and P. J. Hore 
  
Department of Chemistry, University of Oxford, Physical and Theoretical Chemistry Laboratory, South 
Parks Road, Oxford, OX1 3QZ, United Kingdom. E-mail: jennifer.handsel@chem.ox.ac.uk  

 
 
Cryptochromes and photolyases have a highly conserved chain of three tryptophan (Trp) residues leading 
from a flavin adenosine dinucleotide (FAD) binding pocket to the surface of the protein. Photoexcitation 
produces a spin-correlated radical pair between the FAD and the terminal tryptophan (TrpC), which can 
either recombine to the ground state or undergo proton transfer to form a longer lived radical pair. The 
relative yields of these products can be affected by a weak magnetic field (<  5 mT) in what is known as 
the radical pair mechanism. Due these properties, cryptochromes have been proposed as an avian 
magnetosensor. The motivation of the current work is to evaluate theoretically whether cryptochromes are 
sufficiently sensitive to weak magnetic fields to fulfil this proposed role. 
 
We have analysed magnetic field effects on transient absorption measurements of four proteins: 
A. thaliana cryptochrome, E. coli photolyase, Drosophila melanogaster cryptochrome and Xenopus laevis 
(Xl) cryptochrome. Our analysis suggests that while the initial spin-correlated radical pair is shared 
between the FAD cofactor and TrpC, the terminal radical momentarily hops to TrpB (the central 
tryptophan of the triad) at a rate ~10

7
 s

1
. This hopping has the effect of modulating the exchange 

interaction experienced by the radical pair, and halves the predicted low-field effect. Furthermore, our 
analysis suggests that recombination and proton transfer kinetics are an order of magnitude faster in 
XlCRY (~10

6
 s

1
) than in the other three proteins (~10

5
 s

1
). Homology modelling of the XlCRY protein 

structure suggests that this may be due to shorter Trp-Trp distances compared to the other three proteins, 
and intramolecular proton transfer from the TrpC radical to a nearby histidine in XlCRY. We hope that 
our theoretical and structural analysis can help elucidate whether any of the currently known bird 
cryptochromes are viable magnetoreceptors. 
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Electrosmog is defined as the background electromagnetic radiation resulting from the use of both 
wireless technology and mains electricity. Therefore the occurrence and intensity of electrosmog varies 

with the accumulation of electronic devices. This means that almost all scientific experiments are 

conducted in the presence of electromagnetic radiation with varying intensities. 
It has been hotly debated whether man-made electric and magnetic fields affect biological processes, 

including human health
 
[1-5]. So far, no putative effect of anthropogenic electromagnetic noise at 

intensities below the guidelines adopted by the World Health Organization
 
[1-2] has withstood the test of 

independent replication under truly blinded experimental conditions. No effect has therefore been widely 
accepted as scientifically proven

 
[1-6]. 

Here we show that migratory birds are unable to use their magnetic compass in the presence of 

urban electrosmog. Testing birds for their magnetic compass orientation capability by using Emlen 
funnels is a well established method since the 1960s.  

When migratory European robins, Erithacus rubecula, were exposed to the background electrosmog 

present in unscreened wooden huts at the university campus located in the city of Oldenburg, they could 
not orient using their magnetic compass. 

Their magnetic orientation capabilities reappeared in electrically grounded, aluminium-screened 

huts, which attenuated electromagnetic noise in the frequency range from 50 kHz to 5 MHz by ca. two 

orders of magnitude. When the grounding was removed or when broadband electromagnetic noise was 
deliberately generated inside the screened and grounded huts, the birds again lost their magnetic 

orientation capabilities. The disruptive effect of radiofrequency electromagnetic fields is not confined to a 

narrow frequency band and birds tested far from sources of electromagnetic noise required no screening 
to orient with their magnetic compass. These fully, double-blinded tests document a reproducible effect of 

anthropogenic electromagnetic noise on the behaviour of an intact vertebrate. 
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It has been shown on various animal taxa that magnetic compass behavior depends on presence and 

wavelength of light [reviewed in 1,2]. Crucial role of short wavelength half of spectrum in 

magnetoreception is consistent with process of constitution of radical pairs consisting of cofactor flavin 
(FAD) and protein Cryptochrome (Cry). The investigation of light wavelength and intensity thresholds 

for magnetic sensing in vivo gives important data underpinning experimental identification of radical 

partners. To date, only fruitfly and birds wavelength limits were reported (<420 nm [2] and <565 nm 

[reviewed in 3] respectively) yet generally without mapping of color-specific intensity thresholds 
throughout the spectrum.  

Here, we tested spontaneous reaction to rotations of geomagnetic horizontal vector - magnetically induced 

restlessness of German cockroach (Blattella germanica ) under 365, 385, 405, 466 and 520 nm lights and 
defined respective light intensity thresholds of magnetosensitive behavior. Two maxima of sensitivity 

have been found at 365 nm UV and around 450 nm blue-green lights. However, even the highest 

intensities of green 520 nm light used (10
19

 photons s
-1

m
-2

) did not support magnetosensitive behavioral 
reaction (fig.1). Our data show spectral curve of behavioral reaction to geomagnetic field stimulation 

which seem to be well compatible with Cry light absorption spectra [4]. Since both Cry1 and Cry2 have 

been cloned from Blattella and molecular approaches are applicable (e.g. gene silencing) our assay may 

well be used to address open questions of Cry mediated light-dependent magnetoreception mechanism of  
animals.  

 

 

Fig.1 Spectral curve (intensity vs wavelength) 

of German cockroachmagnetoreception 

behavior. For 520 nm, no magnetic sensitivity 
was found. 
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Arabidopsis cryptochrome 3 (cry3) is an organelle-targeted flavoprotein [1] that belongs to the DASH 

type cryptochromes. Here we show that in etiolated seedlings CRY3 expression is strongly and transiently 
induced during dark/light transition under all tested light conditions. Analysis of photoreceptor mutants 

showed that the expression of CRY3 is regulated by cryptochrome 1, cryptochrome 2 and phytochrome A 

but not phytochrome B. Members of the photolyase/cryptochrome family act as UV-A/blue light 
receptors or as photolyases. Whereas in vitro analyses have shown that cry3 repairs cyclobutane 

pyrimidine dimers in single stranded DNA or loop structures of double stranded DNA (reviewed in [2]), 

there is so far no proof for a significant repair function in planta. The recombinant E. coli expressed cry3 
binds flavin adenine dinucleotide (FAD) and methenyltetrahydrofolate (MTHF) as chromophores [3]. To 

our knowledge for none of the photolyase/cryptochrome family members of plants the authentic 

chromophore composition has been studied. To address this question we used Arabidopsis plants 

expressing GFP-tagged cry3 for protein purification. Fluorenscence spectra as well as the HPLC retention 
behaviour of cofactors released from cry3-GFP are mostly identical to those of E. coli expressed cry3. 

Thus, FAD and MTHF are the authentic cofactors of cry3. 
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Oxidative damage on cellular DNA and its components can be induced by direct UV irradiation and by 

endogenous photosensitizers. Both processes are participant in aging process and many human diseases 

including cancer. The major target for DNA oxidants is guanine since it has the lowest oxidation potential 
of the DNA bases. The oxidation of guanine produces a wide spectrum of products including 8-oxo-7,8-

dihydro-2′-guanine (8-oxoGua), spiroiminodihydantoin (Sp), guanidinohydantoin (Gh), 2,2,4-triamino-

5(2H)-oxazolone (Ox). 8-OxoGua is considered a clinical biomarker for oxidative DNA damage. 

However, 8-oxoGua is more susceptible to further oxidation than guanine yielding more stable oxidation 
products, including Sp and Gh. 

 

β-Carbolines are natural alkaloids suggested as participant in a variety of photosensitized processes [1-4]. 
Since humans are simultaneously exposed to β-carbolines and to sun light, the photosensitized 

mechanism needs to be elucidated. 

 

In this work, we have studied the capability of norharmane, a β-carboline, to induce 2´-desoxyguanosine-
5 -́monophosphate (dGMP) photooxidation upon UVA irradiation. Irradiated samples were analyzed by 

LDI- and ESI- mass spectrometry showing diagnostic signals related to Sp, Gh, 8-oxoGua and Ox 

moieties. 
 

Acknowledgments CONICET and ANPCyT (PICT 2012-0423). 

 
[

1
] M.M. Gonzalez, F.A.O. Rasse-Suriani, C.A. Franca, R. Pis Diez, Y. Gholipour, H. Nonami, R. Erra-

Balsells, F.M. Cabrerizo, Org. Biomol. Chem., 2012, 10, 9359. 

[
2
] M.M. Gonzalez, M. Vignoni, M. Pellon-Maison, M.A. Ales-Gandolfo, M.R. Gonzalez-Baro, R. Erra-

Balsells, B. Epe, F.M. Cabrerizo, Org. Biomol. Chem., 2012, 10, 1807. 

[
3
] M. Vignoni, F.A.O. Rasse-Suriani, K. Butzbach, R. Erra-Balsells, B. Epe, F.M. Cabrerizo, Org. 

Biomol. Chem., 2013, 11, 5300. 

[
4
] M. Vignoni, R. Erra-Balsells, B. Epe, F.M. Cabrerizo, J. Photochem. Photobiol. B Biol., 2014, 132, 

66. 

  

mailto:karinalevy@intech.gov.ar


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

411 
 

PO21-Cell-Free DNA Damage Photoinduced by Harmine and 6-Chloro-Harmine 
 
Federico A. O. Rasse-Suriani

a
, Marco Seifermann

b
, Juan G. Yañuk

a
, Francisco Simon

a
, Valeria E. 

Alvarez
a
, M. Lis Alomar

a
, M. Paula Denofrio

a
, Rosa Erra-Balsells

c
, Bernd Epe

b
, Franco M. Cabrerizo

a
 

a
 Instituto de Investigaciones Biotecnológicas - Instituto Tecnológico de Chascomús (IIB-INTECH - 

CONICET - UNSAM), Chascomús, Argentina. federasse@intech.gov.ar 
b
 Institute of Pharmacy and Biochemistry, University of Mainz, Germany. 

c
 CIHIDECAR - CONICET, Departamento de Química Orgánica, Facultad de Ciencias Exactas y 

Naturales, Universidad de Buenos Aires, Argentina. 

 

The photosensitizing properties of β-carboline (βC) alkaloids and some related derivatives have been 

recently well studied and documented. On cell-free DNA, photoexcited βCs induce single strand-breaks 
(SSB), 8-oxo-7,8-dihydroguanine (8-oxoGua) and pyrimidine dimers formation (CPDs) [1,2]. The extent 

and type of photosensitized damage depends not only on the nature of the βC substituent but also on their 

DNA binding affinity to DNA [3]. In a recent study, we have also demonstrated that the DNA damage 
profile generated in mammalian cells shows major differences compared with that observed in cell-free 

DNA [4]. 
In the present work, we examine the capability of harmine and 6-chloro-harmine (Scheme 1) to 
photoinduce damage in cell-free DNA. The type (damage spectrum) and extent of the damage is analyzed 
together with photochemical, photophysical and binding properties of the investigated compounds. Our 
results show that 6-chloro-harmine photoinduce a quite disctintive damage profile in comparison with 
other βCs investigated: i.e., SSB are the main DNA photoproducts when 6-chloro-harmine is used, 
whereas oxidative purine modifications, such as 8-oxoGua, FapyGua and FapyAde, and also AP sites, are 
the most frequent products generated when other βCs are used as photosensitizers. 
 

 
 
 
 
 
 
Scheme 1: Chemical structure of harmine (R = H) and 6-chloro-harmine (R = Cl). 
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In spite of the fact that terrestrial solar radiation and electronic absorption spectra of nucleic acids (NAs) 
are only slightly overlapped a direct excitation of NAs in the solar UV region above 290 nm is considered 

as a primary photoprocess responsible for the photochemical action and carcinogenic effect. In contrast to 

canonical genomic NAs, mostly existing in the helical forms with nearly parallel neighboring stacked 
bases, a curved NA helixes may exhibit regions with unpaired strands with strong variability of the local 

structural parameters. An unusual stacking geometry in the bent NAs might enhance electron overlap and 

thus change significantly the electron coupling and hence the electronic excitation spectrum. We 

calculated the excitation energy in vacuum using RI-MP2 CIS(D)/cc-pVDZ
 
approach and oscillator 

strengths at the CIS level as implemented in ORCA of non-canonical stacked adenine (NDB ID: 1LC6; 

1RAW; 1NBK; 2LBS), cytosine (NDB ID: 1A60) and uracil (NDB ID: RR0131) dimers in the bent RNA 

strands derived from NDB database. As a result, the distorted base-stacking conformations in non-
canonical nucleic acid forms exhibit a significant red shift of their absorption spectra, which makes them 

a good target for terrestrial solar radiation fig. 1. 

 
Figure 1. 1A60 RNA fragment containing distorted cytosine dimer absorbing at 333 nm. 
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Retinal ganglion cells (RGCs) expressing the photopigment melanopsin (Opn4) display intrinsic 

photosensitivity. In the chicken retina, two Opn4 genes, Opn4x and Opn4m have been described of which 

Opn4x was found to be confined to the forming GC layer and optic nerve at early embryonic days (E), but 
by E15 its expression was mostly in Prox1 (+) horizontal cells (HCs) [1]. The aim of this work was to 

obtain HC primary cultures further purified and to characterize them by biochemical, morphological and 

functional assays. Disaggregated chicken retinas at E15 were subject to a discontinuous 1 to 4% bovine 
serum albumin (BSA) gradient [2]. Phases were examined with specific antibodies against Opn4x and HC 

markers. Then, immunopanning against Opn4x with the 2,5 % phase was performed to obtain cultures of 

HCs that express this photopigment. Primary cultures were also examined by flow cytometry and RT-

PCR. Finally HC cultures were exposed to light or kept in the dark to assess intrinsic photosensitivity by 
calcium imaging.Results show that only the fraction corresponding to the 2.5% of BSA contained most 

cells displaying PROX-1 and Opn4x immunoreactivities. After immunopanning purification, cultures 

were highly enriched in Opn4x (+) HCs and exhibited positive responses to bright light pulses as 
compared with dark controls. In conclusion, by means of this sequential purification procedure we 

obtained primary cultures of HCs expressing Opn4x and we provide the first insight about their intrinsic 

light sensitivity. 
Acknowledgments: ANPCyT-FONCyT PICT 2010 Nr. 647, CONICET, SeCyT-UNC, and MinCyT-
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Fluorescent probes have been extensively employed to monitor changes in the bilayer properties resulting 
from changes in temperature, lipid composition, addition of additive, etc [1]. The changes reported by a 

fluorescent probe depend on the location of the probe and/or the bilayer property sensed. On other hand, 

the diffusion of a given solute is modulated by a variety of factors that depends on the membrane, the 
solute and the experimental conditions (such as pressure and temperature). Regarding this last parameter, 

it has been reported, for a variety of solutes and bilayer of different composition, that the rate of diffusion 

reaches a maximum value at (or nearby) the main transition temperature [2, 3]. This maxima diffusion 

rate has been related to the presence of rafts in the bilayer that would favour the formation of transient 
holes throughout which takes place the displacement of the solute [2, 3]. Meanwhile, this raft does not 

influence the response of the fluorescence.      

 
In the present work, we compare the response of glucose diffusion and a variety of fluorescent probes to 

changes of temperature in order to get insight on the factors that control the rate of diffusion of the solute 

through di-palmitoyl phosphatidilcholine bilayers in unillamelar liposomes. 
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Advances in far field fluorescence microscopy have pushed spatial resolution below the diffraction limit 
and into the scale of single biomolecules. Such techniques require probes having states with different 
emission properties. In particular, photochromic compounds possessing dark and bright  states can act as 
molecular photoswitches, thus becoming useful fluorescent probes. A reliable switching mechanism, high 
brightness contrast between states, and detection at the single molecule level, are key properties for 
achieving high resolution meaningful images. 
 
We have introduced a family of photochromic molecular switches whose emission can be modulated by 
optical stimulations, through the opening of an oxazine ring on the core of the chromophore.[1-2] 
Intracellular imaging in fixed cells was achieved by the inclusion of such markers into polymeric 
micelles, that were endocyted by the cells before the fixation step.[3] However, the utilization of such 
compounds using general labeling protocols such as immunolabeling has resulted elusive due to poor 
solubility in water, and a strong dependence of the photochemical properties on solvent polarity that 
challenges photoswitching in aqueous solutions. 
 
We present recent advances in establishing these compounds as valuable markers for fluorescence 

nanoscopies, aiming to overcome the solubility/polarity issues. On one hand, we show the spectroscopic 

properties of photoswitch-IgG adducts at the single molecule level. We observe a strong dependency on 
the environment both on the average burst time (residing time in the emissive isomer) and in the 

brightness. Adducts with different labeling ratios are being explored. On the other hand, ultrafast 

spectroscopic measurements shed light on the mechanism involved in signal modulation. A fast photo-

conversion with a single characteristic time of ca. 20 ps was observed in acetonitrile solutions, confirming 
the fast reaction of the switches under illumination with 375 nm light. The ultimate aim of this study is to 

feed back the design of the fluorescent markers. 
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The buildup of dental plaque is the first step towards the oral diseases caries and periodontitis. 

Identification of pathogenic substances and matrix components is of importance when choosing an 

appropriate treatment plan. Hyperspectral imaging combines spectral- and spatial information, providing 
new possibilities for precise optical characterization of biological tissue [1,2], including dental plaque. 

 

A line scanning camera (1600 pixels across the field of view; λ resolution: 3.7nm (400-1000nm: spectral 
direction); close-up lens; spatial resolution at sample surface:~30μm; integration time: 21ms×5) was used 

with a light emitting diode (λmax:365nm). The corresponding hyperspectral images were characterized 

using statistical image analysis and evaluation of fluorescence spectra (average:10×10 pixels). The 
fluorescence data was radiometrically calibrated to radiance. Fluorescence spectra were obtained from 5-8 

areas of three sides of two extracted lower central incisors from a 36-year old male with diagnosis 

“localized, aggressive periodontitis”. Plaque had been collected for nine days prior to extraction during 

which a temporary restoration for the extracted teeth was produced. A plaque-free premolar (tooth bank 
species) was used for comparison.  

 

The fluorescence spectra of different plaque areas differed in number of peaks and intensity. Spectra with 
the highest intensity and number of peaks were obtained from the plaque areas closest to the gingival 

border. Areas without or with little plaque as well as the plaque-free tooth generally displayed spectra 

with one major peak and one minor peak/shoulder.  Spectral peaks of tooth tissue, independent of the 
presence of plaque, appeared in the range 470-740nm. Hyperspectral imaging is a promising tool in 

fluorescence charactrization of dental plaque.  
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Protoporphyrin IX (PPIX), can accumulate in rapidly growing tissues, including tumours and 

atherosclerotic plaques [1].  This paper describes the elimination of porphyrins by stool. The 
autofluorescence of faecal mass protoporphyrin (PPIX) extracted with acetone was analysed using 

fluorescence spectroscopy of twenty-four rabbits randomly divided into the groups:  control group (CG) - 

fed a normal diet, and an experimental group (EG) - fed a hypercholesterolemic diet (1% cholesterol).  
Emission spectra were obtained by exciting the samples at 405 nm. Significant differences were observed 

in autofluorescence intensities measured in the 575–725 nm spectral regions for the studied groups. The 

results showed a noninvasive, simple, rapid and sensitive method to detect atheromatous plaques grow by 
stool test. Therefore, this method can aid in the early diagnosis of atherosclerosis with high sensitivity. 

 

 
Figure 1. The area of the emission spectra (575–725 nm) of PPIX extracted from the animal stool, plotted as a function of the 

days since the hypercholesterolemic diet began. CG indicates the control group, and EG 68, 75, 82, and 89 indicate the 
experimental groups and the corresponding number of days. 
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 The missorting of metabotropic Glutamate Receptor 1a (mGluR1a) is associated to ischemia, brain 
trauma, epilepsy, multiple sclerosis, amyothropic lateral sclerosis, and Huntinton and Parkinson 

diseases.[1,2] In the present work, the distribution of mGluR1a density on neuron cells on subcellular 

length scales (dendrites and axons) is determinated by evaluating the role played by the protein kinase D1 
(PKD1) in the trafficking of membrane proteins comparing the distribution of mGluR1a for endogenous 

PKD1 expression with experiments performed in the presence of kinase-inactive protein kinase D1 

(PKD1-kd).  
 The distribution of mGluR1a was evaluated using Au nanoparticles (NPs) probes specifically 

functionalized which allow not only to image NPs where this receptor is present but also to quantify by 

optical means the NP density. This is so because the NP  plasmon coupling generates  surface 

enhancement Raman (SERS) response that depends on NP density . This feauture, facilitated a spatial 

mapping of the mGluR1a density distribution on subcellular length scales. The measured  values were 
found to be significantly higher on dendrites than on axons for endogenous PKD1, and a significant 

increase of mGluR1a on axons  was observed when PKD1 is altered. A detailed characterization of the 

spatial distribution of the NP immunolabels through scanning electron microscopy (SEM) confirmed the 

findings of the all-optical studies (fluorescence bright analysis and dark-field mycroscopy) and provided 
additional structural details.  

 From the molecular biology poin of view, it is  shown that in cultured hippocampal pyramidal cells, 

mGluR1a is predominantly transported to dendrites and excluded from axons. Expression of kinase-
inactive protein kinase D1 (PKD1-kd) dramatically and selectively alter the intracellular trafficking and 

membrane delivery of mGluR1a containing vesicles. After PKD1 suppression, dendritic membrane 

proteins are mispackaged into vesicles that are distributed to both axons and dendrites. These results 
reinforces the idea that in neurons PKD1 regulates the sorting of dendritic proteins and hence has a role in 

neuronal polarity. 

 
[1] G. K. Dhami, S. S. G. Ferguson, Pharmacol and Therapeutics 2006, 111, 260. 
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In the last two decades, the resolution of biological structures in fluorescence microscopy has improved 
from Abbe’s limit (approx. 200 nm) to under 20 nm with the introduction of highly sophisticated super-

resolution imaging techniques. However, their further development relies on new photomodulatable 

fluorescent probes with good quantum yields and highly controllable photoactivatable emission.  
 

We are focused on developing such probes based on fluorescent diheteroarylethenes: photochromic 

molecules with oxidized sulfone groups[1,2] which present reversible photoswitching between a dark, 
open isomer and a thermally stable, bright closed isomer, but are renowned for their low solubility in 

water due to the hydrophobic core – a major drawback for their application in microscopy. Glucose 

moieties were covalently attached to a fluorescent diheteroarylethene in order to increase hydrophilicity 

and solubility in water-organic cosolvent mixtures. Repeated cycles of photoswitching can be achieved 
with minimal photodegradation. Improvements in fluorescence quantum yield and photoconversion 

kinetics are expected upon interaction with biological structures such as membranes or proteins. In the 

absence of any organic cosolvent, emission and photoconversion cease to exist, helping to reduce 
background fluorescence in the biological sample. By functionalizing the soluble fluorophore with a tag 

suitable for binding to proteins, the molecules can be directly targeted at specific structures. Such 

reversibly photoswitchable, fluorescent and water-soluble probes are suitable for a wide variety of super-
resolution microscopy techniques. 
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The binding of small molecules to proteins is a matter of current interest. One of the techniques more 
employed to obtain binding isotherms, number of binding sites and binding constants is based on steady 

state fluorescence measurements. Depending on the system characteristics the primary data comprise 

 
i) effect of the solute on the intrinsic protein fluorescence measured at a fixed protein 

concentration, 

ii) effect of the solute on the intrinsic protein fluorescence as a function of the protein 

concentration and, 
iii) effect of the protein concentration upon de solute fluorescence 

 

These techniques, and particularly those i) and iii) can be employed only under very limited conditions 
(i.e a single binding site) and are bound to large errors when these limitations are not considered. In 

particular, approach i) is the most widely used and, coupled to Scatchard’s equation., is employed to 

ascertain if there are more than a type of binding site, the number of sites, and their binding constants. 

This leads to an evaluation of the number of sites starting from a treatment that assumes that there is only 
a single site per protein. In the present communication we apply these procedures to the association of 

1,4-dihydropiridines (calcium channel blockers) to human serum albumin (HSA), compare the results 

obtained and discuss their limitations. 
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Results obtained in our group showed that the generation of reactive oxygen species (ROS) induced by 

clinical antibiotics were higher in sensitive than in resistant strains [1].  

 

The objetive of this work was to evaluate the generation of ROS in Staphylococcus aureus  ATCC 29213 
and methicillin-resistant S.aureus (MRSA) ATCC 43300 strains, promoted by antimicrobial compounds, 

Linezolid and a new sythesized compound, N-benzenesulfonyl 1, 2, 3, 4-tetrahydroquinoline (BS-THQ) 

[2]. The Minimum inhibitory concentration (MIC) was determined using the standard tube dilution 
method [3], 2,7- dichlorodihydrofluorescein diacetate was used as a monitor of intracellular ROS 

generation by fluorescent microscopy as a qualitative method [4], ROS were also detected by Nitro Blue 

Tetrazolium (NBT) assay as a quantitative method [5].  
 

The generation of ROS in the sesitive strain was particulary higher than in the resistant one. BS-THQ at 

subMIC induced 15.63% and 2.76%, respectively, while Linezolid showed  an increase of 18.43 % and 

4.63% by NBT assay.  Figure 1 shows the results  obtained by fluorescence microscopy. 
 

We conclude that the differences in ROS generation between strains could be attribute to a higher 

antioxidant capacity in the resistant strain. Moreover, the generation of ROS could be associated to the 
mechanism of action of the studied compounds. 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1: Staphylococcus aureus ATCC 29213 at subMIC treated with Linezolid (A) or BS-THQ (B). 

Untreated control (C). 
Acknowledgments CONICET and SECYT , Dra. Crespo Pilar (CIBICI-CONICET). 
[1] PL Paez, MC  Becerra, I Albesa, Fundamental & Clinical Pharmacology 2010,  24,771 
[2]  RJ Pagliero, R Mercado,V McCracken V, MR Mazzieri, MJ Nieto, Lett Drug Des Discov 2011, 8, 
778. 
[3] Clinical and Laboratory Standards Institute (CLSI). CSLI document M7-A7. USA,  2012.  
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Fluorescent proteins (FPs) have numerous applications in the biosciences from markers of gene 

expression to probes of protein binding. The development of FPs started with Green Fluorescent Protein 

(GFP) and the Nobel Prize for Chemistry in 2008 was awarded to Shimomura, Chalfie and Tsien for their 
work on the system. FPs are widely recognised as indispensable tools and the search continues for novel 

variants, particularly those that excite and emit close to the near infra-red (NIR) range. At these 

wavelengths there is minimal background absorbance and light scattering from biological tissues, making 

these proteins ideal for deep tissue imaging. Furthermore, the long wavelength NIR radiation is harmless 
and hence can be applied in vivo [1]. We have been working towards the expression and assembly of a 

novel recombinant peridinin-chlorophyll a binding protein (PCP) which emits in the NIR range (see 

Figure 1). PCP is a photosynthetic antenna protein which comes from a coral symbiont alga. Our 
laboratory have previously investigated the thermodynamic and kinetic stability of variants of GFP, and 

mapped their folding pathways [2]. This work leads into current research focussing on understanding the 

factors involved in the cold unfolding of FPs with a view to the development of temperature biosensors.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acknowledgments The authors acknowledge the BBSRC and Protein Technologies Ltd for funding. 
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A.                                                   B.   

                    

Figure 1: Published crystal structure of A. Green Fluorescent Protein 

(GFP) and B. Peridinin-Chlorophyll a binding Protein (PCP). The 

chromophore of GFP is highlighted as a stick model in green and the 

pigments in PCP are shown as stick models in red and green, the orange 

molecule is a structural lipid [3-4]. 
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PO33-Effect of Carnauba-wax Sunburn Protectant on Fruits Temperature and Apple 

Solar Injury 
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Quality and postharvest of fruit exposed to high solar radiation are affected by a physiological disorder 
caused by oxidative stress, called sunburn [1]. A carnauba-wax based sunburn protectant, Raynox® (SP) 

is a sunscreen that absorbs high-intensity UV rays and also contains organoclays that reflect solar 

radiation [2]. 
 

The effect of SP on fruit surface temperature (FST), fruit quality at harvest and post-harvest were studied 

on apple var. ‘Royal Gala’, ‘Red Delicious’, ‘Braeburn’ and ‘Granny Smith’ in Rio Negro Upper Valley,  

Argentina. SP application began on 25
th
 November, repeating every 15-20 days until harvest time. 

Treatments were made in aqueous solutions of 5% (SP5%) and 10% v/v concentration (SP10%), with a 
calibrated air-blast sprayer to apply 1700 L.ha

-1
. Sunburn injury was classified based on Schrader system 

[3]. 

 
Red Delicious FST treated with SP was 3°C less than control fruits since 9:00 to 15:00. SP10% sprayed 

on apple trees increased significantly the percentages of no sunburn fruit (Figure 1). SP10% delayed 

maturation but did not affect fruit weight or color. There were no SP effects on postharvest fruit quality. 
SP would provide an effective technology for sunburn reduction in apple fruits, increasing their quality 

and commercial yields. 

 

 

 

 

 

 

 

 

Figure 1. Percentage of no sunburn fruits according different SP treatments. 

Same letters on bars denote no significant differences between means by 
Tukey (P < 0.05). 

 

 
 

[1] J. Racsko and L. E. Schrader, Sunburn of Apple Fruit: Historical Background, Recent Advances and 

Future Perspectives. Critical Reviews in Plant Sciences. 2012, 31, 455. 
[2] L. E. Schrader, Scientific basis of a unique formulation for reducing sunburn of fruits. HortScience 

2011, 46, 6. 
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The most common form of cancer, skin cancer, is attributed to exposure to ultraviolet (UV) radiation.  
The advocated first line of defence is protection from sunlight by use of clothing, hats and application of 

sunscreens.  However, a number of sunscreen preparations available in the market have been shown to 

degrade on exposure to UV radiation, thus affording the consumer little or no protection.  Efforts have 
been made to stabilise these products and minimise associated side-effects arising from photodegradation 

by-products.  Plants extracts have been shown to provide a stabilising effect in addition to offering some 

degree of UV absorption.  Also, plant polyphenols found in these extracts are known to be good 

antioxidants.   
 

In this work the photostabilising effect of lavender oil, and liquorice and grape seed extracts on the 

commonly used sunscreens, namely, avobenzone, octyl methoxycinnamate and benzophenone-3, was 
investigated.  The chemical characterisation of the extracts was carried out by means of GC-FID, GC-MS 

and HPLC-MS.  The photochemical transformations of each extract with the sunscreen agents was 

monitored by using spectrophotometric and chromatographic methods.  All the extracts exhibited good 

photostabilisation of both individual sunscreens and mixtures thereof.  Photostability measurements 
indicated longer sun-protection ability with an initial improved UV absorption.  We propose that 

inclusion of these extracts in sunscreen formulations will improve their photoabsorption efficacy and 

minimise photodegradation. 
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Ultraviolet radiation (UVR) in excess can produced skin cancer and serious skin damage. Currently, 

plants have gained widespread interest as source of natural sunscreen. Since plants from high altitude 
ecosystems are exposed to high UVR levels, they must produce a chemical adaptive response, and 

therefore polyphenolic compounds that are present in these plants play an important role as photo-

protective agents [1-4].  

 
The aim of our study was to evaluate the potential effect for photo-protection and antioxidant capacity in 

vitro of seven plants from high altitude ecosystems in Antioquia-Colombia (Sphagnum meridense, 

Calamagrostis effuse, Lycopodiella alopecuroides, Drimys granadensis, Disterigma alaternoides, 
Morella pubescens and Baccharis antioquensis). The extracts were obtained in acetone (pH 1,0) and the 

in vitro photo-protection effect was measured between 290-380 nm in the UVA-UVB spectra. The 

antioxidant capacity was evaluated using the DPPH radical assay, total monomeric anthocyanin content 
(TAC) and total phenolic content (TPC). 
 

C. effuse extract showed good protective effect over UVB spectrum, while D. granadensis and B. 

antioquensis extracts showed similar results over a broad spectrum UVA-UVB. On the other hand, the 
EC50 values were between 0.146±0.027 and 6.209±0.381 g extract/mmol DPPH, the TAC between 

1.786±0.313 and 6.170±0.707 mg cyanidin-3-glucoside equivalents/g vegetal dry material and the TPC 

between 1.962±0.260 and 130.817±9.496 mg gallic acid equivalents/ vegetal dry material. 
 

Acknowledgments JC Mejía-Giraldo acknowledges doctoral fellowship granted by Colciencias (National 

Research Council). The authors acknowledge CODI-University of Antioquia (Project no. IN632CE) for 
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[1] R.P. Gallagher, et al., Biophys. Mol. Biol. 2006, 92, 119. 

[2] M.V. Velasco, et al., Int. J. Pharm. 2008, 363, 50. 
[3] G. Agati, et al., New Phytol., 2010, 186, 786. 

[4]. M.E. Alonso-Amelot, et al., Biochem. Syst. Ecol. 2007, 35, 1. 

 



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

430 
 

PO36-In vivo evaluation of the antioxidant and photoprotective capacity of Gadusol and 

Mycosporine like amino acids in the stratum corneum using Confocal Raman spectroscopy 

Maira Gaspar Tosato
a
, Dalila Orallo

b
, Maria Sandra Churio

b
, Airton A Martin

c
 and Lelia E. Dicelio

a
  

a
University of Buenos Aires-INQUIMAE, Ciudad Universitaria, 1428- Buenos Aires- Argentina, 

mgtosato@yahoo.com.br, led@qi.fcen.uba.ar 
b
National University of Mar del Plata-Facultad de Ciencias Exactas y Naturales, Dean Funes 3350- Mar 

del Plata- Argentina, dalilaorallo@hotmail.com, schurio@mdp.edu.ar 
c
University of Paraíba Valley - Laboratório de Espectroscopia Vibracional Biomédica, Av. Shishima 

Hifumi, 2211- São José dos Campos- São Paulo- Brasil, amartin@univap.br
 

 
Chronic exposure to ultraviolet A (UVA) (320-400 nm) can cause premature aging and cancer of the skin 

inducing the production of reactive oxygen species (ROS) [1]. Recent studies have focused on marine 
organisms as a source of natural bioactive molecules with therapeutic properties. Mycosporine like amino 

acids (MAA) porphyra-334 and shinorine and gadusol (Gad) were respectively isolated from marine red 

algae and fish roes. We investigated the effects of polymers gels containing Pluronic ® F-127 as in vivo 

delivery systems of MAA and Gad in human skin [2][3].  
A total of 5 healthy volunteers (females) aged 20-30 and skin type II participated in this study. The areas 

of forearm were treated with formulations during 3 consecutive days. UV exposure was using lamp 

xenon. In vivo Raman measurements were performed in the fingerprint region (400–1800 cm
−1

)
 
using a 

785 nm laser. Raman spectra in vivo were collected for all treatments and control sites at different depths 

below the skin surface until 56 μm depth (Figure 1). 

The depth profiles of the trans-isomer of urocanic acid (t-UCA) amount in the stratum corneum as a 
function of the treatment are shown in Figure 2. The amount of t-UCA decreased immediately after UV 

exposure and increased by the application of gel on the skin surface. 
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 The proportion of melanin presents in the epidermis determine the skin color. It is known that 

melanin also provides protection against the UV light. But melanin is also believed to be phototoxic, 

leading to for instance melanoma. Eumelanin, giving the brown coloration, is believed to be responsible 
for photoprotection, while pheomelanin, giving the reddish coloration, has been correlated to increased 

risk of melanoma[1]. However, the molecular processes behind both photoprotection and toxicity have 

remained unknown. In order to understand which of the pigments, and by what type of processes the two 
melanins can be associated to photoprotective functions and phototoxicity we have performed a bottom 

up approach, starting with studies of the photochemistry of the eumelanin building blocks 5,6-

dihydroxyindole (DHI) and 5,6-dihydroxyindole-2-carboxylic acid (DHICA), followed by studies of 

oligomers and polymers[2-3]. 
Time-resolved fluorescence experiments performed show that the dissipation of absorbed UV-

light energy of eumelanin occurs by excited state proton transfer processes[4-8].  

Upon UV-radiation DHICA-monomer exhibit an intramolecular excited state proton transfer of 100 fs in 
acidic solution[7] while in neutral condition UV-light provoke a nanosecond excited state proton transfer 

to the water solvent[4, 7]. 

Going from the DHICA monomer to the dimer, the radiationless decay rate increases 1000-fold and after 
about 150 fs almost all the excited molecules are back to their ground state. The same happens in the 

synthetic polymer. This shows that monomeric DHICA has modest UV-dissipation capacity, whereas 

already at the dimer level the UV-dissipation is extremely efficient and occurs on the 100-fs time scale 

through excited state intra- and intermolecular proton transfer. 
DHI and its oligomers have longer excited state radiation decays, ranging from nanosecond to 

picoseconds. The superior photoprotective properties of eumelanin pigments are specifically due to the 

unique photophysical and photochemical behavior of the DHICA−derived oligomeric motifs. 
[1] Simon, J. D.; Peles, D.; Wakamatsu, K.; Ito, S.  Pigment Cell & Melanoma Research 2009, 22 (5), 

563-579. 
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A biopsy is an invasive medical procedure which by surgery or puncture a sample of human tissue is 

removed and sent to the pathology laboratory for analysis for diagnostic purposes. This type of procedure 
is named conventional biopsy. 

 

Instead, an optical biopsy is a noninvasive diagnostic procedure that performs an analysis of the tissue 
with an optical system using different techniques such as laser, infrared, fluorescence, spectroscopy, 

microscopy, among others. The sample of tissue of the body is not removed. The tissue to be analyzed is 

accessed through the body surface, including the analysis of the skin itself, or by endoscope to the 
mucosal surface of any cavity. Optical biopsy methods are divided into two groups according to their 

techniques [1]: 

 

1. Methods based on images, such as Optical Coherence Tomography (OCT), Optical Coherence Images 
(OCI), Digital Holography Images (DHI), Confocal Endomicroscopy (CEM) or Photo-Acoustic 

Microscopy (PAM). 

  
2.  Methods not associated with images such as Natural Fluorescence Spectroscopy, Reflectance 

Spectroscopy or Photonics Elastic Scattering, all of them excited by proper lighting. 

 
However, significant research work is required to correlate the results of conventional biopsy with those 

of optical biopsy before organizing a service to be used on patients. Ultimately its purposes are:  1) Avoid 

the possible spread of malignant cells by conventional biopsy, and 2) Avoid normal delays of 

conventional biopsy in cases where prompt diagnosis of malignancy by optical biopsy allows immediate 
treatment. 

 

Based on the above, demonstrative experiences with natural fluorescence spectroscopy in dermatologic, 
odontostomatologic, gynecologic and proctologic patients have been made both in healthy tissue as in 

pathological tissue [2]. 

 
The present work was partially supported  by I170–UNLP project.  
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Organisms respond to a state of threatened homeostasis with a repertoire of physiological processes 

collectively referred to as the stress response. Central to these processes is the hypothalamic-pituitary-
adrenal (HPA) axis. The adrenal gland secretes cortisol and other glucocorticoids under the control of 

adrenocorticotropic hormone (ACTH), released from the anterior pituitary in response to signals from the 

hypothalamus, such as corticotropin-releasing-hormone (CRH). Up to date evidence shows that HPA-axis 
activation can trigger long-term (genomic) effects on behavior. However, its contribution to rapid (non-

genomic) organizing effects on behavior is far less understood, as simultaneous sampling of HPA-axis 

activity and behavior has not been possible so far. We addressed this open question directly using 
analyses of goal-directed behavior and optogenetic stimulation of specific cells within the hypothalamic-

pituitary-interrenal (HPI) axis of larval zebrafish, equivalent to the HPA-axis in humans. Altogether, our 

results show how optogenetically enhanced levels of stress axis activation can be followed by non-

genomic behavioral adjustments aimed at counteracting the incidence of threatening external stimuli.  
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In natural and synthetic systems, phytochromes from Arabidopsis thaliana have been used to control 
transcription and post-translational mechanisms [1-3]. Light-dependent phytochrome activity occurs via a 

switch between two protein conformations. Under red light, plant phytochromes enter an ‘active’ Pfr state 

that is largely reversed (~3% remains in the Pfr conformation) to the ‘inactive’ Pr state in far-red light or 

prolonged darkness. However, despite Arabidopsis phytochromes sharing similar absorption properties, 
this system cannot explain why plant phytochromes form two groups whereby phyA (phytochrome A) 

controls development in environments of low R:FR (red:far-red) light, whilst phyB-E play larger roles in 

high R:FR conditions. 
 

Previous work from our group has highlighted that, under high intensity far-red light, plant development 

is regulated by the nuclear translocation of active phyA [4]. Thus, phytochrome activity can be controlled 
through manipulation of external light conditions and altering of post-translational dynamics. In this 

work, we use mathematical models to examine how phytochrome activity changes in response to 

perturbations in the external environment and internal dynamics. Analysis of our results could lead to the 

development of more flexible synthetic systems that take advantage of the reversible light-regulation of 
phytochrome proteins. 

 
Acknowledgments This work was funded by an HFSP grant awarded to CF.  
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BLUF (Blue light sensors using FAD) domain containing proteins are blue light photoreceptors that are 

responsible for photoadaptive responses in many prokaryotes and few lower eukaryotes. In prokaryotes 

and lower eukaryotes BLUF domain are present in multidomain architecture, BLUF domain are fused to 

various effector domains like GGDEF domain, EAL domains, cyclase homology domain etc [1]. In 
Euglena gracilis the BLUF domain is fused with adenylyl cyclase domain (CHD), which is together 

known as photoactivated adenylyl cyclase (PAC) and is responsible for photobehavioral responses [2]. 

These PACs were used as optogenetic tools for manipulating cAMP level by illumination [3]. For spatio-
temporal control of cAMP signalling in different cells and tissues, there is need for more PAC with 

different light regulated cyclase kinetics. 

 

In this study, we report the photoactivated adenylyl cyclases from protozoa Naegleria gruberi (named 
NgPAC). These NgPACs show light regulated increase in cyclase activity. There is no photoactivated 

guanylyl cyclase present in the nature. By mutagenesis, the photoactivated adenylyl cyclase (PAC) is 

converted to photoactivated guanylyl cyclase (PGC). Optogenetic potential of natural and engineered 
NgPAC variants is explored by using D. discoideum as expressing system. These are overexpressed in D. 

discoideum to manipulate the cAMP level in the dark and presence of blue light by scoring effect on 

growth and development. Detailed biochemical characterization of the natural and engineered NgPACs 
will also be presented. 

 

 

 Acknowledgments: We acknowledges the DBT for funding the project. 
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G-protein-coupled receptors (GPCRs) including animal rhodopsins are heptahelical transmembrane 
receptors, which transduce signals through specific G proteins (Gs, Gi, Gq, Gt and so on) to intracellular 

signaling cascades. On the other hand, microbial rhodopsins, similar heptahelical transmembrane 

proteins, exhibit light-driven ion-transport and photo-sensory functions, although they cannot activate G-
proteins. In our previous study, various chimeras between microbial and bovine rhodopsins were 

designed, which were able to activate Gt in a light-dependent manner [1-2].
 
 

We now attempt to design new chimeras of GPCRs which do not respond to light in nature. In this 

study, we design new chimeras between microbial rhodopsins and 2-adrenergic receptor (2AR) for Gs-
activation by light. The activated Gs increases the concentration of cAMP which is an intracellular second 
messenger and it induces the activation of cAMP-dependent protein kinase. These signalings are 

important for memory formation in brain, and the artificial control of the cascade would be useful for the 

treatment of Alzheimer’s disease. The chimeric protein between Gloeobacter rhodopsin (GR), a proton 

pumping microbial rhodopsin, and 2AR (GR/2AR) showed light-dependent Gs-activation, whose 
activities were determined by G-protein activation assay. In the presentation, we will discuss the specific 
properties obtained from spectroscopic measurements and potency for application in optogenetics. 

 

 
Figure 1Chimeric protein activates G-protein in a light dependent manner. 

 
 
[1] Nakatsuma et al. Biophys. J. (2011) 100, 1874. 
[2] Sasaki et al. PLOS ONE (2014) 9, e91323.  
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Physical properties of thylakoid membranes isolated from barley were investigated by the electron 

paramagnetic resonance (EPR) spin labeling technique. Parameters of EPR spectra of spin labels showed 

an increase in the thylakoid membrane fluidity (MF) during senescence. The oxygen transport parameter 
also increased with age of barley, indicating easier diffusion of oxygen within the membrane and its 

higher fluidity. Changes in the MF of barley secondary leaves were compared with changes in the level of 

carotenoids (Car), proteins, reactive oxygen species (ROS) and lipid peroxidation products (LPP). Both 

total Car and protein content showed a linear decrease with senescence, while the levels of LPPs and ROS 
increased. When we compare the changes in MF with other parameters, it seems that the first change 

observed is a slight increase in MF. MF plays an important role in functioning of several membrane-

localized processes including the xanthophyll cycle. It was shown that access of violaxanthin de-
epoxidase to its substrate, violaxanthin, depends on MF. Since Car of the xanthophyll cycle protect plants 

against excess of light and oxidative stress, a decrease in activity of the cycle may lead to oxidative 

damage to the thylakoid membrane and an increase of ROS production. This, coupled with an enhanced 
MF can cause damage to proteins and Car further increasing the membrane fluidity. Indeed, the 

measurement of ROS showed that the level of ROS started to increase after observed increase in MF, 

which could be a consequence of lower activity of the xanthophyll cycle and a decline in Car level. Also, 

increased oxygen diffusion, as proved by measurements of the oxygen transport parameter, makes 
unsaturated galactolipids of thylakoid membrane more susceptible to peroxidation. Measurement of LPPs 

showed a gradual increase in their level with progress of senescence.  
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The non-invasive measurement of tissue oxygenation is challenging, and has been addressed by numerous 
research goups during the last decades [1]. Besides diagnostic and monitoring applications, measuring the 

partial oxygen pressure (pO2) provides valuable fundamental information regarding the tissue respiration 

[2]. 
 

pO2  can be measured quantitatively and non-invasively in vitro and in vivo by luminescence lifetime () 
spectroscopy of molecular probes [3]. In general, lifetime-based techniques are more reliable than 

intensity-based methods because  does not depend on the probe concentration. Unfortunately, most of 
the luminescence oxygen probes are phototoxic [4]. This leads to tissue destruction, including vascular 

damage, during pO2 measurements. 

 
Dichlorotris(1,10-phenanthroline)-ruthenium(II) hydrate (Ru[Phen]3

2+
) is considered to be a pO2 probe 

inducing minimal vascular photodamage. Therefore, we are interested in studying its phototoxicity in 

endothelial cells. We have observed an endosomal/peroxisomal localization of Ru[Phen]3
2+

 24 h after 
incubation in vitro. It may have an important role in the cellular response after light activation (e.g. 

decrease of mitochondrial potential, as illustrated in Figure 1). We have also shown, that the key reactive 

species induced by light are singlet oxygen and hydrogen peroxide, the concentrations of which regulate 

cellular viability. 
  

 
 

Figure 1: Endothelial cells incubated during 24 h with Ru[Phen]3
2+

 (red). Mitochondria (green) are stained 

with Rhodamine 123 and lysosomes (blue) with LysoTracker® Blue DND-22. 
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Studies have shown that the effect of photodynamic therapy (PDT) in cells of the immune system plays 

an important role in the treatment of infections , in addition to their direct antimicrobial effect. The 
purpose of this study was to evaluate the influence of PDT on cell viability and nitric oxide (NO) 

production by mouse macrophages (RAW 264.7). These cells were treated with the photosensitizer 

methylene blue at a concentration of 300 mM for 5 min and after irradiated with laser (wavelength of 660 

nm, power of 50 mW and an energy density of 15 J/cm2 ) for 5 min. The effects of PDT were evaluated 
based on cell viability by MTT test and Griess reagent for the production of nitric oxide (NO) by 

macrophages. 4 experimental groups were obtained: MB) cells in contact only with the photosensitizer, 

CONT) only with sterile saline, LASER) cells only irradiated by laser and PDT) cells undergoing the 
action of PDT. Results were compared by analysis of variance and Tukey test (1% significance). Cell 

viability of only 10.75% was observed in the group MB (with the photosensitizer only); PDT group in 

cell viability was 68.51%; LASER group in cell viability was significantly higher than others groups, 

205%. Regarding the ON, the output MB group was significantly lower (p <0.01) than those treated with 
PDT alone, and the laser. 
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Phloxine B (PhB) is a hydrophilic dye used in drugs and cosmetics. It has low toxicity in the dark but it is 
currently used as photoinsecticide because it generates singlet molecular oxygen (

1
O2) on illumination. 

Poly(2-hydroxyethyl methacrylate) (PHEMA) is a bio-compatible polymer that forms hydrogels in water 
and, conveniently crosslinked, builds up hardly hydrolizable materials. Preliminary experiments are 
described, based on PhB incorporated in 100300 nm thick 20 kDa PHEMA films obtained by spin 
coating on glass substrates. Samples were characterized by absorption and emission spectroscopies. 
Fluorescence quantum yields were obtained using PhB in ethanol as a reference (ΦF = 0.76 ± 0.02). 

1
O2 

formation was evaluated using 1,3-diphenylisobenzofuran as chemical quencher in dichloromethane. 
 
Absorption spectra do not change with dye 
concentration (200 M0.1 M) and resemble the 
spectrum in ethanol, showing that dye aggregation 
does not take place. In spite of that, fluorescence 
quenching occurs at [PhB] > 0.005 M. Results are 
interpreted in terms of a quenching-radius model 
with randomly distributed molecules, computing 
excitation energy migration and trapping (FRET) 
through LAF theory calculations [1]. The best fit is 
obtained with a quenching radius of 12 Å, compatible 

with quenching centers formed by slightly interacting 
molecules in close contact (statistical traps). Relative 
1
O2 quantum yields follow a similar trend. 

 
Generation of 

1
O2 is limited only by the formation of statistical traps at high dye concentrations. The 

maximum rate for a given illumination is obtained around [PhB] = 0.010 M, where the product between 
absorptance and quantum yield attains its maximum. Potential applications in photodynamic 
antimicrobial chemotherapy and other fields [2] are discussed. 
 
Acknowledgments: Financial support was obtained from UBA, CONICET and ANPCyT. E.S.R. and 
H.B.R. are research members of CONICET. Y.L. acknowledges a CIN fellowship. 
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Abstract 
Candida species are major microorganisms isolated from DS (denture stomatitis), an inflammatory 

process of mucosa underlying a removable dental prostheses, and express a variety of virulence factors 

that can increase their pathogenicity.  
The aim of this study was examine the potencial of PDI (photodynamic inactivation) on planktonic 

culture, biofilms and virulence factors of Candida strains.  

A total of 48 clinical Candida isolates (20 of C. albicans, 12 of C. glabrata, 12 of C. tropicalis, and 04 of 

C. dubliniensis) from individuals wearing removable maxillary prostheses with DS were included in the 
study. The effects of ER (erythrosine), 200 µM, and a green LED (light emitting diodes), λ 532±10 nm, 

237 mW/cm
2 

42.63 J/cm
2
, alone and conjugated were evaluated in planktonic culture. To biofilms, ER at 

a concentration of 400 µM excited by green LED was evaluated. The virulence factors of all Candida 
strains were evaluated before and after PDI process on cells derived from biofilm and planktonic assays.  

All Candida species were susceptible to ER and green LED. However, biofilm structures were more 

resistant to PDI than planktonic cultures. PDI also reduced most of virulence factor of C. albicans, and 

some of C. tropicalis strains.  
These results suggest that PDI was effective in reducing yeasts as well as reducing the virulence of some 

Candida species and decreasing their pathogenicity. 
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Atherosclerosis is a chronic degenerative disease that affects medium and large caliber arteries, and is 

characterized by lesions with plaque or atheroma. A recent study of our group found that atheromatous 

plaques exhibit an accumulation of protoporphyrin IX, or PPIX, which is transferred to the blood [2]. This 
paper aims to elucidate the mechanisms of PPIX accumulation in atheromatous plaques, which will help 

in early diagnosis of cardiac diseases. Thus, ALA:Au can act as a theranostic agent. 

ALA:AU was produced by photoreduction with light from a Xenon lamp. The best synthesis conditions 

were obtained from measurements of UV/Vis optical absorption and electron microscopy. Male New 
Zealand rabbits were used to monitor received a high calorie diet with 1% cholesterol; Experimental 

group with ALA ( EGALA ) and Experimental Group with ALA:Au ( EGALAAu ). Blood samples and 

animal feces, and extracted PPIX in different disease stages (early, 20 and 60 days) were analyzed. The 
animals were divided into 5 groups: control group (CG) with normal diet, and control group with ALA 

(CGALA ); Experimental group (EG), in which the animals of PPIX extracted from both the feces and 

blood of animals in the region between 575 and 725 nm were done. 
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Figure 1: Electron microscopy TEM solution of 

gold particles, a) ALA: Au; b) ALA: Au pH 

adjusted at 7.0 c) ALA: Au PEG pH 7.2. 

Figure 2: The area of the emission spectrum of 

PPIX extracted from the blood
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Since several years anthraquinone (AQs) derivatives have been thoroughly studied in relation to their 

photosensitizing properties in photodynamic reactions [1,2]. On the basis of this, some of them showed 

good antibacterial and antiviral effects, by photosensitization of reactive oxygen species (ROS) such as 
superoxide anion (O2

.¯
), hydroxyl radical (OH

.
) and singlet molecular oxygen (

1
O2), with subsequent 

oxidative damage [3, 4].  

 

This time we report the purification and identification of parietin (PTN), an AQ isolated from vegetal 

specie: Teleoschistes flavicans (SW) Norm. (Telochistaceae). In addition, the spectroscopic properties of 

the pigment in CHCl3 as solvent, indicate that PTN absorbs blue light and shows almost 3% of 

fluorescence efficiency with a remarkable Stokes shift of 70 nm and non-exponential fluorescence 

decay, suggesting a possible excited-state tautomeric keto-enol or charge-transfer intramolecular 

equilibrium. The main results are summarized as follows. 
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Additionally, we performed time-resolved detection of singlet oxygen luminescence at 1270 nm by 355 
nm laser pulsed excitation (7 ns fwhm) and by using phenalen-1-one as reference compound the singlet 

molecular oxygen quantum yield. F  0.8 was determined, indicating that this AQs derivative shows 
good photosensitizing properties, which can be associated with its potential photodynamic activity .   
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In photodynamic therapy (PDT) cells are killed by irradiation in the presence of a photosensitizer, which 

produces cytotoxic reactive oxygen species (ROS). Specific uptake and accumulation of a photosensitizer 

in malignant cells, while surrounding tissue stays unaffected, would make this therapeutical concept more 
powerful and minimal invasive. A possible way to obtain that is to address tumor specific surface 

molecules. Many solid tumors overexpress folic acid receptor  (FR), to ensure the supply of folic acid 

(FA). FR is an endocytotic receptor with a high FA affinity and a fast turnover rate which makes it an 
attractive vehicle for cancer cell specific drug delivery. We wanted to find out whether albumin-folate-

conjugates are useful to transport photosensitizers into FR overexpressing cancer cells. As a diagnostic 
tool we used the highly fluorescent ß-carboline derivate N

2
-carboxypropyl-norharmane, which we 

coupled covalently to BSA. Afterwards we coupled FA to this albumin-ß-carboline-conjugate (AßC) to 

produce an albumin-ß-carboline-FA-conjugate (AßCF). These two different conjugates were 
characterized with respect to size, conjugation pattern and photophysical properties. The fluorescence 

quantum yield of the fluorophor was not diminished significantly by albumin therefore this conjugate is a 

suitable molecule to visualize AßCF under the microscope. For delivery studies we used KB cells (human 

nasopharyngal carcinoma), which are FR overexpressing. We could show that AßCF accumulates in the 

lysosomes of the cells with increasing incubation time while AßC is not entering the cell. This proves that 
the uptake of AßCF is mainly FA mediated. By using a ß-carboline derivate with a higher triplet quantum 

yield and a comparable coupling behavior (e.g. N
2
-carboxypropyl-harmine) it should be possible to 

 

 

N
H

N

OH

+
O

 

Fig.1:  Photosensitizer N
2
-carboxypropyl-norharmane, which was used for delivery studies and uptake 

quantification. 
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We determinated the effectiveness of the photodynamic process in vitro of tumor cells models -HeLa- 

using a nonlaser light source of  400 nm ± 7 nm and compared it with the previously obtained with a 637 

nm ± 8 nm LED lamp[1].  
The methodology consisted in the use of the maximum absorption peak of the temoporfin -used as 

photosensitizer- to irradiate cells cultures. While in therapeutic applications in humans there is an optimal 

range of light in which the depth reached through the skin is maximum -600nm-800nm-, in this case, 
taking into account the higher quantum efficiency of absorption, it was evaluated whether to use a lower 

concentration of photosensitizer or lower irradiation fluence which would prevent the rapid consumption 

of oxygen for in-vitro cell experiments[2-4].  
From these results we consider the possibility of transferring to human therapeutic the application of 
PDT, using a 400 nm illumination, to treat most of the superficial skin diseases such as Actinic Keratosis 
and Basal Cell Carcinoma [5-8].  
 
 The present work was partially supported  by I170–UNLP project.  
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Our research interest involves the study of ternary interactions in biosupramolecular systems using 

fluorescence techniques. Motivated by current promising research using cucurbit[n]uril (CB[n]) 

macrocycles [1-2] in biological applications, we are investigating the use of these molecules to 
encapsulate, transport, release and improve the activity of photoactive drugs. 

 

 
Scheme 1. Structures for CB[n], AO

+
 and the proposed ternary interaction between AO

+
, CB[7] and 

HSA. 

 

Following previous work by other authors [3-4], we studied the formation of ternary complexes between 
acridine orange (AO

+
), CB[7] or CB[8] and human serum albumin (HSA) (scheme 1). The studies 

uncovered interesting aspects of the binding in these ternary systems such as the importance of the 

drug@CB[n] complex conformation and some aspects of the binding of two molecules to CB[8]. Since 
ternary interactions were observed and characterized, the photoactivity of the drugs once bound to the 

system were studied. Initial experiments showed an important degree of protein fragmentation upon 

irradiation of the ternary complex and additional photochemical studies are currently underway. Since 

CB[n] stabilize photoactive molecules and further improve their photophysical properties, these ternary 
complexes could improve their photoactivity in vivo. 
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Photodynamic Therapy involves the presence of a drug capable to generate damage to tumoral cells 
in presence of visible light.  In this sense Nanoparticles (NPs) have been deeply studied because of the 

high absorption in the visible range.  In this work, we present the synthesis of nanoparticles functionalized 

with tris(5-NH2-phenanthroline) ruthenium (II) complex.  This functionalization leads to a controlled 
formation of dimers.  Dimers could be very effective for generating photothermal damage because the 

excitation of the surface plasmon resonance (SPR) results in a temperature increase near the NP surface.  

In addition they present the advantage that the frequency of the SPR resonance can be tuned by using 
different NPs sizes or interparticle separations.   

 

The surface enhanced Raman  scattering (SERS)  response  of  the complex located  in the gap of  

the NP aggregates results in an analytical SERS enhancement factor of 10
 5

.  This feature corroborates 
that the ruthenium complex is indeed located between nanoparticles.  An additional confirmation of this 

fact has been performed using Transmission Electron Microscopy (TEM), in which dimers, trimers and 

other aggregates where found.    
 

 A kinetic study of the NP aggregation process, followed by the evolution of the UV Vis extinction 

spectra, has been also performed.  The results shows that there are three different stages: an induction 
period where the population of isolated NP is the most important but it starts to decrease very slowly, a 

second stage in which small NP aggregate such as dimers an trimers are the dominant populations and a 

final stage in which we can appreciate de formation of NP “chains”. 

 
 The photophysics of this system was further investigated by performing fluorescence quenching 

experiments, finding Stern Volmer constants around Ksv=4x10
11

 M
-1
. These constants involved a 

phenomenon called superquenching, which is a very efficient electron transfer process between the 
quencher and the fluorophore.   
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By mimicking the photo-dimerization of adjacent thymine 

pendant groups in DNA under UVC light, we used 

copolyelectrolites containing vinylbencyl thymine (VBT) and 

either vinylbenzyl triethylammonium chloride (VBA) or 
vinylphenyl sulphonate (VPS) to form hollow microcapsules 

(MCs) by layer by layer (LbL) sequential adsorption of these 

polyelectrolytes on CaCO3 sacrificial templates removed later 
with EDTA solutions [1]. The effect of photo-crosslinking by 

formation of cyclobutane thymine dimers after 256 nm 

irradiation [2] on the microcapsules was characterised by 

fluorescence microscopy (FM), scanning electron microscopy (SEM), atomic force microscopy (AFM), 
and Raman spectroscopy (RS). 

CaCO3 filled and hollow microcapsules were obtained after deposition of 3 alternated polyelectrolyte 

layers. Fluorescein dye was used for the FM visualization of the MCs, which were ~4.5 m of average 
diameter (Fig. 1). The removal of CaCO3 by EDTA was monitored by RS (inset Fig. 1). Figure 2 shows 
AFM and SEM micrographs of photocrosslinked MCs. The photocrosslinking was also monitored by RS 

through the formation of thymine dimers (inset Fig. 2). After UV irradiation the multilayer surface 

becomes rugged, suggesting that photo-curing of the shell controls the MCs morphology. 
  
 
 
 
 
 
 
 
 
 
 
 
These DNA-inspired copolyelectrolytes are promising materials for the development of LbL hollow 
microcapsules with several potential applications such as the stimuli or time controlled release of drugs 

and agrochemicals, enzyme occlusion, fabrication of enzymatic microreactors, etc. Some of these 

applications are currently being explored in our labs. 
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Fig 1. Fluorescein loaded filled MCs. 

 

Fig 2. AFM (left) & SEM (right) micrograph of hollow 

photocrosslinked microcapsules. 
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 Cholesterol is one of the most essential components of natural membranes which can influence the 
function and structure properties of the membrane as well as the interaction of drugs [1]. Hypericin (Hyp), 

natural derivative of St. Johns wort plant, Hypericum perforatum, exhibits promising photosensitizing 

properties which can be used in the photodynmic therapy [2]. There are only few studies focused on the 

behavior of the drug molecules as function of the presence of cholesterol in lipid membranes.  
 

 In this study we have compared interaction of Hyp with model membranes in absence or in presence of 

cholesterol. Large unilamellar vesicles (LUV) containing 0% and 20% of cholesterol were prepared. 
Uptake of Hyp monomer whithin LUV were measured by fluorescence intensity. As previously shown 

[3], high accumulation of Hyp in vesicles leads to the formation of non fluorescent aggregates. However, 

maximum fluorescence intensity of Hyp monomer observed for LUV with 20% cholesterol is higher than 
in absence of cholesterol. This difference can be explained in view of  the affinity constants of Hyp that 

were determined respectively for 0% and 20% cholesterol LUV. This interpretation was further confirmed 

by redistribution process experiments. 

 

 
 

Figure 1: Fluorescence intensity of Hyp in LUV with no cholesterol and in the 20% presence of 

cholesterol. 
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Silicon nanoparticles (SiNP) of 1 to 3 nm size have been proposed as luminiscent sensors in biological 
systems [1] and as alternative therapeutic agents to organic fluorescent dyes in photodynamic therapy [2]. 
In this work we describe the synthesis, characterization and evaluation of the photoluminescence 
properties of surface-derivatized SiNP with polyethylene glycol and folic acid in the aim of increasing 
nanoparticles stability in aqueous solution and improving their selective capture by tumor cells. 
SiNP were synthesized by a bottom-up method based on the reduction of SiCl4 in a reversed micelle 
system. The particles were surface-modified with allylamine by a photochemically-initiated radical 
mechanism [3] to obtain a luminiscent amine-terminated product showing high stability in aqueous 
solutions. Subsequently, the particles were derivatized with folate via the formation of an amide bond 
between folic acid and the amino group of the derivatized nanoparticles. 
SiNP pegylation was performed following two synthesys procedures, a photochemical process involving 
surface-oxidized SiNP and a chemical process involving propylamine fuctionalized SiNP as precursors. 
The obtained particles were thoroughly characterized by FTIR, Raman, XPS, excitation-emission 
matrices, and time-resolved anisotropy. Also, the particles ability to generate singlet oxygen was 
investigated to evaluate their capacity as potential photosensitizers in photodynamic therapy. The 
obtained results show that the different surface groups may diminish the particles singlet oxygen 
generation yields. 
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[2] Chen W.; Zhang J, J. Nanosci. Nanotechnol., 2006, 6(8), 1159-1166. 
[3]Milena Rosso-Vasic ,  Evan Spruijt ,  Zoran Popović ,  Karin Overgaag ,  Barend van Lagen ,  Bruno 

Grandidier ,  Daniel Vanmaekelbergh ,  David Domínguez-Gutiérrez ,  Luisa De Cola and Han Zuilhof, J. 

Mater. Chem., 2009, 19, 5926-5933. 

  



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

455 
 

PO57-Interaction of Amphiphilic Photosensitizers in Membranes and their Photoactivity 

on Photochemical Internalization 
 
Tayana Mazin Tsubone

a
, Christiane Pavani

a
 and Maurício S. Baptista

a
. 

a
Instituto de Química - Universidade de São Paulo, Brazil; E-mail: tayanatsubone@usp.br.  

 

Photochemical Internalization (PCI) is a new strategy to allow drug or biomolecules delivery inside 

eukaryotic cells. This concept is based on the use of photosensitizers (PSs), which localize mainly in 

endocytic vesicles membrane. This membrane is photo-damaged and allows the release of lumem 

material at the endocytic vesicles [1-3]. However, the knowledge of the PCI mechanism is limited. 
Since it is known that it is required a strong interaction and accumulation of PS in the plasma membrane 

in order to get satisfactory drug delivery [3], we evaluated the degree of interaction of PSs with 

liposomes, erythrocyte membranes and the PS uptake in HeLa cells in order to understand the relationship 
between structure/charge and photoactivity. Binding experiments in liposomes and HeLa cells indicate 

that TPPS2a and CisDiMPyP present higher and similar degree of interaction within PSs studied. 

However, unlike the model membrane systems, TPPS2a presents 62% smaller cell uptake than 
CisDiMPyP. 

TPPS2a and CisDiMPyP photodynamic efficiency was similar in liposomes and erythrocytes. On the other 

hand, the phototoxicity experiments in HeLa cells showed an increased efficiency of TPPS2a (IC50 3.5 

times less) compared to CisDiMPyP, suggesting that the photodynamic efficiency of PS is not directly 
related to the PSs uptake in cells neither with efficiency of photoactivity in model membranes. This 

probably occurs due the location of PSs in different organelles, leading different mechanisms to cell 

death. We are establishing a link between the effects claimed by PCI and the autophagy mechanism of 
cell death. 
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Bacteriochlorophylls are promising photosensitizers for vascular targeted photodynamic therapy (VTP) of 
cancer. These dyes are stable, exhibit high efficiency to photogenerate singlet oxygen and free radicals 
and relatively low dark toxicity. Particularly the water soluble Pd-bacteriopheophorbide monolysine 
taurine (WST11) appears to be an attractive alternative to the other photosensitizers, which are widely 
used in anticancer therapy. It is expected that PDT with application of this photosensitiser might be less 
destructive to healthy tissues. 
The mechanism of photosensitized oxidation induced by WST11 has been proposed previously [1]. To 
verify this mechanism and identify experimental conditions favoring Type I and Type II photochemistry 
mediated by WST11, we employed absorption and emission electron spectroscopy, nanosecond laser 
flash photolysis, singlet oxygen phosphorescence, EPR-oximetry and EPR-spin trapping. 
Although in organic solvents such as acetone or DMSO, quantum yield of singlet oxygen generation by 

WST11 is almost unit, in aqueous media it is reduced by almost two orders of magnitude (=0,06 in 
PBS/D2O). It can be postulated that the effect is due to partial aggregation of the dye moleculesin water. 

Solubilization of WST11 with Triton X-100 significantly increases the yield of photogenerated singlet 

oxygen (=0,18). On the other hand complexation of WST11 by BSA, which also monomerises the dye, 
has a more complex effect on the ability of the dye to photogenerate reactive oxygen species. 

Correspondingly after complexation of the dye with BSA the lifetime of the triplet excited state increases 
3-fold. Femtosecond laser flash photolysis analysis suggests possible contribution to the observable 

photoreactivity of WST11 of a very fast electron transfer process. 
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A detailed investigation of the interaction of two novel rhenium(I) complexes with two non-specific 
proteins (bovine and human serum albumins-BSA and HSA- which are key for the transport of drugs in 

the blood plasma) is reported. Rhenium(I) complexes Bu4N[(bpy)Re(CO)3(dcbpy)] (where Bu = butyl; 

bpy = 4,4’-bipyridine; dcbpy = 2,2’-bipyridine-5,5’-dicarboxylate) and 
ClRe(CO)3(Bathocuproinedisulfonatedisodium salt) herein after on this work called Re1 and Re2, 

respectively; were found to bind strongly with bovine and human serum albumins (BSA and HSA) with 

intrinsic binding constants, Kb of (5.2±0.3)×10
5
 M

−1
 and (2.6±0.3)×10

5
 M

−1
 at 300 K for the  BSA-Re1 

and HSA-Re1 interactions, respectively; and (4.5±0.3)×10
5
 M

−1
 and (4.6±0.3)×10

5
 M

−1
 at 299 K for the 

BSA-Re2 and HSA-Re2 interactions, respectively. The interactions of serum albumins with the above 

complexes were assessed employing fluorescence spectroscopy, circular dichroism and UV–vis 

absorption spectroscopy. According to circular dichroism studies, the serum albumins-Re1, Re2 
interactions did not cause meaningful conformational changes in the protein or local perturbation in the 

domain IIA binding pocket. However, the relative fluorescence intensity of the albumin (BSA or HSA) 

bound to the Re1 and Re2 complexes decreased, suggesting that association is located around the Trp 214 
residue. The analysis of the thermodynamic parameters ΔG, ΔH, ΔS indicated that the hydrophobic 

interactions played a major role in both BSA-Re1, Re2 and HSA-Re1, Re2 association processes. The 

binding distances and transfer efficiencies for BSA-Re1, Re2 and HSA-Re1, Re2 binding reactions were 

calculated according to the Föster theory of non-radiation energy transfer. Experimental evidence suggest 
that serum albumins strongly bind Re1 and Re2 complexes, allowing thus possibility to use them in 

Photodynamic Therapy (PDT). 
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The inefficient production of singlet oxygen (O2(

1
g)) can limit the use of photodynamic therapy 

photosensitizers. Metal-enhanced O2(
1
g) generation is a desired effect to increase the amount of O2(

1
g) 

produced. 
 
Riboflavin (Rf) is a natural dye sensitizer, which photogenerates O2(

1
g) with a quantum yields of 0.49 

[1]. Recently, using Rf as the sensitizer, the enhancement of O2(
1
g) generation by pectin-coated silver 

nanoparticles (Pec.AgNPs) was demonstrated by indirect methods [2]. In this work, we investigate the 
effect of Pec.AgNPs on the O2(

1
g) generation by Rf by time-resolved phosphorescence (TRP) of O2(

1
g) 

at 1270 nm.  
 
The Pec.AgNPs were sinthesized by a method based on the reduction of AgNO3 with pectin in basic 
medium [3]. The Pec.AgNPs diameter of the particles (13±6 nm) was measured by atomic force and 
transmission electron microscopies. 
 
The UV-Vis spectroscopy showed that the  maximum of the plasmon absorbance of the Pec.AgNPs is 
located at 408 nm. Zeta Potential measurements confirm the effective coating of the particles because 
negative values in the pH range 4-10 were obtained. 
 

The effect of Pec.AgNPs on the O2(
1
g) generation by Rf was evaluated. For this purpose, suspensions of 

Pec.AgNPs in Riboflavin were irradiated at 355 nm and the TRP of O2(
1
g) at 1270 nm was detected. The 

data confirm the metal enhanced production of O2(
1
g) by Rf in the presence of Pec.AgNPs and also show 

the O2(
1
g) generation in the absence of Rf upon excitation of the particles in the plasmon band. 

 

[1] F. Wilkinson, W.P. Helman, A.B. Ross, J. Phys. Chem. Ref. Data, 22 (1993), pp. 133–262. 
[2] L.S.A. de Melo,  A.S.L. Gomes, S. Saska, K. Nigoghossian, Y. Messaddeq, S.J.L. Ribeiro, R.E. de 
Araujo, J. Fluoresc., 2012, 22, 1633. 
[3] Y.L. Balachandran, S. Girija, R. Selvakumar, S. Tongpim, A.C. Gutleb and S. Suriyanarayanan, Plos 
One, 2013, 8, e77043. 
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Silicon nanoparticles of 1–5 nm size (SiNPs) are biocompatible and produce reactive oxygen species 
upon UV-visible or X-ray excitation, making them potential candidates for photodynamic therapy and 
radiotherapy of cancer. Moreover, they exhibit photoluminescence and represent an alternative for 
fluorescence imaging. Combination of SiNPs with magnetic nanomaterials may allow the combination of 
fluorescence and magnetic resonance imaging. An approach to design bimodal imaging agents of low 
toxicity consists on iron-doped silicon nanoparticles (Fe-SiNPs) [1]. 
 
In the present work, we synthesized Fe-SiNPs from a modified procedure of the iron-doped sodium 
silicide precursor reported in the literature [1] and investigated the effect of iron on the 
photoluminescence and singlet oxygen generation, in an attempt to further understand its potential 
technological uses. 
  
Surface-oxidized (SiOx-Fe-SiNPs) and propylamine-
derivatized nanoparticles (PA-Fe-SiNPs) were characterized 
by high-resolution transmission electron microscopy (HR-
TEM), X-ray photoelectron spectroscopy, inductively 
coupled plasma mass spectrometry, time-resolved and 
steady-state photoluminescence, and singlet oxygen 
production upon UV-visible excitation. Cytotoxicity in rat 
glioma C6 cells (24 hours exposure) was evaluated using the 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) assay. 
 
Blue-emitting crystalline nanoparticles of 3-4 nm size were 

obtained. Emission and singlet oxygen production were 
substantially quenched on iron incorporation, emission 

arriving mainly from iron-free nanoparticles. Exposure to 10 

µg/ml of SiOx-Fe-SiNPs and PA-Fe-SiNPs resulted in 5% 

and 15% decrease in cell viability, respectively, while at higher concentrations (100 µg/ml) SiOx-Fe-
SiNPs induced a 65% of cell death, being 85% for PA-Fe-SiNPs. 

 
Acknowledgments J.J.R. and C.L. thank CONICET, Argentina, for their doctoral fellowships. M.C.G., 
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PIP112-200801-00356 from CONICET. The authors thank DAAD and MINCYT (Argentina) for a 
collaboration project (PROALAR 54365954, Germany). 
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The third generation of photosensitizers (PS) enhances the photodynamic therapy (PDT) compared to 

second generation by increasing their selectivity and efficiency. The PDT is an alternative cancer 

treatment based on interaction of PS, specific wavelength and molecular oxygen [1].  
 

The PS is absorbed by the cells. Then, the region is illuminated, bringing forth to reactions cascades that 

result in cell death. The second-generation Photodithazine (PDZ), synthesized in Russia, is a modified 
chlorin e6 by N-dimethyl-Glucosamine, which increases their solubility and thus facilitate their entry into 

the cell. The absorption band of PDZ at spectral region of 650 nm to 680 nm is ideal for biological 

application due to cells low absorption coeficient [2].  

 
In an attempt to increase the yield of PS was performed the functionalization with gold nanoparticles 

through chemical reactions and a sulfur linker. Gold nanoparticles with average diameter of 20 nm have a 

substancial biocompatibility, so they were chosen for this study. The efficiency of this new 
photosensitizer was tested in a human breast carcinoma cells line (MD- MB 468 ATCC). Cells viability 

were measured by Trypan Blue staining and MTT assays. Both methods are complementary and were 

analysed separately. The synthesis of a new PS where a photosensitizer was linked to a gold nanoparticles 
afford increase the effect of the drug administered using smaler doses and a short response treatment as 

well be used for the cancer diagnosis. 
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The aim of our study was to develop cell penetrating peptides conjugated with a chlorin photosensitiser 

(chlorin e6) and investigate their efficacy for both Photodynamic Therapy (PDT) and Photochemical 

internalisation (PCI) which is a site-specific technique for improving cellular delivery of macromolecular 

drugs. With PCI light-induced rupture of photosensitised endo/lysosomal membranes enables therapeutic 
agents sequestered within endo/lysosomes to reach their intracellular targets. Conjugation with cell 

penetrating peptides (CPP) may be able to potentiate PDT or PCI through enhanced intracellular 

localisation of the active agents.  
 

Two chlorin e6 conjugates with the the core HIV-1 Tat 48-57 cell penetrating peptide sequence were 

prepared using thiol-maleimide ligation, with coupling either at the C or N-terminus of the peptide. 
Cellular uptake and localisation of the bioconjugates were examined in MC28 fibrosarcoma cells using 

confocal microscopy. Phototoxicity and the PCI effect in combination with a protein toxin, saporin, were 

assessed using the MTT assay. 

 
Using confocal microscopy, efficient cellular uptake and localisation in endo/lysosomal vesicles of Tat-

chlorin conjugates was observed. However, cells showed significantly lower intracellular uptake when 

incubated with unconjugated chlorin e6. The phototoxicity of Tat-chlorin conjugates was found to 
increase with both the light and drug dose. Cell viability was reduced to 40% using all Tat-chlorin 

conjugates at a concentration of 0.5 µM after 5 min light exposure. However, less than 10% reduction in 

cell viability was observed when cells were incubated with chlorin e6 at the same concentration but 

without Tat peptide conjugation. Control experiments with Tat-chlorin conjugates without light exposure 
showed no measurable reduction in viability. Significantly enhanced cell killing was achieved by 

combining low concentrations of saporin with a sub-lethal light dose demonstrating that the Tat-chlorin 

conjugate is capable of acting as a PCI photosensitiser, since the same concentrations of saporin used 
without illumination are non-toxic.  
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The interaction of novel zinc (II) cationic phthalocyanines with calf thymus (CT)-DNA was studied using 
absorption and fluorescence spectroscopy, as well as thermal denaturation profiles. The properties of 

these phthalocyanines were compared taking the structure of the macrocycle peripheral substituents into 

account.2,9(10),16(17),23(24)-tetrakis[(N-butyl-N-methylammonium)ethylsulfan-yl] 

phthalocyaninatozinc (II) tetraiodide (Pc6) [1] had a greater affinity for the CT-DNA helix than its 
bioisoster 2,9(10),16(17),23(24)-tetrakis[(N-dibutyl-N-methylammonium)ethoxy]phthalocyaninato-

zinc(II) tetraiodide (Pc7) [1].  A sulfur bulky substituted cationic phthalocynine 2,9(10),16(17),23(24)-

tetrakis[(2-trimethylammonium)ethylsulfanyl]phthalocyaninatozinc(II) tetraio-dide (Pc13) [2] was also 
studied in order to evaluate the influence of the substituents on intercalation. 

  

Apparent binding constant (Kapp), fluorescence quantum yield (FF) and denaturalization temperature (Tm) 
of cationic phthalocyanines  

Phthalocyanines Kapp FFmax FF (DMF)  Tm 

6 8.9 x 10
6
 0.032 ± 0.006 0.13 * 5.1 

7 9.7 x 10
5
 0.035 ± 0.006 0.14 * 5.5 

13 4.2 x 10
6
 0.0015 ± 0.0004 0.15** 4.9 

FFmax correspond to the maximum value  measured for each phthalocyanine in the presence of CT-DNA. 

* Ref 1.  ** Ref 2. 
  

A higher Kapp value was obtained for Pc6 than for Pc7. Kapp and thermal denaturation studies indicate that 

the intercalation of phthalocyanines and CT-DNA is not involved, at least  to a significant extent. 
Therefore it can be postulated that there is  an electrostatic interaction between the phthalocyanines and 

CT-DNA. The planar aromatic region of the cationic phthalocyanines in this study appears to be unable to 

facilitate their intercalation with CT-DNA. 
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Porphyrin derivatives have shown great potential for the photodinamic inactivation (PDI) of 

microorganisms [1]. An interesting alternative for new compounds to be evaluated as phototherapeutic 
agents are dyads formed by porphyrins covalently linked to fullerene C60 [2]. These dyads present higher 

capacity to form photoinduced charge-separated state and the electron transfer process competes with the 

production of singlet molecular oxygen, O2(
1
g) [3]. In PDI, two photoprocesses can be mainly involved 

after activation of the photosensitizer. In the type I pathway, the photosensitizer interacts with substrates 

to produce free radicals, while in the type II mechanism, O2(
1
g) is produced by energy transfer from the 

photosensitizer. 
 
In the present work, the photodynamic activity of TCP-
C60 and TCP-C60

4+
 dyads was evaluated under different 

conditions. The production of O2(
1
Δg) was determined 

using 9,10-dimethylanthracene in toluene and N,N-
dimethylformamide (DMF). The O2(

1
g) generation of 

these dyads were strongly dependent of the solvents 
polarity, diminishing in more polar solvent due to 
stabilization of charge-transfer state. Also, generation of 
superoxide anion radical, O2

•−
, was detected using the 

nitro blue tetrazolium (NBT) method. Moreover, the 
photooxidation of L-tryptophan by both dyads in 
presence of β-carotene, azide ion or mannitol indicated a 
contribution of the type I pathway in DMF. 
 
On the other hand, in vitro studies of PDI indicated that 
the photocytotoxic effect on Staphylococcus aureus was 
higher for cationic TCP-C60

4+
 than TCP-C60. 

Photosensitized inactivation of S. aureus by TCP-C60
4+

 
exhibits a 4.5 log decrease of cell survival (99.997% cell 
inactivation), when the cultures are treated with 5 M photosensitizer and irradiated for 30 min. Also, the 
photoinactivation of S. aureus was examined under different conditions, such as an argon atmosphere, 
cellular suspensions in D2O and addition of azide ion or mannitol. The in vitro experiments showed that 
the killing of microbial cells photosensitized by both dyads was mainly mediated by O2(

1
Δg). 

 
These results indicate that molecular dyads, such as TCP-C60

4+
, which can form photoinduced charge-

separated state, offer a promising molecular architecture for photosensitizer agents with potential 
applications in microbial cell photoinactivation. 
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Hypericin (HY) is a photoactive aromatic synthesized by the plant Hypericum perforatum (St. John’s 

wort) and it has several wanted properties to be used as a photosensitizer
 
[1]. In this study, Hypericin and 

photosensitizers of first and second-generation had investigated some properties. The phototoxicity in two 

tumor cell lines - HEp-2 and B16F10 - the photodynamic efficiency was compared with a 

hematoporphyrin derivative (Photogem


-PG) and a chlorine derivative (Photodithazine

-PZ)[2]. The 

median inhibitory concentrations (IC50, g mL
-1

) were obtained for the photosensitizers incubated in two 
cell lines by 2h followed by 16.2 J cm

-2
 irradiation dose at 630 ± 10 nm. The IC50 values were 0.07 ± 0.01 

(HY), 1.0 ± 0.2 (PZ) and 9 ± 1 (PG) in HEp-2 cells and 0.25 ± 0.02 (HY), 3.0 ± 0.2 (PZ) and 11.2 ± 0.4 

(PG) in B16F10 cells showing that HY is more cytotoxic than the others photosensitizers. Besides that, 
HY showed the lighter potentiation in the light, about 43 and 25 times to HEp-2 and B16F10 cells 

respectively; whereas the potentiation PZ and PG not exceed 7 times after light. The lipophilicity was 

assessed by the octanol-water partition coefficient (log P): 1.20 ± 0.02 (HY), -0.62 ± 0.03 (PZ) and -0.9 ± 
0.2 (PG). The high lipophilicity of HY correlates with its superior uptake in HEp-2 cells in two hours of 

incubation, approximately 20 times higher than PG and PZ. These results reinforce the great potential of 

this photosensitizer in replacing with advantages the porphyrins as the most used photosensitizer in 
clinical PDT. 
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Phthalocyanines (Pcs) have been found to be useful photosensitizers for photodynamic therapy (PDT) [1-

2]. The tendency of Pcs to form aggregates has encouraged the use of nanocarriers that improve their 

solubility [3]. The aim of this work was to study the photodynamic performance of 2,9(10),16(17),23(24)-
tetrakis[(2–dimethylamino)ethylsulfanyl] phthalocyaninatozinc(II) (Pc9) encapsulated into a poloxamine 

polymeric micelle (T1107) in a murine colon carcinoma cell line (CT26). Pc9-T1107 was found to be 

cytotoxic after irradiation at 2.8 J.cm
-2
, being the concentration that inhibited 50% of cell growth (IC50 

value) of 11 ± 1 nM. It was also demonstrated that after light exposure of Pc9-loaded cells, the production 
of reactive oxygen species (ROS) increased in a concentration-dependent manner. In addition, a lower 

cytotoxic effect was obtained when cells were pretreated with the antioxidant TROLOX. By confocal 

microscopy, a mainly lysosomal localization of Pc9-T1107 was observed. Furthermore, after cell 
irradiation, the reduction of the fluorescence emission of a lysosomal probe was evident, suggesting the 

permeabilization of the lysosomal membrane. In accordance with this result, we also showed a significant 

increase in the cytosolic amount of the lysosomal enzyme cathepsin D in a time-dependent manner after 
PDT. The inhibitory activity induced by Pc9-T1107 in cell growth was partially reverted in the presence 

of pepstatin A, a cathepsin D inhibitor. In conclusion, our results showed that Pc9 is a potent cytotoxic 

agent for PDT, being cell death probably mediated by the generation of ROS and the release of lysosomal 

proteases.  
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One of the key issues in photosensitization processes relevant to Photodynamic Therapy (PDT) is the 
interaction between the molecule and the cell membrane. Methylene Blue (MB) and many of its 
derivatives have already proven to be highly effective in PDT treatment even in clinical trials. However, 
although experimental investigations are widely available in the literature, little is known about the 
sensitizer-membrane interaction at a molecular level. In this sense, Molecular Dynamics (MD) 
simulations might be of great help in the understanding of the ability of MB to accumulate in the 
membrane and affect its structure. In addition, this approach might be useful in the understanding of the 
cell death mechanism in PDT, since it is possible to access the the MB localization and hence  the 
photoinduced membrane damage pathway. In this work, we focus our attention on the interaction of MB 
with two different lipid bilayer membrane models: POPC and DPPC. The lipid bilayers are described by a 
recently derived GROMOS 53A6 parameter set, while the MB topology is obtained from density 
functional calculations[1-4]. Our results (Fig. 1) indicate that MB penetrates in both POPC and DPPC 
membrane models and that the penetration depth is such that the photodamage is more likely to happen 
nearby the phosphates (phospholipid headgroup region). Our data also suggests that MB presents a highly 
mobility when it is immersed in DPPC rather than POPC (Fig. 2). This is probably related to the 
anchoring caused by the double bonds in the later. In addition, the relative efficiency of MB is both model 
membranes is analysed.  
  

 

 
 

 

 
 

 

 

  
 
 

Fig. 1.Density profile along the Z axis for MB compared to the densities of selected lipid groups. 

 
                                                                                                          
Fig.2. Time evolution of the MB-

DPPC/POPC system. The dashed line 

corresponds to starting point for the 

simulation in 2.5nm.  The time 

evolution clearly shows that the  MB 

presents a higher mobility in DPPC  

rather than in POPC. 
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PDT (Photodynamic therapy), an anticancer treatment, involves the administration of a tumor-localizing 
PS (photosensitizer) and its activation by visible light, producing short-lived cytotoxic oxygen species, to 

result primarily in singlet oxygen–induced photodamage. Verte (Verteporfin), ALA (5-aminolaevulinic 

acid) which induces endogenous Protoporphyrin IX, Foscan (m-THPC) and MC540 (Merocyanine 540) 
are current clinical PS.  

 

20-30% of tumors express Ras mutations. Since the H-Ras oncogen confers resistance to PDT regardless 
of the PS, we carried out a series of studies employing the mammary adenocarcinoma cell line HB4a-Ras. 

We exposed the cells to 1, 2 or 3 PDT treatments employing ALA, Verte, Foscan and MC540, and 

studied the impact of the treatment on surviving cells. 

 
PDT treatment induces a slight resistance upon the third cycle, being the initial and final light lethal doses 

necessary to induce 50% of cell death: 50 and 120 mJ/cm
2
 for ALA-PDT; 44 and 77 mJ/cm

2
 for Verte-

PDT; 49 and 117 mJ/cm
2
 for Foscan-PDT; 17 mJ/cm

2
 and 24 mJ/cm

2
 for MC540-PDT. PS incorporation 

into the cells as well as cell division rate were not modified, but differences in morphology, and increased 

adhesion become evidenced. The rate of migration (wound assay) and invasion (through Matrigel in 

transwells) decreased with the number of treatments. ALA, Verte and Foscan –PDT induced a ten-fold 

reduction in the invasion degree and MC540-PDT inhibited invasion completely. Matrix metalloproteases 
2 and 9 expression was modified, e.g. PDT-MC540 induced 50% decrease after the first PDT cycle. 

Western blot assays revealed no changes in cadherin expression and β1 integrin, as a consequence of PDT 

treatments. 
 

This study highlights the impact of repetitive PDT decreasing the potential dissemination of tumors and 

generating scarce resistance thus being an option to be combined with surgery or others treatments. 
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Photodynamic therapy (PDT) is a promising cancer treatment, based on cytotoxicity induction using an 

especific wavelength, photosensitizer (PS) and oxygen. The events related to cell death may be through 
necrosis or apoptosis. [1]. 

 

Photodithazine (PDZ) is a modified chlorin, which is a second generation photosensitizer. Researches 
have shown promising PDZ results in PDT [2]. The aim of this study is analyse PDZ cytotoxicity in 

human breast carcinoma cells line (MDA-MB-468, ATCC) comparing the measurements for irradiated 

and non-irradiated groups. 
 

The PDZ with the concentration of 5mg/mL (VETA-GRAND Moscow, Russia) diluted in 10 mM 

phosphate buffer were maintained at 4 °C and dark environment. A tumor cell were added in a 24-well 

plate at concentration of 1x10
5
 cells/mL. Then PDZ at 0 µM, 2.5 µM and 20 µM was tested with an 

incubation time of 4h at 37°C. All experiments were made in triplicate. The samples irradiation was 

performed with LED system (light-IRRAD LED5 - 660 - Biopadi) at 660 nm and 25 mW. The drug 

performance were mesurease through MTT colorimetric assay. 
 

MTT was incubated for 4 hr in cell culture before irradiation, were removed and DMSO was added. The 

absorbance was record at 570 nm. The results is showed in Figure 1. 
 

The results show that 20 mM was effective dose, being toxic to 96% of the cells, while the concentration 

of 2.5 mM was toxic to 2.2% of the cells. PDZ showed no cytotoxicity in the dark. 

 
 

 

 
 

 

 

 
 

 

 
 

 

Figure1 - Test with MTT. Black bar represents phototoxicity study and the gray bar represents the dark 
toxicity test. 
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The growing resistance against antibiotics and others chemotherapeutics has led to find novel 

antimicrobial treatments. In the last years, photodynamic inactivation (PDI) of microorganisms represents 
a potential alternative to inactive microbial [1]. However, the high net negative charge on 

lipopolysaccharides molecules in Gram-negative bacteria provides a polyanionic external surface that is 

partly neutralized by divalent cations Mg
2+

 and Ca
2+

. Consequently, the outer membrane acts as a 
effective permeability barrier, which is relatively impermeable to neutral or anionic drugs [2]. However, 

photosensitization of Gram-negative bacteria can be increased by the addition of biological or chemical 

molecules, which modify the native consistence of the outer membrane. These changes enhance its 

permeability facilitating the penetration of photosensitizers to the cytoplasmic membrane. 
 

In this study we examined the effect of divalent cations (Ca
2+

 and 

Mg
2+

) and a permeabilizing agent (EDTA) on the uptake of an 
anionic (TPPS

4-
) and two cationic (MPAP

2+
 and TMAP

4+
) 

porphyrins by Escherichia coli. Thus, cell suspensions (~10
8
 

cell/mL) were incubated with 5 M porphyrin for 10 min in dark 
at 37°C and irradiated with visible light. Under these conditions, 

TMAP
4+

 was the more effective photosensitizer, producing a 7 log 
decrease of cell survival. In presence of 50 mM Ca

2+
, the 

photoinactivation mediated by cationic porphyrins diminished, 

while the cytotoxic effect increased with TPPS
4-
. The tendency 

was similar using 50 mM Mg
2+

, except for MPAP
2+

 that caused a 

higher inactivation. On the other hand, EDTA was used to cause 

cell wall damage in E. coli by chelating the divalent cations. The 

addition of 50 mM EDTA produced an enhancement in the 
photoinactivation mediated by the three porphyrins. This behavior 

was accompanied by an increase in the amount of photosensitizer bound to E. coli cells. Studies are in 

progress to evaluate the dependence of the uptake with the temperature and changes in the outer and inner 
membranes permeabilization. 

 

These results show that divalent cations play an important role in the uptake of porphyrins by E. coli cells. 
The removal of Mg

2+
 and Ca

2+
 that bind together the negatively-charged cell wall molecules produced 

bacterial cell membrane permeable to photosensitizer. The presence of EDTA enhanced PDI of E. coli by 

facilitating the penetration of cationic and anionic porphyrins through the outer membrane. 
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Riboflavin (RF) is an efficient photosensitizer that can act by types I and II photochemical mechanisms. 

Considering that riboflavin 2', 3', 4', 5'-tetraacetate (RFTA) has a higher tissue uptake  than RF, the aim of 

the present study was to compare the efficacy of RFTA and RF as photosensitizers in photodynamic 

therapy (PDT) to induce cell death in a cell line of human squamous carcinoma (SCC-13). The cells were 
incubated with RF or RFTA (50μM) for 3h and irradiated with 444nm λ (4.5, 9 and 18 J/cm

2
). Firstly, it 

was shown that the photosensitizers in darkness are not cytotoxic and their photoactivation generate 

decrease in cell viability and proliferation of SCC-13 in a light dose-dependent manner, with RFTA being 
more effective than RF. Cell cycle variations were observed in cells after PDT with an increment in S and 

G2/M phases vs. control. The ultrastructural studies showed that cells subjected to PDT exhibit chromatin 

condensation and apoptotic bodies. Apoptotic death was confirmed by flow cytometry with 

AnnexinV/7AAD and TUNEL assay. Cells treated with RFTA presented cleavage of PARP and decrease 
in procaspase 3, suggesting that apoptosis is induced by a caspasa dependent mechanism. Moreover, it 

was determined that RFTA is photo-stable and has the ability to generate singlet oxygen using 9, 10- 

dimethylanthracene as a probe. The cytotoxicity of PDT depend on the increased of ROS intracellular 
levels that was detected by 2´-7´-dichlorofluorescein diacetate. In summary, these results suggest that 

RFTA is a photo-stable compound and its photo-activation generates oxidative damage, leading to cell 

death by apoptosis. Therefore RFTA might be an effective photosensitizer in PDT and a good alternative 
for treating squamous carcinoma in situ, as well as in other epidermic pathologies. 
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Photodynamic therapy (PDT), a promising treatment for cancer, involves the localization of a 

photosensitizer (PS) in the target tissue before illumination using an appropriate wavelength. On 
illumination, a cascade of photochemical events results in the generation of cytotoxic reactive oxygen 

species (ROS), which causes tumor destruction. As PDT photochemistry consumes oxygen, it can also 

create rapid and severe transient tissue hypoxia [1]. Hypoxia-inducible factor 1 (HIF-1) plays an 

important role in the pleiotropic response observed under low oxygen pressure and drives hypoxic gene 
expression changes that are adaptive for cells exposed to a reduced-oxygen environment [2]. Thus, we 

aimed to examine whether a relationship exists between oxidative stress induced by PDT and HIF-1 

protein activity in photosensitized colorrectal cancer. In order to recapitule tumor architecture of the 
respective original tumor, we have previously developed multicellular three-dimensional spheroids which 

comprise a normoxic outer shell, surrounding a hypoxic core. In this work, we studied photodynamic 

effects using Me-ALA as PS in SW480 human colorrectal spheroids. PDT-ROS generation was detected 

30 min post treatment using the non-fluorescent probe H2DCFDA by fluorescence microscopy. We 
showed that ROS level was significantly higher only in lethally photosensitized spheroids. To examine 

the expression of HIF-1 in response to oxidative stress, we established SW480 cells transfected with a 

plasmid consisting of a hypoxia response element (HRE) promoter and a downstream gene encoding for 
green fluorescent protein (SW480-HRE). We observed that enhanced ROS generation was concomitant 

with an induction of HIF transcriptional activity at 3 h and 12 h after PDT, monitoring GFP expression by 

flow cytometry. Moreover, addition of ROS-scavengers (N-acetyl cysteine) abrogated the PDT-mediated 
HIF-1 upregulation. In conclusion, we have established that PDT induces significant activation of the 

HIF-1 pathway due to oxidative stress, thereby HIF-1 would trigger adaptive mechanisms to ensure cell 

survival. 
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The hydrophobicity and planar structure of Chlorins can favor aggregation in aqueous solutions [1] that 
can reduce their use in photodynamic therapy [2]. In this study it was evaluated the effect of addition of 

the Trizma hydrophilic group to the Chlorin (CHL). This new compound (CHL-T) showed an improved 

water solubility assessed by change of logP from infinity value for CHL to -2.02 ±0.61 for CHL-T. 
However, in ethanol solutions in which both are soluble it was observed a comparable quantum yields 

upon photodynamic tests using DPBF as a chemical trapping of singlet oxygen (
1
g) : (ΦΔCHL = 0.47±0.06 

and ΦΔCHL-T =0.53±0.07). In order to confront phototoxicity of these compounds the MTT method was 

used. It was applied a 2
3 

factorial design combining concentrations (1 and 210
-7
 mol L

-1
 for CHL; 2 and 

410
-8

 mol L
-1

 for CHL-T), incubation time of cells with photosensitizers (1 and 2 hours), and light dose 
(10 and 20 J cm

-2
) from a red LED (660 nm, P= 27.6 mW cm

-2
) with two cell lines – VERO (non-tumour) 

and HEp-2 (tumour). For all assays the survival index was higher in non-tumour cells. Although both 

Chlorins showed similar production of 
1
g, CHL-T was five times more phototoxicity than CHL. These 

results suggest that the hidrofobicity is more important for effective accumulation leading to cell killing 
than the higher generation of singlet oxygen for chlorin. Besides, the newly synthesized Chlorin-Trisma 

has better performance as a photosensitizer than the original molecule. 
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Singlet molecular oxygen (

1
O2) is known to be produced when cells are exposed to UVA [1], a factor 

related to melanoma development [2]. Furthermore, pheomelanin is present in fair-skinned individuals, 

the group that is more susceptible to this neoplasia [3]. The aim of our study was to investigate the effect 

of 
1
O2 generated by photosensitization in human melanoma cells (WM35, WM9 and 1205Lu) and the 

relationship with their pheomelanin content. The evaluation of pheomelanin content showed that only 

WM35 was able to produce this pigment; however, this characteristic did not alter cell’s susceptibility 

towards 
1
O2. Another differential characteristic of WM35 cell line was a higher basal level of total 

glutathione and γ-glutamylcysteine synthase expression. Interestingly, 
1
O2 treatment did not alter the 

glutathione levels immediately, but there was an increase of cellular glutathione content after 18 h. 

Additionally, the expression of antioxidant enzymes (SOD 1 and 2, catalase and peroxyredoxin 1) was 

also evaluated and it was found that basal expression levels of SOD 1 and catalase were higher in WM35 
cells, when compared to the others. No alterations in antioxidant enzymes expression were found 18 h 

after 
1
O2 treatment. Among these cell lines, the presence of pheomelanin can be related to a higher 

expression of antioxidant enzymes, but no significant alterations were observed among lineages that 
produce or not pheomelanin when challenged by 

1
O2.  
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Rubiadin is an anthraquinone isolated from the phototoxic shrub, Heterophyllaea pustulata Hook f. We 

demonstrated that this AQ is photosensitizer Type I and Type II
 
1. Considering that an important 

research line, studies photosensitizing compounds and their uses in photodynamic therapy (PDT), the 

photodynamic activity of Rubiadin in vitro was evaluated with satisfactory results
 
2. The next step was 

to evaluate their photodynamic activity in vivo, which is the aim of this work. Therefore, the 
pharmacokinetic, acute toxicity and phototherapeutic studies were assayed in a Balb/C mouse cancer 

model.  

 

Pharmacokinetic studies were carried out by intraperitoneal injection (i.p.) of Rubiadin (80 mg/kg). Then, 
this compound was recovered from serum and several organs at different times and analyzed by HPLC. 

Acute toxicity signs were evaluated after the i.p. injection of the same concentration of Rubiadin. The 

values of physiological parameters (creatinine, urea and transaminase), were analyzed in serum of control 
animals and those AQ-treated at different times. For phototherapeutic studies, an actinic lamp at 2 J/cm

2
 

was used as light source for each session (24 and 48 h) after administration of a single dose of this AQ 

(80 mg/Kg). Rubiadin efficiency was evaluated through the tumor growth curves during 10 days after a 

PDT-treatment. 
 

Pharmacokinetic studies showed that AQ levels in liver, skin and tumor were significant at 24 h after 

administration, and disappeared at 7 days post-administration. In addition, at the times tested, not 
significant differences were observed in values of physiological parameters between the AQs-treated mice 

vs. controls. The PDT-treated tumors showed a delay in growth rate compared to untreated control mice. 

 

1 S.C. Núñez Montoya, L.R. Comini, M. Sarmiento, M.C. Becerra, I. Albesa, Gustavo A. Argüello, J.L. 
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Photodynamic therapy (PDT) utilizes a photosensitizer and visible light in the presence oxygen to 

generate reactive oxygen species to destroy tumor cell. A critical parameter for consideration in 

discussing the efficacy of PDT is the depth of light penetration through tissue. Chlorins presents high 
absorption around 650-670 nm, strong ability to generate reactive oxygen species and low cytotoxicity in 

the absence of light. In this study the synthesis of two chlorin derivatives sterically-prevented from self-

aggregation was carried out. The compounds were prepared by the Diels-Alder reaction between 
protoporphyrin IX dimethyl ester and 1-(2-hydroxyethyl)-1H-pyrrole-2,5-dione. Chlorins were fully 

characterized by H
1 

and C
13

 NMR, and UV-Vis spectroscopy. Singlet oxygen quantum yield of the 

chlorin #1 was F= 0.43 ± 0.02 and F= 0.49 ± 0.04 for the chlorin #2 when compared with methylene 

blue (F= 0.52). Photobleaching studies showed low photodegradation around 12% after irradiation at the 
Soret band for 10 min at 50 mW. Preliminary studies of the chlorins in VERO epithelium cell line showed 

IC50 values of 5.65 µmol L
-1 

and 1.07 µmol L
-1 

in the dark, respectively. After irradiation with a 660 nm 
LED and dose 6 J cm

-2
, chlorins showed IC50 values 0.136 µmol L

-1 
and 0.038 µmol L

-1 
respectively, 

showing 30 - 40 times potentiation by light. These results suggest that these new compounds are potential 

candidates to photosensitizer in PDT. 
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Ruthenium complexes had been considered the substitutes of cysplatin since they exhibit good activity 
against tumour cells. However, they can be even more cytotoxic when iluminated with light in its 
maximum absorption wavelength.[1,2] In this work, a series of ruthenium complexes, which act as DNA 
binding and/or singlet oxygen producers, was compared in terms of efficiency as light-activated 
therapeutic agents, named [Ru(bpy)2(CH3CN)2]

2+
, [Ru(bpy)(dppn)(CH3CN)2]

2+
, [Ru(bpy)(dppn)2]

2+
 and 

[Ru(bpy)2(dppn)2]
2+

. Some parameters were determined as cell uptake, quantum yield of singlet oxygen 
production (F

1
O2) and IC50 in the dark and with light activation. Human cervical adenocarcinoma was the 

cell line used (HeLa ATCC CCL-2) and a emitting diode was the light source (LED 46620 nm during 20 
min, final light dose 7.8J/cm

2
). In the dark, the IC50 ranged from 9-130M showing they all are good 

antitumoral agents. Otherwise, these complexes were even more efficient when iluminated, with IC50 
between 0.048 and 130 M. The final efficiency of these complexes as light activated therapeutic agents 
showed to be function of cell uptake and singlet oxygen production. Therefore, the most photoactive 
compound was [Ru(bpy)(dppn)2]

2+ 
which presented the highest cell uptake (17%) and F

1
O2 (0.44) and the 

less efficient was [Ru(bpy)2(CH3CN)2]
2+ 

that presented no production of singlet oxygen and exhibited the 
smaller cell uptake (0.76%). Compared to other antitumoral compounds in literature, all the 

1
O2 

generating complexes can be considered highly effective being used at the nanomolar scale. 
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Photodynamic therapy (PDT) is an effective first-line treatment for actinic keratosis (AK). Different light 

sources have been employed for PDT. These instruments are expensive and high-cost to maintain, 

becoming the major limitation for PDT in Argentina. Currently, clinical studies that evaluate 5-
aminolevulinic acid (ALA)-PDT for AK in public hospitals in Córdoba are absent. Objective: Evaluate 

the effectiveness of an economical lamp developed in the Universidad Nacional de Córdoba, to be 

employed in PDT for treating patients with AK at the Hospital Nacional de Clinicas (HNC), Córdoba. 
In this nonrandomized open-label study, 5 patients (2 male and 3 female), average age 76 years (71-78) 

diagnosed with AK were included. The protocol was approved by the Ethics Committee of HNC. The 

patients presented 9 hyperpigmented and rough lesions on the face and head. The (ALA)-PDT consisted 

on the application of 20% extemporaneous ALA solution, compounded in the HNC pharmacy service. 
This solution was topically applied on the lesions and then covered with a non-occlusive dressing for 2h. 

Then, the lesions were uncovered and illuminated with the lamp (for treatment 15 units LEDs of 630nm 

and to diagnosis 12 units of 405nm), using a fluence rate of 100mW/cm
2
, during 4min. Outcomes 

measures were hyperpigmentation and roughness disappearance, being patients examined 24h, 2weeks 

and 1month after the treatment. The lesions were photographed before and after PDT and if it was 

necessary the treatment was repeated.  
A remission in 8 of 9 treated lesions was achieved in the first PDT-application; while the remaining lesion 

was reduce in the second PDT-application. Clinically, there was no significant scarring or pigmentary 

changes after therapy.  

Preliminary results obtained in this study show that the (ALA)-PDT protocol was safe and effective for 
the treatment AK lesions with excellent cosmetic outcome.  
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In Photodynamic Therapy (PDT) sensitizers plays a crucial role in both photosensibilization and cell 
depth path in cell membranes.  Methylene Blue (MB) and many of its derivatives have already proven to 
be highly effective in PDT treatment even in clinical trials. In particular,  DO15 has recently shown to be 
more efficient than MB. Although 
experimental data clearly show this 
aspect, there is a lack of understanding 
of the reasons for this difference at a 
molecular level.  In this sense, 
Molecular Dynamic simulations might 
be of great help in the understanding 
of the differences in the abilities of MB and DO15 in affecting the membrane structure.  
 

This work focus on the study of the differences between the immersing depth and photodamage efficiency 
of MB and DO15 when interacting with model membranes, in 
the present case Monoinsaturated Phosphatidylcholine Lipid 
Bilayers  (POPC). The lipid bilayer is described by a recently 
derived     GROMOS 53A6 parameter set, while the MB and 
DO15 topologies are obtained from density functional 
calculations[1-4]. 
    
Our results (Fig. 3) indicate that while MB penetration depth is 
such that the photodamage is more likely to happen nearly the 
phosphates (phospholipid headgroup region), for DO15 the 
photodamage is more likely to happen near to the unsaturated 
chain, nitrogen and phosphor of the POPC  membrane. 
Fig.2: DO15 and MB system without water 

Fig.3: Density chart of some DO15, MB and POPC atoms. For drugs we have solid lines and POPC dotted lines 
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Chitosan (Ch) is a nontoxic biopolymer produced by the deacetylation of chitin, a major component of the 

shells of crustaceans. The biological activities of Ch include hypocholesterolemic, antimicrobial, 

immunostimulating, anticancer effect, anti-inflammatory and antioxidant. This biomolecule contains three 
types of reactive functional groups, an amino/acetamido group and both primary and secondary hydroxyl 

groups at the C-2, C-3 and C-6 positions, respectively [1].  

 
Ch is only soluble in the acid pH range. Hence, improving its solubility is crucial if it is to be utilized 

across a wide pH range. WSCh, produced through Maillard reaction with glucosamine, is a feasible way 

to increase solubility, because glucosamine, like Ch, possesses active amino and hydroxyl groups [2].  

 

In this work, we study the O2(
1
g) quenching by Ch and WSCh. O2(

1
g) was generated by 

photosensitization with tris(bipyridine)ruthenium(II) dichloride (Ru(bpy)3Cl2). The rate constants for total 

and reactive deactivation were measured using a time-resolved phosphorescence detection method 

(TRPD) to 1270 nm and oxygen consumption, respectively.  
 

The obtained rate constant values for the total and reactive quenching of O2(
1
g) shown that both Ch and 

WSCh could deactivate this specie mainly through a reactive via with values in the order of 10
7
 M

-1
s

-1
, 

which could correspond to the iteration of the primaries amino groups of Ch.  
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     It’s well known that Human Serum Albumin (HSA) is one of the most abundant macromolecules in 

the human body and it’s the responsible to carry a wide variety of substances to the blood plasma. On the 
other hand, we proposed tris(5-Cl-1,10phenanthroline) Chromium (III) as a potential drug for 

Photodynamic Therapy (PDT),  Therefore we believe that HSA may be a good carrier of our 

photosensitizer, Cr(5Clphen)3

3+

. 
 

     Previous studies have demonstrated (according to Bhattacharya and Ross and Subramanian models) 
that this complex binds to the HSA in a spontaneous process with positive changes of entropy and 

enthalpy concluding that the interaction between the Cr(III) complex and the HSA were mainly 

hydrophobic, although the electrostatic interactions could not be discarded. 

 
     In this work we carried out experiments in order to determine conformational changes in the protein 

upon the association with the chromium complex.  Using the Circular Dicroism (CD) technique we could 

determine that no changes were produced in the secondary structure of the protein when the complex 
binds to it.   

 

     To evaluate the photodegradation of the protein due to the reaction with the excited state of the Cr(III) 
complex, we carry out electrophoretic experiments.  The results showed that degradation was dependent 

of the irradiation time and occurred both in the absence and in the presence of oxygen (most favored). In 

order to evaluate the presence of ROS, we modified the “COLESTAT” assay (usually used for detection 

of cholesterol) to quantify the H2O2 formed by the excited sate of the complexes. Results of this assay 
show that the family of diimine Cr(III) complex generates H2O2 by the excited state which is an important 

fact, because it represents a hazard to the tumoral cells. 
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Photodynamic therapy (PDT) is based on the combined action of a photosensitizer (PS), light and oxygen. 

After the light irradiation, the photo-oxidation reactions lead to the formation of cytotoxic reactive 
oxygen species inducing tumor eradication. In this context, we were interested in studying pheophorbide-

a (Pheo-a), a particularly promising PS for PDT because of its good singlet oxygen quantum yield and its 

photocytotoxic activity. However, the therapeutic activity of this hydrophobic compound can be improved 
by loading it in nanoparticles. For this purpose, we solubilized Pheo-a in poly (ethylene oxide-b- -

caprolactone) micelles. The nanoparticles containing the Pheo-a have an average size of 20 nm and allows 

diffusion of singlet oxygen upon irradiation of the Pheo-a. In these conditions we showed that the cellular 
uptake and the phototoxicity of loaded Pheo-a are ten times higher than those of the free drug and 

revealed a very low cellular penetration of the fluorescein labeled micelles. Both loaded and free Pheo-a 

did not display the same cellular localization than the labeled micelles.  These results implie that the drug 

entered in the cells without its carrier. Studies performed on DOPC membrane-mimicking vesicles 
allowed us to evaluate the affinity constant KL of Pheo-a for DOPC around 1.14± 0.05 10

6
M

-1
 which is 

higher than that of the micelle KNP =1.07±0.02 .10
5
 M

-1
 and a KT steady state constant of the transfer of 

Pheo-a from the micelle to the membrane around 2.66 .10
4
 M

-1
. These results show that KT could not be 

deduced from the ratio KL/KNP and suggest that Pheo-a is not in contact with the aqueous phase upon its 

transfer from the micelle to the vesicles. Taken together, these data allowed us to propose that Pheo-a 

directly migrates from the micelle to the cell without disruption of the vector.  
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Heterophyllaea J.D. Hook. (Rubiaceaea) is a South American genus represented by only two species, 

Heterophyllaea pustulata Hook f. and Heterophyllaea lycioides (Rusby) Sandwith [1]. Our research 

group succeeded in the identification of nine AQs from the first species. We demonstrated that these AQs 
possess photosensitizing properties and these results led us to study them as anticancer and antimicrobial 

agents to be used in photodynamic therapy, obtaining satisfactory results [2].  

 

Recently we have started with the phytochemical study of H. lycioides and we have identified five AQs at 
the moment: four previously isolated from H. pustulata and an additional new one, 5-Chloro-Soranjidiol, 

recently described for this family of compounds [3]. The aim of this work is to determine photophysical 

and photosensitizing properties of 5-Chloro-Soranjidiol compared with those of the parent compound 
(Soranjidiol, previously isolated from H. pustulata) using steady-state and time-resolved absorption and 

emission spectroscopies. The main results are summarized as follows. 

 
§Stokes shift. 

Fluorescence quantum yield. #Average fluorescence lifetime.  
 Radiative rate constant (= FF/F

av). * Singlet molecular oxygen quantum yield 

The results indicate that both compounds have similar photophysical properties, with a 3-exponential 

fluorescence decay component with a remarkable Stokes shift, probably by presence of several emitting 

states due to the formation of tautomeric species by intramolecular H-transfer, favoring non-radiative 

decay processes. However, the F for both compounds was similar and relatively efficient (0.25), 
confirming the potential photodynamic activity of the Soranjidiol derivatives.  
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Potential biological activities of fullerenes have been investigated with the aim of using them in the field 
of medicine [1]. An important inconvenience for this application is the low solubility of fullerenes in 

polar solvents and the consequent formation of aggregates in aqueous solutions. However, the 

development of covalent chemistry of C60 has opened the possibility to attach this spherical structure it 
several groups, which allows increment in the biological activity. The emergence of antibiotic resistance 

amongst pathogenic bacteria has led to a major research effort to find alternative antibacterial therapies. 

An alternative method includes a non-oncologic application of photodynamic therapy, named 

photodynamic inactivation (PDI) of microorganism [1]. In recent years, fullerene C60 derivatives were 
assessed as potential photosensitizers to inactivate microorganisms [2]. In particular, dicationic fullerenes 

proved active photosensitizers in PDI [3]. 

 
In the present work, we have synthesized a novel N,N-

dimethyl-2-[4’-(3-N,N,N-trimethylamino)propoxyphenyl] 

fulleropyrrolidinium (DC60
+2

) bearing two cationic groups. 
Spectroscopic and photodynamic properties of DC60

2+
 and 

its analogous without intrinsic charges (DC60) were 

compared in N,N-dimethylformamide. The singlet molecular 

oxygen, O2(
1
g), production quantum yield was evaluated 

using 1,3-diphenylisobenzofuran and 9,10-
dimethylanthracene, giving values of 0.4 and 0.8 for DC60

2+
 and DC60, respectively.  

 

The photodynamic inactivation produced by these fullerene derivatives was investigated in vitro on a 

typical Gram-positive bacterium, Staphylococcus aureus. Photosensitized inactivation of S. aureus cell 

suspensions (10
6
 cell/mL) by DC60

+2
 exhibits a ~4 log decrease of cell survival (99.99% of cellular 

inactivation), when the cultures were treated with 1 M photosensitizer and irradiated for 30 min with 

visible light. In contrast, a low photocytotoxicity was found for DC60. Also, the photodynamic activity of 

DC60
+2

 was effective to inactivate S. aureus in a higher cell density of 10
8
 cell/mL.  

 

These results indicate that dicationic DC60
2+

 is an interesting photosensitizer with potential applications in 

the eradication of S. aureus cells. 
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The self-aggregation problem of Aluminum Chloride Phthalocyanine (AlPcCl) in aqueous media is 

solved by formulation in copolymeric surfactant as P-123, which enables its employment as 
photosensitizer (PS) in Photodynamic Inactivation of Microorganisms (PDI). Formulation was prepared 

by the solid dispersion method that consists in the co-solubulization of AlPcCl and P-123 in ethanol 

followed by rotative evaporation and re-hidratation with water. Spectroscopy studies have shown that P-
123 micelles were efficient in maintaining the monomers of AlPcCl in solution, even after a month.  The 

formulation is photostable under the studied conditions (diode laser, 650 nm – 100 mW, 10 minutes). 

Photodynamic Inactivation was evaluated against the microorganisms Staphylococcus aureus, 

Escherichia coli and Candida albicans.  The concentration of PS and illumination time to inactivate 90% 
of the microorganism’s initial amount, respectively, parameters Z90 and D90, were analyzed. AlPcCl had 

no significant effect on the reduction of E. coli while for S. aureus, even at low concentrations, (0.14 

mol.L
-1

) a significant reduction was observed. This result is associated with differences in membrane 
composition of the microorganism and the extra negatively charge lipopolysaccharide membrane of E coli 

[1]. The Z90 determined for AlPcCl against S. aureus is 0.27 mol.L
-1

. Also, this parameter is seven times 
lower than the determined for C. albicans. This difference is related to the more complex cell of fungi that 
possesses a nuclear membrane which can act as an additional barrier for the incorporation of AlPcCl [2]. 

When the D90 parameter is taken into account, again the formulation is more effective in death of S aureus 

than the C albicans.  
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The incidence of superficial and deep-seated fungal infections has increased markedly over the last 20 

years. Candida albicans represents a critical problem to health and is one of the main causes of fungal 

diseases worldwide [1]. Further increasing problem is the emergence of resistant yeast strains due to 

extensive and prolonged use of antifungal agents. Consequently, the search for new effective antifungal 
treatments is awfully necessary. Photodynamic inactivation (PDI) of microorganisms has been proposed a 

new alternative to controlling C. albicans infections [2,3]. 

 
In this work, the photodynamic action induced by zinc(II) 2,9,16,23-

tetrakis[4-(N-methylpyridyloxy)]phthalocyanine (ZnPPc
4+

) was 

investigated in AOT reverse micelles and C. albicans. ZnPPc
4+

 

produced singlet molecular oxygen, O2(
1
g), with a quantum yield of 

FΔ=0.56 in AOT system. Also, this phthalocyanine 
photodecomposed nitro blue tetrazolium (NBT) efficiently in 

presence of NADH. In vitro investigations showed that ZnPPc
4+

 was 
rapidly bound to C. albicans cells (<5 min). A high amount of 

phthalocyanine was retained in the cells after two washing steps, 

indicating a strong interaction between the photosensitizer and C. 
albicans. After 30 min irradiation, a decrease of 5 log in the cell 

viability was obtained for C. albicans 

ZnPPc
4+

. The generation of O2(
1
g) in the yeast cell was evaluated 

using 9,10-dimethylanthracene (DMA). Thus, cells were incubated with DMA in dark, washed once and 

treated with ZnPPc
4+

. Photooxidation of DMA was determined by fluorescence, indicating a rapid 
disappearance of the substrate bound to the cells. Similar result was found washing the cells after 

incubation with ZnPPc
4+

. Also, the photogeneration of superoxide anion radical by ZnPPc
4+

 was not 

detected using NBT method in cell suspensions. However, decomposition of NBT was observed when 
NADH was added to the cell suspensions. 

 

The results indicate that ZnPPc
4+

 is an interesting phthalocyanine for photodynamic inactivation of yeasts 

in liquid suspensions. The killing of C. albicans cells by this cationic phthalocyanine and visible light 

irradiation seem to be mediated mainly by O2(
1
g). Although in a minor contribution, the participation of 

other active oxygen species should not be completely ruled out. 
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There are a large amount of different compounds that have been characterized as photosensitizers, 

including natural and synthetic complex aromatic molecules.  Riboflavin (RF), one of the components of 

the B2 vitamin complex, is an essential component of living organisms, present in free form and as flavin 
mononucleotide (FMN) and flavin adenine dinucleotide (FAD), in all aerobic cells. Riboflavin and FMN 

are hydrosoluble photosensitizers [1]. Methylene blue and Rose Bengal are                                                                                                 

examples of synthetic hydrosoluble photosensitizers.  
 

The application of photodynamic processes to the disinfection of microbiologically polluted water is 

expected to be dependent on the physicochemical nature of the photosensitizer, as well as on the way that 

it is presented to the cells. 
 

In this work we present the results of the irradiation of the Gram negative bacteria Escherichia coli in 

liquid media, in the presence of different photosensitizers, in order to simulate disinfection of 
microbiologically polluted water.   

 

We studied the incorporation of the photosensitizer into the bacteria cell and the effect of the irradiation 

on the bacterial growth curve and on  bacterial viability. 
 
Different delivery systems such as  liposomes and nanoparticles were also studied, and the effect of the 
presence of positive and negative charge in the structure of the different photosensitizers, will be 
discussed 
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Propolis is a mixture of substances collected by honey bees (Apis mellifera L) from various vegetal 

sources such as tree exudates. Among more than 200 different compounds that can be found in propolis, 

phenolic and flavonoids are particularly distinguished by their antioxidant and antimicrobiological 
properties.[1]  

Gallic acid (3,4,5-trihydroxybenzoic acid) is one of the natural components of propolis. Previous studies 

have demonstrated their antioxidant and bactericidal capacities, and that photoirradiation  induces the 

enhancement of the antimicrobial activity [2].  
 

 

 
 

 

 

 
 

 

 
 

With the purpose of gaining a deeper understanding of the effect of photoirradiation on the activity of 

gallic acid, we explore in this work the photodegradation of the phenolic molecule in simple organized 
media as models of biological environments such as that found in propolis. The study was carried out in 

direct micelles and in homogenoeus aqueous soluction at neutral pH regulated by Trizma buffer. The 

micelles were prepared alternatively with anionic (sodium dodecyl sulfate, SDS) and cationic 

(cetyltrimethylammonium chloride, CTAC).surfactants. Steady state irradiation of the samples in the UV 
range was achieved by a 400 W HPA lamp. The decay in gallic acid concentration was followed by the 

absorption at 260 nm.  

The photodecomposition yield in 0.1 M SDS solution was similar to that observed for the homogeneous 
solution, but larger than that one showed in 0.1 M CTAC micelles. The results can be rationalized by 

considering the acidity constants for gallic acid (pKa1 = 4.16 and pKa2= 8.55), and the fact that dissociated 

organic acids show higher reactivity under UV than the neutral compounds.[3-4]  
However, in the presence of cationic CTAC micelles, the attractive interactions of gallate anions with the 
positive surfactant heads may favour the compound entering the micellar phase and enhancing its 
photoreactivity. These results are relevant in order to chacterized the system in which the potential 
antimicrobial activity of gallic acid against Paenibacillus larvae, a causative agent of American 
Foulbrood (AFB), a severe disease that affects larvae of the honeybees, is being tested.  
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Extracts rich in anthraquinones (AQs) of Heterophyllaea pustulata Hook. f. (Rubiaceae), have shown in 
vitro antifungal effect against planktonic microorganisms. We have established that their purified AQs 

exhibit photosensitizing activity type I and/or II[1]. Since the most important group of opportunistic 

fungal pathogens are Candida species[2], in this study we evaluate the antifungal activity of Rubiadina 
(RUB), one of the majority AQs from these extracts, against different Candida strains, analyzing whether 

this effect could be increased by irradiation. 

 

RUB was isolated from the benzenic extract of roots, and identified by using standard compounds in Thin 
Layer Chromatography and by means their UV-V spectrum. Minimum Inhibitory Concentration of RUB 

was determined by following the protocols of the Clinical and Laboratory Standards Institute[3], testing 

twelve concentrations (0.24 to 500 µg/ml) on two C. no albicans strains and a C. albicans strain. The 
assay was performed simultaneously under darkness and irradiation with an Actinic Phillips lamp. The 

RUB antifungal activity was compared with Amphotericin B, a synthetic antifungal agent standard. 

 
RUB decreased meaningfully the growth of all strains in darkness (60 – 70 %). Under irradiation, this 

inhibition percentage was achieved at lower concentrations: being two times lower for C. tropicalis 

ATCC, 4 times lower for C. albicans NCPF 3153 and 8 times lower for a clinical C. tropicalis strain. 

 
RUB exhibits a very good antifungal activity in vitro, which can be enhanced by light action, against 

several Candida species, specially on C. tropicalis. Therefore, RUB could have application in 

photodynamic therapy for Candida infections. 
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Staphylococcus aureus is a major cause of acquired nosocomial infections in surgical wounds and in 
those infections associated with indwelling medical devices [1]. Due to the development of multiresistant 

S. aureus strains that produce many therapeutic complications it is vital to design novel strategies for the 

treatment of these infections. Photodynamic inactivation (PDI) of bacteria has recently emerged as a 

promising and innovative approach for the erradication of pathogenic microorganisms [2]. 
 

The aim of this study was to evaluate the antibacterial photodinamic properties of carboxipterin (Cap) 

against S. aureus growing both as planktonic and as biofilms, since it is well known that biofilms are 
highly tolerant to antimicrobial agents. Planktonic and sessile bacteria were challenged in vitro with Cap 

(0,1 - 200 M) and UV-A radiation for 2 h at 28 ºC showing antimicrobial activity. The MBC (minimal 

bacterial concentration) of Cap was 0.1 M for irradiated planktonics cells, and a reduction of the 
bacterial viability, at least 5 orders of magnitude compared with the initial inocula, was found. Biofilms 

of S. aureus were grown in microtiters plates. After PDI treatment with 50 M of Cap the number of 
viable sessile cells was 3 orders of magnitude smaller than the control. The comparison of the MBC 

values for planktonic and sessile cells shows that sessile bacteria exhibited an increased resistance to PDI 

(near 500-fold). However, Cap at concentrations as low as 50 M has bactericidal activity on S. aureus 
biofilms. These results encourage further investigation on the potential use of PDI based on Cap for the 

treatment of localized infections. 
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American cutaneous leishmaniasis (ACL) is a infectious disease present in more than 80 countries caused 
by protozoans on the Leishmania genus and transmitted by the bite of phlebotomine

[1,2]
. Current 

treatments are extremely aggressive, may lead to alterations and be abortive for instance, requiring 

constant monitoring of the patient
[1]

. The Photodynamic therapy mechanism involves interaction of a 
photosensitizer (PS) compound with oxygen and a light generating a photochemical reaction leading to 

cell death
[3]

. In this work we compare the phototoxic effect of Silicon bis (dimetilaminoetanoxi)-

phthalocyanine (SiBisPc) and Aluminum phthalocyanine tetrasulfonate (AlPcS4) in promastigotes of 

Leishmania major.  Tests were performed in nine groups (Figure 1): Control (without treatment), only PS 
at 0.5 μM and 1.0 μM (at dark), Laser 5 J/cm

2
 and 10 J/cm

2
, PDT 0.5/5J/cm

2
, PDT 1.0/5J/cm

2
, PDT 

0.5/10J/cm
2 

and PDT 1.0/10J/cm
2
. Cells were irradiated with laser at 660 nm and viability was analyzed 

by trypan blue dye exclusion method. In the higher concentration tested for both PS at the dark the 
AlPcS4 was more toxic than PiBisPc that presented only 4% of toxicity.  The low toxicity at the dark of 

SiBisPc and the high cell death observed when the promastigotes were irradiated qualifies this molecule 

as a promising PS to future application on in vivo ACL treatment. 

Contro
l
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PS 1,0 µM

Light 5J/cm2

PDT 0.5 uM J/cm2
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Figure 1: Promastigote viability analyzed by the trypan blue dye exclusion after PDT.  

*   statistically different (p<0,01).   
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Theoretical and empirical models are currently used to analyze survival of bacteria exposed to sunlight. 
To compare the fits of these models, we employed them to evaluate the effect of natural solar radiation on 

stationary phase cells of Pseudomonas aeruginosa grown in minimal medium. Unexpectedly, 

experimental data revealed a reduction in the rate of bacterial inactivation when survival fractions were 
lower than 1/10000.  The models tested do not include this feature of the survival curves, and 

overestimate the effect of radiation at high doses. 

 
The reduction in the rate of cell killing was also observed when using rich medium, lower initial bacterial 

concentration, or when irradiations were performed with artificial UVA radiation (365nm, 47W/m
-2

). 

These observations can be explained by the presence of a small bacterial subpopulation with increased 

resistance. Such resistance is nonheritable because survival curves comparable to those of the parental 
strain were obtained with cultures grown from survivors to long sunlight exposures.  

 

The radiation response described here resembles the persistence phenomenon [1]. Persisters are a small 
fraction of cells within an isogenic bacterial population, characterized by slow growth and ability to 

survive antibiotic treatment. This nonheritable phenotype, acquired via a reversible switch, involves 

active defense systems against oxidative stress [1], and could be reponsible for biphasic responses under 
several stress conditions [2]. We consider that sunlight exposure is probably one of these conditions, and 

that occurrence of persistence should be included in the theoretical models in order to improve them. 

 
Survival of Pseudomonas aeruginosa exposed to sunlight. Experimental data are shown together with the 

behaviour predicted by several models. 
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The spectroscopy, photochemistry and photophysics of Re(I) carbonyl–diimine complexes fac-

ReX(CO)3(-diimine) continue to attract much research interest ever since their intriguing excited state 

properties were first recognized in the mid-1970s [1]. 

 
There are potential biochemical and technical applications based on the formation of adducts between 

transition metal complexes of Re(I), and biological macromolecules such as DNA as many of those 

complexes have the capacity to cause DNA damage by photoinduced oxidative strand breakage [2]. The 

use of transport proteins to achieve a specific accumulation of drugs in tumor cells seems to be an area of 
keen interest [3]. Therefore, many researchers endeavors sought to identify and characterize the 

association of rhenium complexes to transport proteins BSA and HSA (Bovine and Human Serum 

Albumin), to determine the potential application of these complexes in the delivery of drugs [4]. 
 

In previous work, we have synthesized and characterized a new water soluble complex, 

Re(CO)3(pterin)(H2O) (pterin = 2-amine-4-pteridinone).5 In this work we study the interaction between 
ReI(CO)3(pterin)(H2O) and calf thymus DNA, bacterial plasmids and synthetic polynucleotides (poly-

[dCdG]2 and poly-[dAdT]2) as well as transport proteins (BSA and HSA). The type interaction between 

the Re(I) complex and the polynucleotides was ascertained through the effect exerted by increasing the 

polynucleotide concentration over the luminescence properties (quantum yields and lifetime) of 
ReI(CO)3(pterin)(H2O) solutions. Moreover, the effect on the conformation and the level of supercoiling 

that occurs by the interaction of ReI(CO)3(pterin)(H2O) with the plasmid DNA was studied by 

electrophoresis gel and atomic force microscopy (AFM).  
 

Thermodynamic parameters (H, G and S) and the association constant (Kb) which characterize the 

interaction of the complex with transport proteins such as HSA and BSA were determined by measuring 

the quenching of the protein fluorescence in the presence of different complex concentrations. 

Additionally, circular dichroism experiments helped to identify the binding site for the complex and 
conformational changes experienced by the protein due to the interaction. 
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Candida albicans is an opportunistic fungal able to produce both superficial and systemic infections in 

immunocompromised patients [1]. It has been demonstrated that biofilms produced by C. albicans are 
resistant to different antifungal drugs [2].  

 

Photodynamic antimicrobial chemotherapy is a potential antimicrobial therapy, which combines visible 
light and a photosensitizer, producing damage in the treated cells. In this work, we investigated the effect 

of PACT, using Toluidine Blue (TB), as a photosensitizer on mature biofilm produced by C. albicans [3-

4].  
 

It was observed a decrease in the viability of the 24 hour old biofilm, after PACT, in a TB concentration 

dependent manner. The inhibition promoted by PACT (0.1 mg/ml TB) was in the order of 30%, 40% and 

50% in biofilms submitted to incubation times of 1, 2 and 3 hours, after irradiation, respectively. It was 
observed an increase in both ROS production and membrane permeability, after PACT.  

 

Our results suggest that the inhibition observed in the viability of the mature biofilm by PACT can be 
related to the increase in the ROS production, increasing the cell permeability and leading to the damage 

in mature biofilm produced by C. albicans. 
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Photodynamic therapy (PDT) and photodynamic inactivation of microorganisms (PDI) are therapeutic 
strategies that can prevent the abnormal tissue growth and the progress of localized infections [1]. One of 
the main interest on PDI is its use in combating hospital infections caused by drug-resistant bacteria as the 
Staphylococcus aureus. Erythrosin Y (ERI) and Eosin B (EOS) (Fig. 1), exhibit high singlet oxygen 
quantum yields due to a favored intersystem crossing mechanism caused by the presence of heavy atoms 
in their structure [2], which make them possible photosensitizers (PS) in PDT/PDI. Additionally, the 
anchoring of methyl groups on their structure can lead to an increase of hidrophobicity and therefore a 
better interaction of the PS with the cell membrane. In this sense, we report a chemometric study to 
evaluate the efficiency of different xanthene molecules and ester derivatives on the death of S. aureus. 
The synthesis of the esters methylated molecules were of easy execution and high reaction yields (above 
70%) with no changes on the xanthene typical spectral characterisitics. A 2

2
 factorial design was used for 

the chemometric studies in which the PS concentration and the light irradiation time were analyzed in two 
levels and center point. This study revealed a significant model for the PS and their derivatives with a 
more efficient behavior exhibited for ERI and ERIMET. An increase on the S. aureus death rate is 
observed when the PS parameters pass from the lower level to the upper one. 
  
 

 

 

 
 

 

 
 

 

 
 
Figure 1. Molecular structure of Eosin Y, Erythrosine B and ester derivatives. 
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With the increasing number of strains of Candida ssp. resistant to antifungal agents, becomes important 

and necessary the accomplishment of researches that evaluate the effects of new therapeutic methods, like 
Photodynamic Therapy (PDT). Thus, the objective of this study was to verify the effects of the 

photodynamic therapy on Candida albicans biofilms, evaluating their effects on the expression of the 

genes hydrolytic enzymes aspartyl protease (SAP5), lipase (LIP9) and phospholipase (PLB2). Clinical 
strains of C. albicans (n=9) isolated from patients bearers of the virus HIV and a pattern strain ATCC 

(American Type Culture Collection) 18804 were used. The quantification of gene expression was related 

to the production of hydrolytic enzymes in clinical samples and the reference strain using the real time 

PCR (Polimerase Chain Reaction) assay. For photodynamic therapy we used laser-aluminum-gallium 
arsenide low power (red visible, 660 nm) as light source and the methylene blue to 300 µM as a 

photosensitizer. We assessed two experimental groups for each strain: a) PDT: sensitization with 

methylene blue and laser irradiation; b) Control: without sensitization with methylene blue and light 
absence. The results were analyzed by the software of the real-time equipment. PDT decreased gene 

expression in 60% of samples for gene SAP5 and 50% of the samples decreased expression of LIP9 and 

PLB2. It can be concluded that PDT had an effect on SAP5, LIP9 and PLB2, important virulence genes of 

C. albicans. 
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Bacteria of the genus Bacillus are spore-forming widely distributed in nature and extremely resistant to 
environmental and disinfectant substances. With the increase of microbial resistance, antimicrobial 
photodynamic therapy acts as an alternative and/or adjunctive treatment in the control of resistant 
microorganisms. 
The objective was to evaluate in vitro the effect of antimicrobial photodynamic therapy on Bacillus 

subtilis spores using rose bengal and green light emitting diode (LED). 
Standard strain of Bacillus subtilis (ATCC 19659). Colonies grown for 7 days in nutrient agar with 
0.003% manganese. Wirtz-Conklin staining. Suspended in sterile distilled water, centrifuged for 10 
minutes at 653Xg (4x) and resuspended in 3ml of sterile distilled water. Heat shock (70°C/30min). Wirtz-
Conklin staining. Standardization 10

6
 cells/mL in a spectrophotometer. Rose bengal photosensitizer used 

at a concentration of 12.5µM. In 96-well microtiter plate added 0.1 µL of spore suspension and 0.1µL of 
photosensitizer (P+L+). For the control group 0.1µl of spore suspension and 0.1µL of 0.9% NaCl (P-L-). 
One plate was shaken for 5 minutes and another 10 minutes in an orbital shaker (pre-irradiation). 
Irradiation for 3 minutes with LED (532±10nm, 90mW; 42.635J/cm2). Aliquots of 0.1µL were plated on 
brain heart infusion agar and incubated at 37°C/48 hours. 
The means obtained in CFU/mL (log10) were submitted to ANOVA and Tukey's test (p0.05). There was 
a reduction of 1.11 and 1.27 CFU/mL (log10) with statistically significant difference (p=0.0001 and 
p=0.0002) in a time of 5 and 10 minutes, respectively, in the comparison between group P-L- and P+L+.  
According to experimental conditions described, antimicrobial photodynamic therapy has shown to be 
effective in the reduction of spores of Bacillus subtilis, being more efficient in the longer pre-irradiation. 
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The increase in the survival and resistance of microorganisms organized in biofilms highlights the need 

for new therapies to break this barrier, such as antimicrobial photodynamic therapy that is characterized 

by being an alternative, effective and non-invasive treatment. 

The objective was to evaluate in vitro the effect of  antimicrobial photodynamic therapy on heterotypic  
biofilms by Candida albicans and Bacillus atrophaeus using rose bengal (12.5µM) and LED (532nm and 

16.2 J) for 3 minutes. 

We used standard strain of Bacillus atrophaeus (ATCC 9372) and Candida albicans (ATCC 18804). The 

biofilm was formed in bottom plate with 125L of each micro-organism for 48 hours. The control groups 
were formed by monotypic biofilms of Candida albicans and Bacillus atrophaeus. To perform the PDT, 

we added 100L of rose bengal photosensitizer and LED (P+L+) and control groups with 100L of each 
microorganism separately (P-L-). The plates remained in agitation for 5 minutes (pre-irradiation). After 

irradiation with LED for 3 minutes, the biofilm was detached with an ultrasonic homogenizer for 30 

seconds. Serial dilutions were plated in BHI agar and HiChrom agar and incubated at 37°C/48 hours.  

The means obtained in CFU/mL (log10) were subjected to ANOVA and Tukey test (p0.05). There was a 

reduction of 0.16 and 0.28 CFU/mL (log10) for Candida albicans and Bacillus atrophaeus, respectively, 
with no statistically significant difference in the comparison between the control group and the group 

subjected to PDT.  

Antimicrobial photodynamic therapy has been effective on heterotipic biofilm of Candida albicans and 
Bacillus atrophaeus, using rose bengal (12.5µM), in pre-irradiation period of 5 minutes, under the action 

of LED during 3 minutes. 
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Candida albicans. are commensal members of the normal oral microbiota, hence the transformation from 

its innocuous into the parasitary form depends on virulence factors of the microorganism, predisposing 

factors of the host and of the environment [1]. The purpose of this study was to evaluate specific effects 
of Photodynamic Therapy using erythrosine photosensitizer and a green light emitting diode on the 

viability of Candida albicans alone and in association Streptococcus mutans biofilms. We also evaluated 

the effect of sucrose in biofilm formation and the effects of Photodynamic Therapy . Biofilms were grown 

in background on the plate immersed in broth with sucrose and absence sucrose to production of biofilms, 
inoculated with microbial suspension (10

6
 cells/mL) and incubated for 48 hours. After that, the effects of 

the photosensitizer erythrosine at a concentration of 400 μM for 5 minutes and green light emitting diode 

(532 ± 10 nm) for 90 seconds, effects of  Photodynamic Therapy on the biofilms alone and conjugated 
were evaluated. Next, the plate were washed with sterile physiological solution (0.9 % sodium chloride) 

and sonicated for to disperse the biofilms. Tenfold serial dilutions were carried and aliquots seeded in 

Saboraud agar which were then incubated for 48 hours. Then the numbers colony forming units per 
milliliter (CFU/mL; log10) were counted and analyzed statistically (ANOVA, Tukey test, P ≤ 0.05). The 

conclusion of this research is Candida albicans has an synergism in combination with Streptococcus 

mutans, but only with respect Photodynamic Therapy synergism with Streptococcus mutans affects their 

sensitivity to becoming resistant. However, the synergistic effect does not exist when the biofilm grows in 
the absence of sucrose. 
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Candida albicans is a commensal yeast mucosal surfaces of humans, and the pathogen opportunistic in 

immunocompromised individuals, commonly associated with biofilm formation. [1] In biofilms, bacteria 
and yeast establish ecological relationships that may have great clinical importance. It has been noted in 

the literature that Enterococcus  faecalis biofilm when associated with C. albicans produces an anti-

Candida protein (ACP). [2] The purpose of this study was to evaluate the effects of Photodynamic therapy 
(PDT) on the viability of C. albicans alone and in association with E. faecalis biofilms. For preparing the 

biofilms were made standardized solutions 10
6
 cells / ml of microorganisms study, placed on microtiter 

plates of 96 wells, maintained under  constant stirring at 37°C. With the biofilm formation the PDT is 
applied with photosensitizer erythrosine at a concentration of 400 μM for 5 minutes and green light 

emitting diode (532 ± 10 nm) for 90 seconds,  considering each control condition of PDT. After 

treatments, samples were seeded in Saboraud agar  at 37 ° C/48 h and performed counting CFU / ml. The 

results were statistically analyzed by Analysis of variance (ANOVA) and the Tukey test with a 
significance level of 5%. The PDT was equally effective in reducing the number of yeasts in association 

both as herself. When combined can be observed that E. faecalis showed a negative influence on the 

development of biofilms of C. albicans but did not change the sensitivity of the biofilm as compared to 
therapy application. 
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Photodynamic therapy (PDT) is a modality for the treatment of cancer involving excitation of nontoxic 

photosensitizers with harmless visible light-producing cytotoxic reactive oxygen species. Besides 
antimicrobial effect, studies have shown that PDT causes activation of the immune system, having 

influence on immune cells and immune regulators. The purpose of this study was to evaluate the 

influence of PDT on cell viability mouse macrophages (RAW 264.7). These cells were treated with the 
photosensitizer erythrosine at a concentration of 200 mM for 5 min and after irradiated with LED 

(emitting diode green light, wavelength: 532 ± 10 nm; power: 90 mW and energy density 42.63 J.cm2) 

for 180 seg. The effects of PDT were evaluated based on cell viability macrophages by MTT test. 

Experimental groups were obtained: ERY) cells in contact only with the photosensitizer, CONT) only 
with sterile saline, LED) cells only irradiated by LED and PDT) cells undergoing the action of PDT. Cell 

viability of 116,47% was observed in the group ERY (with the photosensitizer only); PDT group in cell 

viability was 88,23%; LED group in cell viability was higher than others groups, 158,88%. It was found 
that PDT demonstrated no cytotoxic activity observed through the cell viability (88,23%) against 

macrophages.   
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A wide variety of microorganisms inhabit extreme environments. High Altitude Andean Lakes (HAALs) 
over 3500 m asl presents one of the most extreme environments on Earth, exposed to extreme conditions 

such as high UV irradiation, hypersalinity, desiccation and high pH.Microorganisms that resist very 

severe physical and chemical conditions in their habitats are termed ‘extremophiles’.The aim of this work 

is to isolate and characterize the microbial diversity present at the HAAL and to describe their multiple 
resistance properties towards the extreme factors that these microbial communities thrived in their natural 

environments. 

 
To find out the physiology of the isolates, polyextremophile assays were carried out with 54 strains. The 

drop method [1] was used for the screening of all parameters using LB agar media. Friedman statistical 

analysis determined that there weresignificative differences into UV-B tolerance (T
2
= 4,86; p< 0,001). 

With the multiple comparison test we observe that 36 strains out of 54 tested were significant resistant to 
UV-B. 

 

In this work, we report the first extensive isolation of HGC and LGC bacteria from soils, water, sediments 
and modern stromatolites at various locations within the Lakes.Considering the high elevation, 

geography, and physical–chemical characteristics of these wetlands, ultraviolet radiation is considered 

one of the most limiting abiotic factors for microbial communities in such ecosystems. We found strong 
UV-tolerance, added to resistancetowards other extreme conditions (As, hypersalinity) in most strains. 

These results provide the basis for further researchon the molecular strategies displayed by these isolates 

toendure the extreme environmental conditions of HAAL. 
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The extreme halophilic archaea thrive in environments with high salinity (> 2 M) and solar irradiation. 

They contain red membrane-bound carotenoid pigments, mainly C50-bacterioruberins, which serve as 
protection against ultraviolet (UV) light [1]. 

 

We have previously constructed and characterized a mutant strain of the haloarchaeon Haloferax volcanii 
which produces suboptimal levels of the ATP-dependent Lon protease. Down-regulation of this protease 

resulted in outstanding overpigmentation of the cells (16-fold) while its overexpression turned the cells 

colourless [2]. This enzyme is conserved across all domains of life and has been thoroughly characterized 

in bacteria and eukaryotic cells, however, little is known about its role in Archaea and the endogenous 
substrates of the membrane-bound archaeal protease are unknown. The aim of this study was to detect 

and identify potential protein substrates of H. volcanii Lon protease. For this, proteomes of the parent and 

lon mutant strains were compared at different growth stages. Cytoplasm and membrane proteins were 
fractionated by SDS-PAGE in first dimension followed by RP-nanoLC-ESI-MS/MS (Orbitrap) of trypsin-

digested gel slices in second dimension. At least 108 proteins changed significantly between the wt and 

mutant strain. Interestingly, one of the proteins that showed the highest increase in abundance in the 
mutant strain (71-73 fold) was phytoene synthase (HVO_2524), a key enzyme in carotenoid biosynthesis. 

This result suggests that Lon protease is involved in the regulation of phytoene synthase and, 

consenquently, pigment content in H. volcanii. 
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High-Altitude Andean Lakes HAAL serves as ideal environments to study the cyanobacterial diversity of 

a terrestrial, hypersaline system that has a potential value for bioprospecting [1]. In this work, we 

performed isolation of novel cyanobacteria from diverse lakes and samples from the HAAL. In addition, 

effects of three doses (15, 30 and 60 Wm
−2

) of UV radiation on the synthesis of UV-absorbing 
compounds in the isolated cyanobacteria acclimated to four salinities (i.e., 0, 10, 30 and 60 psu) were 

investigated. 

We isolated representative strains from eleven genera (Anabaena, Nostoc, Symplocastrum, Leptolyngbya, 
Phormidium, Synechococcus, Pseudoanabaena, Nodularia, Synechocystis, Chroococcus and 

Cyanosarcina). Increase of salinity (i.e., to 0 from 60 psu) affects the growth rate of cultures. Combined 

effect of both salinity and UV radiation resulted in lower biomass. Subsequent acclimation from short 

period (less than 6 h) of UV radiation to subsequent duration of treatment (more than 6 h) resulted in an 
increase of Chl-a content. 

The production of UV-absorbing compounds such as scytonemin and mycosporine-like amino acids 

(MAAs) were studied. At an intermediate salinity (i.e., 10 psu) and after 3 h of exposure to UV we 
observed the greatest accumulation of UV-absorbing compounds.  

The detected UV-absorbing compounds may play a dual role as passive sunscreens and as osmotic 

protectant, providing efficient tolerance mechanisms to original hard conditions impairing on the HAAL. 
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High altitude cold lakes from Chilean Patagonia represent a valuable resource for studying the production 
of microbial pigments, reflecting responses to extreme environment conditions, including high solar 

radiation, oligotrophy and low temperatures. In this study, the bacterial community of an unnamed lake 

located near Valdivia, in Chile’s XIV Región de los Rios (39°48'43''S 71°49'28''W at 1240 m.a.s.l) was 

characterized. A Janthinobacterium lividum spp. strain was isolated from water samples which produced 
a dark-purple pigment, which was subsequently identified as violacein.  

The pigment has been previously described to possess bioactive properties (antibacterial, anticancer, 

antiviral, among others [1]), which has attracted the attention of biotechnology industry. Environmentally, 
violacein has been previously described to have a high molar extinction coefficient in methanol (ε = 1.7 

x10
4
 L∙mol

-1
∙cm

-1
, λ = 577 nm), suggesting that it could be protective against visible radiation [2]. 

Additionally, violacein has a comparable absorbance peak in the UV-visible range (λ = 260.3nm), 
suggesting that it could be protective against ultraviolet radiation [3]. The photosensitivity and 

photodynamic effects of violacein has been also described, which combined with low toxicity and the 

photodynamic properties of this compound, highlights its possible application as a 

photochemotherapeutic drug [4] 
The violacein producing bacterial isolate described here has been shown to be capable of pigment 

production under a range of culture conditions, including: temperature variation, light (absence/presence), 

varied energy source substrates, showing high crude pigment production (~1 g∙L
-1

 violacein + derivatives) 
under darkness and at 4°C. Extracted crude violacein has also showed cytotoxic and antiproliferative 

activity against MDCK cell line at 160 ng∙mL extract. UV radiation exposure experiments have also been 

developed to characterize the bacterial biosynthesis of pigment and survival responses to UV exposure. 
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Bacterioplankton plays a key role in the carbon cycle of marine ecosystems. Sensibility of marine bacteria 
to ultraviolet radiation (UVR) depends on the incident wavelengths and can greatly differ between strains. 

In this work we summarize results from a number of experiments carried out during several Antarctic 

summer expeditions 1999-2007. Two Antarctic marine bacteria were isolated from marine water at Potter 
Cove, Antarctica and used in different experimental designs in order to analyze their response to solar 

radiation exposure. The strains were identified by 16S rDNA sequencing as Arthrobacter sp. and Bizionia 

sp. Flasks containing bacterial suspensions and covered with cut-off filters were directly exposed to solar 
radiation on land, on the water column at fixed depths (0, 1 and 3 m) and also under simulated vertical 

mixing of 4 m h
-1
. The following treatments were defined: Dark, PAR, PAR+UVAR and 

PAR+UVAR+UVBR. Both strains showed a significant loss of viability after exposure to UVBR doses 

>7 kJ m
-2

. On land assays showed that at moderate irradiances (near 3 kJ m
-2

) Bizionia sp showed to be 
more sensitive to UVBR than Arthrobacter sp. Lethal dose 50 (LD 50) for Bizionia sp. was 1.2 and 2.8 kJ 

m
-2

 for 280 and 305 nm, respectively, whereas for Arthrobacter sp. were 2.3 and 4.0 kJ m
-2

. When cells 

were maintained in the dark for different periods after solar radiation exposure, no recovery was 
observed. This observation suggested that repair mechanisms were not effective enough to balance UVR 

damage in these species.  

Response of the strains in the stratified water column was similar to those observed on land, but the 

impact caused by UVR was only detected in the first meter depth. Furthermore, these effects showed 
some degree of attenuation when the strains were exposed to simulated conditions of vertical mixing. 
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High-Altitude Andean Lakes (HAAL) are shallow lakes located in the South American Puna-High Andes 

region. In order to survive under the extreme environmental conditions of those habitats (high UV-
exposure, wide temperature variations, high toxic element contamination), microorganisms had to 

develop highly efficient mechanisms. A major task for survival is taken over by photolyases, which are 

able to repair UV-induced damages in DNA. The complete genome sequence of Acinetobacter sp. Ver3, 

an extremophilic bacterium isolated from HAAL, revealed two genes encoding photolyases (PL1/Ver3Phr 
and PL2) [1]. During previous work these two genes had been cloned into E. coli BL21. Here, 

spectroscopic and functional characterization of these novel light-driven repair enzymes is presented [2]. 

E. coli strains harbouring the Ver3Phr gene were subjected to UV-B irradiation and then exposed to light 
(PR) and dark repair (DR). Survival was assessed by traditional UFC counting and measurement of DNA 

bipyrimidine photoproducts by HPLC coupled with ionization-tandem mass spectrometry (ESI-MS/MS) 

detection. All experiments were run in parallel with the ortholog E. coli photolyase (EcPhr) expressed in 

the same host cells to allow for a direct functional comparison of the novel photolyases from HAAL. 
Clear enzymatic function was assessed for Ver3Phr, both in vivo and in vitro. E. coli cells harbouring the 

recombinant plasmid carrying Ver3Phr survived after UV exposure while cells with the empty vector 

were completely depleted after the treatment. The recovery after PR in the cells carrying the Ver3Phr was 
three orders of magnitudes greater than observed in the control, prooving the functional and efficient 

activity of Ver3Phr. 

____________________ 
 [1.]  V. H. Albarracin, G. P. Pathak, T. Douki, J. Cadet, C. D. Borsarelli, W. Gärtner, M. E. Farias, Origins of Life 

and Evolution of Biospheres 2012, 42 201-221. 

 [2.]  V. H. Albarracin, J. Simon, G. P. Pathak, L. Valle, T. Douki, J. Cadet, C. D. Borsarelli, M. E. 

Farias, W. Gärtner, First characterization of CPD-class I photolyase from a UV-resistant 
extremophile isolated from High-Altitude Andean Lakes, Photochem. Photobiol. Sci. 2014, in press 

(DOI: 10.1039/c3pp50399b). 
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Studies in Hight Altitude Andean Lake (HAAL) were focused mainly on microbial diversity, arsenic 
resistence, UV radiation and antibiotic [1-3]. In this study, we attempted to determine how the light is 
used as energy source in these ecosystems. 
  
We identified proton-pumping rhodopsins encoding gene sequences in the genomes of three novel 
Salinivibrio spp. Strains. The aminoacid sequences were related to the xanthorhodopsin (XR) from 
Salinibacter ruber, 45% identity average. We observed the presence of the genes for β-carotene and 
retinal biosynthesis. Also, XR S34 contain the majority of functionally important residues known for 
retinal binding, proton transport and structure (Figure 1)[4, 5]. 
  
In the present study we disclosed for the first time, XR-like genes in HAAL and the unusual occurrence in 
Salinivibrio. The presence of these genes could improve the ecological fitness of the three novel 
Salinivibrio strains that live in the Socompa Lake. 
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Figure 1. 3D structure comparative of XR from Salinivibrio 
sp. S34. Retinal binding site and the residues involved in the 
proton transport (A). Amino Acids (aa) involved in the release 
(B) and uptake proton (C), these latter are more similar to the BR 
aa. 
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High-Altitude Andean Lakes (HAAL) at the South American Andes are almost unexplored 

ecosystems of shallow lakes and salterns. HAAL are recognized by a remarkably high UV exposure, 
strong changes in temperature and salinity, and a high content of toxic elements, so they have been 

classified as model systems for the study of life on other planets. Accordingly, a wide variety of 

microorganisms  named “extremophiles”  are able to inhabit these extreme  environment  due to their 

great capability of tolerating physical and chemical stress, mainly ultraviolet B radiation (UV-B) [1-2-
3]. The aim of this work was to investigate the response of three HAAL extremophilic strains to UV-B 

radiation: the Gram-negative Gamaproteobacterium Acinetobacter sp. Ver3 [1] and the Gram-positive 

Exiguobacterium sp. N39 and S17 [4-5]. A comparison of their resistance profiles with those of 
taxonomically-related collection strains (Acinetobacter johnsonii DSM  6963 and Exiguobacterium 

arantiacum DSM 6208) and E. coli KY1056 (as external controls) was also presented. 

The selected strains were exposed to different doses of UV-B and their resistance profiles 

compared. Recovery after the exposure was evaluted by incubating cells under dark (DR) or light (PR) 
treatments. UV-B resistance was determined by measuring survival by colony forming unit counting 

(CFU) [5]. 

HAAL  bacteria   displayed  a  higher  resistance  to  UV-B  compared  with  control strains, 
withstanding  up  to  1  h  and  2  h  of  exposition  in  Acinetobacter  sp.  and  Exiguobacterium  sp. 

respectively.  In contrast,  DSM  6963 and 6208  survivals  were already  compromised  after  30  min, 

while E. coli KY1056 was inhibited after 15 min. In all cases, the recovery was more efficient after 
PR.  Thus,  we  have  quantitatively  determined  the  UV-B  resistance  patterns  of  three  novel  strains 

isolated from the HAAL which will constitute the basis for mining of their genomes made recently 

available in the search for genes and mechanisms supporting HAAL “UV-resistome”. 
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Oxidized pterins, efficient photosensitizers under UV-A irradiation, accumulate in the skin of 

patients suffering from vitiligo, a chronic depigmentation disorder. In this work, we have 
investigated the ability of pterin (Ptr), the parent compound of oxidized pterins,to photosensitize 

the oxidation of the peptide α-melanocyte-stimulating hormone (α-MSH), which stimulates the 

production and release of melanin by melanocytes in skin and hair. Our results show that Ptr is 
able to photoinduce the degradation of α-MSH upon UV-A irradiation and that the reaction is 

initiated by an electron transfer from the peptide to the triplet excited stated of Ptr. The 

photosensitized process leads to the oxidation of the peptide and to the degradation of, at least, 
tryptophan (Trp) and tyrosine (Tyr) residues. It can thus be inferred that the incorporation of 

oxygen atoms takes place at least in these α-MSH residues. In addition, the dimerization of the 

peptide was also observed and dimers of theTyr radical were detected in the treated peptide, 

indicating that Ptr may photoinduce crosslinking of peptides.The evolution of the reactions was 
followed by UV-Vis spectrometry and products were analyzed by HPLC, UPLC-MS and 

fluorescence. 

Ptr  
       1

Ptr*  

1
Ptr*         3

Ptr*  

3
Ptr*        Ptr  

3
Ptr* + -MSH         Ptr

•–
 + -MSH

•+  

Ptr
•–

 + O2        Ptr + O2
•–  

2 H
+
 + 2 O2

•–        H2O2 + O2  

 

AcknowledgmentsConsejo Nacional de Investigaciones Cientificas y Técnicas (CONICET-

Grant PIP 0425) and Universidad Nacional de La Plata (UNLP-Grant X586) 

[1] D. I. Pattison, et. al. , Photochem. Photobiol. Sci., 2012, 11, 38–53 
[2] A. H. Thomas, et. al., Free Radic. Biol. Med., 2013, 63, 467–475. 

[3] C. Castaño, et. al., Photochem. Photobiol., 2013, 89, 1448–1455. 

[4] K. V.Neverov, et. al.Biochemistry (Moscow), 1996, 61, 1149–1155.  

Trp(-H)
•
 + O2       Trp(ox)  

2 Tyr(-H)
•
     Tyr2  

Tyr(-H)
•
 + O2     Tyr(ox)  

h 

ISC 

mailto:clorente@inifta.unlp.edu.ar
mailto:athomas@inifta.unlp.edu.ar
mailto:esther.oliveros@me.com


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

512 

 

PO112-Inactivation of Tyrosinase Photoinduced by Folic Acid and its 

Photoproducts 
 
Beatriz N. Zurbano,

a
 Andrés H. Thomas

b
 and María L. Dántola

 c
 

a
 INIFTA, Facultad de Ciencias Exactas, UNLP, CCT La Plata-CONICET. La Plata, Argentina.  

E-mail: zurbanobeatriz@inifta.unlp.edu.ar 
b
 INIFTA, Facultad de Ciencias Exactas, UNLP, CCT La Plata-CONICET. La Plata, Argentina.  

E-mail: athomas@inifta.unlp.edu.ar 
c  

INIFTA, Facultad de Ciencias Exactas, UNLP, CCT La Plata-CONICET. La Plata, Argentina.  
E-mail: ldantola@inifta.unlp.edu.ar 
 
 
UV-A radiation (320-400 nm) can induce damage to biomacromolecules through 
photosensitized reactions. This indirect action may be mediated by endogenous or exogenous 
photosensitizers and can take place via different mechanisms [1].  
 
UV-A excitation of folic acid (PteGlu), a conjugated pterin, leads to its oxidation, yielding 6-
formylpterin (Fop) and p-aminobenzoylglutamic acid as photoproducts. Hydrogen peroxide 
(H2O2) is formed during this reaction. In turn, Fop is transformed into 6-carboxypterin (Cap) 
upon further photooxidation.  
 
Vitiligo is a skin disease that causes lack of pigmentation due to inactivation of enzymes of the 
biosynthesis of melanin. In the skin of these patients there is an accumulation of pterin 
derivatives with high levels of H2O2 [2]. Tyrosinase in mammals catalyzes the first and rate-
limiting step in melanogenesis. Recent studies suggested that pterin (Ptr), the parent and 
unsubstituted compound of oxidized pterins, photoinduces the inactivation of tyrosinase [3]. 
 

In this work, we investigate the damage of tyrosinase photoinduced by PteGlu and its 

photoproducts. After UV-A excitation, aqueous solutions containing the enzyme and the 
photosensitizer (PteGlu, Fop, Cap, Ptr) were analyzed by UV-Vis spectrophotometry, enzyme 

activity measurement, fluorescence spectroscopy and High-performance Liquid 

Chromatography. 
 

The results indicated that PteGlu and its photoproducts can fotoinactivate the tyrosinase. The 

most efficient photosensitizer was Fop. The photoinactivation takes place through two 
differente pathways: i) a photochemical process initiated by an electron-transfer from the 

enzyme to the triplet excited states of pterins and ii) the oxydation of the enzyme by the H2O2 

produced during the photooxidation of PteGlu and its photoproduct. The photochemical process 

would lead to an unspecific oxydation of the protein, whereas the reaction with H2O2 would act 
only on the active site. 
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Dihydrobiopterin (H2Bip) and Biopterin (Bip) accumulate in the skin of patients suffering from 
vitiligo. H2Bip and Bip undergo photooxidation upon UV radiation and the latter acts as a 

photosensitizer of biomolecules [1-2]. In this work we analyse the photochemical reactions of 

these compounds exposed to sunlight in La Plata (34.90ºS, 57.92ºW) between Spring equinox 
and Summer solstice period, recording the spectral solar irradiance with a high-resolution 

spectrometer. The photochemical reactions were followed by HPLC and UV-Vis 

spectrophotometry. Under solar exposure H2Bip undergoes dimerization and oxidation to Bip, 

which, in turn, is photooxidized into 6-formylpterin (Fop). Additionally, UV excitation induces 
the oxidation of Fop to 6-carboxypterin, which is much more photostable than Bip and Fop and 

then it is accumulated in the solution. Rates of reactant consumption and quantum yields were 

determined under different meteorological conditions. We have demonstrated that solar 
radiation causes significant oxidation of the pterin derivatives investigated, even in cloudy days. 

The biological implications of our results are discussed. 

 
Figure. Absorption factor from H2Bip (gray curve), solar spectral photon irradiance measured at 

noon in a clear sky day (black curve) and the convolution of them (shaded area).  
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Pterins belong to a family of heterocyclic compounds present in a wide range of living systems 

and participate in relevant biological functions. Under UV-A excitation (320–400 nm), pterins 

can fluoresce, undergo photooxidation and generate reactive oxygen species (ROS) [1]. In the 

presence of oxygen, pterin (Ptr) acts as a photosensitizer through type I (electron abstraction) 
and/or type II (

1
O2-mediated oxidation) mechanisms [2-3]. 

The photosensitized degradations of purine and pyrimidine nucleotides by Ptr were studied in 

neutral aqueous solutions upon UV-A irradiation (350 nm) at room temperature, under different 
experimental conditions. The photochemical reactions were followed by UV⁄vis 

spectrophotometry and HPLC, and the photoproducts were analyzed by means of electrospray 

ionization mass spectrometry. Photophysical properties of the triplet excites states of the 

sensitizer were characterized using laser flash photolysis. After analysis of the results, reaction 
mechanisms were proposed. 

Under anaerobic conditions, for purine nucleotides, a recombination of the radicals occurred, 

and no consumption of the nucleotide was registered. On the other hand, for pyrimidine 
nucleotides, the formation of an adduct between the substrate and the sensitizer was observed. 

The fluorescence properties of this adduct are similar to those of Ptr itself. 

In the presence of O2, it was observed more consumption of the nucleotides than in anaerobic 
condition. In this case, there exist a competition between different reactions that includes type I 

and type II mechanisms for guanine nucleotide. For the others, which do not react with singlet 

oxygen, the reaction is initiated by an electron transfer from the nucleotide to the triplet excited 

state of the pterin yielding the corresponding pair of radical ions (Pt
•−

 and dNMP
•+

), with 
successive photosensitizer recovery by electron transfer from Pt

•−
 to O2. Finally, dNMP

•+
 

participates in subsequent reactions to yield degradation products. 

 

Sensitizer Substrates 

 

 

 
    

Pterin 

(Ptr) 

2'-deoxyadenosine 
5'-monophosphate 

(dAMP) 

2'-deoxyguanosine 
5'-monophosphate 

(dGMP) 

2'-deoxycitosine 5'-
monophosphate 

(dCMP) 

2'-deoxytimidine 5'-
monophosphate 
(dTMP) 
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Lipid peroxidation process is thought to be involved in many physiological and pathological 

events [1]. Many model membranes can be used to learn more about issues that cannot be 

studied in biological membranes. Sonicated liposomes prepared with soybean 
phosphatidylcholine (SoyPC) were submitted to lipid peroxidation, under air atmosphere at 

room temperature, with pterin (Ptr) as initiator. Pterins are heterocyclic compounds widespread 

in nature and have been previously identified as good photosensitizers under UVA irradiation 

[2,3]. 

In this work, we have investigated the ability of Ptr (50-250μM), the parent compound of 

oxidized pterins, to photosensitize the oxidation of SoyPC in aqueous solutions under UVA 
irradiation. Conjugated dienes and trienes, determined by absorption at 234 and 270 nm 

respectively were measured as a function of time. Peroxidation of SoyPC (260 µM) resulted in 

an increase in conjugated dienes production, reaching a maximum at around 50 min and then 
decreasing. When lipid peroxidation was performed in the absence of Ptr a significant smaller 

production of conjugated dienes, after a lag of e.a. 30 min, was observed. Also, mass 

spectrometry measurements were performed to identify peroxidation products. 

As a conclusion, steady UVA irradiation of solutions containing Ptr and SoyPC led to the lipid 

peroxidation of polyunsaturated fatty acids, whereas the Ptr concentration remained unchanged. 

Ptr showed a clearly enhanced effect on peroxidation rate and steady state concentration of 
oxidation products. This model constitutes a useful system to study formation of lipid 

peroxidation intermediaries and products in an aqueous environment to determine the effect of 

Ptr as photoinducers. 

[1] A. Catalá, Chemistry and Physics of Lipids, 2009, 157, 1. 
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H. Thomas, J. Am. Chem. Soc., 2008, 130, 3001. 
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Photobiol. B, 2013, 120, 52. 
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In the last few years multiple evidences of tetrahydrocyanopterin and 

tetrahydrobiopterin participation in photoreception of UV-B have appeared [1-2], although 
potential UV-B photoreceptor still have not been identified. Tetrahydropterins do not fluoresce 

and, consequently, can’t transfer the excitation energy to the neighboring molecules. Therefore 

we may assume that energy, or light signal, transfer occurs not through a dipole-dipole 
interaction but by the change of tetrahydropterin conformation. The structure of H4cyanopterin 

suggests the idea that conformation change occurs with the rotation of the torsion angle 

(DN5C6C1’O’) between the pyrazine ring and a side chain (6-[1-(4-O-methyl-(α-D-glucuronyl)-

(1,6)-(β-D-galactosyloxy]methyl). To simplify calculations we performed a Density Functional 
Theory study of a tetrahydro-hydroxymethylpterin molecule (H4Hmp) instead of 

H4cyanopterin.We found that the ground state S0 has a conformation with the axial position of 

the side-chain (DN5C6C1’O’ ~ 54°). However, excited state S1 has the predominant conformation 
with the equatorial position of the side chain (DN5C6C1’O’ ~ 186°). And the potential energy 

barrier for the transition from the equatorial to the axial conformation of the ground state is ~ 

5.7 kcal/mol. 
Another interesting aspect of H4pterins photophysics is the ultrafast internal conversion 

of the excited states analogous to that of nucleobases. We assume that the energy dissipation by 

the pterin ring system occurs through conformational changes of the pyrimidine ring in the same 

way as it happens during vibrational relaxation of excited purines and pyrimidines.  
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Ecuador has very high values of UV index varying in the range of 9 (very high) to 16.2 

(extreme), corresponding to solar UV irradiance in the range of 225 to 405 mW/m
2
, due to its 

equatorial latitude. In a previous work we made (and analyzed) dermatological campaigns for 

the detection of non-melanoma skin cancers (NMSC) in fishermen of the equatorial Pacific 

coast, from 2005 to 2007. In the present work we extend the time period (up to 2011), the 
locations, the type of the skin disease (adding actinic keratosis, AK) and the statistical analysis 

incorporating the age adjustment of the data. We discriminate the NMSC in basal cell 

carcinoma (BCC), squamous cell carcinoma (SCC), and AK. A total number of 1219 patients 
were surveyed in relation to the skin health. We present the number of BCC, SCC and AK as a 

function of the fishermen age interval. The total number of cases is 14 for BCC, 4 for SCC and 

28 for AK, with the maximum number of cases in the range of: 40-49 years for NMSC (=BCC + 

SCC) and 60-69 years for AK. We obtain a time difference of 10 year between the maximum of 
the distributions corresponding to the number of fishermen and the number of NMSC, both in a 

given age interval. For the case of AK, the time difference is larger, 23.5 years. These results 

show the large impact of solar UV radiation skin degradation effect, accumulated during a long 
period of years on the skin of fishermen (doing its work usually from sunset to sunrise) in these 

particular place of the World, were solar UV radiation all year round is one of the highest. 
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Strategies to protect the skin against excess of exposition to solar irradiation are constantly 

changed. One misconception that has persisted in our society is that visible light is safe to the 
skin, even though several data indicate that at least part of the visible spectrum is phototoxic, 

decreasing the epidermal barrier function, inducing pigmentation in individuals with type IV 

and V skins [1-2]. In a previous report, we showed that melanins are able to photosensitize 

singlet oxygen under excitation by visible light. Here we show that visible light can damage 
melanocytes and prove that the mechanism involves oxidation by singlet oxygen, which is 

generated by melanin photosensitization and quantified by near-infrared emission [3]. The 

efficiency of singlet oxygen generation by melanins is the same in the visible and in the UVA 
and larger for pheomelanin than for eumelanin. Using several cell types that express different 

amounts of melanin, we were able to correlate the photosensitization of melanin in the visible 

with the decrease in cell viability, increase in membrane permeability, photo-oxidation of DNA 
and necro-apoptotic cell death. Pre-mutagenic lesions (Fpg and Endo III sensitive) caused by 

melanin photosensitization indicates that visible light should be considered a class I carcinogen. 

Although melanin is able to protect against the cellular damage induced by UVB [4], exposition 

to visible light is certainly involved in photoaging as well as in the development/progression of 
mutagenic DNA lesions. This is the first report unraveling a mechanistic explanation for 

photoaging activated by melanin on cells visible light irradiated. 
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Ultraviolet radiation (UVR) causes wavelength dependent damage within the skin, and although 
UVA and UVB differ in their cellular targets, both share the ability to modulate reactive oxygen 

species (ROS) formation, which is implicated in the pathogenesis of melanoma skin cancer. 

Epidermal melanocytes are vulnerable to UVR-induced oxidative stress and although the 

presence of melanin is thought to provide photoprotection, accumulating evidence suggests a 
dual role of melanin as a photosensitiser. Investigating the degree of pigmentation in melanoma 

cells may help elucidate the relationship between melanin synthesis and its ROS scavenging 

capacity and ability to excesserbateoxidative stress. A useful model for the determination of 
melanin content is to evaluate the light-scattering profile of cultured human melanoma cells. 

Therefore the aim of this study was to use flow cytometryto analyse differences in cultured 

subpopulations of human melanoma cells expressing varying levels of pigment in order to 
establish a profile for a mixed populationof melanocytes with different melanin content. 

 

A BD LSR-II flow cytometer equipped with 5 lasers capable of simultaneously analysing 18 

parameterswas used to analyse 10,000 cells for each population. Analysis of forward versus 
side-scatter of a suspension of non-pigmented (CHL-1), moderately (FM55) and 

highlypigmented (hyper-pigmented FM55) human melanoma cells revealed three overlapping 

populations of cells (n=3). Hyper-pigmented cells showed greater light-scattering pattern in 
comparison to non-pigmented cells, confirming that melanin produces a unique light-scattering 

characteristic. Hyper-pigmented cells showed a recognisable side population following violet 

laser excitation, with mean fluorescence intensity (MFI) around 8-fold greater than non-
pigmented (MFI=36.08) and 2-fold greater than moderately pigmented human melanoma cells 

(MFI=127.71). This work provides a tractable platform to investigate melanin level in 

melanocytes from skin samples taken at exposed and non-exposed, normal skin and sites of 

melanoma in order to measure differences in pigmentation and oxidative stress status. 
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Harmalol is a naturally occurring alkaloid that belongs to the family of β-carbolines (βCs). βCs 
comprise both fully aromatic alkaloids and partially reduced derivatives such as 3,4-dihydro- 
and 1,2,3,4-tetrahydro-βCs. In terms of its chemical structure, harmalol is a 3,4-dihydro-βC. 
 
During the last decades, the photophysics and photochemistry of some βCs, in aqueous media, 
has been well investigated [1-3]. Briefly, in aqueous solution, these alkaloids may show several 
acid–base equilibria. However, for some dihydro- and tetrahydro-βCs, the information 
published in the literature is, in somehow, contradictory, negligible or null [4-8]. 
 
 
In the present work we have investigated the acid-base equilibria and species present in the pH 
range of 2-13. The corresponding pKa values, chemical structure of each harmalol acid-base 
specie, as well as the corresponding absorption and emission spectra observed in aqueous 
solution are reported. Moreover, the pH-effect on the thermal and photochemical stability of 
harmalol is also reported. 
 
 
 

N
H
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HO N
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HO

pKa1 = 8.5

CH3 CH3 N
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CH3
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( 12 < pH < 13)

N

N
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Scheme 1.Acid-base equilibria of harmalol, in its ground state, in aqueous solution under 
different pH conditions. 
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Maleic Hydrazide (MH) is a synthetic compound widespread used as herbicide due to its plant 
growth regulating action. In order to get a better insight in the behavior of this biocide in the 

environment, kinetic and mechanistic aspects of the photochemical and microbiological MH’s 

degradation have been studied.  

 
Natural waters usually present humic acids (HA) and traces of the pigment riboflavin (Rf, 

vitamin B2). These compounds are relevant in the sensitized photooxidation of contaminants [1-

3]. In this research Rf was employed as a main photosensitizer whereas HA as second sensitizer 
in order to closely simulate natural environmental conditions. MH quenches excited singlet and 

triplet states of Rf, with rate constants near to the diffusion limit. The biocide and dissolved 

molecular oxygen competitively quenched triplet excited Rf. Electron and energy transfer 

processes produced the reactive oxygen species (ROS), superoxide radical anion (O2
–

), 

hydrogen peroxide (H2O2) and singlet molecular oxygen (O2(
1
g)) respectively. This was 

support by supplementary experiments using auxiliary quenchers and the exclusive O2(
1
g) 

generator Rose Bengal (RB). As a global result, MH is degraded by the generated ROS whereas 

Rf photodegradation is retarded.  
 

Also microbiological experiments were performed using surface-water, soil contaminants and 

microbial antagonists of phytopathogenic bacterias, Pseudomonas aeruginosa (Ps) and Bacillus 
subtilis (Bs). Ps incubated with and without MH showed a higher growth in the presence of the 

herbicide, implying the biodegradation of MH. Meanwhile, MH only exerted a bacteriostatic 

effect on Bs.  
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 Reverse micelles (RMs) are supramolecular assemblies of surfactants formed in nonpolar 

solvents, in which their polar head point inward and the hydrocarbon chains point toward to the 

nonpolar medium.[1] One of the most used surfactant to form RMs is the sodium 1,4-bis-2-
ethylhexylsulfosuccinate (AOT), which can solubilize water in a variety of nonpolar 

solvents.[1] Although AOT RMs have several important applications, the most critical problem 

regarding their use in the food, cosmetic, and pharmaceutical fields is the toxicity. Thus, 

different nontoxic oils have been used to replace the traditional nonpolar solvents.[2] However, 
no information about the role of the nontoxic solvents on interfacial properties is available.  

 In this work two nontoxic solvents: methyl laurate (ML) and isopropyl myristate (IPM), were 

used as external nonpolar solvents to formulate AOT RMs.[2] The photophysics of 4-
aminophthalimide (4-AP), which present an unique behavior [3], was used to explore the RMs 

interfacial zone.  

 

   
 

Our results show that in IPM/AOT RMs dramatic effect on the photophysics of 4-AP is 
observed. Thus, the interface generated produce 4-AP partition and intramolecular electron 

transfer (ICT) process. Additionally, addition of water favors the 4-AP ICT process. However in 

LM/AOT RMs the ICT process is not produced. Apparently, the penetration and the viscosity of 
the external solvent promote significant interface changes. These results suggest that unique 

properties can be obtained using nontoxic oils to formulate environmentally friendly AOT RMs. 
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Nimodipine (NIMO) is a blocker of calcium channels of second generation 1,4-

Dihydropyridines (1,4-DHPs), which has been used as antihypertensive drug
[1,2]

. These drugs 

block the entry of extracelular calcium into vascular and cardiac tissue with different selectivity 
decreasing blood pressure associated to vasodilationaction

[3]
. These calcium channel blockers 

have been associated with adverse photosensitive effects like phototoxicity and/or photoallergic 

activity at skin level
[4]

. 
These compounds have the functional group (1,4-DHP) substituted at the 4 position with an aryl 

moiety, which is the responsible for theirtherapeutically properties, which are diminished when 

this group is oxidized to pyridine derivatives
[7]

.Studies of these compounds photolabilityhave 

shown that it depends on the phenyl substituent and the nature of the media
 [8]

. 
The results show that the presence of electron donating groups (methoxy and hydroxyl) on the 

4-aryl (Bi compound,Fig.1), or absence of electron withdrawing groups (nitro), modifies the 

luminescence lifetimes and decreases the photodegradationrate of these compounds. 
 

          

 

Fig 1. 

In this research,DHPsphotodegradation process was studied in the presence of triethylamine 

(TEA) in order to observe the effect of electron donating substituents on the intermolecular 

electron transfer reaction, which has been reported to take place for these drugs in the presence 

of TEA. 
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1080412 and Project UNAB_DI_32_10R. 
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Compounds like 4-aryl-1,4-dihydropyridines are widely used drugs for the treatment of 

hypertension. There is a varietyof drugs belonging to this family such as 
Nimodipine,Felodipine, among others.They all share the same basic structure, but theydiffer in 

the substituents attached to the 4-aryl moiety on the dihydropyridine ring. The photochemical 

and photophysical behavior of these drugs are strongly affected by the electronic nature of the 
substituents attached to the 1,4-dihydropyridine ring; the presence of electro donor substituents 

in the 4-aryl moiety decreases the photolability of thesekinds of compounds [1].  

These drugs have been linked to the induction of photoallergic and phototoxic effects in patients 

under prolonged treatments with them [2]. 

Some studies have reported that the incorporation of 1,4-dihydropyridines into supramolecular 
systems such as liposomes or vesicles, enhances the photo stability of these compounds [3] 

having in mind that these drugs arehighly lipophilic.  

The kinetic results obtained for the third generation antihypertensive drugLercanidipine are 

similar to those obtained for its homologue Nimodipine, which makes sense due to they only 

differ in the substituent attached to the position 3 of the dihydropyridine ring. 
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Introduction: 

Photo chemotherapy is effective   and safe; it remains a strong part of the dermatologist’s tool 

kit (1). 
We report the outcome of photo chemotherapy of the Department of Dermatology of 

Casablanca. 

 

Materials  and methods: 
 This was a retrospective study from January 1993 to December 2013. We included every 

patient who had photo chemotherapy. 

The study included 1456 patients. The diseases were:  
Psoriasis (41%): 78 % were treated with phototherapy (80 % of good response), 15 %   were 

treated with puvatherapy (90 % of good response) and 7 % with local puvatherapy. Vitiligo (27 

%): 70%  were treated with phototherapy (31% of good response) and 30% with puvatherapy 
(30.7 % of good response). Mycosis fungoides (5.97%): 84 % were treated with puvatherapy 

and 16% with phototherapy with good response in medium term. Alopecia areata (5.95%) 

treated with puvatherapy (30 % of good response). Chronic prirutis (5.49%) treated with 

phototherapy (85 % of good response). Prurigo (4.32%). Atopic dermatitis (3 %) Eczema 
(2.26%).  Lichen planus (2.35%). Parapsoriasis(2.19   %)  and 1 case presented  an aquagenic 

urticaria. 

Side effects were pruritus (4%), erythema (15%), and photosensibilisation (0.5%). 

Discussion: 

This is the biggest maghrebean study including 1456 patients treated with photo 

chemotherapy(2). Phototherapy   NB is  considered as the ‘gold standard’ for the treatment of 

diffuse vitiligo(3). 
Puvatherapy have a slower but longer remission in psoriasis(4). The outcome is poor in alopecia 

areata, good in medium term of Mycosis fungoides is, and excellent   in pruritus. Our results are 

satisfying, with few side effects. 
 

1-.Richard, E Hönigsmann H Photodermatol Photoimmunol Photomed 2014; 30: 3–7 

2-Stern RS; PUVA Follow-Up Study. J Am Acad Dermatol. 2012 Apr;66(4):553-62.  
3- Pacifico A, Leone G .Photodermatol  Photoimmunol  Photomed 27, 261–277 

4-Parrish JA, Fitzpatrick TB, Tanenbaum L,Pathak MA.  N Engl J Med 1974; 291: 1207– 1222. 
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Low Level Light Therapy (LLLT) has been used for treatment of different conditions, such as 

modulation of the inflammatory process, nervous regeneration, accelerating the repair process 

of tissues [1]. Burns represent severe tissue damage conditions and are mainly caused by 
electricity, chemicals and scalding or freezing materials. Burns can be life-threatening 

emergencies, and need special management due to serious physical, psychological and 

immunologic impairments. LLLT is an effective alternative of treatment since photons between 

630-800 nm can stimulate the regeneration of muscle, skin, bones and subcutaneous tissue [2]. 
The objective of the present study is to develop a total body irradiator to treat cutaneous burn 

injuries with LLLT. Adult male Swiss mice were submitted to a frostbite protocol using a solid 

metal object cooled in liquid Nitrogen (-196 °C). Under anesthesia, burns were made on each 

animal’s epilated dorsal area. The animals were subjected to two sessions of 10 s, interval of 5 
min between sessions during three consecutive days to standardize a third degree burn. Twenty-

four h later, animals were placed inside a homemade LEDBOX (dimensions: 

9.95x10.0x10.0 cm) with five red diodes, during 12 min (box irradiance: 1.2 mW/cm²). Wound 
closure was monitored daily by a caliper rule. Our results suggest that LLLT group decreased 

the inflammatory process, but it was similar to control at the end of treatment. We conclude that 

it is possible to develop a LED-based total body irradiator to promote benefits on burned. 

[1] H. Chung, et.al, The Nuts and Bolts of Low- Level Laser (Light) Therapy, Ann Biomed 

Eng.2012, vol.40, 516-533. 

 [2] da Silva. J.P, et.al, Laser Therapy in the Tissue Repair Process: A Literature Review, 
Photomed. Laser Surg. 2010, vol. 28, 17-21. 
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The Chronic venous insufficiency (CVI) causes venous stasis can cause an ulcer. 

 

The low-energy laser (LLLT: Low Level Laser Therapy) acts on cell photostimulation. It has 
been used in various medical treatments. In this study we determined the possible repair and 

tissue regeneration through histopathological examination and determination of T °, pH and 

nitric oxide (NO) in rats with ulcers treated with LLLT and IVC at different wavelengths. 
 

Were used 40 Wistar female rats in 5 groups: A. control, B. IVC, C. IVC + Ulcer, D. IVC + 

ulcer + Laser 620nm, D. IVC + ulcer + Laser 880nm. 

 
A Transverse skin incision was made in the right inguinal region to double ligation of the 

Primitive Iliac vein. Per month a skin wound was made in the inner thigh. The LLLT`s daily 

dose of 8 J/cm2. ON was determined spectrophotometrically. The tissue was stained with H & 
E. T ° and pH was analyzed using paired t test and ANOVA with ON - Fischer test, considering 

p < 0.05. 

 
The ulcers healed at 8 days induced. T ° and ulcerated increased pH compared to healthy tissue 

(p<0.001). In D and E no pH difference was found on the 7th day of treatment between healthy 

tissues and ulcerated and treated. 

 
The ON amended its bioavailability (p < 0.05) in C and D with respect to the other groups. 

Histomorphology showed that B did not differ from the control, C exhibited disorganized fibers, 

scarring dermis with diffuse chronic inflammatory infiltrate and abnormal arrangement of 
collagen and D and E showed less fibrosis, organized collagen without inflammation. 

 

The determination of T °, pH, ON and study histomorphology with IVC induced ulcers and 
treated with LLLT demonstrated their anti-inflammatory, tissue repair and better healing. 
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The jaundice is a common health problem in newborns and sometimes in adults.  It is produced 

by the excess of bilirubin pigment in the human blood (hyperbilirubinemia). One possible 

technique for the treatment of this disease is blue light phototherapy. In the present work we 
investigate the three-dimensional (3D) distribution of this irradiance at the typical distance of 

the baby skin. For the corresponding measurements, we employed an Avantes single-

monocromator portable spectroradiometer with fiber optics that was calibrated against an 

Optronic 756 double-monocromator spectrometer with autocalibration lamp. We measured the 
spectral irradiance produced by fluorescence lamps, specially designed for emitting mainly in 

the blue part of the visible spectrum, where the bilirubin action spectrum has its maximum 

effectiveness (450-490nm). They were made at different points that correspond to the skin 
surface of a newborn placed at 50 cm to obtain a 3D representation of the irradiance. We 

determined the bilirrubin absoption spectral irradiance, multiplying the light spectrum by the 

bilirubin action spectrum. This was done for several lamps with different accumulated number 
of hours of use, in order to see if the traditional way to decide to eliminate the lamps at 2000 

hours of use in the Maternidad Martin clinic at Rosario city is supported by the obtained data or 

they can be used in a larger time interval, modifying the exposure time to maintain the 

phototherapy dose or attach more lamps. We also present results of the modification due to 
lamp aging of the bilirubin absorption light irradiance, obtained from a permanent light 

emission (24 hours a day) of a lamp and periodic measurements of its spectrum in the UV and 

visible ranges. We integrate this spectral irradiance for the determination of the time interval 
that needs to be added for a given dose.  
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Over last decades, it has been widely studied the immunomodulatory effects of solar ultraviolet 
radiation (UVr) on the immune system. Even though UV exposure can lead to 

immunosuppression and photocarcinogenesis [1], it has also been attributed beneficial effects, 

mainly related to VitD synthesis [2].  
We aimed to compare two UVr exposures: a single high UV dose (SHUVD - 400 mJ/cm

2
), 

simulating a harmful exposure, versus repetitive low UV doses (LRUVD - 4 consecutive days, 

20 mJ/cm
2
), simulating daily exposures. The modulation of immune response was evaluated by 

contact hypersensitivity reaction (CHS) to Oxazolone (OXA) and humoral response to tetanus 
toxoid (TT) challenge.  

CHS: SKH:1 hairless mice were UV-irradiated on their back without exposing the ears. Then, 

24 hs or 8 days after the corresponding irradiation, mice were sensitized on the abdomens with 
OXA3%. Six days later, ears thickness was measured and animals were challenged in the ears 

with OXA 1%. Twenty four hours later, sensitized and naïve ears were measured.  

TT challenge: 24 hs or 8 days after the corresponding irradiation, mice were inoculated 
subcutaneously with a commercial TT vaccine. Three weeks later, mice were bled and serum 

antibodies isotypes (total IgG, IgG1, IgG2a, IgG2b, IgG3, IgM and IgA) were titrated.  

As it has been reported before, 24 hs after a SHUVD there was a reduction in CHS response and 

diminish in IgGT titer, accordingly to an immunosuppressive state. Surprisingly, 24 hs and 8 
days after RLUVD we found an increase in CHS response and higher IgGT, IgG1 and IgG3 

titers in serum than controls.  

Our results support the idea that harmful exposures to UVr should be avoided. However, we 
should not avoid completely the exposure to the Sun. Daily exposures may not only be 

necessary for vitamin D synthesis, but also to reinforce the immune system.   

 
Acknowledgments. University of Buenos Aires and CONICET for the financial support. 
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To analyse open questions about the contribution of the environment in the long-range (10 to 25 
Å) charge tranfer (CT) interactions in proteins, as well as about the influence of the separation 
between donor (D) and acceptor (A), the structural movements in proteins due to CT were 
studied by laser-induced photoacoustic measurements. Two types of proteins were studied: the 
CuA centres of cytochrome C oxidase subunit II [1] and two mutants of cytochrome P450 
(K97C and Q397C) with a Ru

(II)
(bpy)2(IA-phen)

 
complex acting as D upon excitation, attached 

at various positions to the protein [2,3]. 
 
Deconvolution methods for signal analysis, together with an appropriate model, were used for 
the determination of structural volume changes. For the second system, three processes were 
identified: a fast one with a decay time 1 ≤ 30 ns; a slower process with 2 ca. 500-600 ns, and a 
longest-lived component with   > 1 s. 
 
The linear plots of the pre-exponential factors 
φi for each component at several temperatures 
vs. the ratio of thermoelastic parameters 
(cp/β)T afforded the structural volume 
changes for each process (see Scheme). After 
excitation of cytochrome P450 BM3 K97C, I1 
is assigned to excited Ru in the protein (

*
Ru

II
 

K97C-Fe
III

 P45), I2 is assumed to be the metal to 
ligand charge transfer state of the 
Ru(bpy)2(IA-phen), and I3 is attributed to 
electron transfer between the two metal 
centres (Ru

III
 K97C-Fe

III
 P450). 

 
Possible processes generated after 
excitation of P450 BM3 K97C 

 
Acknowledgments: We thank A. Vila and L. Abriata from IBR (Rosario), for the Cytochrome 
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The early events in the triplet 3-carboxybenzophenone-induced oxidation of methionine-
containing peptides are investigated in aqueous solution. The primary intermediate formed 

(regardless the oxidation method used, either laser photolysis or radiolysis) is a sulfur radical 

cation (>S
●+

), and its formation is followed by further reactions [1]. The reactive >S
●+

 can be 

stabilized by the formation of two-centered three-electron bond with an electron-rich atoms (S, 
N, O) or undergoes the deprotonation reaction yielding the α-(alkylthio)alkyl radicals (αS).  

The paths of these reactions are studied using Laser Flash Photolysis and Pulse Radiolysis 

techniques. The reaction mechanism is shown to depend on the pH of the solution, and on the 
structural nature of the methionine substituents [2].  

The oxidation of methionine-containing peptides by 
●
OH radicals yields methionine-sulfoxide 

(>S=O) as a major stable product [3], while the photosensitized oxidation leads to the formation 

of radical recombination products (ketyl radicals derived from 3C
from the methionine residue of the peptide).  

The proposed mechanism is further supported by the stable products analysis carried out using 

LC-MS(TOF) technique. A detailed mechanism involving characterization of the transients and 
the stable products is discussed in detail. 
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Phys. Lett., 2011, 502, 29. 
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Fluoroquinolones (FQs) are broad-spectrum antibiotics that have been used in the treatment of 

various infections [1]. They are capable of absorbing UV-VIS radiation generating excited 
states that can react with molecular oxygen or biomolecules such as proteins [2]. 

 

In this work we studied the interaction between lysozyme (Lyz) and the FQs: ciprofloxacin 
(Cpx), norfloxacin (Nor) and levofloxacin (Lev) at different pH conditions, using steady-state 

and dynamic absorption and emission spectroscopies. UV-Vis and fluorescence spectra of the 

FQs were dependent on pH, indicating the formation of cationic, zwitterionic, and anionic 

species at pH 5, 7 and 10, respectively. At pH 5 and 7, a moderated fluorescence quenching of 

FQs by Lyz is observed (Fig. 1), with KSV10
4
M

-1
. Fluorescence lifetime measurements of FQs 

confirmed a static quenching mechanism, indicating the formation of an antibiotic-enzyme 

adduct with Ka10
4
M

-1
. Conversely, at pH 10, the addition of Lys increases the FQs 

fluorescence intensity, suggesting that a different binding site is occupied. The Langmuir 

isotherm yielded Ka10
6
M

-1
, two-order of magnitude larger than at lower pH, indicating the role 

of electrostatic attractive interactions between the anionic form of FQs and the positively 

charged enzyme (pI11.5). 
 

The photodegradation of FQs depends on O2 concentration. An efficient quenching exists 
between FQs triplet states and O2 with a kQ=2-3x10

9
M

-1
s

-1
. However, quantum yields of 

1
O2 for 

Nor and Cpx are lower than 6%. The presence of Lyz decreases the photodegradation rate of the 

FQs through an efficient quenching of the FQs triplet states, kQ7-10x10
9
M

-1
s

-1
, evidencing a 

photoprotective effect of Lyz. 
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Fig. 1 Stern-Volmer Plot of Nor by Lyz at 

different pHs 

Fig. 2 Photolysis of Nor-Lyz  
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Electron transfer (ET) in proteins is critical to biological functions and long-rang 
protein ET has been studied for decades. Here, we report short-range (<10 Å) protein ET in 

photolyase and flavodoxin. The dynamics of ET cover a wide time range from hundreds of 

femtoseconds to nanoseconds, strongly coupled with protein relaxation on the similar time 
scales, leading to a series of nonequilibrium ET dynamics [1-3]. With site-directed mutagenesis, 

we isolated various electron tunneling pathways and elucidate new ET tunneling scheme. The 

local reorganization energies in proteins were also obtained. The modern ET studies on ultrafast 
time scales are significant and related to many important biological functions.     
 
Acknowledgments We would like to thank the NIH (GM074813) for financial support.  
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Photoactivated adenylyl cyclase (PAC) was first identified as a sensor for photoavoidance in the 
unicellular alga Euglena gracilis [1]. PAC is a heterotetramer comprising α- and β-subunits that 

contain two flavin-binding BLUF domains each followed by an adenylyl cyclase (AC) catalytic 

domain. Recently, PAC-like genes were found in the genome sequences of several 
microorganisms, including the sulfur bacterium Beggiatoa sp., which exhibited light-dependent 

AC activity when these genes were heterologously expressed [2-5]. Since the protein encoded 

by the Beggiatoa gene (designated BsPAC/ BlaC [2]/ bPAC [3]) contained a single BLUF 

domain in combination with a cyclase domain, and had high sequence similarity to the C-
terminal half of the PAC subunits, even in the region between the two functional domains, it 

could be considered as an ancestry of PAC. Thus, any structural and functional information on 

BsPAC would be useful for understanding the PAC photoactivation mechanism and, by 
extension, those of the other light-dependent enzymes.  

To examine which amino acid residues were important for photoactivation of BsPAC, we first 

introduced random mutations into a BsPAC expression vector and selected those mutants that 
exhibited unusual light dependency for AC activity by functional complementation of the AC-

defficient E. coli strain. Then, we determined the causal amino acid residues such as Q49, K94, 

and L113 by site-directed mutagenesis. In combination with homology modeling, a possible 

role for these amino acid residues in intramolecular signal transduction is discussed. 
 
[1] M. Iseki, et al., Nature, 2002, 415, 1047. 
[2] M. H. Ryu, et al., J. Biol. Chem., 2010, 285, 41501. 
[3] M. Stierl, et al.,  J. Biol. Chem., 2011, 286, 1181. 
[4] H. Yasukawa, et al., J. Gen. Appl. Microbiol., 2012, 58, 183. 
[5] H. Yasukawa, et al., J Gen Appl Microbiol., 2013, 59, 361. 
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Phytochromes, the largest photoreceptor family, are very well known to regulate key processes 

in plants including growth and development. These proteins can transduce light by achieving a 

reversible photoconversion between a defined red-absorbing (Pr) and far-red-absorbing (Pfr) 
state. Bacteriophytochromes (BphP), the bacterial homologues, are found in photosynthetic and 

non-photosynthetic bacteria. To date, several BphP have been characterized structurally and 

biophysically, however little is known about their role in biological processes. Here we show 
that the agronomic pathogen Xanthomonas campestris pv. campestris (Xcc) codes for a 

functional BphP (XBphP) that modulates its virulence in red and far-red light conditions. 

XBphP also regulates virulence-associated phenotypes, including biofilm formation and 
xanthan polysaccharide production, in a light-dependent manner. The results presented in this 

work suggest that light is an important environmental cue for Xcc physiology and that XBphP 

plays a key role in the bacterial infectious process. 

  



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

544 

 

PO136-Transcriptional Analysis of VolvoxPhotoreceptors suggests the Existence 

of Two Distinct Cell Type Specific Light Signaling Pathways  

 
Arash Kianianmomeni 

Department of Cellular and Developmental Biology of Plants, University of Bielefeld, 
Universitätsstr. 25, D-33615 Bielefeld, Germany 

*Correspondence should be addressed to A.K. (kianian@uni-bielefeld.de) 

 
Although a variety of cellular processes, e.g., initiation of cleavage division and final cellular 

differentiation, have been shown to be light-regulated in Volvoxcarteri, little is known of 

underlying light signaling pathways. This alga possesses at least 12 photoreceptors, i.e., one 
phototropin (VcPhot), four cryptochromes (VcCRYa, VcCRYp, VcCRYd1 and VcCRYd2) and 

seven members of rhodopsin-like photoreceptors (VR1, VChR1, VChR2, VcHKR1, VcHKR2, 

VcHKR3 and VcHKR4), which display distinct light-dependent chemical processes based on 
their protein architectures and associated chromophores. Transcript analysis could show that 

some of them, e.g. VChR1 and VcHKR1, accumulate during cellular division cleavages, while 

others, e.g., VcCRYa, VcCRYp and VcPhot, accumulate during final cellular differentiation. 

However, the patterns of transcript accumulation changes when the alga switches to sexual 
development. Obviously, different regulatory mechanisms underlying gene expression control 

transcript accumulation of photoreceptors not only during development, but also in two cell 

types and in response to various external signals such as light quality. Eight photoreceptors, e.g., 
VcPhot, VcCRYp and VcHKR1, are clearly more expressed in the somatic cells, while only the 

animal-type rhodopsin VR1 was found to be highly expressed in the reproductive cells/embryos 

during both asexual and sexual life cycles. Moreover, the transcripts of VChR1 and VcCRYa are 
more sensitive to the light and accumulate in response to more than one light quality. The 

transcriptional properties described in this study allow us to draw conclusions about in vivo 

function of Volvox photoreceptors with regard to cell type specific cellular processes such as 

light-sensing mechanisms of eyespot, regulation of photosynthetic activities and sexual 
development. 
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The success in iron acquisition by Acinetobacter species is the product of multiple systems, 

from high affinity siderophore synthesis to direct heme incorporation. Since Acinetobacter 
baylyi ADP1 (an environmental, naturally transformable and non-photosynthetic species) has an 

active light sensory system based on four distinct BLUF photoreceptors (Blue Light Using 

FAD[1]), we explored the hypothesis that iron capture and uptake might be linked to the 
presence of light. We therefore analyzed the transcriptome response to blue light in A.baylyi 

ADP1 and found that a putative iron ABC transporter, several iron siderophore synthases and 

siderophore receptor genes were up regulated in the presence of blue light. We further studied 

this relationship by measuring siderophore concentration as catechols (using 2,3-dihydroxy 
benzoic acid as standard) in supernatants of iron excess or iron limited cultures (containing 600 

M EDDHA) in light and dark incubation conditions. The results showed that, independently of 
the presence of light, A.baylyi ADP1 produces only marginal amounts of siderophores  in iron 

rich medium ([catechol]/OD 600nm= 9,6±0,5; n=12), whereas in limited iron conditions, the 
[catechol]/OD 600nm ratio was 43±2. The amount of siderophores measured in supernatants was 

also dependent on the presence of light, displaying an increase in the ratio Dark/Light of 14% 

(n=12, p<0.01). 

 
[1] Mariana Bitrian, Rodrigo H. González, Gaston Paris, Klaas J. Hellingwerf and Clara B. 

Nudel, Microbiology, 2013, 159: 1828-1841 
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Non-photochemical quenching (NPQ) of chlorophyll fluorescence is a process essential for the 

regulation of photosynthesis and plant protection from excess light. In vascular plants this 

process is triggered by a luminal pH sensor, the PSBS protein, which transduces chloroplast  
lumen acidification, induced by excess light, into a quenching reaction occurring within specific 

interacting chromophore-bound light-harvesting proteins (Lhc). In algae, such as 

Chlamydomonas reinhardtii, stress-related light-harvesting proteins (LHCSR) fulfill both pH 
sensing and quenching reactions, due to their capacity of binding chlorophylls and xanthophylls 

[1]. The moss Physcomitrella patens, an evolutionary intermediate between algae and plants, 

has both PSBS and LHCSR active in quenching [2]. Plant and mosses have a very similar 

organization of thylakoid membranes thus suggesting LHCSR might be active in plants. To 
verify this hypothesis, we overexpressed lhcsr gene into Arabidopsis thaliana psbs mutant, 

npq4, which is inactive in NPQ and screened transformants for complementation of the NPQ 

phenotype. In this context, LHCSR1 from P. patens was cloned in pH7WG2 plasmid under 
control of the constitutive promoter 35S.  We isolated A. thaliana plants accumulating a 

pigment-binding LHCSR1 in thylakoid membranes and is active in NPQ. This finding opens the 

way to mutation analysis of LHCSR protein using A.t. as a tool for determining NPQ activity of 

mutant proteins. In order to determine the role of specific chromophores in quenching, we have 
expressed mutants into individual chlorophyll binding sites and determined their activity upon 

normalization to the same protein level by titration with specific antibodies. The effect on 

chromophore binding was determined by analyzing spectra and pigment composition of 

recombinant proteins refolded in vitro.    
 

 
[1] Bonente G., Ballottari M., Truong T. B., Morosinotto T., Ahn T. K., Fleming G. R., et al. 

(2011).Analysis of LhcSR3, a protein essential for feedback de-excitation in the green 

algaChlamydomonas reinhardtii. PLoS Biol. 9:e1000577.10.1371/journal.pbio.1000577 
[2] Alboresi A,  Gerotto C,  Giacometti GM,  Bassi R,  Morosinotto T. 2010. Physcomitrella 

patens mutants affected on heat dissipation clarify the evolution of photoprotection mechanisms 

upon land colonization. PNAS, USA 107: 11128–11133. 
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The photosythetic membrane of chloroplast consists of multiple entities: lipids, polar and non-

polar ones, photosynthetic reaction centres, electron transporters and many others [1]. It is 
probably the most complex of all membranes with respect to both structure and function. The 

chloroplast membrane must conduct many biochemical reactions that have to be regulated in 

response to different temperature and light conditions changes [2]. It has to cope with 

destructive effect of light and oxygen stress also, and repair itself constantly if necessary [2]. It 
is vital for propper membrane functioning that all membrane elements interoperate.  

 

We focused only on two entities: the light harvesting pigment-protein antenna complex of 
photosystem II (LHCII) isolated from spinach thylakoids and plant galactolipids such as 

monodigalactosyldiacylglycerol (MGDG), digalactosyldiglycerol (DGDG) and 

phosphatydylglycerol (PG). Isolated LHCII is often used as a model system to study the 
photosynthetic apparatus under different conditions [3]. The aim of this work is to determine 

mechanisms and types of interactions between LHCII and its lipid surrounding. To achieve this 

goal we used several spectroscopic methods like circular dichronism, infrared spectroscopy, 

low-temperature fluorescence and fluorescence lifetime measurements. The varying level of 
protein aggregation was studied.  

 

Spectroscopic data showed the type of protein-protein and lipid-protein interactions during the 
membrane stacking.  Examination of the type of interactions observed in an artificial, less 

complicated system makes mechanisms of specific thylakoid membrane in vivo organization 

foreseeable.  

 
Acknowledgments KG acknowledges the National Science Centre, Poland for financial support 
- FUGA2 grant no 2013/08/S/NZ1/00823. 
 
[1] P.-A. Albertsson, Trends in Plant Sci. 2001, 6, 349. 
[2] M. Herstova, S. Tietz, C. Kinzel, M.V. Turkina and H. Kirchhoff, PNAS, 2012, 109, 20130.  
[3] W.I. Gruszecki, Adv. Protein Chem. Struct. Biol., 2013, 93, 81. 
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The Orange Carotenoid Protein (OCP) is an unusual photoreceptor found in cyanobacteria. The 

soluble OCP binds the carotenoid 3’-hydroxyechinenone (3’-hECN) and it is the only known 

photoactive protein that uses a carotenoid as its sole chromophore. The absorption of light by 
3’-hECN causes OCP to convert from a dark stable form, OCP

O
, to an active form, OCP

R
. The 

OCP
R
 form binds to the phycobilisome (PB) antenna and acts to dissipate energy in a 

photoprotective capacity. Another protein, the fluorescence recovery protein (FRP), catalyses 
the OCP

R
 to OCP

O
 dark reaction; this detaches the OCP from the PB and restores full light 

harvesting capability.  

 
The OCP is comprised of two structural domains. The C-terminal domain is structurally similar 

to other proteins known to bind chromophores/substrates with carbonyl functional groups. The 

N-terminal domain is unique to the OCP family of proteins. We recently reported a striking 

connection between the modular structure and function in the OCP [1]. In the absence of the C-
terminal domain, the N-terminal domain retains the 3’-hECN chromophore and quenches PB 

fluorescence in vitro without prior photochemical activation. The C-terminal domain regulates 

the constitutive fluorescence quenching activity of the N-terminal domain by priming 3’-hECN 
photochemistry in OCP

O
 and by acting as a substrate for FRP in the OCP

R
OCP

O
 dark 

reaction.  

 
A combination of x-ray crystallography, optical spectroscopy, functional assays, and 

bioinformatic analysis has provided us with new insights into the structure and function of the 

OCP family of proteins. Our work motivates the potential for modular assembly of OCPs with 

diverse functional properties via a mixing and matching of carotenoid binding protein domains.  
  

Acknowledgements This work was supported by the NSF (MCB0851094 and MCB1160614) 

and the U.S. DOE (award number DE-FG02-91ER20021). 
 

[1] R.L. Leverenz, D. Jallet, M. Li, R.A. Mathies, D. Kirilovsky, and C.A. Kerfeld, Plant Cell, 

2014 26, 426. 
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Abstract 

 

Given the occurrence of excess water after progressive drought days in papaya orchards 

"Golden" in southeastern Brazil, this study analyzed the changes in the photosynthetic apparatus 
simulating the climate changes. The experiment was installed in a commercial area, on a drip 

(33 mm control) and other micro sprinkler (70.6 mm excess). The design was completely 

randomized with 15 plants per treatment. Water stress associated with changes in temperature 
and the leaf-to-air vapor pressure deficit affected the variation of relative fluorescence. We 

observed a positive difference on the variable fluorescence (Vt) in O-J phase indicating 
disruption of thylakoid membranes and commitment to transfer of electrons between PSII units. 

Positive differences in Vt were also found in the I-P phase that reflects the phase of electron 

transfer from the reduced plastoquinone pool (PQ) electron acceptors for the FSI. These results 
may have led to lower carboxylation efficiency. The absolute values of the parameters of the 

JIP-test showed lower levels of performance index PIABS is used quantify the photossystem II 

(PSII) behavior and, performance index PITOTAL measuring performance upto the reduction of 
photossystem I (PSI) of end electrons acceptors, and higher specific flow of energy dissipation 

per active reaction center (DI0/RC). As a consequence, net photosynthesis, and the actual 

efficiency of water use were lower in plants subjected to excessive irrigation. It is therefore 

concluded that excess water after progressive drought days alter the photosynthetic performance 
and consequently the productivity of papaya. 
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Phytochrome-dependent physiological processes are being unveiled by photomorphogenic 
mutant plants. In tomato (Solanum lycopersicum L.), the aurea mutant (au) is phytochrome-

deficient [1] and the high-pigment 1 mutant (hp1) has exaggerated light responses [2]. 

Phytochromes are related to many abiotic and biotic stress answers due to their role in the 
regulation of specific genes transcription, acting upon biochemical and molecular mechanisms 

of cell signaling. Here, we examined the effects of drought stress over chlorophyll a 

fluorescence in photomorphogenic tomato mutants au and hp1, as well its wild cultivar Micro-
Tom (MT). The plants were grown in a greenhouse under controlled conditions of temperature 

(24-27ºC) and humidity (60-70%). In 35-days-old plants (n=5) irrigation was suspended for 4 

days and then rehydrated in the fifth day. As controls, five plants of each genotype remained 

well-watered. Daily during this period, maximum PSII quantum yield (Fv/Fm), effective PSII 
quantum yield (∆F/Fm’), apparent electron transport rate (ETR) and non-photochemical 

quenching (NPQ) were measured in the morning, on the third fully expanded leaf, with a 

portable fluorometer (MINI-PAM, Heinz Walz, Germany). The results indicated that in ideal 
conditions of water supply, there is no statistically significant difference between the genotypes 

regarding the analyzed variables. Under drought stress conditions, there was a decrease of 

∆F/Fm’ values related the ETR reduction and NPQ increase. MT was more sensitive than au 
and hp1, showing decrease values of ∆F/Fm’ twice as high as the mutants. Differences between 

hp1 and au were not registered. Fv/Fm values were relatively stable for all the genotypes, 

indicating no photoinibition. The present study indicates that there is influence of the studied 

mutations over the fluorescence answers under drought stress conditions. 
 

[1] M. J. Terry, R. E. Kendrick, J. Biol. Chem., 1996, 271, 21681. 

[2] J. L. Peters et al. J. Plant Physiol. 1989, 134, 661. 
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Senescence is a key process in plants controlled by onthogeny but also by environmental 

factors. A reduction in chlorophyll concentration and in photosynthetic activity characerize 

senescence. The consequence of senescence of different functional aspects is critical to 
understant the influence of diverse stress factors. 

 

In this study senescence was evaluated in two grasses (Setaria italica a C4 species and Avena 

sativa C3 species) by non-destructive methods: reflectance spectroscopy and chlorophyll 
fluorescence to evaluate changes in pigments, on radiation use efficiency (RUE) and 

interception. Measures were performed at leaf and canopy levels.  

 
Both species were seeded and grown in pots. Radiance and reflectance spectra were recorded 

with a portable spectroradiometer FieldSpec Pro FR ASD equipped with leaf-clip accessories. 

From them, two spectral indices: PRI (a measure of RUE) and NDVI (a measure of 

photosynthetic active radiation absorption) were calculated. Fraunhofer Line Discrimination 
method was used to extract the sun induced fluorescence (SIF) from the small canopy in the 

telluric O2-A absorption line (760 nm). Photochemical parameters (Fv/Fm, PSII, qP, qNP, QNP) 
were obtained with a modulated fluorometer Hansatech. Measurements were performed on non-

detached leaves. Pigments contents were also determined [1]. 
 

Parallel to the decrease in total chlorophyll content an increase in carotenoid/total chlorophyll 

ratio (Car/Chlor) was observed. The leaf PRI values decreased over time for both studied 

species. Canopy level values were more sensitive. NDVI values were less responsive. Canopy 
SIF (760 nm) decreased in time. We found that canopy level PRI correlated linearly and directly 

with SIF, Fv/Fm and PSII for Avena sativa, Setaria italica and both species combined; while 
inversely related with qNP, QNP and Car/Chlor.  

 
Acknowledgments: UBA (UBACyT 20020100100814; UBACyT 2011-2014-835) and 
ANPCyT (PICT 2012-2357; PICT 2199). GBC and JMP are CONICET researchers. 
 
[1] D. Sims and J. Gamon, Remote Sens. Environ. 2002, 81, 337. 
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Breast cancer is one of the most frequently diagnosed cancers among women in the world and 

also one of the leading causes of deaths from cancer for the female population. Fluorescence 

spectroscopy has been widely explored as a diagnostic tool in the field of cancer [1]. To detect 
the majority of fluorescence changes between normal and malignant breast tissue excitation-

emission matrices (EEM) of breast tissue samples were measured. Using obtained spectra 

PARAFAC model was built in order to determine fluorescence compounds present in breast 

tissue. Model indicated the presence of four fluorophores in measured tissue samples. Our 
results showed that based on variation in relative concentrations of only two fluorophores it is 

possible to differentiate normal from malignant breast tissue (Figure 1.). Based on all obtained 

results we conclude that fluorescence spectroscopy coupled with PARAFAC analysis is a good 
methodology for characterization and discrimination of breast tissue. 
 

Figure 1. Distribution of normal and malignant breast tissue samples based on relative 

concentration of first two PARAFAC model components 
 

 
[1] N. Ramanujam, Meyers RA (ed) Encyclopedia of analytical chemistry, John Willey & Sons, 
Ltd., New York, 2000, pp. 20-56. 
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The optical properties of human skin have been subject of interest over the past century and 

non-invasive optical methods have been developed for that purpose [1]. Visual assessment by 

the human eye remains standard procedure for skin color estimation. Diffuse reflectance spectra 
were measured in vivo from skin sites located on the forehead and top of a hand of 105 healthy 

volunteers in order to analyze skin color properties in an objective way. The diffuse reflectance 

spectra were measured by synchronously scanning both excitation and emission 

monochromators at the same wavelength. Obtained spectra were analyzed using principal 
component analysis (PCA) and standard Commission International d'Eclairage (CIE) Lab color 

scheme. The results of PCA based on measured reflectance spectra showed different properties 

of skin on the forehead and hand. Calculated Lab color parameters indicated the existence of 
relations between age and sex of volunteer and lightness parameter (L) as well as the relation 

between skin type and b parameter (amount of yellow or blue). This study presented that diffuse 

reflectance spectroscopy combined with PCA and Lab color system is a convenient and 

objective methodology for analyzing skin properties. 
 

 
[1] S. Taylor, W. Westerhof, S. Im and J. Lim,  J. Am. Acad. Dermatol., 2006, 54, S282. 
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The implementation of green belts is widely used techniques for planting trees for the purpose 

of redemption of biodiversity, contain erosion, reduction of wind speed and landscape 

mitigation. The success of projects, whether mixed or homogeneous, largely depends on the 

correct choice of species. This project used chlorophyll a fluorescence kinetics and gas 
exchange as a tool to evaluate the phenotypic plasticity in eight tree species to the brazilian 

tropical rainforest  (Acacia auriculiformis, Acacia mangium, Bauhinia forficata, Corymbia 

citriodora, Corymbia torelliana, Senna macranthera, Schinus terebinthifolius, and Tabebuia 
heptaphylla) grown on embankments built near coal stockyard, embankments built near ore 

stockyard to a control the same species grown at the Experimental Farm, distant 40 km from the 

stockyards. The results after one year of cultivation and gathering six data show: better initial 
growth at the Experimental Farm, the C. torelliana specie at 6 months after planting excelled in 

growth and vigor in three places. On the other hand, B. forficata specie had the worst 

performance, there was a high mortality rate in the test near the stockyard ore; A. mangium 

showed the lowest levels of chlorophyll and lower photochemical performance; C. citriodora 
must have a good mechanism of stress tolerance caused by particles coming from the coal and 

ore, because the indices of chlorophyll increased by about 10% in both locations, followed by S. 

terebinthifolius and A. auriculiformis. The results of photosynthetic efficiency (both indices of 
chlorophyll as photochemical efficiency and gas exchange) showed the plants taken as control, 

the Farm Jucuruaba as most efficient, followed by plants from the coal yard and finally, as most 

affected plants the ore yard. The largest biomass allocation (detected as a foliar organic carbon) 
in control plants confirms the results obtained initially with the photosynthetic efficiency. 
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The presence of arsenic in groundwater is a major problem in several areas in Latin America. In 

the present work, we explore non-destructive approaches to monitor the effects of arsenic on 

forage plants (Cichorium intubusa herbaceous Asteraceae and Avena sativaa C3 Poaceae). We 
evaluate the effect at different levels of water and radiation on them. Plants were grown in a 

greenhouse, watered daily with arsenic solutions and exposed to different water and/or light 

conditions during four months using a three factors(arsenic, water, radiation) and two levelsof 
resource(2

3
) factorial design 

 

Kinetic parameters from chlorophyll fluorescence (registered with a pulse modulated 

fluorometer) and reflectance spectra (recorded with a spectroradiometer) were obtained in vivo 
for completely developedleaves. Additionally, initial clorophyll fluorescence under low photon 

flux was measuredin detached leaves (with a standard steady-state fluorometer). All data were 

obtained in triplicates.  
 

The maximum efficiency of photosynthesis, Fv/Fm, the quantum efficiency of PSII, FPSII, the 
parameters of photochemical quenching, qP, the non-photochemical quenching parameters, 

qNP, QNP, the photochemical reflectance index, PRI (a measure of the radiation use efficiency) 

the normalized difference vegetation index, NDVI (a measure of photosynthetic active radiation 
absorption), the fluorescence ratio Fred/Ffar-red and the first derivate of reflectance spectra were 

collected weekly during a month (july, 2013). 

The first derivative of reflectance spectra in the green region was the only parameter displaying 
significative differences for all the studied cases. 

 
Acknowledgments: Financial support from UBA (UBACyT 20020100100814; UBACyT 2011-
2014- 835) and ANPCyT (PICT 2012-2357; PICT 2199; PICT 2012-0759). GC, AI, AFC and 
JMP are members of the Carrera de Investigador científico y tecnológico del CONICET. 
 
[1] A. Iriel, J. Mendes Novo, G. B. Cordon and M. G. Lagorio, Photochem. Photobiol. 2014, 90, 
107. 
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Rapid and sensitive analytical technologies for food analysis are needed to respond to the 

growing public interest in food quality and safety. In this context, fluorescence spectroscopy 

offers several inherent advantages for the characterization of food products: high sensitivity, 
low price, objective, relatively fast and non-destructive [1]. The objective of this work was to 

investigate the potential of fluorescence spectroscopy coupled with multi-way technique for 

characterization of cereal flours. Fluorescence landscape also known as excitation-emission 

matrix (EEM) spectroscopy utilizes multiple-color illumination, with the full fluorescence 
spectrum recorded for each excitation wavelength. EEM was measured on various types of 

cereal flours (wheat, oat, barley, rye, corn, buckwheat and rice). Obtained spectra were analyzed 

using PARAllel FACtor analysis (PARAFAC) in order to decompose the spectra and identify 
underlying fluorescent components. Results of the analysis indicated the presence of four 

fluorophores in cereal flours. It has been observed that relative concentration of fluorophores 

varies between different groups of flours. Based on these findings we can conclude that 

application of PARAFAC analysis on fluorescence data is a good foundation for further 
qualitative analysis of cereal flours.  

 

 
[1] C.M. Andersen and G. Mortensen, J. Agric. Food Chem., 2008, 54, 720. 
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Yerba mate (YM) is massively produced and consumed as an infusion in South America [1]. 

This product is exclusively obtained from dried leaves, slightly toasted and milled, of Ilex 
paraguariensis Saint Hilaire, mixed or not with fragments of young dried branches, petioles and 

peduncles. For its commercialization YM must have a minimum percentage of leaves according 

to a standard classification. Until now, composition quantification (% leaves vs % sticks) is 
mechanically performed [2], thus development of new methods are still pending. In this work a 

quantification method using solid-phase molecular fluorescence or alternately diffuse 

reflectance spectroscopy (DRS) is proposed. In both cases, linear correlations between 

processed signals and composition were found (Figure 1-2). DRS is a more sensitive method. 
Image technique using a digital scanner is being developed. 

 

 
Figure 1. Emission spectra (exc 360 nm) for different YM compositions. Inset: Correlation 
Fluorescense emisision intensitity (If) (469 nm)/If (680 nm) vs. % sticks and linear fit ( y = 

(0.0169±0.0004)*x + 1.03 ±0.02; R
2
= 0.99384) 

 

 
Figure 2. Reflectance spectra for different YM compositions. Inset: Correlation % Reflectance 

(669 nm) vs. % sticks and linear fit ( y = (0.45 ±0.02)*x + 16 ±1; R
2
= 0.98996) 

 
Acknowledgments Acknowledgments: MGL acknowledges UBA (UBACyT 
20020100100814) and ANPCyT (PICT 2012-2357) for financial support. TP is supported by a 
fellowship from UBA. 
[1] C.M. Pagliosa and S.M. Pereira, Journal of Sensory Studies, 2009, 24, 415-426 

[2] Anonymous, Capítulo XV, Código Alimentario Argentino, De la Canal y Asociados S.R.L., 

Buenos Aires, 2013, Artículo 1193.   
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Total chlorophyll content [Chl] measurement yields direct information on photosynthesis 
potential and provides an indirect measure of plant's physiological stress [1]. Several studies 

have made satisfactory estimates of Chl with portable meters based on the leaf optical properties 

varying the fitting equation [2]. As a leaf develops, growth conditions generate changes in 
pigment concentration, photosynthesis rate, leaf anatomy and optical properties [3]. Thus, 

specific measurement protocols are required for each species, meter and growth condition. 

Despite numerous related studies, the information on the subject in oregano leaves is scarce. 

 
This research was based on leaf age, including a wide range of Chl, mesophyll thickness [MT] 

and leaves from different strata within the plant. The objectives were to evaluate the capacity of 

the chlorophyll meter CCM 200 plus to estimate the Chl in Origanum vulgare ssp. hirtum 
Iestw., to elaborate a calibration model adapted to the species and evaluate the effect of MT on 

the readings.  

 
Thus good estimates of Chl were obtained, although it was less accurate in mature leaves, which 

have higher values of Chl and MT. As mesophyll thickness increases, spongy parenchyma 

develops more than other anatomical structures, modifying the leaf optical properties and 

increasing the variability of the readings. The calibration model with greatest fit and accuracy 
responds to a logistic equation [Chl=0.343/(1 + 1.925

(-0.069x)
)], it adapts to broad data ranges and 

leaf typology, according to ontogenetic age and canopy strata.  

 
[1] A. Arunyanark, S. Jogloy, C. Akkasaeng, N. Vorasoot, T. Kesmala, R. Nageswara Rao, G. 

Wright, A. Patanothai, J Agron Crop Sci, 2008, 194, 113. 

[2] F. Ruiz-Espinoza, B. Murillo-Amador, J. García-Hernández, L. Fenech-Larios, E. Rueda-
Puente, E. Troyo-Diéguez, C. Kaya, A. Beltrán-Morales, J Plant Nutr, 2010, 33, 423.   

[3] K. Castro, A. Sanchez-Azofeifa, Sensors, 2008, 8, 51.  
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Being highly resistant to plant several climatic conditions Jatropha curcas L. has been the target 

of several lines of research aimed at harnessing the oil contained in their seeds for the 
generation of biofuel. In this paper we focused our attention on the photosynthetic performance 

of three accessions of Jatropha curcas L. (CPATSA1501, CPATSA C2/10, Janaúba) grown in 

experimental field (19
o
 806’ S, 40

o
 679’ W, 150m) and in a greenhouse (20

o
315’ S, 40

o 
317’ W, 

9m) during summer. There was a higher photochemical performance total (PITOTAL) in plants 
grown in the field, because of high rates of reduction of the final electron acceptor of 

photosystem I [δ0 / (1-δ0)], while in the greenhouse PITOTAL for the same genotype showed a low 

level due to the decrease in the amount of δ0 / (1-δ0). This genotype, CPATSA C2/10, in the 
greenhouse showed greater efficiency in the capture of photons by PSII [φ0 / (1-φ0)] and most 

likely the electron transport of photosystem II acceptors to the end of the FSI [ψ0 / (1-ψ0)] 

although it has not shown satisfactory results regarding the reduction of the final electron 
acceptor of the FSI. The analysis of fluorescence imaging showed that, with the exception of 

CPATSA C2/10, plants grown in the greenhouse showed higher effective quantum yield of 

photosystem II [Y(II)] than plants grown in field. In the field, access Janaúba showed 

photoinhibition, since lower values reached in the transport of excited electrons to the FSII FSI 
(Ψ0) and got more time to reach maximum fluorescence (Tfmax). The quantities of chlorophyll, 

the field plants showed higher values for SPAD unit. Of note was the fact that all plants grown 

in the field showed a large number of inflorescences, while potted in the greenhouse, the plants 
had no inflorescences. 
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The high temperature can adversely affect the photosynthetic complex of marine algae, 
structurally and functionally, leading to changes in the emission of fluorescent chlorophyll a of 

photosystem II. In order to check that, the seaweed Sargassum spp. (Fucales, Phaeophyceae) 

was tested in vitro at different temperatures: 17 ºC, 21º C (control), 27 ºC and 37 ºC, using PAM 
(fluorometer pulse amplitude modulated) during 5 hours. The photosynthetic activity and 

variations in the water color could involve changes in the photochemical reactions increasing 

fluorescence; changing electron transport rate (Figure 1) and releasing fenol compounds [1-8].  

 

 
Figure 1. Electron transport rate (ETR) 

 

Acknowledgments RT, the PROEX for travel grant. 
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Germination sensitivity to environmental factors after dispersal depends on the genotype and 

the conditions experienced during seed maturation (maternal environment) [1]. Changes in 

temperature and resources in the maternal environment have been shown to affect the dormancy 
status and germination of seeds [2]. We tested whether changes in the quality of the maternal 

light environment affect seed germination responses to combinations of temperature and light 

conditions. Two genotypes of Arabidopsis thaliana known to differ in germination [3] were 

grown in long days (16h light) at 22°C until bolting, then transferred to short days (8h light) at 
15°C. Seeds were matured under two light environments: 1) white light (WL, Red (R):Far red 

(FR) ratio ~1.4), and 2) a simulated vegetative canopy (R:FR ~0.3). Freshly harvested seeds 

were incubated under WL, darkness and a simulated canopy at 10 and 22°C. Our results show 
that maturation under the canopy reduced dormancy overall. While seed maturation in a low 

R:FR promoted germination across all incubation treatments at 10°C, at 22°C this effect was 

more pronounced when seeds were incubated under WL, indicating that the effect of maternal 
conditions on germination response to light is dependent on temperature. Furthermore, 

genotypic differences in germination were reduced across all the incubation conditions when 

seeds were matured under a canopy environment. Overall, our findings suggest that in habitats 

with heterogeneity in light quality, the maternal and seed environments could interact with 
genetic differences to affect the germination response and potentially seedling success. 

 
[1] W.E. Finch-Savage, G. Leubner-Metzger. New Phytol. 2006, 171, 501. 
[2] M. Fenner, K. Thompson. The Ecology of Seeds. 2005, Cambridge: Cambridge University 
Press. 
[3] G.C.K. Chiang et al. PNAS 2009, 106, 11661. 
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Although AtPHR2 has been described as photolyase/blue light photoreceptor its physiological 

role or regulation of its expression has not been tested yet.  

 
In our study we have analyzed the influence of light on the PHR2 mRNA level in adult 

Arabidopsis leaves. White light strongly up-regulated the expression of the gene tested in a 

time-dependent manner. DCMU-treatment did not neglected light effect suggesting the 

involvement of photoreceptor-delivered signals. To check this possibility we have analyzed the 
mRNA level under blue and red light  in photoreceptor mutants as described elsewhere [1]. Our 

results show that the blue light-dependent up-regulation of PHR2 expression is mostly due to 

the effect of cryptochrome1.  
 

Interestingly, PHR2 transcript number significantly increased in dark-adapted Arabidopsis 

seedlings grown in vitro on sucrose supplemented medium as compared with control grown 
without any sugar added. However, a steady state PHR2 mRNA level did not reach the one 

observed after light illumination. Moreover, the sucrose effect was less prominent in samples 

illuminated with white light for 3 hours. Most possibly sugar may partially mimic light effect 

but these two signals do not act synergistically.  
  
Acknowledgments The study was supported by Polish National Science Centre, a grant no 
UMO/2011-03/D/NZ3/00210 
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Many biochemical pathways, such as those of compatible solutes (CS), are controled by light 

[1]. Thus, since proline (Pro) and glycine (Gly) accumulate during seed germination under 
water stress [2], we hypothesized that the phytochromes (phys), the most well characterized 

photoreceptor in plants, modulate this response.  

 
We used wild type (WT: cv. Moneymaker) and phyA (fri), phyB1 (tri) and phyB2 (phyB2) 

mutants of tomato to study the role of phy on Pro and Gly accumulation in seeds germinated in 

osmotic potentials of 0.0 and - 0.1 MPa (induced by polyethileneglicol-PEG). Pro, Gly and 

percentage germination (G%) was evaluated at 0, 48 and 96h after induction of germination.  
 

Between the genotypes, Pro, Gly and G% were similar in 0,0 MPa. The negative effect of low 

water potential on G% was observed in all genotypes after 96h (Fig. 1A), and only tri showed 
an increased Pro at this time (Fig. 1B). On the other hands, Gly of fri, tri and phyB2 was greater 

than in WT after 48 h (Fig. 1C), whereas phyB2 had a exaggerated Gly at 96h. Together, these 

results indicate that phyA, phyB1 and phyB2 can be part of CS accumulation in seeds of tomato 
germinated in water stress. However, this is just the beginning to understanding the 

photomorphogenic control of CS.  

 

 
Fig. 1 Percentage germination (G%) (A), Proline (Pro) (B) and Glycine (Gly) accumulation in 
seeds of tomato germinated in 0.0 and - 0.1 MPa solutions. Different lowercase letters on the 

bars (for each time course) indicate that means are different at p<0.05, by Tukey's test.  
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In response to damage or herbivory, plants rapidly accumulate the hormone JA, which activates 
defense responses [5]. When plants perceive low R:FR ratios, a signal of proximity of 

competitors, they activate the expression of the shade-avoidance syndrome. Studies have shown 

that low R:FR down-regulate JA responses [1; 2]. For example, JA-induced up-regulation of the 
transcription factor ERF1, and its target gen PDF1.2, are suppressed in low R:FR [6; 3]. Post-

translational modifications of histones, including acetylations, play a key role in gene activity. 

Histone acetylation is modulated through the action of histone acetyl transferases and HDAs. 

The HDAs have been implicated in the regulation of JA signaling in Arabidopsis [4], and recent 
work suggested that JAZ proteins recruit HDA6 to repress the JA-ET signaling [6]. Here, we 

show that in plants treated with an inhibitor of HDAs (Trichostatin A), low R:FR failed to 

down-regulate the expression of ERF1 and PDF1.2. Bioassays with Botrytis cinerea in HDA6 
mutant plants (axe1-4; axe1-5) showed that, in contrast to wild-type plants, these mutants do not 

respond to low R:FR ratios with increased susceptibility to fungal infection.  These mutants also 

fail to down-regulate anthocyanin accumulation in low R:FR. We propose that HDA6-mediatd 

changes in the chromatin structure are involved in the down-regulation of the JA responses in 
plants grown under low R:FR ratios. 
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Phytochrome B (phyB) is a photorreceptor that  senses changes in red (R) to far-red (FR) ratio 
(R:FR) of sunlight. Low R:FR values perceived by phyB indicate the proximity of neighboring 
plants, and trigger a suit of adapatative morpholigial responses collectively known as shade 
avoidance syndrome (SAS). Recent work indicates that phyB is also a modulator of plant 
defenses agains insects and pathogens [1]. Here we demonstrate that inactivation of phyB in 
tomato (Solanum lycopersicum) plants grown under natural radiation leads to the down-
regulation of a broad spectrum of physical and chemical anti-herbivore defenses. Our 
experimental approach was based on comparisons between wild type (WT, cv. Moneymaker) 
and phyB double mutant plants (phyB1phyB2) grown in a greenhouse with no artificial 
illumination. We found lower trichome density (TD) in phyB1phyB2 than in WT plants, but no 
differences in trichome index (TI), indicating that the lower TD in phyB1phyB2 is a 
consequence of a higher epidermal cell expansion. WT and phyB1phyB2 plants were also tested 
for their response to methyl jamonate (meJA). We found that phyB1phyB2 double mutants were 
less responsive to meJA than WT plants for PROTEINASE INHIBITOR-II (PI-II) and 
THREONINE DEAMINASE (THD) gene expression. Phenylpropanoid compounds were not 
affected by meJA treatments, and constitutive levels of flavonoids tended to be higher in the 
WT than in the phyB1phyB2 mutant. Measurements of volatile organic compounds (VOCs) 
indicated higher levels of monoterpenes and sesquiterpenes in WT plants. Moreover, meJA 
treatment led to higher induction of VOCs in WT than in phyB1phyB2 plants, with the 
exception of β-caryophyllene and α-pinene, which were strongly induced the phyB1phyB2 
mutant. Taken together, these results demonstrate that phyB is a positive modulator of anti-
herbivory defense in tomato.  
 
Acknowledgments LC acknowledges CONICET for doctoral grant. 
 
[1] C. Ballaré et l., Annu Rev Plant Biol, 2014. 

  

mailto:lcortes@fca.uncu.edu.ar
mailto:ballare@ifeva.edu.ar


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

569 

 

PO158-Regulation of Juvenile to Adult Vegetative Transition in Shade 
Conditions in Arabidopsis Thaliana 

 
Vinicius Costa Galvão 

a
 and Christian Fankhauser 

b
 

a
 Université de Lausanne – UNIL. Center for Integrative Genomics, Genopode Building. 

Lausanne, Switzerland; E-mail: vinicius.costagalvao@unil.ch 
b
 Université de Lausanne – UNIL. Center for Integrative Genomics, Genopode Building. 

Lausanne, Switzerland; E-mail: christian.fankhauser@unil.ch 
 
After germination, plants undergo a transition from the juvenile to adult stage of vegetative 

development before starting the reproductive phase. This transition varies between species, 

resulting in changes in shoot morphology and increased reproductive potential. In Arabidopsis 

thaliana the vegetative phase change is marked by changes in the production of trichomes on 
the abaxial side of leaves, an alteration of the length/width ratio of the leaf blade, the appearance 

of serration at the leaf margins and changes in cell size [1]. Recent molecular and genetic data 

indicates that vegetative phase transition is regulated by the sequential activity of miR156, 
SQUAMOSA PROMOTER LIKE (SPL), and miR172. 

 

Despite its importance for plant development, little is know on how environmental factors 

regulate vegetative phase transition. Among them, light constitutes an important signal 
regulating several events during plant development. For instance, the reduction of red:far-red 

light (R:FR) ratio available for plants growing in high density or under a dense canopy triggers 

several developmental responses, collectively known as shade avoidance response (SAR), such 
as promotion of stem and petiole elongation, leaf hyponasty and an accelerated transition to 

flowering [2]. However, whether shade conditions regultate juvenile to adult vegetative phase 

transition remains largely unknown.  
 

To address this question we performed a systematic analysis of different juvenile and adult traits 

in the model plant Arabidopsis thaliana both using the constitutive shade avoidance response 

mutant phyB and in plants growing under simulated shade (low R:FR). In addition, we used 
expression analysis and transgenic lines expressing known regulators of SAR and vegetative 

phase transition to further test whether light quality control this important developmental 

transition. 
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Methylation at arginine residues is one of the most important post-translational covalent 
modifications of proteins, involved in a myriad of essential cellular processes in eukaryotes, 
such as transcriptional regulation, RNA processing, signal transduction and DNA repair. 
Arginine methylation is catalyzed by a family of enzymes known as protein arginine 
methyltransferases (PRMTs). PRMTs are classified as symmetrical (Type II) or asymmetrical 
(Type I), depending on the position of the methyl group on the guanidinium of the methylated 
arginine. Previous reports have linked symmetric R methylation to transcriptional repression 
processes. In contrast, asymmetric R methylation were suggested to be associated to 
transcriptional activation. In plants, best characterized in Arabidopsis, is the Type II PRMT5, 
followed by the most representative member of Type I PRMTs, PRMT4. Here we studied their 
role in regulating light-dependent growth and development  in A. thaliana. Mutants of prmt5 
and prmt4a;prmt4b, show alterations in flowering time, while only prmt5 mutants exhibit 
alterations in circadian rhythms. In order to have a genome-wide view of the impact of PRMTs 
in the transcriptome, we conducted a RNAseq analysis. We showed that both mutants co-
regulate the expresion of genes related to transcription, RNA processing, RNA splicing, 
response to ligth, flower development, among others. Interestingly, both mutants regulate 
different sets of genes involved in the processes mentioned above. In adition, we found that both 
mutants co-regulated alternative splicing events in genes related to responses to light. Our 
results show that instead of acting as antagonistic, as suggested by the previous reports, Type I 
and Type II PRMTs act independently, controlling the regulation of light-dependent 
physiological and molecular processes in A. thaliana. 
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Phytochrome B (phyB) is the main red (R) and far-red (FR) light receptor in higher plants. 

Upon light exposure, its inactive R light-absorbing Pr form is converted to a FR light-absorbing 
active Pfr form. 

Photoactivation of phyB results in its rapid translocation from the cytoplasm to the nucleus 

where it forms speckles or nuclear bodies (NBs). The function of NBs containing phyB is 
largely unknown. They could be the site of stabilisation, degradation and/or action of key 

positive and negative transcription factors involved in light signalling. 

 

Compared to sunlight, shade-light is characterized by reduced red / far-red ratios (R:FR) and 
low irradiance. The current consensus is that plant responses to canopy shade involve the 

perception of low red to far-red ratios (R:FR) by phytochrome B (phyB), leading to 

physiological responses such as increased internode elongation or leaf hyponasty. However, 
whether shade-induced drops in irradiance affect phyB activity has not been analyzed. 

 

Here, using an Arabidopsis thaliana transgenic line carrying phyB::YFP we show that changes 
in light quality and irradiance within the range found in natural canopies affects the size 

distribution of phyB-NBs. Under high white or red light irradiances (200µmol.m
-2
.s

-1
) phyB is 

predominantly found in large NBs (diameter > 0,4µm), while after lowering red light irradiance 

or the R:FR ratio (independently of PAR levels) new small NBs are formed. This response is 
fast, occurring in less than 30min, reversible, and is independent of the cell type or organ. 

Therefore, we propose that phyB is able not only to perceive the low R:FR but also the low 

irradiance of shade. 
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Plants exposed to low R:FR ratios, which signal a high risk of competition, repress defense 

responses induced by jasmonate (JA) (1, 2). Recent work has shown that the effects of  low 

R:FR ratios decreasing plant resistance to infection by Botrytis cinerea requires the repressor 
protein JAZ10 (3). We tested whether JAZ10 is required for the effect of  low R:FR ratios 

decreasing JA sensitivity. In the jaz10 mutant, the effect of  low R:FR was significantly 

attenuated or  missing, and this was true for JA-induced growth inhibition and phenolic defenses 
(Fig. A). Interestingly, other jaz single mutants (jaz9, jaz8) did not display FR-insensitive 

phenotypes (Fig. B). To test the role of JAZ10, we introgressed the jaz10 mutation in the phyB 

background and tested the double mutant for JA response phenotypes. The single phyB mutant 

failed to respond to JA for the growth and defense variables that we measured (hypocotyl 
growth inhibition and accumulation of phenolic compounds). The double mutant regained 

sensitivity toward JA for these response markers (Fig. C). Our results suggest that JAZ10 plays 

a key role linking phyB inactivation with the attenuation of JA signaling in Arabidopsis 
seedlings.  
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Fig. A, Low R:FR ratios fail to inhibit JA responses in a jaz10 mutant (hypocotyl length and accumulation of soluble 

phenolic compounds). 
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Fig. B, The effects of low R:FR ratios antagonizing JA responses were fully conserved in the jaz8 and jaz9-1 
mutants.  
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Fig. C, The jaz10 mutation rescues the JA insensitive phenotype of a phyB. 
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Photomorphogenesis is a crucial step for plant seedlings’ survival after emerging from soil. 

Though studies of transcriptional regulation during photomorphogenesis are extensive, post-

transcriptional regulation of de-etiolation process remains to be explored. It was reported that 
HY5, a bZIP transcription factor and the signal integrator of photomorphogenesis, can target to 

promoters of at least 8 microRNA (miRNA)-encoding genes [1]. Our recent results also 

indicated Arabidopsis mutants defective in miRNA biogenesis are hypersensitive to light, 
indicating a key regulatory role of miRNAs in photomorphogenesis. These results inspired us to 

investigate the functionalities of miRNAs in photomorphogenic process. By small RNA 

transcriptomic studies, we have found that 16.8 % (57 out of 338) of miRNAs were light-

regulated in de-etiolating Arabidopsis seedlings. Among the light-regulated miRNAs, we have 
verified that miR163 and miR858s were light up-regulated, while miR396s were down-

regulated by light. Through quantitative reverse transcription PCR (qRT-PCR), we have 

validated the expression of miR163, miR396s and miR858s and their corresponding target 
transcripts were anti-correlated in photomorphogenic Arabidopsis. We will also report the light 

responses of the mir and target mutants. In summary, light could trigger and alter the 

Arabidopsis miRNAs pool to modulate the expression of the target genes, hence contribute to 
the post-transcriptional regulation of gene expression in seedling de-etiolation. 
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Fleshy fruits typically change their pigment profile and content during ripening. Tomato 

(Solanum lycopersicum) fruit, for example, degrades chlorophyll and accumulates carotenoids 
that contribute to change its color from green to red when ripe. These pigmentation changes are 

thought to have evolved as an adaptive characteristic that attracts seed-disperser animals once 

seeds have matured, and therefore are able to germinate [1,2]. 
 

It has previously been shown that fruit-localized light receptors (phytochromes) control 

carotenoid biosynthesis during tomato fruit ripening by regulating the levels of phytoene 

synthase (PSY), the first and main rate-determining enzyme in carotenoid synthesis [3-5]. Here 
we demonstrate that the pigmentation of tomato fruit has a strong impact on light-signaling 

events that boost the expression of the gene encoding the ripening-determinant PSY1 isoform, 

but not that of the PSY2 isoform, which is dispensable during fruit ripening [6,7]. We further 
demonstrate that this phytochrome-dependent regulation is mediated by the tomato basic-helix-

loop-helix (bHLH) transcription factor PIF1Lα (PIF1-like-α). Our current model established 

that degradation of PIF1Lα when fruit changes color from green to red during ripening 

promotes PSY1 gene induction and hence carotenoid biosynthesis.  
 

Our findings provide new understanding of how plants control the timing of fruit ripening by 

orchestrating light and developmental signals that induce the accumulation of pigments and 
open new avenues to crop-improvement strategies. 
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Alfalfa, Medicago sativa, is a forage crop used as primary feeding base to the meat and dairy 
production systems. This is due to its great adaptability to different environmental conditions 

and high yields. Alfalfa fields increase in biomass until the onset of flowering. Then, the quality 

and quantity of the forage decreases as a result of morphological changes derived from a 
reallocation of resources from leaves to reproductive structures [1].  

Flowering has not been in-depth studied in alfalfa. Both photoperiod and temperature are known 

to play major roles [2] but the mechanisms still remain unknown. Therefore, a comprehensive 

study of flowering in Alfalfa would be of great importance. 
 

Research in the model plant Arabidopsis thaliana indicates that all flowering pathways 

converge in a small group of “Flowering integrator genes”; such integrators are well conserved 
in different plant species and their overexpression impacts severely on flowering. One of them 

is FLOWERING LOCUS T (atFT) which is a major photoperiod-responsive promoter of 

flowering. Another one, TERMINAL FLOWERING 1 (atTFL1), plays an inverse role repressing 
flowering and maintaining the vegetative phase. 

To improve our knowledge of Alfalfa´s flowering, we identified and characterized the 

Medicago sativa orthologous of atFT and atTFL1. 

 
We found that the alfalfa gene msTFL1 is well conserved and a prominent repressor of 

flowering with roles in vegetative phase maintenance and meristem identity. 

We also identified 5 orthologues of atFT which have different roles, being only one the primary 
candidate implied in photoperiodic flowering induction. These results indicate that these five 

new genes are not redundant and raise novel questions about their potential roles in alfalfa 

development. 
 

[1] Rossellini D: Molecular Breeding of Forage and Turf. Norwell: Kluwer Academic 

Publishers, Oklahoma (2003). 

[2] D. f. Major, and B. W. Beasley, Canadian Journal of plant science 1990.Vol 71 87-93. 
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Altenative splicing (AS) is the process through which a single gene can generate multiple 

different mRNA isoforms, and this versatility is thought to contribute substantially to 

phenotypic variation in higher eukaryotes. Besides the opportunity of increasing the number of 
proteins through this process, alternative splicing can also influence many physiological 

processes controlling transcript levels. For instance, AS can generate mRNA isoforms 

containing premature termination codons (PTCs), which can lead to mRNA degradation through 
the nonsense-mediated decay (NMD) pathway. In addition, AS in 5´or 3´UTR regions can affect 

mRNA stability and/or translatability through the inclusion or exclusion of miRNA binding 

sites.Nowadays we can explore transcriptomic changes using high throughput sequencing, a 

technique commonly called RNA-seq.  In this technique, mRNA is extracted from collected 
samples and then is fragmented, amplified and sequenced in a shotgun manner. Resulting reads 

are aligned against a reference genome and then statistical analysis is performed in order to get 

differential expressed genes. Despite being a very powerful technology, very few algorithms 
were developed for the analysis of AS in plants. At the same time, although AS is a powerful 

mechanism to control gene expression, how AS changes in response to environmental signals 

that impact on plant physiological processes has not been extensively studied. Here we report 
the results of a genome-wide analysis of AS in Arabidopsis thaliana plants exposed to a 2h light 

pulse given in the middle of the night, a treatment that simulates the effects of early dawn or late 

duks signals. RNA seq data analysis was performed with custom R scripts developed in our lab. 

This light treatment is known to affect physiological processes such as flowering time or clock 
entrainment. Our results revealed not only strong effects of the acute light treatment on mRNA 

levels of more than 10% of the expressed genes, including several known flowering time and 

clock associated genes, but also significant changes in approximately 2% of the more than 
4000AS annotated events evaluated. Strikingly, this set of genes was significantly enriched in 

genes involved in RNA processing, particularly in AS, as well as some genes involved in 

photoresponses and chloroplast function. These reveals that light affects the plant transcriptome 

at multiple regulatory layers, and that light regulation of mRNA levels of splicing regulatory 
factors is likely to mediate light effects on AS contributing to adjust plant physiological 

processes to the prevailing light environment.  
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Shade light reduces phytochrome B activity, which allows PHYTOCHROME INTERACTING 

FACTORS (PIFs) to increase their abundance and promote stem growth and other shade-
avoidance responses. In addition, the reduced photoreceptor activity observed under shade 

enhances the nuclear accumulation of CONSTITUTIVE PHOTOMORPHOGENESIS 1 

(COP1), which also enhances stem growth. These results suggest that shade-avoidance 

responses could proceed via two major signaling pathways, respectively involving PIFs and 
COP1. 

 

To investigate the degree of convergence and divergence of these pathways, plants of 
Arabidopsis thaliana of the wild type (Col-0), the cop1-4 mutant and the quadruple pif1 pif3 

pif4 pif5 mutant (pifq) seedlings were grown under white-light and either transferred to 

simulated shade or left under white light as controls. The seedlings were harvested 4 h later to 
investigate their transcriptome by using ATH1 microarrays. 

 

Some gene clusters showed responses to shade that were not affected by the cop1 or pifq 

mutations, even when these mutations altered the basal levels of expression under control 
conditions. Other clusters involved genes where the mutations affected the response to shade. 

Within the latter category, one of the clusters resembles the pattern of stem growth, which was 

largely unaffected by the mutations under control conditions, and strongly promoted by shade in 
the wild type but not to the same level in cop1 and pifq.  This cluster includes well-known, early 

shade-responsive genes like XTR7, HFR1, PAR1, IAA19, IAA29, ATHB2, genes encoding 

expansins and auxin and gibberellin responsive genes. We conclude that the control of shade-
avoidance responses by PIFs and COP1 involves a common set of early genes. 

 
Acknowledgments M. P., M. S. and J. J. C. acknowledge the Agencia Nacional de Promoción 
Científica y Tecnológica and the University of Buenos Aires for financial support of this 
research.  
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The presence of neighbor plants perceived by photoreceptors initiates the so-called shade-
avoidance responses, which include enhanced stem growth. Under natural conditions, plants 

exposed to sunlight can become shaded by neighbors growing at a faster rate, and shaded plants 

can become suddenly exposed to sunlight due to disturbance of the canopy by wind or 
herbivores. Although the light environment is dynamic shade-avoidance responses have been 

investigated mainly under static conditions. To investigate the mechanisms of response to 

dynamic shade, seedlings of Arabidopsis thaliana were grown under simulated sunlight or 

shade-light conditions for one day, and during the subsequent day stem (hypocotyl) growth was 
recorded either under sunlight or shade-light conditions. Previous exposure to shade enhanced 

stem growth during the following day, mainly if the seedlings persisted under shade but also if 

the seedlings returned to sunlight conditions. This indicates that plants have a short term-
memory of previous shade. The analysis of mutants involved in the perception and transduction 

of shade signals revealed that mutations at the PHYB, PIF3, PIF4, PIF5 and AUX/IAA29 genes 

affected the response to the degree of shade experienced during the previous day more than the 
response to the current degree of shade during the day of growth measurements. Conversely, 

mutations at the HFR1, PAR1 and AUX/IAA19 genes affected more the response to current than 

to previous shade signals. Finally, mutations at GH3.2, AXR2.1, AXR3.3 and DELLA genes had 

similar impact on current and previous shade signals. These results suggest that plants have a 
short-term memory of shade signals that involves phyB, PIFs and AUX/IAA. In accordance to 

this hypothesis, we observed that the abundance of PHYB transcripts is reduced by previous 

shade in a PIF3 dependent manner.  Furthermore, at equal PHYB expression, previous shade 
reduces the proportion of PHYB:GFP present in the nucleus and the formation of large 

PHYB:GFP photobodies.  

 

Acknowledgments M. P., M. S. and J. J. C. acknowledge the Agencia Nacional de Promoción 
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research. 
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Arabidopsis thaliana is a widely used model organism in plant biology, development and 
genetics research. It was the first dicot plant to have its genome sequenced and was key to 
understanding the biology of several plant traits, such as flowering, light sensing and 
photomorphogenesis [1-3]. Many circadian rhythms have been described in this organism (i.e.: 
leaf movement, stomatal opening, hypocotyl elongation, among others) and the molecular 
clockwork mechanism behind these rhythms is well known [4]. 
In recent years, advances in the field of RNA sequencing have revolutionized many fields of 
scientific research, including but not limited to cancer, metabolism, aging and molecular 
biology. RNA-Seq allows for global transcriptome profiling using deep sequencing 
technologies, providing far more precise measurement of levels of transcripts and their isoforms 
than other methods [5]. 
In this work we have applied RNA-Seq to profile the global circadian transcriptome of A. 
thaliana Col-0 and a LNK1; LNK2 double mutant in LD 12h : 12 h conditions (LD, light-dark, 

and constant temperature, 20ºC). With this approach we have been able to quantify expression 

levels of the whole genome and particularly of circadian, flowering and splicing related genes, 
as well as studying alternative splicing patterns. Taken together, these results show that RNA-

Seq is a very powerful tool to study circadian gene expression and alternative splicing events. 

 
Acknowledgments The authors acknowledge the DAAD, CONICET and MINCYT for 
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Light signals are essential for plant growth and development. For this reason, plants have at 
least 4 families of photoreceptors that allow them to sense both the quantity and quality of light. 

The UV-B light is perceived by UVR8, whereas blue and UV-A light is sensed by three families 

of photoreceptors cryptochromes (CRY1-2), phothotropins (PHOT1-2) and the single LOV 

domain photoreceptors (ZTL, FKF, LKP2). Finally, red and far-red light is perceived by 
phythochromes (PHYA-E) 

1
. 

The ability to withstand environmental temperature variation is essential for plant survival. 

Previous reports have shown that shade avoidance responses that are sensed by the 
phythochromes induce similar phenotypes to high temperature responses 

2
. Hence, we decided 

to characterize the temperature dependence of the phyB mutant phenotype during deetiolation. 

To address these points  we used physiological measures (hypocotyl length), transcriptomic 

(microarrays), qRT-PCR and genetic approaches. 
The results show that at non stressing ranges, plants are permanently sensing the temperature, 

showing mostly linear responses to both duration and temperature range. Further, phyB and 

other photoreceptors play key roles in buffering this response, with different relative weights at 
different temperatures.  

We found that auxins play an important role by several reasons: the gene expression analysis 

showed higher levels of auxin responsive genes only when the interaction light-temperature was 
evident; the ectopically added auxins were able to suppress these interactions; and because this 

genotype-temperature interaction is lost by the mutation of auxin biosynthetic genes. 

With respect to the mechanism, we found a cytochrome P450 which showed an important 

temperature by genotype interaction in its expression pattern. We propose that this cytochrome 
might be necessary to regulate hypocotyl growth at lower temperatures under shade conditions, 

by an auxin dependent mechanism.  

 
1 Kami, C., Lorrain, S., Hornitschek, P. & Fankhauser, C. Light-regulated plant growth 

and development. Current topics in developmental biology 91, 29-66, 

doi:10.1016/S0070-2153(10)91002-8 (2010). 
2 Foreman, J. et al. Light receptor action is critical for maintaining plant biomass at warm 

ambient temperatures. The Plant journal : for cell and molecular biology 65, 441-452, 

doi:10.1111/j.1365-313X.2010.04434.x (2011). 
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Circadian clocks allow organisms to time biological processes to the most appropriate phases of 
the day/night cycle [1]. Historically, the circadian system of plants and animals has been 

described merely as negative transcriptional translational feedback loops of core clock genes. 

However, it is currently known that post-transcriptional regulation plays an important role in the 
control of the circadian system in different organisms [2]. In plants, many core clock genes are 

alternatively spliced in a temperature dependent manner, but the proteins modulating this 

process are not known [3]. There is increasing evidence that alternative splicing is regulated not 
only by auxiliary factors, but also by changes in the levels or activities of core spliceosomal 

components or proteins that modulate the kinetics of spliceosome assembly. In mammals, 

spliceosome assembly is controlled by the Survival of Motor Neuron (SMN) protein complex 

[4].  
Here we show that mutations in the Arabidopsis homologue of GEMIN2, a component of the 

SMN complex conserved from yeast to humans, display developmental and physiological 

alterations such as early flowering and period shortening of multiple circadian rhythms. 
Strikingly, the circadian defect is temperature dependent and disappears at 12ºC. The mutant 

plants exhibit changes in alternative splicing of core clock genes which mimic the response of 

wild type plants to low temperatures. Taken together, these results suggest the involvement of 
alternative splicing in setting the pace of the clock at low temperatures. 
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Flower bending towards light, described by phototropism and heliotropism processes have been 
studied worldwide through contrasting natural scenarios [1-2] mainly from ecological 
perspectives. However, the underlying physiological mechanisms of these responses are still 
unclear. Recently, a study conducted under controlled conditions and artificial light sources 
demonstrated that, similarly to what occurs in vegetative organs, blue light signalized by the 
phototropin family of photoreceptors (PHOT1 and PHOT2) induces phototropism of 
inflorescences in Arabidopsis thaliana [3].  
 
Our aim was to characterize inflorescence movements in Arabidopsis thaliana under natural 

radiation, evaluating the relevance of blue light and of phototropins in these responses.  

 
We measured inflorescence bending of wild type plants (WT) vs. phot1phot2 double mutants, 

(lacking both photoreceptors) during 48h under natural radiation. We found that, unlike other 

species studied [2-3], WT inflorescences tracked the sun only from the noon to the evening but 
not in the morning (Fig.1). Unexpectedly, mutants also exhibited inflorescence bending in 

contrast to what is reported under artificial conditions [3].  

Fig.1- Inflorescence orientation of WT and phot1phot2 mutants of A.thaliana. 
 
We compared the inflorescence bending between plants exposed to an array of acetate filters 

which inverted the natural blue light gradient and plants exposed to a neutral filter control 
treatment. We found that plants under the inverted blue gradient re-directed their inflorescences 

following the new gradient, while control plants returned to the original position after a brief 

disorientation period. 
 
Our results indicate that blue light is the main signal for inflorescence bending. In contrast with 
blue light phototropism reported for inflorescences under controlled conditions, photosensory 
systems alternative to phototropins are mediating this response in natural environments. 
 
[1] C.Galen, Ecophysiology. 2006,148,195 
[2] S.Patiño, J.Grace, Plant, Cell and Environment. 2002,25,41 
[3] T.Kagawa, M.Kimura, M.Wada, Plant Cell Physiol. 2009,50(10),1774 
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The retina is part of the central nervous system[1], adapted to capture light photons and 
transmit the information to brain.  In mammals, light fulfill two important role;  visual function 

through rods and cones photoreceptor, and  synchronization of circadian rhythms to a 24h solar 

cycle through a subpopulation of photosensitive retinal ganglion cells. However, the excess of 
light stimuli may cause retinal degeneration or accelerate genetic retinal diseases[2]. There are 

numerous papers published that evaluate the effects of bright light exposure on retinal 

morphophysiology, however the process of retinal cell death by low intensity light stress may be 

different and it is not well characterized yet. 
To evaluate the effects of constant exposure to low intensity light on the retina; 3 months age 

Wistar albino rats were constantly exposed to cool white light of 200 lux intensity 1 to 7 days. 

Control animals were exposed to cycles of light (200 lux)/dark (0 lux) of 12hs/12hs or constant 
darkness. 

We found that constant light, but not cyclic exposure, produce a reduction in outer nuclear layer 

thickness. We revealed that photoreceptors die by a caspase-3 independent mechanism and 
rhodopsin expression was not alterated; nevertheless it was more phosphorylated in ser

334
 in 

relation to control animals[3].  

In this work, we investigate if oxidative stress mechanisms are involved and we found evidence 

of oxidative stress by catalase activity and lipid peroxidation. 
To asses photoreceptor cells function ERGs were performed and we observed alterations in 

scotopic a-wave amplitude and latency time. 
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The high content of polyunsaturated fatty acids (PUFAs) in the retina combined with prolonged 

exposure to irradiation, high oxygen tension in the outer retina and the presence of endogenous 
sensitizers, make the retina a susceptible  to chronic oxidative stress, which has been postulated 

to play a role in development of age-related macular degeneration (AMD).  

Plasmalogens (PLs) constitute a specific subclass of phospholipids characterised by a vinylether 

bond in sn-1 position of the glycerol backbone and account for 10% of total phospholipids in 
the retina, where are considered as sacrificial antioxidants. Indeed, we have recently shown that 

-

hydroxyaldehydes formed in free radicals-induced oxidation of PLs, may be potentially harmful 
to cell compounds [2, 3].  

In this work we analyzed blue-light induced photoreactivity of mixture of synthetic lipids 

comprised of phospholipids naturally occured in the human retina in the presence and absence 
of plasmalogens in a model system and in retinal pigment epithelium cells in vitro. 

Photoreactivity of oxidized lipids containig polyunsaturated fatty acids has been studied using 

detection of singlet oxygen phosphorescence at 1270nm, EPR oximetry and spin trapping and 

electrochemical detection of cholesterol hydroperoxides.   
Our preliminary results showed that Pls mediated the photoreactivity of retinal lipids in a 

complex way by both increasing the photouptake of oxygen and decreasing the yields of singlet 

oxygen photogeneration by oxidized phospholipids. The exact role of plasmalogens in the 
human retina requires further investigations. 
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Plant production of reactive oxygen species (ROS) in various cellular compartments is a 

hallmark of pathogen recognition. Above all, chloroplast-generated ROS are implicated in 
initiation, propagation and limitation of the spread of the complex responses deployed by plants 

[1]. The contribution of this organelle to plant immunity is further underscored by the fact that 

plant immunity networks have been linked to the mechanisms of light perception [2]. 
 

The role of chloroplast-generated ROS in plant defence is evaluated using transgenic tobacco 

lines expressing a plastid-targeted flavodoxin, which showed increased tolerance to multiple 

adverse environmental conditions and lower ROS accumulation in chloroplasts [3]. These plants 
are employed to study the light requirements for ROS production in chloroplasts during 

interactions with pathogens. 

 
We report herein the phenotypic and biochemical characterization of the interaction between 

these plants and pathovars of Pseudomonas syringae that display compatible or incompatible 

interactions; in the presence or absence of light. ROS assessment by fluorescent microscopy and 
quantification of their reaction products indicate that transgenic plants accumulated fewer ROS 

and suffered less damage than wild-type siblings only if light was present. We also analysed 

sugar levels taking into account their role as signal molecules contributing to plant immune 

defence [4]. The results provide insights into the role of light and ROS on the succession of 
events that follow pathogen recognition. 

 

[1] A. Shapiguzov, J. Vainonen, M. Wrzaczek and J. Kangasjärvi, Front. Plant Sci., 2012, 3, 
292. 

[2] S. Karpinski, H. Gabrys, A. Mateo, B. Karpinska and P.M. Mullineaux, Curr. Op. Plant 

Biol., 2003, 6, 390. 
[3] V.B. Tognetti, J.F. Palatnik, M.F. Fillat, M. Melzer, M.R. Hajirezaei, E.M. Valle and N. 

Carrillo, Plant Cell, 2006, 18, 2035. 

[4] M.R. Bolouri-Moghaddam and W. Van den Ende, J. Exp Bot., 2012, 63, 3989. 
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Bioprospecting of genes encoding microbial rhodopsins have biotechnological interest because 

its use as solar energy transductors and fluorescence voltage-indicators probes. Moreover, 

proteorhodopsins (PRs) display a high geographic diversity[1-2]. 
Here, we describe a diverse group of microbial rhodopsin sequences from a metagenomic 

dataset from four high-latitude coastal sediments: Adventfjord (Svalbard Archipelago, Norway), 

Värtahamnen (Baltic Sea, Sweden), Ushuaia Bay (Tierra del Fuego, Argentina) and Potter Cove 
(King George Island, Antarctic Peninsula). The dataset included 23 surface sediment samples 

(0-5 cm) obtained at 9.5-50 meters depth range, sequenced using the Illumina HiSeq 1500 

platform and processed with the metagenome annotation pipeline of the Joint Genome Institute. 
The assembled dataset, which includes 1.4E+07 protein-coding genes was explored to identify 

genes functionally associated to COG5524 category (bacteriorhodopsin in Clusters of 

Orthologous Groups) and depurated using BlastClust. Transmembrane helices were predicted 

using the TMHMM program [3]. Further alignment of 123 obtained putative rhodopsin 
sequences together with reference sequences from data banks was performed using Muscle 

program. Phylogenetic analysis was made using PhyML [4] and Mr Bayes [5]. The association 

between phylogeny and the pattern of the geographical structure of rhodopsin-coding sequences 
was assessed using BaTS software [6]. 

Bacterial, archaeal, eukaryotic and viral-like rhodopsins sequences were detected in 18 out of 

the 23 metagenomes. When a BLASTp analysis was conducted, 55 out of 123 rhodopsin 

sequences were assigned to viral rhodopsin. These viral sequences showed a geographically and 
statistically significant association. Based on these results we speculate that this geographical 

association could result from selective process caused by the particular solar irradiation regimes 

of the locations studied in this work. 
To our knowledge, this is the first report about microbial rhodopsins from costal marine 

sediments. A selection of the more divergent rhodopsin sequences for cloning and functional 

characterization would be necessary to evaluate their biotechnological potential. 
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Retinal protonated Schiff base (RPSB) photochemistry has been studied for decades due to 

RPSBs presence in opsin proteins and its involvement in life sustaining processes as vision or 
bacterial photosynthesis. Experimental evidence has shown that in the protein environment 

isomerisation speed and quantum yield (QY) are strongly enhanced, likely by a combination of 

electronic and steric effects. Here, we demonstrate a comparable tunability of all-trans RPSB 

solution photochemistry through an appropriate choice of backbone substituents or of the amine 
used for Schiff base formation. We could vary the excited state lifetime (ESL) from 0.4 to 12 

ps, the overall QY from 0 to 0.52 and observe photoisomerisation for each of the backbone 

double bonds.  
 

Based on the observed anti-correlation between ESL and QY and on differences in reaction 

selectivity with substitution position, we propose a simplified model for all-trans RPSB 

photoisomerisation where the height of an excited state barrier, possibly of electronic origin, 
along the reaction coordinate is responsible for the photochemical outcome. [1,2] Our results 

demonstrate remarkable synthetic tuning of reaction yield and speed and reveal concepts that 

not only allow us to understand the basis of efficient photobiology but may serve as guide 

towards rational design of light-triggered functionalities. 
 

[1] T. Sovdat, G. Bassolino, M. Liebel; C. Schnedermann, S.P. Fletcher, P. Kukura, J. Am. 

Chem. Soc., 2012, 134, 8318 
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Kukura, S. P. Fletcher, J. Am. Chem. Soc., 2014, 136, 2650 

  

A) Effect of backbone subsituent polarisability on excited state barrier. B) Model A applied to results for 

14-Me RPSB. Solid Line: Native backbone, Dashed Line: effect of methyl addition at C14 C) Structures 

and colour codes for figure B 
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The detection of specific sequences of DNA, proteins of interest or metal nanoparticles is key to 
developing novel bioanalytical methods for diagnosing diseases and for early detection of 

allergenic agents and toxins. Detection of very low concentrations of bioanalytes is a challenge. 

Thus, it is of great importance to engineer strategies to improve the quantification limits, 

ultimately reaching the detection of individual molecules. In this direction, gold nanoparticles 
are an interesting option as they can be functionalized with several types of biomolecules, such 

as DNA strains, antigens or proteins [1,2], allowing for the amplification of a fluorescent signal 

through a catalytic reaction. 
 

In this work, we developed a single molecule optical detection scheme (Figure 1), capable of 

detecting single fluorescent molecules with diffraction limited resolution. Fluorescent 
correlation measurements as well as submicron resolved images have been carried out in order 

to accurately know the point spread function and sensitivity of the optical system. 

 

Based on this strategy, we have been able to detect individual gold nanoparticles, immobilized 
on a glass substrate (Figure 2). 

 

 

 

Fig.1. Single molecule optical detection 
system. 

 

Fig.2. Luminescent image of  9 nm gold 

nanoparticles  immobilized on a glass 
substrate. 
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Fluorescence of excited molecules is a major direct source of information about processes 
occurring in biological systems on molecular level. However, only a limited number of 

molecules fluoresce under photoexcitation. Extrinsic fluorophores labelling the desired 

biomolecules may be a source of unwanted and uncontrolled disturbances of the system or even 

may cause unwanted delayed effects in living organisms [1]. 
 
Another way to monitor photobiological processes is an indirect recording based on a 
radiationless energy exchange between the photoexcited molecule and a ground-state molecule. 
If most of  accepted energy is transferred into heat indirect methods based on registration of 
thermal gradients and photoacoustic signals in a medium become favorable [2]. There is a 
variety of techniques allowing one to record photothermal disturbances in a medium ([3]). 
These include time-resolved photoacoustic spectroscopy and photorefractive methods. However 
while providing information on temporal characteristics of a process they give rather poor data 
on spatial distribution of disturbances. 
 
We suggest a novel approach based on the technique of digital holography allowing one to 

obtain in a single shot a 2D image of the whole area under study. The recorded phase variations 
provide data on spatial distributions of local variations of temperature gradients. In our 

experiments the technique was applied to monitor the process of photosensitized generation and 

following radiationless deactivation of singlet oxygen molecules in water. The recorded 

holograms allowed us to reconstruct the temperature maps of the area under study and to obtain 
information on spatial distributions and dynamics of excited oxygen molecules.  
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Phycobilisomes (PBS) are auxiliary light harvesting proteins complexes present in cyanobacteria and 
red algae which enhances the energy uptake in the range of 500-680 nm [1].  

In Gracilaria chilensis, a eukaryotic red algae, PBS are composed of phycobiliproteins (PBPs), 

phycoerythrin (PE), phycocyanin (PC) and allophycocyanin (APC). PBPs are highly fluorescent 
proteins and they are responsible for capturing and transferring energy to the photosynthetic centers, 

thanks to chromophores covalently linked to them. The basic unit of the PBPs is a heterodimer (αβ) 

which oligomerizes as trimers (αβ)3 or hexamers (αβ)6. The trimers and hexamers are disc-shaped and 
can be stacked to form cylinders [2]. 

Allophycocyanin is the only PBP present in the core of the PBS. Until date there are only 7 crystal 

structures of allophycocyanin in the Protein Data Bank, six structures are from cyanobacterias and just 

one belong to a eukaryotic red algae, Pyropia yezoensis [3] being this the only structure showing a 
hexamer as the biological unit. 

In this work we purified and analyzed the spectroscopic properties of APC from Gracilaria chilensis 

using absorption and fluorescence spectroscopy. We also determined their oligomerization state using 
Gel filtration chromatography. We used MALDI/TOF for the identification of the APC samples. On 

the other hand we have sequenced APC genes. We gathered all this information and built a molecular 

model of Gracilaria chilensis APC using protein-protein docking and molecular dynamics. This 

model allows calculate energy transfer times in an APC molecule using the Förster approximation. 
Our results agreed with results present in bibliography. 
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The phycobilisome (PBS) is an accessory light-harvesting complex found primarily in cyanobacteria 

and red algae that capture and transfer light energy to the photosystem II. This process occurs 
efficiently due to the features that both chromophores (phycobilins) and proteins from the complex 

present. 

 

PBS consist mainly of phycobiliproteins (PBPs), but besides them, PBS have several linker proteins 
distributed throughout them. They are in charge of the assembly and stabilization of the complex and 

the fine-tuning of the energy transfer steps[1]. However, some linkers bear chromophores in the same 

way PBPs do. One example of this is the 33-kDa γ subunit of R-phycoerythrin (γ
33

), which is 
associated to (αβ)6 hexamers of the PBP R-phycoerythrin[2]. 

 

Unlike PBPs, information about these kind of chromophorylated linkers is scarce. Due to this, it is 

impossible to incorporate them in our energy transfer model, based on the phycobilisome of the 
pluricellular red alga Gracilaria chilensis. Therefore, the present work seeks to elucidate some 

sequence, structural and functional aspects of γ
33

. 

 
The γ

33
 gene from Gracilaria chilensis was sequenced and chromophorylation sites were predicted in 

the derived amino acid sequence. γ
33

 has an intrinsically disordered chloroplast transit peptide. A 

combination of comparative and de novo modelling was used to propose a structural model of γ
33

, and 
a structural homology analysis revealed the presence of protein-protein interaction modules in this 

model. (αβ)6γ
33

 R-phycoerythrin complexes were purified and dissociated to view the contribution of 

γ
33

 to the spectroscopic properties of the whole complex. 
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Phytochromes, the largest photoreceptor family, were first discovered in plants but homologs are also 

found in bacteria and fungi. These photosensors cycle between Pr (red-absorbing) and Pfr (red-

absorbing) forms upon absorption of red and far-red light, respectively. The fact that diverse 
heterotrophic nonphotosynthetic bacteria contain bacteriophytochromes (BphP) raises many questions 

about the possible roles of red and far-red light as environmental signals in these organisms, but the 

biological functions of most of BphP proteins remain unknown. 

 
Phytochromes share a common photosensory module that contains three conserved domains (PAS, 

GAF, and PHY) and a C-terminal variable output domain. The photochemical properties are due to a 

covalently-bound linear tetrapyrrole (bilin) chromophore. Recently, the bathy phytochrome subfamily 
was discovered which owns the exclusive characteristic of showing the Pfr, and not the Pr, form as 

their thermal ground state.  

 
Xanthomonas campestris (Xcc) codes for a single putative bacteriophytochrome (XccBphP). We have 

established that XccBphP is a bathy phytochrome involved in Xcc virulence. In this work, we present 

the crystal structure of full-length XccBphP. Holo-full-XccBphP crystals belong to the tetragonal 

space group P43212 with two molecules in the asymmetric unit. The XccBphP structure was solved at 
3.25 Å resolution by molecular replacement using the atomic coordinates of Rhodopseudomonas 

palustris BphP (PDB 4GW9) as template.  

 
The crystal structure shows XccBphP as dimer. Each monomer is constituted by four domains clearly 

defined, corresponding to the sensory module and a C-terminal PAS9 domain. The dimeric interface is 

mainly stabilized by interactions between long α-helices from the PHY and PAS9 domains. The 

dimeric association was also confirmed in solution by Static-Light-Scattering measurements. 
 

There are few reported three-dimensional structures for BphPs, corresponding to Pr and Pfr states, for 

canonical and bathy BphPs, respectively. XccBphP is, to our knowledge, the second full-length BphP 
structure solved to date.  
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Previously, we observed that the quorum sensing signal PQS has a sensitizing role in the response of 

Pseudomonas. aeruginosa to UVA radiation. To investigate the mechanism involved in this 

phenomenon, we analyze the role of KatA catalase, a key factor in the UVA defense [1]. Studies with 
the wild type PAO1 and a PQS deficient mutant indicated that PQS had a negative role on catalase 

activity; however, the detrimental effect of exogenous PQS on UVA survival of a katA mutant 

demonstrated that PQS is acting by other mechanism. The role of PQS as photosensitizer was 
evaluated since some quinolones, compounds structurally related with PQS, have demonstrated to 

generate reactive oxygen species when exposed to UVA. The exposure of PQS to UVA induced the 

production of singlet oxygen and superoxide anion (Figure 1); PQS maintained in the dark did not 

induce significant changes. The results demonstrate that PQS could act as a photosensitizer, 
contributing to the high UVA sensitivity of P. aeruginosa. 

 

Figure 1. Generation of singlet oxygen and superoxide anion by PQS exposed to UVA 
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50 μM PQS were exposed to a fluence rate of 20 W/m

2
 for 120 min and samples were taken at 

intervals. The production of singlet oxygen was monitored by decrease of N,N dimethyl-p-

nitrosoaniline absorbance at 440 nm (a). The production of superoxide anion was evaluated by 
recording the reduction of nitro-blue tetrazolium, measured by increase of absorbance at 560 nm (b). 

Azide and superoxide dismutase were used as quenchers. 
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The furane neo-clerodan diterpene flavelloic acid (FNC) and its dimeric derivative (FNCD) have been 

detected in the aerial parts of Baccharis flabellata [1]. Although interesting bioactivities, such as 

antifeedant and anti-inflammatory have been attributed to FNC [2], there is no information about the 

role of these compounds in plants exposed to UV-B stress conditions. We postulate that the natural 
photochemical dimerization take place under UV-B irradiation (Fig. 1).   
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Figure 1: Dimerization of FNC to form FNCD by UV-B radiation  

Taking into account that reactive oxygen species (ROS) such as superoxide anion (O2
.-
) or hydrogen 

peroxide (H2O2) as well as nitric oxide (NO) act as mediators in responses to excessive UV-B 
radiation in different plant organelles we tested the scavenger capacity of  FNC and FNCD in in- vitro 

assays.  
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Figure 2: A) NO scavenging assay: Sodium nitroprusside (SNP) in aqueous solution at physiological 
pH spontaneously generates NO which interacts with oxygen to produce nitrite ion which can be 

detected using Griess reagent. B) Consumption of riboflavin (Rf) (0.04mM) as a function of 

irradiation time at physiological pH. Sodium azide (NaN3) 2 mM quenches singlet oxygen. Visible 

light, cut-off at 360 nm.  FNCD,  FNC,  Ascorbic Acid and  Rf. 
From our in-vitro results we can assume that FNCD as well FNC act as NO scavengers, being the 

dimmer more effective than the monomer. On the contrary, both of them showed low specific ROS 

scavenger activity, when they were compared toward ascorbic acid.  
[1] M. Funes, C.E. Tonn, P.C. Rossomando, M. Kurina Sanz, Segunda Reunion de Fotobiologos Moleculares Argentinos 
(IIGRAFOB) 2013. 
[2] P. Guo, Y. Li, J. Xu, C. Liu, Y. Ma, Y. Guo, J. Nat. Prod., 74, 2011b, 1575–1583. 
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Light, nutrients, mixing intensity and mixing depth are environmental factors that have a large effect 

on the ecological dynamics of plankton. Although plankton communities are generally suspended in a 

well-mixed medium, within aquatic ecosystems light may have a complex pattern of spatial and 
temporal variability. Vertical mixing can lead to a shortage of light if planktonic organisms are 

frequently mixed down to the bottom, whereas stratification enhances light supply by decreasing 

mixing depth. North Patagonian Andean lakes from Argentina are high light/low nutrient 

environments, in which mixotrophy appears as a suitable and very common strategy for exploiting the 
extended euphotic zone of the water column. Here we present an analysis of different field and 

laboratory bacterivory experiments carried out under different light treatments. Bacterivory was 

assessed in protists (nanoflagellates and ciliates) by computing fluorescently labeled bacteria (FLB) 
inside the feeding vacuoles.  Results show that ultraviolet radiation (UVR) reduced bacterivory 

although the negative effect was more evident in mixotrophic nanoflagellates in comparison with 

heterotrophic ones. Protists consumption rate on bacteria was observed to be reduced up to 
approximately 70-77 % by UVR.  Finally, we show that carbon transfer in the microbial food web 

would be substantially altered by different temporal heterogeneity in vertical mixing including the 

UVR effect. 

 
Acknowledgments BM, MBN and EB are CONICET Researchers. This work was supported by the 
Fondo para la Investigación Científica y Tecnológica of the Ministerio de Ciencia, Tecnología e 
Innovación Productiva of Argentina.   
  

mailto:ebalseiro@comahue-conicet.gob.ar


16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

604 
 

PO185-Spectral Weighting Functions for UV Inhibition of Growth Rate in the 

Globally Important Picophytoplankton, Synechococcus and Prochlorococcus 
 
Elisabet Perez Coronel

a
, Byanjana Thapa

a
, Robert Bourdon

a
, and Patrick J. Neale

a
 

a
Smithsonian Environmental Research Center, Edgewater, MD, USA; E-mail: 

elisabetperezcoronel@gmail.com
 

 
As the smallest photosynthetic organisms on Earth, picophytoplankton are known to be particularly 

vulnerable to solar UV exposure effects on cellular function and integrity, for example resulting from 

damage to DNA  and cell membranes [1, 2].  The overall impact of such effects on population growth 
rate in surface layer of the ocean is not well known partly due to the lack of appropriate spectral 

weighting functions and exposure-response functions. UV effects on growth rate of the dominant 

picophytoplankton in the subtropical and tropical ocean, Synechococcus and Prochlorococcus were 

measured for cultures grown at two irradiances (77 and 174 µmol m
-2

 s
-1

 PAR) and two temperatures 
(20° and 26°C). A biological weighting function (BWF) for UV inhibition of growth was defined 

using long-pass filters with 50% wavelength cutoffs at 280, 305, 320 and 330 nm. The approach was 

similar to that used by Andreaason and Wangberg [3], except that sampling continued over at least 5 
days for exposure which was followed by at least three days of PAR-only exposure to observe whether 

there was recovery in the growth rate. Cell abundance and size distribution were measured daily using 

a Multisizer 4 Cell Counter.  For all studied strains, the time-series measurements showed that growth 

rate progressively declined with each successive day of exposure and did not recover after UV 
exposure stopped.  Thus, growth rate response was best modeled as a function of cumulative weighted 

exposure, in contrast to UV effects on photosynthesis.  All BWFs were strongly weighted in the UVB, 

though spectral slope differed between species and at different growth temperatures.  BWFs did not 
differ for Prochlorococcus grown at different irradiances.  The BWF-growth rate model will be used 

to estimate how much incident solar UV decreases picophytoplankton growth rates in ocean surface 

mixed layers.  
 
Acknowledgments This work was supported by NASA grant NNX09AM85G to Brian Thomas, 
Patrick J. Neale and Adrian Melott.  
 

[1] P. Boelen, M.J.W. Veldhuis, and A.G.J. Buma, Aquat. Microb. Ecol., 2001. 24(3):265. 

[2] C. Sobrino, O. Montero, and L. Lubian, Aquat. Sci., 2004. 66:421. 
[3] K.I.M Andreasson and S.-A. Wangberg, J. Photochem. Photobiol. B: Biol., 2007. 86(3):227. 
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Studies with a Pseudomonas aeruginosa mutant defective for KatA catalase indicated that this enzyme 
is essential in the defense of this microorganism against UVA radiation [1, 2]. This role was confirmed 

by regulating the KatA activity in a katA mutant transformed with a plasmid containing the katA gene 

under the control of an arabinose-inducible promoter (pHERDkatA). The increase of KatA activity 
(Table 1) correlated with the UVA survival (Figure 1) both in planktonic cells and biofilms. To 

evaluate if the protective role of KatA is due to its capability to absorb UVA radiation [1], in vitro 

studies employing a system of generation and detection of reactive oxygen species were performed. 

Preliminary results indicated that KatA is not acting as a shield, suggesting that its role is related to its 
function as H2O2 detoxifier.  

Table 1. Effect of arabinose concentration on KatA activity of katA pHERDkatA strain 

 

Arabinose 

concentration 

Catalase activity 

Planktonic cells 
Biofilm 

Cells Matrix 
0% 10510 406 608 
1% 250020 9510 13915 
2% 310040 20018 29823 

    

 
Figure 1. Effect of arabinose concentration on UVA survival of katA pHERDkatA strain 
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Acknowledgments Dr. D. E. Hassett is acknowledged for providing pHERDkatA. We thank P. 
Pereyra Schuth by its technical assistance. Financial support was received from CNEA. 
[1] C. S. Costa, M. Pezzoni, R. O. Fernández and R. A. Pizarro, Photochem. Photobiol. 2010, 86, 1334.  
[2] M. Pezzoni, R. A. Pizarro and C. S. Costa, J. Photochem. Photobiol. B:Biol. 2014, 131, 53. 

Planktonic cells and biofilms were 

exposed to a fluence rate of 20 

W/m
2
 and samples were removed at 

time zero and after 180 min of 

UVA exposure. Dilutions of 

bacterial biomass were plated to 

determine the survival fraction.  
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Ultraviolet radiation (UVR) may cause physical damage to DNA, proteins and lipids in zooplankton. 

We have shown that even short-duration exposure to UVR causes the rapid activation of enzymes that 
prevent widespread of detrimental effects [1]. However others enzymes not linked to oxidative stress 

defences may be affected by UVR. Chitobiase is a chitinolytic enzyme involved in exoskeleton 

degradation and recycling during ecdysis in arthropods and, its activity can be used to track the 

dynamics of arthropod populations. Previous work has shown that UVR can affect moulting in crab 
larvae [2]. In the other hand, we have demonstrated that UVR alters caspase 3 activity [1] which could 

be responsible of the effect on moulting, however in this work we explore possible negative UVR 

effects on Chitobiase. We performed lab experiments to evaluate the impact of short exposure to UVR 
in this crucial enzyme with an experimental design mimicking possible field exposure patterns. 

Biological parameters related to survival, growth and fecundity are also consider.  

Our results indicate that UVR exposure impaired Chitobiase activity and alter the exuviae release 
pattern indicating an impact in moulting process. In this study we show how the effect of UVR in a 

molecular endpoint may affect at different scale levels, causing a delay in moulting process, affecting 

the fitness of individuals that would in turn affect the population dynamics and, finally the community 

secondary production. 
 
Acknowledgments MSS, BM and EB are CONICET Researchers, LW is PhD studient. This work 
was supported by the Fondo para la Investigación Científica y Tecnológica of the Ministerio de 
Ciencia, Tecnología e Innovación Productiva of Argentina. 
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Postharvest UV-C light (254 nm) applied on fruit and vegetables can promote the synthesis and 

accumulation of antimicrobial compounds, induces changes in their cell wall, and increases the 

activity of antioxidant enzymes, as well as the synthesis of antioxidant molecules, reducing their 
deterioration rate[1-2]. Potato plants contain glycoalkaloids being α-chaconine and α-solanine the 

main. The accumulation of these glycoalkaloids can be stimulated by several factors, especially light, 

having them important antimicrobial properties [3-4]. The aim of this research was to evaluate how 

postharvest exposition to ultraviolet C (UV-C) and fluorescent light affect the accumulation of α-
chaconine and α-solanine in potato seed tubers ‘Agata’ and ‘Monalisa’. Potato seed tubers were 

subjected to UV-C (34.5 kJ m
-2

 ) with subsequent storage of half of the samples in darkness and the 

other half under fluorescent light (photon flux of 1.6 μmol.m
-2
.s

-1
) at 25° C and 88% RH during 21 

days. Control and UV-C treated tubers stored under fluorescent light as well as UV-C tubers kept in 

darkness showed an increased concentration of α-chaconine and α-solanine for both cultivars. 

 
Acknowledgments The authors are grateful to the National Council of Technological and Scientific 
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The most energetic solar radiation (the shortest wavelengths) reaching the Earth’s surface is in the UV 

range. This interval is responsible of producing measurable effects on biological systems affecting 

aquatic life and human health [1]. Different action spectra are used to quantify these effects. For 
example, McKinlay and Diffey (1987) [2] established the erythemal action spectrum, which represents 

the spectral response of human skin to sunburn. The solar radiation weighted with this spectrum is so 

called erythemal radiation (EUV, 280–400nm) and is affected by different factors such as solar zenith 

angle (SZA), clouds, aerosol optical depth (AOD) and total ozone column (TOC).  
Erythemal ultraviolet irradiance was recorded from 2000 to 2012 in Córdoba, Argentina. EUV values 

under cloudless conditions are simulated by a radiative transfer (TUV4.1) model [3]. These model 

estimations are tested against experimental measurements showing an excellent agreement (root mean 
square error around 10%). EUV radiation and TOC temporal evolutions show a negative relationship.  

The influence on EUV irradiance from clouds and SZA variability are the prevailing effects. However, 

for a given SZA and clear-sky conditions, the total ozone and AOD are the main factors. In order to 

quantify these effects, the radiation amplification factor (RAF) concept is introduced. The overall 
mean radiation amplification factor due to total ozone (O3) (RAFO3) shows that 1% decrease in total 

ozone results in an increase of 1.16±0.23% in the EUV irradiance. A similar analysis of the RAF due 

to AOD (RAFAOD) shows that on average, a 1% decrease in AOD forces an increase of 0.082±0.012% 
in the EUV irradiance. Thus, overall sensitivity of UV to ozone was estimated to be about thirteen 

times higher than to the aerosol. 

 
Acknowledgments The author thanks CONICET and SECYT (UNC) for partial finantial support and 
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Irradiation with long-term ultraviolet (UV) A induces photoaging [2].  The mechanisms responsible 
for the skin structural changes induced by long-term UVA irradiation remain unknown.  In this study, 

we targeted pg91phox and conducted analysis of the mechanism of the photoaging induced by UVA. 

Male C57BL/6j and gp91phox-knockout (gp91phox
-/-

) mice were used in this study.  The dorsal skin 
was locally exposed to UVA after covering the remaining body surface with aluminum foil at a dose 

of 110 kJ/m
2
 using a FL20SBLB-A lamp for 60 days.  We unexpectedly found that UVA-induced 

photoaging was not induced in the gp91phox
-/-

 mice.  The levels of plasma nitrogen oxide (NO2/NO3), 

tumor necrosis factor- (TNF-) and interleyukin-1 (IL-1) all increased following UVA irradiation in 

the C57BL/6j mice; however, there were no changes in the gp91phox
-/-

 mice.  Decreases in the 
expressions of collagen I and metalloproteinase-1 (MMP-1) were observed following UVA irradiation 

in the C57BL/6j mice, whereas decreased expressions were not observed in the UVA-irradiated 

gp91phox
-/-

 mice. In addition, the expression of the gp91phox on the surface of neutrophils was 
increased by UVA irradiation.  Furthermore, the neutrophils-depleted mice exhibited strongly 

inhibited UVA-induced photoaging.  These results clearly indicate that NADPH oxidase is activated 

by gp91phox, which is expressed on the surface in response to the increased expression of neutrophils 

induced by UVA irradiation, which subsequently simulates the generation of reactive oxygen species 
(ROS).  The ROS ultimately induce photoaging.  This system may play an important role in 

photoaging; however, further studies are needed to confirm these findings. 

  
[1] K. Hiramoto, H. Kobayashi, Y. Yamate and E.F. Sato, Clin. Exp. Dermatol. Res. 2013, 4, 5. 
[2] K. Hiramoto, Y. Yamate, H. Kobayashi and M. Ishii, Arch. Dermatol. Res. 2012, 304, 39.  
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This study aims to determine whether a course of low dose UVR simulating a UK’s summer sunlight 

exposures induces: epidermal thickening, melanisation, and photoprotection against inflammatory 

UVR challenge, assessed clinically as erythema and histologically by neutrophil infiltration, in light-

skinned people.  

 

Healthy volunteers (n=10; phototype II; median 47, range 30-59y), were exposed to 1.3 SED (5% 

UVB, 95% UVA), 3xweek for 6 weeks, in winter-time (53.5°N). Skin erythema and pigmentation 

were measured with a spectrometer (Konica Minolta, CM2500d). Buttock skin biopsies were taken at 

end of course from skin that was (i) protected throughout the course (ii) exposed to multiple UVR 

doses (iii) protected throughout the course and challenged with 2xMED UVB 24h prior to biopsy (iv) 

exposed to multiple UVR doses and challenged with 2xMED UVB 24h prior to biopsy. Paraffin 

sections (3µm) were assessed for epidermal thickness and immunohistochemically for neutrophils 

elastase (DAKO Clone-NP57), in a blinded fashion.   

 

The course of simulated summer sunlight produced a higher level of pigmentation, skin lightness (L*) 

reducing from mean 69.37 ±SD2.8 at study onset to 65.52 ±2.33 at study end (p<0.001). Total 

epidermal thickness did not differ between multiple UVR exposed and protected skin, 48.38 ±8.42µm 

and 48.89 ±13.77µm respectively, while stratum corneum thickness appeared higher, 29.6 ±12.12µm 

versus 24.3 ±15.88µm, respectively (p=0.27). Neutrophil count did not differ between the sites. 

Following challenge with 2xMED UVB, UVR-conditioned skin showed a difference in skin redness 

(A*) to surrounding skin of 8.45 ±4.15 versus 9.7 ±3.64 in protected skin (p=0.077). Neutrophil 

infiltration also appeared lower in UVR-conditioned skin, with mean count 7 ±6.55 versus 15 ±14.19 

in protected skin (p=0.067).  

 

We conclude that repeated low level UVR induces a measurable increase in skin pigmentation in 

phototype II individuals. However, stratum corneum thickening and protection against clinical and 

histological features of UVR-induced inflammation is minimal. 
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Keratin, melanin and lipids are damaged when they are exposed to solar radiation. In hair, it is known 
that photo degradation causes color changes and this behavior depends on the presence or the lack of 

pigmentation [1].
 
Here we applied transmission electron microscopy (TEM) and small-angle X-ray 

scattering (SAXS) to evaluate variations in the ultrastructure of gray hair before and after photo 

degradation.  
 

Samples of blended gray hair (De Meo Brothers Inc.) and three types of gray hair from different 

donors had their white and black fibers separated and were exposed to sun radiation (T = 33 °C and 
RH = 56 %), or to mercury vapor lamp (T = 29 °C and RH = 44 %). 

 

TEM results showed that the difference between untreated white hair and black hair (components of 

gray hair) is the distribution and aggregation of melanin. There is more aggregated melanin in black 
hair than in white hair. SAXS results showed that the distances between fibrils are slightly larger in 

black hair than they are in white hair, which could be attributed to the presence or absence of melanin. 

A ring in 4.5 nm could be observed in some diffractograms. This ring is described in the literature as 
an indication of lipids on the cell membrane complex, but our results showed that the ring intensity did 

not decrease after extraction of non-covalently bound lipids with ether. After photo degradation, the 

ring in 4.5 nm appeared more intense, but just in samples where it was already present before 
irradiation.  

 

Based on these results, we suggest that ring in 4.5 nm must be related to lipids covalently bounded to 

keratin by thioester linkages. This is a class of lipids resistant to solvent extraction. The increase in the 
ring intensity is probably related to an event promoting lipid organization on the hair structure, but 

further experiments would be necessary to investigate this point.  

 

[1] Nogueira, A. C. S., Richena, M., Dicelio, L. E., Joekes, I., J.Photochem. Photobiol. B: Biol., 2007, 

88, 119. 
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UVA (320-400nm) radiation is a well-established oxidizing agent that causes significant damage to 

cellular components that leads to apoptosis, photoaging and cancer by indirect DNA damage due to 

reactive oxygen species production. 
MCPIP1 (Monocyte Chemotactic Protein-1 Induced Protein) is a recently identified protein which 

downregulates the inflammatory response due to its RNase activity to mRNA IL-1β, IL-6 and negative 

regulation of NF-κB activity  upon stimulation with IL-1β and LPS. MCPIP1 is also an  important 
regulator of cell apoptosis but its role in stress response remains unknown.  

Therefore we studied if UVA induces changes of MCPIP1 level in HaCaT cells.  

Treatment of HaCaT cells with UVA (15-20 J/cm
2
) increases cell death and caspase 3/7 activity in a 

dose and time dependent way compared to unirradiated cells. We found that UVA (20J/cm
2
) is able to 

activate ZC3H12A gene in HaCaT cells within 6-9 h after the treatment and increase MCPIP protein 

level. Because  UVA induces rapid and transient phosphorylation of p38 and JNK kinases in HaCaT 

within an hour after irradiation, we used pharmaceutical inhibitors, SB203580 for p38, SP600125 for 
JNK, and U0126 for ERK1/2  to study if MAPK are involved in MCPIP1 upregulation induced by 

UVA. The inhibitors were applied 1h before UVA radiation at concentration 10M to the cells, and 
after radiation for additional 6h. Then cell were lyses and subjected to western blotting with MCPIP-1 

and -tubulin-specific antibodies. However blocking of MAPK phosphorylation by the inhibitors 
resulted  in a cell death up to 100% of the cells exposed to UVA radiation  in contrast to the dark 

controls. The underlying mechanisms of MCPIP1 photoxic action require further investigation. 
Therefore we are currently working on finding conditions under which inhibition of MAPK 

phosphorylation does not affect cell viability. Work supported by the National Science Centre Grant 

number 2012/05/B/NZ1/00004. 
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Human skin is daily exposed to solar UV rays. Among the range of UV that reach the Earth ground, 

longwave UVA (UVA1, 340-400nm) can represent up to 80% of total UV and show high penetration 

properties, reaching deep dermis. An increasing body of evidences indicates that longwave UVA1 can 

have a significant contribution in long-term clinical consequences of solar UV’s. This work aimed at 

studying in vivo the clinical pigment darkening response as well as the biological response following 

UVA1 exposure of volunteers exhibiting various constitutive pigmentations. Accordingly, in vivo 

controlled studies were conducted in populations with light or more highly pigmented skin color 

including 1) European descent volunteers with phototype II to IV and individual typologic angle, ITA, 

from 10° to 45° or 2) Indian descent volunteers with phototype IV toV and ITA from 15° to 30°. At 

different time points after a single UVA1 exposure, darkening response was followed using visual 

scoring and colorimetric measurements (L*, a*, b * parameters assessed by chromametry). In addition, 

6h post UVA1 exposure, punch biopsies were performed to study gene expression levels using 

quantitative PCR. The expression of genes related to different functional families such as oxidative 

stress response and inflammation was analyzed. Visual scoring revealed an increased pigmentation in 

both populations following UVA1 exposure together with a decrease in corresponding chromametric 

measurements such as luminance (L*) or the yellow component (b*). Results also showed that 6h post 

UVA1 exposure, the expression of genes related to oxidative stress response or to inflammation was 

modulated. Altogether, these data revealed that, in different skin color phenotypes, the clinical 

darkening of the skin observed after UVA1 exposure is associated with a biological impact at the 

molecular level. 
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Ozone depletion in the earth’s stratosphere has led to an increase in solar ultraviolet-B (UV-B) 

radiation (280-315 nm) on the earth’s surface during last three decades. The impacts of the enhanced 

UV on plants and ecosystems have been a major concern. The majority of plants tested to date have 
been annual agricultural crops. Relatively few studies have been conducted on tree species accounting 

for more than 80% of the global net primary production. As such, we investigated how diverse 

broadleaf trees interact with UV-B radiation and their tolerance characteristics in the southern USA. 

We measured leaf optical properties, depth of UV-B penetration into leaves, concentration of UV-B 
absorbing compounds, and leaf anatomy and morphology and established a large database for more 

than 30 tree species. The results indicate that on a whole leaf basis, the tree leaves absorb 91-95%, 

reflect 5-9%, and transmit very little (<1%) incident UV-B radiation. At the tissue level, the upper leaf 
epidermis absorbs the most UV-B radiation. We have identified 23 broadleaf tree species that possess 

a strong epidermal UV-B screening function. The leaves of these species are able to attenuate 92-99% 

of the UV-B through their upper epidermal layers. In addition, all the species studied exhibit 
cumulative increases in leaf thickness, UV-B absorbing compound concentration, and chlorophyll 

content during the growing season as solar UV-B radiation increases from April to August. However, 

large inter-specific variations exist in the UV-B absorbing compound concentration, epidermal 

thickness, leaf morphology and anatomy, and depth of UV-B penetration, indicating the individualistic 
nature of the tree species.  

 

Acknowledgments: This research was supported by the USDA/NIFA/CBGP grant No. 2010-38821-
21608 and 98-38814-6386 to YQ, and by Southern University Agricultural Research and Extension 

Center, Baton Rouge, LA, USA. 
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Arabidopsis plants treated with ultraviolet B (UV-B) show increased expression of senescence-related 
genes [1]. On the other hand, high doses of UV-B are used in post-harvest technology to slow down 

yellowing, the most aparent symptom of senescence [2]. To adress this discrepancy, we examined the 

effect of UV-B on detached Arabidopsis thaliana leaves. We used different light conditions after 
treatment: either constant darkness or constant white light.  

 

When detached Arabidopsis leaves were kept in darkness without any treatment, they showed 

symptoms of darkening-induced senescence, including: yellowing resulting from the degradation of 
photosynthetic pigments, a decrease in Photosystem II maximal quantum yield (Fv/Fm), a dramatic 

decrease in the expression of photosynthesis-related genes and an increase in the expression of 

senescence-associated genes. In UV-treated leaves, the senescence-associated changes were much 
slower: the leaves were still green 4 days after darkening, the decrease in Fv/Fm was lower and only 

small changes in the expression level of photosynthesis-related genes could be observed.  

 
Leaves transferred to continous white light (100 μmol·m

2
·s

-1
) after detachment for up to 4 days did not 

show changes in the level of photosynthetic pigments, Fv/Fm or the expression of photosynthesis-

related genes. They accumulated anthocyanins. In contrast, UV-B treated leaves were yellowing in 

constant light. Their Fv/Fm was decreasing and the expression level of photosynthesis-related genes 
was lower than in control, whereas the expression of senescence-associated genes was induced. Only 

small increase in anthocyanin level could be observed. 

 
Concluding, UV-B had opposing effect on leaves' senescence, depending on the light conditions after 

treatment. Whereas UV-B irradiation delayed darkening-induced leaf senescence, in light exposed 

leaves it triggered senescence.  

 
Acknowledgments The study was supported by Polish National Science Centre, a grant no. UMO-
2011/03/D/NZ3/00210. 
 
[1] C.F. John et al., J Exp Bot, 2001, 52, 1367.  
[2] S. Aiamla-or et al., Food Chemistry, 2010, 120, 645. 
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In order to achieve favorable conditions for photosynthesis, many plants have mechanisms to orient 
photosynthetic organs towards the light. These phototropic processes are usually considered to be 
mainly depending on the blue/ultraviolet (UV)-A photoreceptors phototropins (phot).   
We found that UV-B also can induce a phototropin mediated phototropic response in etiolated 
Arabidopsis seedlings [1]. This bending response is fast and completes within three hours after onset 
of unilateral light exposure. However, in plants defective in both phototropins, bending towards UV-B 
light persisted (Figure 1, [2]).  

Figure 1. Phototropin deficient Arabidopsis mutants bend towards a UV-B light source. 2 day old etiolated Wild 

type Col and phot1-5 phot2-1 (phot1 phot2) mutant seedlings were exposed to 24h unilateral monochromatic 

light of 302 nm (UV-B, 0.12 µmol.m-2.s-1) or 450 nm (0.12 µmol.m-2.s-1). A) Photographs taken with the focal 
plane parallel to the incoming UV-B light. B) Quantification of the bending angle. 

 
The latter response is slower than the phototropin dependent response, starts at three hours and yields 
orientation towards the light at seven hours after the onset of unilateral illumination. Characterization 
of lines carrying artificial microRNAs against the specific UV-B photoreceptor UV RESISTANCE 
LOCUS 8 (UVR8), showed that UVR8 is necessary for the slower response [1]. Furthermore, reporter 
line and mutant analysis revealed involvement of the transcription factor ELONGATED 
HYPOCOTYL 5 (HY5). In addition, meta-analysis of transcriptomic data and mutant phenotyping 
indicated a role for the auxin transport or signaling downstream of the UVR8 receptor. 
We conclude that unilateral UV-B exposure can induce bending towards the light by both the 
phototropin or the UVR8 dependent pathways. 

 
[1] F. Vandenbussche, K.Tilbrook, A.C. Fierro, K. Marchal, D. Poelman, D. Van Der Straeten, R; Ulm, Mol. Plant. 2014 

7:1041 

[2] W.R. Eisinger, R.A. Bogomolni, L. Taiz, Am. J. Bot., 2003, 90, 1560  
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The limitations of plant indoor photobiology experimental designs including low level irradiance and 
unrealistic spectral properties restrict the understanding of photoreceptor signaling network and 

radiation sensing mechanisms in sunlight. Photoreceptor studies have been only occasionally done 

under solar ultraviolet (UV) radiation. Most plant responses mediated by cryptochromes and 
phototropins, both as UV-A/blue light photoreceptors, have been mainly studied in indoor UV 

experiments. Recently, it was shown by Morales et al. that UVR8, a UV-B plant photoreceptor, plays 

key roles in the acclimation of plants to solar UV radiation. Furthermore, plant responses to solar UV 

may be driven by complex interactions between plant photoreceptors. Here, a new experiment was 
designed to understand how cryptochromes and phototropins, in addition to UVR8, might be involved 

in epidermal phenolic accumulation in responses to solar UV-A and UV-B. It has been shown in 

controlled-environment experiments that UVR8 mainly participates in epidermal phenolic 
accumulation in response to UV-B while cryptochromes are involved in UV-A responses but 

phototropins only play minor role. The participation of UVR8 in this response has been confirmed in 

sunlight, however, that of cryptochromes and phototropins remains to be studied outdoors. 
Seedlings of Arabidopsis mutants cry1-1 cry2-1, phot1-5 phot2-1, uvr8-2 and their respective wild 

types were grown in greenhouse for 4 weeks and then transferred outdoors under three types of plastic 

film that selectively exclude or transmit different bands of the UV spectrum – Rosco 226 (exclusion of 

UV-A and UV-B), polyester (exclusion of UV-B) and polythene (near-ambient UV). The levels of 
phenolics in the leaf epidermis were assessed with Dualex FLAV 3.3 after one week of solar UV 

exposure. We hypothesized that solar UV-A perceived through cryptochromes / phototropins plays 

important roles in UVR8 behavior under solar UV radiation. 
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The scarcity of ultraviolet solar radiation (UVR) at higher latitudes and the abundance in the tropics 

and low latitudesare of concern: the former for the lack of vitamin D production and the latterfor 

implications over skin and eye diseases. Recent studies show significant UVR attenuation at high 
latitudes in Europe, mainly during the springtimeand for more polluted environments during this 

century [1-2].These scenarios may contribute to a relevant increase in the exposure time necessary for 

the synthesis of vitamin D. The reduction of UVR fluxes in Europe is caused mainly by the recovery 

of the ozone layer and partially compensated by a decrease in aerosol concentration over this century. 
On the other hand, estimates for the tropical South America show minimal UVR variations until the 

end of century. However, the impacts of climate change at higher latitudes in South America are not 

well known.  
In this work, we evaluate four RCP (Representative Concentration Pathways) scenarios proposed by 

the IPCC [3] fortotal ozone content (TOC) and aerosol opticaldepth (AOD) over South America. UVR 

estimates were calculated using radiative transfer models based on TOC and AOD datasets provided 
by five climate models. Thus, we propose not only a statistical analysis on the influence of 

atmospheric parameters, but also an evaluation of different climate model concepts.  
 

Acknowledgments We thank the FAPEMIG (The Minas GeraisResearch Foundation) and CAPES 
(Coordination for the Improvement of Higher Education Personnel) 

 
[1] M. P. Corrêa, S. Godin-Beekmann, M.Haeffelin, et al., Photochem. Photobiol. Sci., 2013, 12, 
1053. 
[2] A. F. Bais, K. Tourpali, A. Kazantzidis, et al., Atmos. Chem. Phys. 2011, 11, 7533. 
[3] D.P. van Vuuren, J. Edmonds, M. Kainuma, et al., Climatic Change, 2011, 109, 5. 
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ABSTRACT 

The Fe and Co catalysts were synthesized using the method of Gryko
[1]

. Photocatalytic hydrogen 

production in the presence of the abovementioned compounds and electron donors such as 

triethylamine (TEA) and p-terphenyl (TP) have shown excellent activity in the production of hydrogen 

and high catalytic ability. This was achieved by reducing catalysts by UV-irradiation: in some cases 

these processes are M
III
P→M

II
P and in others M

II
P→M

I
P, as shown in the UV-Vis spectra shown in 

figure 1. Reaction with water produces 7.61x10
-4

mol of H2 starting 

from 5.56 x10
-3

mol of added water (figure 2, 27% yield, orange-line), 

TON=96; TOF=2.25min
-1

. The other catalyst produces less hydrogen 

(green-line), 5.75x10
-4

mol of H2, TON=95 and TOF=2.38min
-1
. 

Photoreduction is efficient for M
III
P→M

II
P, and probably occurs by 

intramolecular electron transfer from an axially coordinated TEA. 

Catalytic performances are significantly incremented by the addition of 

(TP) as a sensitizer. The TP is photoreduced very effectively by TEA to 

form the radical anion, TP
•-
, which has a reduction potential negative 

enough to reduce Co
II
P and Fe

III
P and quickly achieve Co

I
P and Fe

II
P 

status. In the presence of TP, TON=99 and the TOF=1.24 min
-1

 (figure 

3) being both of them higher than in the presence of TEA alone 

(TON=55 and TOF=0.39min
-1

). 

Considering these results, metalloporphyrins and metallocorrols can be 

considered good photocatalysts for the reduction of water. Derivatives 

to be used in future experiments, with more intense bands in the visible 

region, should be able to produce H2 with sunlight and higher TONs.  

 

BIBLIOGRAPHY 

 

[1] Gryko,D et al; J.Org.Chem.; 2006,71,3707 

 

 

  

Figure-2. H2-production by using 

metallocorrols catalyst  

 

Figure-1. UV-V is spectrum of 

CoTPP, reduced by photolysis 
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The ability of Acinetobacter baumannii to form biofilms could be central to its pathogenicity given 

that it contributes to its persistence and dissemination in the nosocomial setting, in addition to the 
bacterial resistance to antimicrobial compounds. We recently demonstrated that biofilm formation is 

modulated by light at 24ºC in this microorganism (Mussi et al., 2010), an aspect that could represent a 

key strategy in the control of the organism. Specifically, light results in inhibition of biofilm formation 
while it is highly stimulated in the dark. This bacterial response depends on the expression of the blue-

light-sensing A (blsA) gene, which codes for a photoreceptor protein that contains an N-terminal blue-

light-sensing-using flavin (BLUF) domain.  
In this work, we assayed different nucleotidic compounds on their ability to modulate biofilm 

formation, as some of them have been reported to modulate this trait in other organisms. Our results 

show that the addition of c-di-GMP inhibits biofilm formation in A. baumannii. Besides, when c-di-

GMP was added to the ∆ Bes mutant, which does not produce the photoreceptor and is therefore 
insensitive to light forming biofilms both under light or in the dark, biofilm formation was 

significantly attenuated under both conditions. Therefore, the addition of c-di-GMP resembles the 

illuminated condition, suggesting that, in analogy with other organisms, light could stimulate the 
production of this second messanger leading to the observed phenotype under illumination.  

To test the specificity of c-di-GMP as a biofilm blocker and to rule out the possibility that the effects 

on biofilms we observed were merely due to the presence of extracellular nucleotides in general or to 

that of cyclic mononucleotide (guanosine) analogs in particular, we performed similar experiments 
using GMP, cGMP and 8-Br-GMP (cGMP analog).Our results show that the effect was specific to c-

di-GMP, as we did not find any effect with the other nucleotides.  

Briefly, A. baumannii can respond to the presence of extracellular c-di-GMP, resulting in the 

inhibition of biofilm formation. Whether this molecule is involved in the last steps of the light signal 

transduction is a possibility suggested by our results, but which yet needs further studies for 

confirmation.  

 
 
M.A. Mussi, J.A. Gaddy, M. Cabruja, B.A. Arivett, A.M. Viale, R. Rasia, and L.A. Actis (2010). The 

opportunistic human pathogen Acinetobacter baumannii senses and responds to light. J. Bacteriol. 192 

(24): 6336-45. 
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SUNDAY 7
th

 

 
 

17:30 - 18:00 Plenary Session (Sala de las Américas) 

Welcome, Henry Lim (President IUPB) - Silvia Braslavsky (Chairwoman of Organizing Committee 

16th ICP 2014) 

 

18:00 - 18:30  Plenary Session (Sala de las Américas) 

Special Lecture: Phil Hanawalt (Stanford, USA) - "The Photobiological origins of DNA repair pathways and repair 

deficient diseases” 

Chair: Rex Tyrrell 

 

18:30 - 19:15  Plenary Session (Sala de las Américas) 
Finsen Medal Award Lecture: Masamitsu Wada (Kyushu University, Japan) - Chloroplast movement, what is this? 

Chair: Roberto Bassi 

 

19:15 - 21:30 Welcome Reception (Foyer Pabellón Argentina) 

 

 

MONDAY 8
th

 

 
8:00 - 8:30 Plenary Session (Sala de las Américas) 

Opening Ceremony 

 

8:30 - 10:40 Parallel Sessions: Symposia  

 

Regulation in Photosynthesis (Sala de las Américas) 

Chairs: Diana Kirilovsky and Roberto Bassi 

 Diana Kirilovsky (CEA-Institute of Biology and Technology, Saclay, France): “The cyanobacterial photoactive orange 

carotenoid protein is an excellent singlet oxygen quencher in addition to be an energy quencher” (25 min) 

 Roberto Bassi (University of Verona, Italy): “Photoprotection of the chloroplast is provided by both photoreceptor-

dependent and –independent mechanisms” (25 min) 

 Eva-Mari Aro (University of Turku, Finland): “Interplay between photodamage of Photosystem II and Photosystem I” (25 

min)  

 Toshiharu Shikanai (Kyoto University, Japan): “Regulation of photosynthesis by PSI cyclic electron transport” (25 min)  

 Alberta Pinnola (University of Verona, Italy): “The triggers of excess energy dissipation, PSBS and LHCSR proteins, are 
localized in distinct thylakoid protein domains in Physcomitrella patens” (15 min)  

 Alonso Acuña (Free University, Amsterdam, The Netherlands): “Modelling PAM signals of non-photochemical quenching 

in cyanobacteria” (15 min) 

 

PDT of microorganisms (Salón de actos, Pabellón Argentina) 

Chair: Edgardo Durantini 

 Edgardo Durantini (National University Rio Cuarto, Argentina): “Photodynamic inactivation of microorganisms mediated 

by fullerene C60 derivatives” (20 min) 

 Zivile Luksiene (Vilnius University, Lithuania): “Towards prevention of infectious foodborne diseases: photosensitization 

for decontamination of fruits and vegetables” (20 min) 

 Dai Thianhong (presented by Michael A. Hambling) (Harvard Medical School, USA): “ Antimicrobial blue light against 
infecting microbes (20 min) 

 Threes Smijs (Erasmus Medical Centre, The Netherlands): “Photodynamic fungicidal efficacy of novel, multifunctional 

photosensitizers within single treatment in an ex vivo onychomycosis model” (15 min) 

 Debora Aureliano (CLA/IPEN/CNEN - University of São Paulo, Brazil): “Antiparasitic activity of the photodynamic 

therapy in Leishmania amazonensis promastigotes” (15 min) 

 Jazmín Silvero (National University of Córdoba, Argentina): “Oxidatives stress on Staphylococcus aureus ATCC 29213 

and extended-spectrum beta-lactamases-producing (ESBL) Escherichia coli by AuNPs irradiated with green LED” (15 min)  
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Non-visual Opsins (Salón Rojo) 

Chair: Ana Maria Castrucci  

 Maristela Poletini (Federal University of Minas Gerais, Brazil): “Melanospsins – the circadian photopigment in non-

mammalian vertebrate cells” (25 min) 

 Pablo Barrionuevo (University of Illinois at Chicago, USA): “Afferent Circuitries of Intrinsically Photosensitive Ganglion 

Cells Inferred from Human Pupillary Responses” (25 min) 

 María Nathalia Moraes (University of São Paulo, Brazil): “Melanopsin signalling pathways triggered by light in Xenopus 
Laevis melanophores” (15 min) 

 Nicolás M. Díaz (National University of Córdoba, Argentina): “Non-visual photochemistry in the non-mammalian inner 

retina” (15 min) 

 

Spectroscopic Methods for Identification of (Chromo) Proteins (Salón Azul – Escuela de Graduados Facultad de 

Medicina)  

Chairs: M. Andrea Mroginski and Hideki Kandori 

 Hideki Kandori (Nagoya Institute of Technology, Japan): “Light-induced difference FTIR spectroscopy of rhodopsins and 

flavoproteins” (25 min) 

 Marcus Elstner (Karlsruhe Institute for Technology, Germany): “Classical force field and QM/MM simulations of retinal 

proteins” (25 min) 

 Yasuhisa Mizutani (Osaka University, Japan): “Time-resolved resonance Raman spectroscopy on retinal proteins” (25 min) 

 Andrea Mroginski (Technical University, Berlin, Germany): “Elucidation of structural properties of the chromophore site in 

phytochromes: a spectroscopical and theoretical approach” (25 min) 

 Chavdar Slavov (Goethe University, Frankfurt, Germany): “Ultrafast photoconversion kinetics of a bilin-binding 

cyanobacteriochrome GAF domain from Synechocystis PCC6803” (15 min) 

 Oskar Berntsson (University of Gothenburg, Sweden): “Signal Amplification and transduction in phytochrome 

photosensors” (15 min) 

 

Channel Rhodopsins and Optogenetics (Sala 2 – Escuela de Graduados Facultad de Medicina) 

Chair: Peter Hegemann 

 Peter Hegemann (Humboldt University, Berlin): “New insights into algal rhodopsins” (25 min) 

 Ryuichiro Ishitani (The University of Tokyo, Japan): “Crystal structure of the channelrhodopsin light-gated cation channel” 

(25 min) 

 Ofer Yizhar (Weizmann Institution, Israel): “Engineered channelrhodopsins in neural circuits” (25 min) 

 Silvana Konermann (MIT, USA): “Optical control of endogenous mammalian transcription and epigenetic states” (25 min) 

 Shota Ito (Nagoya Institute of Technology, Japan) “Role of water molecules in channel rhodopsins” (15 min) 

 Tadeusz Andruniów (Wroclaw University of Technology, Japan): “ Photoisomerization reaction in rhodopsin retinal 

analogues” (15 min) 

 

Photoprotection (Sala 3 – Escuela de Graduados Facultad de Medicina), Sponsored by L’Oreal 

Chairs: Henry Lim and Françoise Bernerd  

 Gary Halliday (University of Sydney, Australia): “Photoimmunology:  wavelengths and mechanisms” (20 min) 

 Françoise Bernerd (L’Oreal Research and Innovation, France): “New insights into the biological effects of longwaves 

UVA1 using human reconstructed skin model” (15 min) 

 Henry W. Lim (Henry Ford Hospital, Detroit, USA): Photoprotection, skin types and vitamin D” (15 min) 

 Lesley Rhodes (University of Manchester, UK): “New developments in systemic photoprotection” (20 min) 

 Sergio Schalka (University of Santo Amato, São Paulo, Brazil) : “Photoprotection in Brazil” (20 min) 

 Elisabeth Thieden (Copenhagen University Hospital, Denmark): “Adults stick to their sun exposure habits – Teenagers 

lower their risk when adults” (10 min) 

 Marta C. Valbuena Mesa (National Institute of Dermatology, Colombia): “Photopatch test reactions to Sunscreens” (10 

min) 

 Tassiele A. Heinrich (Federal University of Parana, Brazil) : “N-acetylcysteine antioxidant effects on B16-F10 cells under 

melanogenesis stimulation” (10 min) 

 10 min Discussion of poster presentations  
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10:40 - 11:30 Coffee-break 

 

11:30 - 12:15  Plenary Session (Sala de las Américas) 

Plenary Lecture: Karl Deisseroth (Stanford, USA) - "Optogenetics" 

Chair: Peter Hegemann 

 

12:15-12:45 Parallel Sessions  

Keynote Lecture (Sala de las Américas) 

Frank Vollmer (Max Planck Institute for the Science of Light, Erlangen, Germany) - “Photobiology with single molecules 
using optical microresonators” 

Chair: Pedro Aramendía 

 

Keynote Lecture (Salón de actos, Pabellón Argentina) 
Carlos Ballaré (IFEVA - CONICET, University of Buenos Aires, Argentina) - “Light regulation of plant immunity”  

Chair: Rubén Bottini 

 

Keynote Lecture (Salón Rojo) 
Mario Guido (National University Córdoba, Argentina) - "Non-visual photoreceptors in the inner retina   

 of chicken” 

Chair: Yoshitaka Fukada 

 

12:45 - 15:00 Poster Session / Commercial Exhibition / Lunch (Foyer Pabellón Argentina) 

 

15:00 - 17:10 Parallel Sessions: Symposia 

 

Antennas and their Diversity (Sala de las Américas) 

Chair: Richard Cogdell 

 Darius Niedzwiedzki (Washington University in St. Louis, USA): “Elucidation of the Molecular Mechanism of 

photoactivation and structural location of the Cyanobacterial Orange Carotenoid Protein” (25 min) 

 Richard Cogdell (University of Glasgow, Scotland, UK): “Unravelling the structure/function relations of the puc gene 

family in Rhodopsuedomonas palustris that encode the LH2 apoproteins: a genetic dissection strategy” (25 min) 

 Jürgen Köhler (University of Bayreuth, Germany): “Antenna complexes in the light of single molecule spectroscopy” (25 

min) 

 Marta Bunster (University of Concepción, Chile): “What we know about the phycobilisome from Gracilaria Chilensis” (25 

min) 

 Lisa Maria Wohlrab (University of Bayreuth, Germany): “Polarization-resolved fluorescence-excitation spectroscopy on 

individual chlorosomes of Chlorobaculum tepidum” (15 min) 

 Igor Stadnichuk (A.N. Bach Institute of Biochemistry RAS, Russia): “Photoprotection of phycobilisomes against highly 

excess light and the quantum-chemical mechanism of the effect” (15 min) 

 

Cosmetic Sunscreens and Medical Devices: Photoprotection (Salón de actos,  Pabellón Argentina) 

Chairs: Bernd Herzog and Federico Svarc 

 Federico Svarc (fabriQUIMICA S.R.L., Argentina): “A brief illustrated history on sunscreens and sun protection" (25 min) 

 Silvia H. Pérez Damonte (Buenos Aires, Argentina): “In vivo techniques for sunscreen products” (25 min) 

 Bernd Herzog (BASF, Germany): "Photostability of UV absorbers and simulation of sunscreen performance" (25 min) 

 Santi Nonell (University Ramon Llull, IQS, Barcelona, Spain): "Progressive sunscreens" (25 min) 

 Adersh Asok (Indian Institute of Technology, Bombay, India): “Defect-rich ZnO quantum dots as a potential 

multifunctional sunscreen and cosmetic active ingredient” (15 min) 

 

Photomovements and their Photoreceptors (Salón Rojo) 

Chair: Silvia Braslavsky 

In Memoriam: Masakatsu Watanabe (deceased March 13th, 2014) 

 Kenji Iwasaki (Osaka University, Japan): “Structural insights into Euglena’s photosending organelle PFB by modern EM 
imaging techniques” (25 min) 



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

627 
 

 Ken-ichi Wakabayashi (Tokyo Institute of Technology, Japan): “Sign-control of Chlamydomonas phototaxis by redox 

poise” (25 min) 

 Ranieri Bizarri (CNR Nanosciences Institute, Pisa, Italy): “Functional high-resolution imaging of photoreceptors and cell 

membrane order” (25 min) 

 Peter Hegemann (Humboldt University, Berlin): “The phototaxis photoreceptor of Euglena gracilis” (25 min) 

 

Aquatic Photobiology and Biodiversity (Salón Azul – Escuela de Graduados Facultad de Medicina) 

Chairs: Patricia Pérez and María Vernet  

 María Vernet (University of California San Diego, USA): “Photoinhibition of cellular pigments by ultraviolet radiatiom in 

Antarctic sea ice communities” (20 min) 

 Marcelo P. Hernando (National Atomic Energy Commission, Argentina): “Physiological responses and toxin  production of  

M. aureaginosa in short term exposure to solar UV radiation” (15 min) 

 Joseph Nana Annan (University of Education, Winneba, Ghana): “Physiological, spectroscopic and biochemical analysis of 

solar visible and UV radiation effects on the cyanobacterium  Microcoleus chthonoplastes” (15 min) 

 Marina Gerea (National University of Comahue, Argentina): “Field evidence of coupling between underwater light spectra 

and nano and microphytoplankton  community structure in two shallow lakes” (15 min) 

 A. Patricia Pérez (National University of Comahue, Argentina): “Photobiology strategies in freshwater zooplankton, 

Boeckella genus  as a study case” (15 min) 

 Cristina Sobrino (University of Vigo, Spain): “Interactive effects of elevated CO2 and ultraviolet radiation on planktonic 
communities” (25 min) 

 Susana Agusti (University of Western Australia and CSIC-UIB, Spain): “Complex effects of solar radiation on the 

metabolic balance of the ocean” (25 min) 

 

Photoreceptors and Responses to Light in Bacteria”: b (Sala 2 – Escuela de Graduados Facultad de Medicina) 

Chairs: Wolfgang Gärtner and Gastón Paris 

 Wolfgang Gärtner (Max Planck Institute for Chemical Energy Conversion, Mülheim/Ruhr, Germany): “The Dual Function 

of Microbial Photoreceptors –Regulation of Microbial Lifestyle and Toolbox for Biotechnological Applications” (20 min) 

 Gastón Paris (Leloir Institute Foundation, Argentina): “Biological function of LOV histidine kinase in Rhizobiales” (20 

min) 

 Romina Sellaro (IFEVA, University of Buenos Aires, Argentina): “LOV-domain photoreceptor attenuates virulence of 
Pseudomonas syringae in light-exposed leaves” (25 min) 

 Clark Lagarias (University of California Davis, USA): “Color vision in oxygenic photosynthetic species” (25 min) 

 Delmar Larsen (University of California Davis, USA): “Resolving novel ultrafast and infraslow light-induced dynamics of 

phytochrome & cyanobacteriochrome photosensory proteins” (25 min) 

 Marianne Jaubert (University Pierre and Marie Curie, France): “A phytochrome red/far red light photoreceptor in marine 

diatoms” (15 min) 

 

Photoimmunology and Photocarcinogenesis (Sala 3 – Escuela de Graduados Facultad de Medicina) 

Chairs: Vivienne Reeve and Daniel González Maglio 

 Daniel González Maglio (College of Pharmacy and Biochemistry, University of Buenos Aires, Argentina): “Experimental 

approach to the effects of sun exposure on the immune system, comparing daily casual exposures versus a harmful one” (25 
min) 

 Peter Wolf (Medical University of Graz, Austria): “Mechanisms of photo(chemo) therapy in photo-responsive inflammatory 

and neoplastic disorders” (25 min) 

 Prue Hart (University of Western Australia, Australia): “Mechanisms supporting UVB irradiation of patients with early 

multiple sclerosis” (25 min) 

 Graeme Walker (Queensland Institute of Medical Research, Brisbane, Australia): “UVR carcinogenesis in melanoma” (25 

min) 

 Katie Dixon (The University of Sydney, Australia): “Novel molecular targets for vitamin D in melanoma prevention, 

growth and metastasis” (25 min) 

 

17:10 - 17:45 Coffee-break 
 

17:45 - 18:30  Plenary Session (Sala de las Américas) 

Plenary Lecture: Thomas Schwartz (University Kiel, Germany) - "Photoinmunology"   
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Chair: Gary Halliday 

 

18:30 - 20:00  Plenary Session (Salón de actos, Pabellón Argentina) 

Research in Germany  

 

 

TUESDAY 9
th

 

 

 

8:30 - 10:40 Parallel Sessions: Symposia 

 

Light Reactions in Photosynthesis (Sala de las Américas) 

Chairs: Alfred R. Holzwarth and Victor S. Batista 

 Alfred Holzwarth (Max Planck Institute for Chemical Energy Conversion, Mülheim/Ruhr, Germany): “Light-Harvesting, 

antenna quenching, and ultrafast charge separation in reaction centers. A unified view” (25 min) 

 Victor S. Batista (Yale University, USA): “Studies of PCET in natural and artificial photosynthesis” (25 min) 

 Holger Dau (Free University, Berlin, Germany): “Spatiotemporal orchestration of photosynthetic water oxidation by 

coupling of electron and proton transfer at various time and length scales” (25 min) 

 Roberta Croce (Free University, Amsterdam, The Netherlands): “Light harvesting in the green alga Chlamydomonas 

reinhardtii – between adaptation and acclimation” (25 min) 

 Petra Edlund (Gothenburg University, Sweden): “Coherent electronic dynamics in RC from photosynthetic bacterium 

Rhodobacter sphaeroides” (15 min) 

 Pablo Nahuel Domínguez (Ludwig Maximilian University, Munich, Germany): “Electron transfer in the primary reaction 

centres – Overexposure changes reaction dynamics” (15 min) 
 

Photo(chemo)therapy and Photopheresis (Salón de actos,  Pabellón Argentina) 

Chairs: Herbert Hönigsmann and Giovanni Leone 

 Peter Wolf (Medical University of Graz, Austria): “311 nm-UVB phototherapy today” (25 min) 

 Ljubomir B. Novakoviç (St. John’s Institute of Dermatology, London, UK): “PUVA versus narrowband UVB phototherapy 

in vitiligo and psoriasis” (15 min) 

 Piergiacomo Calzavara Pinton (University of Brescia, Italy): “UVA1: Optimal Use” (22 min) 

 Giovanni Leone (San Gallicano Dermatologic Institute, Rome, Italy): “Phototherapy with Lasers” (22 min) 

 Robert Knobler (Medical University of Viena, Austria): “Extracorporeal Photopheresis 2014” (22 min) 

 Rolf Marcus Szeimies (Academic Teaching Hospital, Ruhr-University Bochum, Germany): “Photodynamic therapy – 

today” (22 min) 
 

Microbial Rhodopsins:  Structure and Function (Salón Rojo) 

Chair: John Spudich 

 John Spudich (University of Texas, Houston, USA): “Microbial rhodopsins: diverse functions from a single protein 

scaffold” (25 min)  

 Oleg Sineshchekov (University of Texas, Houston, USA): “The two distinct functions of Channelrhodopsins in algae” (25 

min) 

 Hartman Luecke (University of California Irvine, USA): “Cross-protomer interaction with the photoactive site in oligomeric 

proteorhodopsin complexes” (25 min) 

 Leonid Brown (University of Guelph, Canada): “Biospectroscopic insights into the unique cyanobacterial photoreceptor” 

(25 min) 

 Meike Luck (Humboldt University, Berlin): “Histidine kinase rhodopsins in microalgae” (15 min) 

 Yoshikata Kato (Nagoya Institute of Technology, Japan): “Spectroscopic study of light-driven sodium ion pump” (15 min) 

 

Fluorescent Probes in Biological Systems (Sala 2 – Escuela de Graduados Facultad de Medicina) 

Chairs: Thomas Jovin and Gonzalo Cosa 

 Gonzalo Cosa (Mc Gill University, Montreal, Canada): “Fluorogenic antioxidants, visualizing peroxyl radicals from 

ensemble to single molecule” (25 min) 
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 Thomas Jovin (Max Planck Institute for Biophysical Chemistry, Göttingen, Germany): “Photoswitchable quantum dot 

probes” (25 min) 

 Johan Hofkens (Catholic University Leuven, Belgium): “Towards the rational design of fluorescent proteins tailored for 

super-resolution imaging” (25 min) 

 Fernando Stefani (CIBION-CONICET and University of Buenos Aires, Argentina): “Controlled reduction of 

photobleaching in DNA origami-gold nanoparticle hybrids” (25 min) 

 Thomas Gensch (Cellular Biophysics, Forschungszentrum Jülich, Germany): ”Non-invasive investigation of ion 

concentrations in living tissue and cells” (15 min) 

 Cristina Flors (Madrid Institute for Advanced Studies in Nanoscience, Spain): “Improving Fluorescence labelling in 

superresolution microscopy with correlative imaging” (15 min) 

 

Natural Sunscreen Compounds (Salón Azul – Escuela de Graduados Facultad de Medicina) 

Chairs: M. Sandra Churio and Diego Sampedro 

 Sandra Churio (National University Mar del Plata, Argentina): “Molecular basis of the UV-photoprotective potential of 

mycosporine-like amino acids (MAAS) and related compounds” (25 min) 

 Diego Sampedro (University of La Rioja, Logroño, Spain): “Learning from Nature: unveiling the mechanisms of 

photoprotection” (25 min) 

 Ferrán García-Pichel (Arizona State University, USA): “A record of the planetary history of environmental UV exposure in 

the biosynthetic genes of microbial suncreens” (25 min) 

 Nelso P. Navarro (University of Magallanes, Punta Arenas, Chile): “Sunscreens in red algae from Patagonia” (25 min) 

 Carolina Gambetta (National University Rio Cuarto, Argentina): “Photochemical properties of evernyl, a naturally 

occurring compound used in sunscreen and perfume formulations” (15 min) 

 Miguel Puertas-Mejía (University of Antioquía, Colombia): “Natural UV absorbers of Cavendishia SP extracts from 

Antioquía, Colombia” (15 min) 

 

Photosensitivity and DNA repair defects (Sala 3 – Escuela de Graduados Facultad de Medicina) 

Chairs: Graciela Spivak and Carlos F. Menck 

 Graciela Spivak (Stanford University, USA): “Cancer-resistant cockayne and UV-sensitive syndromes” (25 min) 

 Carlos F. Menck (University of São Paulo, Brazil): “Dissecting mutations that lead to Xeroderma Pigmentosum in a tropical 

and sunny Country” (25 min) 

 Alain Sarasin (University Paris Sud, France): “Targeted gene correction in DNA repair-deficient Xeroderma pigmentosum 

skin cells” (25 min) 

 Ambra Giglia-Mari (CNRS, Toulouse, France): “Tricotiodistrofi A (Ttda): size does not matter!” (25 min) 

 Toshio Mori (Nara Medical University, Japan): “Quantitative and in situ detection of oxidatively generated DNA damage 

8,5’-cyclo-2’-deoxyadenosine using an immunoassay with a novel monoclonal antibody” (15 min) 

 Pascal Plaza (École Normal Superieur, Paris, France): “Photoactivation and two-photon photorepair of the (6-4) DNA 

photolyase” (15 min) 

 

10:40 - 11:30 Coffee-break 

 

11:30 - 12:30 Parallel Sessions  

 

Keynote Lectures (Sala de las Américas) 

11:30 – 12:00 Anderson Garbuglio de Oliveira (Federal University of São Paulo, São José dos Campos,   

 Brazil) - “Fungal Bioluminescence” 

Chair: Gabriela Lagorio 

 

12:00 – 12:30 Alberto Kornblihtt (IFIBYNE-CONICET, FCEN, University of Buenos Aires, Argentina) - “A chloroplast 

retrograde signal regulates nuclear alternative splicing” 

Chair: Diana Kirilovsky 

 

Keynote Lectures (Salón de actos,  Pabellón Argentina) 

11:30 – 12:00 Rosalie Crouch (Medical University of South Carolina, USA) - "Lipofuscin, Retinoids,   
 and the Aging Retina" 

Chair: John Spudich 
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12:00 – 12:30 Hideki Kandori (Nagoya Institute of Technology, Japan) - "Molecular mechanism of   

 Spectral Tunning in Vision" 

Chair: Marcus Elstner 

 

Keynote Lectures (Salón Rojo) 

11:30 – 12:00 Horacio Zagarese (INTECH, Chascomús, Argentina) - “The structuring role of light in shallow freshwater 

ecosystems: Dependency on weather and climate” 

Chair: Maria Vernet 
 

12:00 – 12:30 Dimitra Markovitsi (CEA Saclay, Gif-sur-Yvette, France) - "UV-induced DNA damage: the role of 

electronic excited states” 

Chair: Graciela Spivak 

 

12:30-15:00 Poster Session / Commercial Exhibition / Lunch (Foyer Pabellón Argentina) 

 

GRAFOB (Grupo Argentino de Fotobiólogos) Assembly (Salón de actos, Pabellón Argentina) 

 

 

15:00 - 17:10 Parallel Sessions: Symposia    
 

Photoreceptor Signaling in Plants 1 (Sala de las Américas) 

Chair: Jorge Casal 

 Akira Nagatani (Kyoto University, Japan): “Inter-organ communications underlying the whole plant response to the shade” 

(25 min) 

 Rick Vierstra (University of Wisconsin, USA): “Structure, photodynamics, and signaling properties of plant phytochromes” 

(25 min) 

 Andreas Hiltbrunner (University of Freiburg, Germany): “Interaction of phytochrome A and SPA1 promotes 

photomorphogenesis in far-red light” (25 min) 

 Christian Fleck (Wageningen University, The Netherlands): “Dimerization determines specificity of Phytochrome B action” 

(15 min) 

 Eirini Kaiserli (University of Glasgow, UK): “Nuclear dynamics regulating growth in plants” (15 min) 

 Carina V. González (National University Cuyo, Mendoza, Argentina): “Are Vitis vinifera L. plants blind to see their 

neighbours?” (15 min) 

 

Drug delivery in PDT (Salón de actos, Pabellón Argentina) 

Chairs: Adriana Casas and Alexander MacRobert 

 Adriana Casas (CIPyP-CONICET, Buenos Aires, Argentina): “Aminolevulinic acid dendrimers in photodynamic treatment 

of cancer and atheromatous disease” (25 min) 

 Alexander MacRobert (University College London, UK): “Photodynamic therapy and photochemical internalization for 

treatment of experimental oral cancer” (25 min) 

 Norbert Lange (University of Geneva and University of Lausanne, Switzerland): “On the cutting edge: Proteolytically-
induced drug delivery in imaging and photodynamic therapy” (25 min) 

 Masaya Yamauchi (Osaka University, Japan): “A PDT for hormone antagonistic human prostate cancer cells utilizing 

protoporphyrin IX lipid delivered by hemagglutinating virus of Japan envelope (HVJ-E) as a non-viral vector” (15 min) 

 Alexander Greer (CUNY, USA): “Point source delivery of a photosensitizer drug and singlet oxygen: eradication of glioma 

cells in vitro” (15 min) 

 Raquel Galian (University of Valencia, Spain): “Multifunctional platforms as nanocarriers of photodynamic therapy 

photosensitizers” (15 min) 

 

The Radical-Pair Mechanism as Magnetoreceptor Mechanism (Salón Rojo) 

Chairs: Peter Hore and Ilia Solov’yov 

 Peter Hore (University of Oxford, UK): “Photoinduced radical pairs as compass magnetoreceptors” (25 min) 

 Ilia Solov'yov (University of Southern Denmark, Denmark): “Theoretical insights into cryptochrome magnetoreception” (25 

min) 



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

631 
 

 Henrik Mouritsen (Oldenburg University, Germany): “Light-dependent magnetoreception – Behavioural and 

neurobiological evidence” (25 min) 

 Giorgio Fedele (University of Leicester, UK): “Magnetoreception in Drosophila melanogaster” (25 min) 

 Christine Niessner (Ludwig Maximilian University, Munich, Germany): “Cryptochrome 1A, the probable receptor 

molecules for the magnetic compass in birds” (15 min) 

 

Bioinspired Solar-Energy Conversion (Sala 2 – Escuela de Graduados Facultad de Medicina) 

Chairs: Ana Moore  

 Ana Moore (Arizona State University, USA): “A Bio-Inspired photoanode for a water splitting photoelectrochemical cell” 

(25 min) 

 Vincent Artero (Université Grenoble Alpes, France), “Hydrogen evolution: Bioinspired catalysts and artificial 

hydrogenases” (25 min) 

 Mirco Natali (University of Ferrara): “ Tetrametallic molecular catalysts for photochemical water oxidation” (25 min) 

 Günther Knör (Johannes Kepler University Linz, Austria): “Towards artificial photosynthetic RC.  Replacement of PS I and 

Ferredoxin NADP+ reductase with molecular components” (25 min) 

 Miguel Gervaldo (National University of Rio Cuarto, Argentina): “Bio-inspired Supramolecular Dyes for Application in 

Optoelectronics Devices” (15 min) (ver si tenemos el abstract porque no está en el libro de resumen) 

 

Pteridines and their Photobiological Role (Salón Azul– Escuela de Graduados Facultad de Medicina) 
Chairs: Esther Oliveros and Andrés Thomas 

 Andrés Thomas (National University La Plata, INIFTA-CONICET, Argentina): “Photosensitization of proteins and peptides 

by pterin” (25 min) 

 Esther Oliveros (Paul Sabatier University, Toulouse, France): “Photosensitizing properties of pterin derivatives: structure 

dependence of the production of reactive oxygen species” (25 min) 

 Dietmar Fuchs (Medical University, Innsbruck, Austria): “Neopterin – indicator of immune activation and oxidative stress” 

(25 min) 

 Mikhail S. Kritsky (A. N. Bach Institute of Biochemistry, Russian Academy of Sciences, Russia): “Photobiochemistry of 

pteridines in the context of chemical and biological evolution” (25 min) 

 Andrey Buglak (A. N. Bach Institute of Biochemistry, Russian Academy of Sciences, Russia): “Photooxidation of 

tetrahydrobiopterin under UV irradiation” (15 min) 

Responses to direct and oxidising UV damage (Sala 3 – Escuela de Graduados Facultad de Medicina) 

Chairs: Vanesa Gottifredi and Rex Tyrrell 

 Vanesa Gottifredi (Leloir Institute Foundation, Argentina): “The recombinogenic factor, RAD51, facilitates DNA 

replication after UV irradiation” (25 min) 

 Rex Tyrrell (University of Bath, UK): “UVA radiation and cellular homeostasis – A delicate balance” (25 min) 

 Manuel Muñoz (Lab. of  Physiology and Molecular Biology, University of Buenos Aires, Argentina): “UV irradiation, 

DNA damage and alternative splicing” (25 min) 

 Vivienne Reeve (University of Sydney, Australia): “Endogenous UV-protective pathways: interplay between antioxidant 

and gender-based functions” (25 min) 

 Christian Opländer (Heinrich Heine University Düsseldorf, Germany): “Blue light (420 nm) irradiation inhibits TFG-beta1-

induced myofibroblast differentiation of human dermal fibroblasts” (15 min) 

 Vanesa Pierroz (University of Zürich, Switzerland): “Photoactivatable ruthenium complexes as new anticancer agents” (15 

min) 

 

17:10 - 17:45 Coffee-break 

 

17:45 - 18:30 General Assembly IUPB (Salón de actos, Pabellón Argentina) 

 

 

WEDNESDAY 10
th

 

 

8:30 – 10:40 Parallel Sessions: Symposia 

 

Carotenoids in Photosynthesis (Sala de las Américas) 
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Chairs: Claudia Stange and Harry Frank 

 Harry Frank (University of Connecticut, USA): “Carotenoid-to-bacteriochlorophyll energy transfer in LH2 complexes from 

photosynthetic bacteria grown under different illumination conditions” (25 min) 

 Claudia Stange (University of Chile, Santiago, Chile): “Light and its role in plastid differentiation and carotenoid 

accumulation in carrot (Daucus carota)” (25 min) 

 Tomas Polivka (University of South Bohemia, Czech Republic): “Carotenoid- induced quenching of chlorophyll-a in a 

cyanobacterial pigment-protein complex containing high-light induced proteins” (25 min) 

 Manuel Rodríguez-Concepción (CRAG, Barcelona, Spain): “Molecular factors regulating carotenoid biosynthesis in 
response to light cues” (25 min) 

 Celine Bourcier de Carbon (CEA - Institute of Biology and Technology, Saclay, France): “The cyanobacterial Orange 

Carotenoid Protein binding canthaxanthin is photoactive and able to quench energy and singlet oxygen” (15 min) 

 

Photochemistry and Phototoxicity of Xenobiotics (Salón de actos, Pabellón Argentina) 

Chairs: Juan C. (Tito) Scaiano and Miguel A. Miranda 

 Tito Scaiano (University of Ottawa, Canada): “Photochemistry in nanotechnology: bridging the gap between nanomaterials 

and nanomedicine” (25 min) 

 Miguel Angel Miranda (Polytechnical University Valencia, Spain): “Photobinding of halogenated drugs to proteins” (25 

min) 

 Mauricio Baptista (University São Paulo, Brazil): “Photosensitization of melanin by visible light damages melano-
competent cells” (25 min) 

 Alexis Aspee (University of Chile, Santiago, Chile): “Coumarin excited states and photo-induced free radicals interaction 

with antioxidants, proteins and membrane models” (25 min) 

 Sascha Fröbel (Heinrich Heyne University, Düsseldorf, Germany): “Femtosecond spectroscopy on the mechanism of 

psoralen photoaddition to DNA” (15 min) 

 Malgorzata Insiñska-Rak (Adam Mickiewicz University, Poznañ, Poland): “Photochemical reactions of vitamin B2 and its 

derivatives” (15 min) 

 

Light and Circadian Rhythms (Salón Rojo)  
Chairs: Mario E. Guido and Yoshitaka Fukada 

 Takashi Yoshimura (Nagoya University, Japan): “Evolution and origin of seasonal sensor in vertebrates” (25 min) 

 Ruth Rosenstein (Medical School, University of Buenos Aires, Argentina): “Effect of glaucoma on the non-image forming 

visual system” (25 min) 

 Diego A. Golombek (National University of Quilmes, Argentina): “The early worm catches the light: photic 

synchronization of circadian rhythms in Caenorhabditis elegans” (25 min) 

 Yoshitaka Fukada (Tokyo University, Japan): “Roles of CAMKII in the mouse circadian clock” (25 min) 

 Agata Carpentieri (INICSA-CONICET, National University Córdoba, Argentina): “Lighting conditions in the early infancy 

modifies the further functionality of the circadian and the antioxidant systems in rats” (15 min) 

 

Structural Biology of Photoreceptors (Sala 2– Escuela de Graduados Facultad de Medicina) 

Chairs: Keith Moffat and Jimena Rinaldi 

 Keith Moffat (Chicago University, USA): “Time-resolved crystallography and design of signalling photoreceptors” (25 
min) 

 Jimena Rinaldi (Leloir Institute Foundation, Argentina): “Structural characterization of Brucella LOV-Histidine kinase” (25 

min) 

 Francisco Velazquez Escobar (Technical University, Berlin, Germany): “Modulation of the signal transduction activity in 

bathy phytochromes via photoinduced and thermal cofactor isomerization” (15 min) 

 Xiaojing Yang (University of Illinois at Chicago): “Dynamic crystallography captures primary signalling events in UV 

photoreceptor UVR8” (25 min) 

 Emina Stojkovic (Northeastern Illinois University, USA): “Crystal structures of the complete photosensory module of a 

bacteriophytochrome in the Pr state” (15 min) 

 Hernán Bonomi (Leloir Institute Foundation, Argentina), “Structural Study of The Bacteriophytochrome from The Plant 

Pathogen Xanthomonas campestris” (15 min) 
 

Reactive Oxygen Species Signaling in Plants (Salón Azul– Escuela de Graduados Facultad de Medicina) 

Chairs: Klaus Apel and Néstor Carrillo 
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 Klaus Apel (Cornell University, USA): “The role of singlet oxygen-mediated and executer-dependent signalling in plants 

during perception of and response to environmental stress” (25 min) 

 Néstor Carrillo (Institute for Biological Research, IBR, Rosario, Argentina): “Role of chloroplast-generated reactive oxygen 

species in plant responses to biotic and abiotic stresses” (20 min) 

 Christophe Laloi (Aix Marseille Université, France): “Nuclear response to photochemically generated singlet oxygen in 

Arabidopsis thaliana” (25 min) 

 Loreto Holuigue (Pontificia Univ. Católica de Chile, Santiago, Chile): “Salicylic acid and the antioxidant response to stress 

in Arabidopsis” (25 min) 

 Nicolás Blanco (CEFOBI, Rosario, Argentina): “Interplay between plastid and mitochondrial retrograde signalling 

pathways” (20 min) 

 María Laura Delprato (Institute for Biological Research, IBR, Rosario, Argentina): The role of chloroplast-generated 

reactive oxygen species in plant-pathogen interactions” (15 min) 

 

Formation and Repair of Bipyrimidine Photoproducts in DNA (Sala 3 – Escuela de Graduados Facultad de 

Medicina) 

Chairs: Jean Cadet and Craig Elmets 

 Craig Elmets (University of Alabama at Birmingham, USA): “Immunological factors that influence DNA repair processes” 

(25 min) 

 Jean Cadet (CEA/Grenoble, France): “Solar UV radiation reactions of DNA in cells and skin: bipyrimidine photoproduct 
formation and repair” (25 min) 

 Dennis Oh (University of California, San Francisco, USA): “Regulation of nucleotide excision repair in epidermal 

keratinocytes” (25 min) 

 Nicholas Geacintov (New York University, USA): “Nucleotide excision repair of UV-induced cyclobutane pyrimidine and 

6-4 photoproducts: insights into the mechanisms of recognition and processing of DNA lesions by the human NER 

apparatus” (25 min) 

 Virginie Lhiaubet-Vallet (Polytechnic University Valencia, Spain): “Photoreactivity of a thymine derivative from an upper 

triplet excited state” (15 min) 

 Alexei Kononov (St. Petersburg State University, Russia): “Fast long-range energy transfer and low-lying excited states in 

DNA” (15 min) 

 

10:40 - 11:30 Coffee-break 

 

11:30 -12:15  Plenary Session (Sala de las Américas) 

Finsen Medal Award Lecture: Herbert Hönigsmann (Medical University, Vienna, Austria) - “Photodermatology and 

Photomedicine – What is the Future?” 

Chair: Henry Lim 

 

12:15 - 13:00  Plenary Session (Sala de las Américas) 

Finsen Lecture: Roman Ulm (University of Geneva, Switzerland) - “UVB Photoreceptor Signalling” 

Chair: John Spudich  

 

 

THURSDAY 11
th

 

 

8:30 - 10:40 Parallel Sessions: Symposia   

 

Photoreceptor Signaling in the Natural Plant Environment (Sala de las Américas) 

Chairs: Christian Fankhauser and Jorge Casal 

 Jorge Casal (IFEVA, University of Buenos Aires, Argentina): “Perception and transduction of shade signals by 

photosensory receptors” (25 min) 

 Cristian Fankhauser (University of Lausanne, Switzerland): “Phytochrome interacting factors (PIFs) regulate plant growth 

in a changing light environment” (25 min) 

 Karen Halliday (University of Edinburgh, Scotland, UK): “Light and temperature control of gene transcription and growth” 

(25 min) 
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 Julian Maloof (University of California Davis, USA): “New insights into shade avoidance from Arabidopsis and tomato” 

(25 min) 

 Javier Botto (IFEVA, University of Buenos Aires, Argentina): “Function of BBX proteins under shade” (15 min) 

 Jaime Martínez-García (CRAG, Barcelona, Spain): “Cardamine hirsuta, a model for understanding tolerance to vegetation 

proximity and shade” (15 min) 

 

Mechanisms in PDT (Salón de actos, Pabellón Argentina) 

Chairs: Santi Nonell and Mauricio Baptista 

 Michael R. Hamblin (Wellman Lab., Harvard Medical School, Boston, USA): “Type 1, Type 2 and Type 3 photochemical 

mechanisms in antimicrobial photoinactivation” (25 min) 

 Mauricio S. Baptista (University of  São Paulo, Brazil): “In the search for specific mechanisms of photo-induced cell death” 

(25 min) 

 Santi Nonell (University Ramon Llull, IQS, Barcelona, Spain): “Genetically encoded photosensitizers for photodynamic 

therapy” (20 min) 

 Luis Arnaut (University of Coimbra, Portugal): “Photodynamic therapy with sulfonamide bacteriochlorins: the rationale 

used to select a drug candidate in clinical trials” (20 min) 

 Cristiano Viappiani (University of Parma, Italy): “STED microscopy of bacteria loaded with hypericin” (20 min) 

 

Visual Rhodopsins (Salón Rojo) 
Chairs: Rosalie Crouch and Ruth Rosenstein 

 Damian Dorfman (Medical School, University of Buenos Aires, Argentina): “Tell me how you live, and I will tell you if 

your retina will be damaged: Impact of the environment on the retina´s health” (22 min) 

 Luis E. Politi (CRIBA, Bahia Blanca, Argentina): “The challenge of photoreceptor renewal” (22 min) 

 Masahiro Kono (Medical University of South Carolina, USA): “Cone pigment protein interactions with retinoids” (22 min) 

 Yoshikazu Imanishi (Case Western Reserve University, USA): “Dynamic Regulation of Rhodopsin Localization in a 

Xenopus Laevis Model of Retinitis Pigmentosa” (22 min) 

 Nora Rotstein (CRIBA, Bahia Blanca, Argentina): “Light, lipids and photoreceptor survival: live or let die?” (22 min) 

 Angela Suburo (Universidad Austral, Buenos Aires, Argentina), “Light regulates glucocorticoid receptors in mouse retinal 

photoreceptors” (20 min) 

 

Plant and Animal Fluorescence and Bioluminescence (Salón Azul – Escuela de Graduados Facultad de Medicina) 

Chair: Gabriela Lagorio 

 Gabriela Lagorio (INQUIMAE, University of Buenos Aires, Argentina): “Unveiling the relevance of fluorescence in nature. 

From biosignals to technological applications” (25 min) 

 Zoran Cerovic (University Paris Sud, France): “Using plant fluorescence in the field to detect crop diseases; How we got 

there?” (25 min) 

 Mark Hobson (Hamamatsu Corporation, USA): “Thinking in photons: the case for using a standardized intensity unit in 

fluorescence microscopy” (25 min) 

 Theoharis Ouzounis (University of Southern Denmark, Denmark): “Different dose response effects of blue light on 

chlorophyll fluorescence parameters, stomatal conductance, and secondary metabolism in green and red leaf lettuce” (15 

min) 

 Eugene Vysotski (Institute of Biophysics, Krasnoyarsk, Russia): “Bioluminescence mechanism of hydromedusan calcium-

regulated photoproteins” (15 min) 

 Svetlana Markova (Institute of Biophysics, Krasnoyarsk, Russia): “Secreted luciferases of marine copepods: 

characterization and application prospects as bioluminescent reporters” (15 min) 

 
Evolution of Light Sensing Systems in Photosynthetic Eukaryotes (Sala 2 – Escuela de Graduados Facultad de 

Medicina) 

Chair: J. Clark Lagarias 

 Sarah Mathews (Harvard University, USA): “Phytochrome evolution during the transition to land” (30 min) 

 Aba Losi (Parma University, Italy): “The evolution and functional role of flavin-based prokaryotic photoreceptors” (30 min) 

 Peter Hegemann (Humboldt University, Berlin): “Functional evolution of microbial rhodopsins” (30 min) 

 Sabeeha Merchant (University of California Los Angeles, USA): “Genomic approaches for deciphering chloroplast 

biogenesis and metabolism” (30 min) 
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UV-Induced Mutagenesis and Carcinogenesis (Sala 3 – Escuela de Graduados Facultad de Medicina) 

Chair: Evelyn Sage 

 Evelyne Sage (CNRS, Institut Curie, France): “DNA damage induced by UVA radiation: role in sunlight mutagenesis and 

carcinogenesis” (25 min) 

 Hironobu Ikehata (Tohoku University, Sendai, Japan): “Wavelength dependent antigenotoxic response to UVR in 

skin epidermis” (25 min) 

 Agnieszka Wolnicka-Glubisz (Jagiellonian University, Poland): “A pigment independent interactive pathway between Mc1r 
and HGF is necessary for UV-induced melanoma in mouse model” (25 min) 

 Justin Mallet (Laval University, Quebec, Canada): “Absence of UV-induced cancer in the human corneal epithelium; 

comparison of UV-induced cell death and DNA repair of pyrimidine dimers in human corneal epithelium and epidermis” 

(15 min) 

 Yadong Qi (Southern University Urban Forestry Program, Baton Rouge, USA): “UV radiation and its impact on skin cancer 

in the United States” (15 min) 

 

10:40 - 11:15 Coffee-break 

 

11:15 - 12:00 Plenary Session (Sala de las Américas) 

Plenary Lecture: Nathan Nelson (Tel Aviv University, Israel) - "Evolution of the Photosynthetic   

 Apparatus" 
Chair: Alfred Holzwarth 

 

12:00-15:00 Poster Session / Commercial Exhibition / Lunch (Foyer Pabellón Argentina) 

 

IUPB Board Meeting (Salón de actos, Pabellón Argentina) 

 

15:00 - 17:10 Parallel Sessions: Symposia 

 

The Circadian Clock and Flowering (Sala de las Américas) 

Chairs: Marcelo Yanovsky and Pablo Cerdán 

 Marcelo Yanovsky (Leloir Institute Foundation, Argentina): “A role for LSM genes in the regulation of circadian rhythms 
in plants and human cells” (20 min) 

 Pablo Cerdán (Leloir Institute Foundation, Argentina): “A novel thermosensitive flowering mutant” (20 min) 

 Eva Farre (Michigan State University, USA): “Light and the circadian clock mediate time specific changes in UV-B 

sensitivity under light/dark cycles” (25 min) 

 Takato Imaizumi (University of Washington, USA): “The interplay between light and temperature for flowering” (25 min) 

 Stacey Harmer (University of California Davis, USA): “Circadian rhythms are turning heads” (25 min) 

 Julieta Mateos (Leloir Institute Foundation, Argentina): “Combinatorial activity of short vegetative phase and flowering 

locus C in the repression of flowering time in Brassicaceae” (15 min) 

 

Bioengineering Photosynthetic Cells for Chemicals and Energy (Salón de actos, Pabellón Argentina) 

Chairs: Thomas Moore and Roberto Bassi  

 Donald Ort (University of Illinois, USA): “Improving photosynthetic efficiency for improved crop yield” (25 min) 

 Olaf Kruse (University of Bielefeld, Germany): “Microalgae as powerful phototropic tools in Biotechnology” (25 min) 

 Carmen Guedes (State University of Londrina, Brazil): “Microalgae in lipid biomass production and carotenoids” (25 min) 

 Thomas Moore (Arizona State University, USA): “Artificial Photosynthesis – Helping Nature Regain Control of the Global 

Carbon Cycle” (25 min) 

 Roberto Bassi (University of Verona, Italy): “The quest for high biomass yield of microalgae grown in photobioreactors” 

(25 min) 

 

Cryptochromes and Photolyases in Microorganisms (Salón Rojo) 

Chairs: Tilman Kottke and Alfred Batschauer 

 Tilman Kottke (Bielefeld University, Germany): “Similarities and differences of algal cryptochromes to those of higher 
plants and animals” (20 min) 
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 Alfred Batschauer (Philipps University Marburg, Germany): “The cryptochrome/photolyase  family of the biotrophic 

fungus Ustilago maydis” (20 min) 

 Maria Mittag (Jena University, Germany): “A flavin binding cryptochrome photoreceptor responds to both blue and red 

light in Chlamydomonas reinhardtii” (25 min) 

 Lars-Oliver Essen (Philipps University Marburg, Germany): “Microbial members of the photolyase/chryptochrome family: 

common structures, common mechanisms?” (25 min) 

 Fan Zhang (Karlsruhe Institute for Technology, Germany): “Crystal structure of a bacterial class III photolyase reveals a 

unique binding site for the methenyltetrahydrofolate antenna chromophore and two photoreduction Trp triads” (15 min) 

 Julian Simon (Max Planck Institute for Chemical Energy Conversion, Germany): “ Photobiology of extremophiles: 

functional analyses of novel photolyases extreme microbes from high-altitude andean lakes (HAAL)” (15 min) 

 

Photoreceptors and Responses to Light in Bacteria”: a (Sala 2 – Escuela de Graduados Facultad de Medicina)   

Chairs: Elena Orellano and Klaas Hellingwerf 

 Elena Orellano (Institute for Biological Research, IBR, Rosario, Argentina): “Blue light regulation of Xanthomonas citri 

supsp. citri virulence during the interaction with citrus plants” (25 min) 

 Klaas Hellingwerf (Free University, Amsterdam, The Netherlands): “Regulation of the general stress response of Bacillus 

subtilis by light” (25 min) 

 María Elena Mussi (CEFOBI, Rosario, Argentina): “Light regulation in Acinetobacter baumannii: the story continues” (25 

min) 

 Rodrigo González (College of Pharmacy and Biochemistry, University of Buenos Aires, Argentina): “Twitching motility 

inhibition in Acinetobacter baylyi ADP1 is mediated by joint action of three different BLUF photoreceptors” (25 min) 

 Gabriela Sycz (Leloir Institute Foundation, Argentina): “LOVHK regulates the general stress response system and VIRB 

expression in Brucella abortus” (15 min) 

 Kevin Gallagher (Northeastern Illinois University, USA): “Bacteriophytochromes in myxobacteria: implications for light-

controlled morphogenesis” (15 min) 

 

Photoreceptors for Biomedicine and Biotechnology (Salón Azul – Escuela de Graduados Facultad de Medicina) 

Chairs: Mark Gomelsky and Matias Zurbriggen 

 Matias Zurbriggen (University of Freiburg, Germany): “Interfacing green and red synthetic biology for the understanding of 

signalling processes and the development of optogenetic tools” (25 min) 

 Mark Gomelsky (University of Wyoming, USA): “Engineering bacteriophytochrome-based optogenetic tools” (25 min) 

 Jeff Tabor (Rice University, USA): “Using light switchable phytochrome-family two component systems to characterize 

bacterial gene circuit dynamics” (25 min) 

 Daria Shcherbakova (Albert Einstein College of Medicine, NY, USA): “Engineering of fluorescent proteins from bacterial 

phytochromes” (25 min) 

 Franziska Schneider (Humboldt University, Berlin): “Phoenix - an optogenetic tool for acidification of synaptic vesicles” 

(15 min) 

 Claudia Richter (Max Planck Institute for Dynamics and Self Organization, Göttingen, Germany): “Optogenetic control of 

cardiac arrhythmias” (15 min) 

 

17:10 - 17:45 Coffee-break 
 

17:45 - 18:30 Plenary Session (Sala de las Américas) 

Finsen Medal Award Lecture: Douglas Brash (Yale University, USA) - “Skin cancer from the ground-state up” 

Chair: Evelyn Sage 

 

21:15 – 21:45 Special Talk/pre - Dinner: Winslow Briggs (Stanford University, USA) 

   Chair: Roberto Bogomolni  

 

22:00  Cocktail-Dinner 

 

FRIDAY 11
th

 

 

9:00 - 11:10 Parallel Sessions: Symposia 
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Photoreceptor Signaling in Plants 2 (Sala de las Américas) 

Chair: Roman Ulm 

 Gareth Jenkins (University of Glasgow, Scotland, UK): “Photoreception and signalling by the UV-photoreceptor UVR8” 

(25 min) 

 Ferenc Nagy (Biological Research Centre, Szeged, Hungary): “Phosphorylation of phytochromes alters light-induced 

signaling” (25 min) 

 Filip Vandenbussche (Ghent University, Belgium): “The bending response of Arabidopsis etiolated seedlings to ultraviolet 
B light” (15 min)   

 Andreas Hiltbrunner (University Freiburg, Germany): “Phytochrome Signalling in the Moss Physcomitrella patens" (15 

min) 

 H-L. Tsai (Academia Sinica, Taiwan): “Hua enhancer 1 imposes post translational transcriptional regulation of positive and 

negative regulators in Arabidopsis photomorphogenesis” (15 min) 

 Paula Casati (CEFOBI, Rosario, Argentina): “UVB effects in maize leaves development” (15 min) 

 

Nanoparticles in PDT (Salón de actos en Pabellón Argentina) 

Chairs: Mónica González and Cristian Strassert 

 Cristian Strassert (Westfälisches Wilhelms University Münster, Germany): “Photophysics and applications of 

phthalocyanines @zeolite L” (15 min) 

 Mónica Gonzalez (University of La Plata, INIFTA-CONICET, Argentina): “Silicon quantum dots as photo- and 

radiosensitizers” (25 min) 

 Daniel Mártire (University of La Plata, INIFTA-CONICET, Argentina): “Pectin-coated silver nanoparticles and singlet 

oxygen generation” (25 min) 

 Andreas Faust (Westfälisches Wilhelms University Münster, Germany): “Targeted imaging and photoinduced killing of 

bacterial pathogens utilizing maltohexaose-conjugated probes” (25 min) 

 Malte Grüner (Westfälisches Wilhelms University Münster, Germany): “Photoactive layered nanoclays for the selective 

inactivation of antibiotics-resistant gram-positive bacteria” (25 min) 

 Przemyslav Labuz (Jagiellonian University, Poland): “Photodynamic activity and activation of small molecules at the 

surface of nanocrystalline TiO2” (15 min) 

 

Photoinduced Electron Transfer in Proteins and in Model Systems (Salón Rojo) 

Chairs: Artur Osyczka and Claudio Borsarelli 

 Artur Osyczka (Jagiellonian University, Poland): “Photoinduced electron transfer in purple bacterial cytochrome BCi 

exposes kinetics of intermonomer connection” (20 min) 

 Claudio Borsarelli (National University of Santiago del Estero, Argentina): “Modification of its C-terminus in a bacterial 

ferredoxin/flavodoxin NADP+ reductase modulates spectroscopic and photophysical properties” (20 min) 

 Fabrice Rappaport (CNRS-UPMC, Paris, France): “Shining a new light on the consequences of the ultrastructural 

organization of bioenergetic electron transfer chains on their function” (25 min) 

 Giovanni Finazzi (University Grenoble Alpes, France): “Regulation of photosynthesis efficiency by light” (25 min) 

 Carlos Chesta (National University of Rio Cuarto, Argentina): “Electron and energy transfer processes in polymeric 

nanoparticles” (20 min) 

 Joanna Grzyb (Institute of Physics, PAS, Warsaw, Poland): “Photoreduction of ferredoxin and cytochrome c by CdTe 

quantum dots” (10 min) 

 Agathe Espagne (École Normale Supérieure, Paris, France): “Real-time monitoring of chromophore isomerization and 

deprotonation during the photoactivation of fluorescent protein DRONPA” (10 min) 
 

Flavins and their roles in Photoreceptors and Photolyases (Sala 2 – Escuela de Graduados Facultad de Medicina) 

Chairs: John Kennis and Aba Losi 

 John Kennis (Free University Amsterdam, The Netherlands): “Photoactivation in BLUF domains: proton-coupled electron 

transfer” (25 min) 

 Tatiana Domratcheva (Max Planck Institute for Medical Research, Heidelberg, Germany): “Complex alternative electron 

transfer pathways in cryptochromes and photolyases revealed by molecular simulations” (25 min) 

 Dongping Zhong (Ohio State University, Columbus, USA): “Dynamics and mechanism of ultraviolet-damaged DNA repair 

by photolyase” (25 min) 
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 Robert J. Stanley (Temple University, Philadelphia, USA): “A comparative study of extremophile DNA photolyases” (25 

min) 

 Pavel Müller (CEA-Institute of Biology and Technology, Saclay, France): “ATP binding turns plant blue-light receptor 

cryptochrome into an efficient natural photoswitch by altering electron- and proton transfer pathways” (15 min) 

 Luis Larrondo (Pontificia Universidad Católica de Chile, Chile): “ Characterization of light and circadian regulation in the 

necrotrophic fungus Botrytis cinerea and its role in pathogenesis using Arabidopsis thaliana as a plant model” (15 min) 

 

UV Radiation in a Changing Climate (Salón Azul– Escuela de Graduados Facultad de Medicina) 
Chair: Esteban Balseiro 

 Esteban Balseiro (INIBIOMA, National University Comahue, Argentina): “Glacier melting, UVR impact and stoichiometric 

implications for zooplankton species distribution” (25 min) 

 Patrick Neale (Smithsonian Environmental Research Centre, USA): “Spectral weighting functions for UV inhibition of 

photosynthesis in the globally important picophytoplankton, Synechococcus and Prochlorococcus” (25 min) 

 María Alejandra Marcoval (National University of Mar del Plata, Argentina): “An update on the effects of ultraviolet 

radiation on the marine crustaceans” (25 min) 

 Terje Christensen (Norwegian Radiation Protection Authority, Norway): “Ultraviolet radiation and multiple stressor effects 

on zebra fish embryos” (25 min) 

 Jason Pellettieri (Keene State College, NH, USA): “Light-induced depigmentation in the fresh water planarian Schmidtea 

mediterranea” (15 min) 

 Stefany Rocha (University of San Andres, UMSA, La Paz, Bolivia): “The first high frequency monitoring of lake Titicaca: 

global change impact on phytoplankton vertical profiles and UVR-PAR attenuation” (15 min) 

 

Photoaging: Molecular Mechanisms (Sala 3 – Escuela de Graduados Facultad de Medicina) 

Chair: Jean Krutmann 

 Jean Krutmann (Leibniz Research Institute fur Environmental Medicine, Düsseldorf, Germany): “Photoaging beyond UV: 

The role of infrared radiation” (25 min) 

 Franz Trautinger (Karl Landsteiner University of Health Sciences, Austria): “Heat shock proteins in skin aging and 

photoprotection” (25 min) 

 Alessandra L. Cecchini (State University of Londrina, Brazil): “Oxidative stress in skin damage. From aging to 

carcinogenesis” (25 min) 
 

11:10 - 11:30 Coffee-break 

 

11:30-12:15 Plenary Session (Sala de las Américas) 

Edna Roe Lecture: Chikako Nishigori (Kobe University, Japan) - “Current Concepts on photocarcinogenesis” 

Chair: Franz Trautinger 

 

12:15 -13:00 Plenary Session (Sala de las Américas) 

Plenary Lecture: Ernst Bamberg (Max Planck Institute for Biophysics, Frankfurt, Germany) - “Microbial Rhodopsins: 

Molecular Mechanism and Optogenetics” 

   Chair: Wolfgang Gärtner 

 

13:00-15:00 Poster Session / Commercial Exhibition / Lunch (Foyer Pabellón Argentina) 

 

15:00 - 17:10 Parallel Session: Symposia 

 

Phototropins Signaling in Plants (Sala de las Américas) 

Chairs: Masamitsu Wada and John Christie 

 John Christie (University of Glasgow, Scotland, UK): “Engineering phototropin activity” (25 min) 

 Ken-Ichiro Shimazaki (Kyushu University, Japan): “Identification of signaling components in blue-light response of 

stomata” (25 min) 

 Satoru Tokutomi (Osaka Prefecture University, Japan): “Molecular basis for photoactivation of phototropin kinase” (25 

min) 

 Mannie Liscum (University of Missouri, USA): “Modulation of phot-dependent phototropism through post-translational 

modification” (25 min) 
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 Masahide Terazima (Kyoto University, Japan): “Conformational dynamics of the N- and C-terminal helices of Arabidopsis 

phototropin I LOV2” (15 min) 

 Masahiro Kasahara (Ritsumeikan University, Japan): “Light-dependent chloroplast localization in phot-overexpressing 

protoplasts of Physcomitrella patens” (15 min) 

 

Engineered (Photo) Functional Proteins (Salón de actos,  Pabellón Argentina) 

Chair: Andreas Möglich 

 Christof Taxis (Philipps University Marburg, Germany): “A LOV2 domain-based optogenetic tool to regulate protein 
stability in eukaryotic cells” (25 min) 

 Andreas Möglich (Humboldt University, Berlin): “A red-light-activated human CAMP/CGMP-specific phosphodiesterase” 

(25 min) 

 Harald Janovjak (Institute of Science and Technology, Austria): “Synthetic physiology: optical control of cellular survival 

signals” (25 min) 

 Giomar Rivera-Cancel (Univ. Texas, Southwestern Medical Center): “Something old, something new, something blue: A 

LOV-HK reveals new and shared strategies for signal transduction” (25 min) 

 Wilfried Weber (University of Freiburg, Germany): “Development of synthetic networks for the processing and integration 

of optical signal inputs into novel system functionalities in mammalian cells” (25 min) 

 

Photobiology in Extremophiles (Salón Rojo) 
Chairs: Virginia Albarracín and Alfonso Dávila 

 Virginia Albarracín (PROIMI, Tucuman, Argentina): “Biodiversity and adaptation mechanisms of extremophiles thriving in 

the highest UV-exposed ecosystems on earth” (20 min) 

 Alfonso Dávila (NASA Ames Research Centre, USA): “Photosynthesis in the hyperarid Atacama desert” (20 min) 

 Cristina Dorador (University of Antofagasta, Chile): “Effects of the UV Radiation in phototrophic communities of Salar de 

Huasco, Chilean Altiplano” (25 min) 

 Wade Jeffrey (University of West Florida, USA): “Does cold ultraviolet radiation affect microbes the same as hot UV?” (25 

min) 

 Ian Hawes (University of Canterbury, New Zealand): “Photosynthetic communities under thick ice cover in Antarctic lakes 

and coastal waters” (25 min) 

 Klaudia L. Hernández (Austral University, Valdivia, Chile): “Does solar radiation affect evenly microbial activity? 2785 m 
closer to the stars: Salar de Huasco study case” (15 min) 

 

Vitamin D and Ultraviolet Exposure (Sala 2 – Escuela de Graduados Facultad de Medicina) 

Chairs: Susana Díaz and Anthony Young 

 Robyn Lucas (Australian National University, Australia): “The physiological need for Vitamin D, diseases associated with 

its deficiency and its correct assessment” (25 min) 

 Hans-Christian Wulf (University of Copenhagen, Denmark): “The Ultraviolet Exposure Needed to Maintain Adequate 

Vitamin D Levels” (25 min) 

 Antony Young (King’s College, London, UK): “Correct sunscreen use prevents sunburn but allows vitamin D synthesis” 

(25 min) 

 Susana Díaz (INGEBI-CONICET, Argentina): “UV radiation and vitamin D in Southern South America” (25 min) 

 Bibi Petersen (University of Copenhagen, Denmark): “Sun behaviour, personal UVR exposure, DNA photodamage and 

Vitamin D among Europeans on short term holidays” (20 min) 

 

17:10 Congress Closing 

  Posters Awards Presentation  
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 POSTER TITLE 

 

PO1 

ALGAE – ANALYTICAL 
ENVIRONMENTAL MONITORING USING ALGAE AS SIGNAL TRANSDUCER  

Joachim Wiest; Valendry Harvenda; Lazuardi Umar 

 

ANTENNAS 

PO2 THE ORIGIN OF THE SPLIT B800 ABSORPTION PEAK IN THE LH2 COMPLEXES FROM 

ALLOCHROMATIUM VINOSUM 

Alexander Löhner; Anne-Marie Carey; Kirsty Hacking; Nichola Picken; Sharon Kelly; Richard Cogdell; 

Jürgen Köhler 

 

AQUATIC PHOTOBIOLOGY 

PO3 EFFECTS OF DIET AND ULTRAVIOLET RADIATION ON THE PREDATOR-PREY BEHAVIOR 

AND METABOLIC RATES OF THE JUVENILE REEF FISH PATAGONOTOTHEN SP 

Macarena S. Valiñas; E. Walter Helbling 

PO4 PHOTOCHEMICAL AND PYROGENIC CHANGES IN DEEPWATER HORIZON OILS AND THEIR 

EFFECTS ON MARINE MICROBIAL PRODUCTION 

Wade H. Jeffrey; Taylor Morrison; Pamela P. Vaughan; Melissa Ederington- Hagy; Richard A. Snyder; 

Sierra Cleveland; Amy M. McKenna; Huan Chen; Ryan P. Rogers 

 

BIO-ENGINEERING PHOTOSYNTHETIC CELLS 

PO5 NOVEL LOW BAN GAP POLYMERS WITH PROPERTIES POTENTIALLY USEFULL IN 
ORGANIC SOLAR  CELLS 

Christian Sánchez; J. C Bernede 

 

BIO-INSPIRED SOLAR ENERGY CONVERSION 

PO6 ANTHOCYANINS FROM CEIBO FLOWER AS NATURAL DYE FOR ITS USE IN DSSC 

 Paula Enciso; María Fernanda Cerdá;  M.Cabrerizo 

 

BIOLUMINESCENCE 

PO7 LIGHT-SENSITIVE PHOTOPROTEINS OF CTENOPHORES: A NOVEL TYPE OF CA(2+)-

REGULATED  PHOTOPROTEINS 

Liudmila Burakova; Svetlana Markova; Galina Stepanyuk; Natalia Malikova; Eugene Vysotski 

PO8 PURIFICATION OF FUNGAL LUCIFERIN 
Rodrigo Carvalho; Anderson G.Oliveira; Anderson G.Oliveira; Cassius V.Stevani 

 

BLUE-LIGHT RECEPTORS: BLUF AND LOV PROTEINS AND DOMAINS 

PO9 A LOV PROTEIN FROM THE PLANT PATHOGEN XANTHOMONAS CITRI SUBSP. CITRI 

MODULATES BACTERIAL COUNTERACTION OF PLANT DEFENSE RESPONSES 

Ivana Kraiselburd; Federico Machinandiarena; Elena G. Orellano 

PO10 NOVEL ROLE OF BLUFS PROTEINS FROM XANTHOMONAS CITRI SUBSP. CITRI IN PLANT 

INFECTIVITY 

Laura Moyano; Federico Manchinandiarena; Cristiano Barbalho Ferreira; Ivana Kraiselburd; Maria Inés 

Tirabochi Ferro; Julio Cezar Franco de Oliveira; Lucas D.Daurelio; Elena G. Orellano 

PO11 TRANSCRIPTOME CHANGES FOR VAUCHERIA FRIGIDA IN RESPONSE TO VARIOUS LIGHT  
CONDITIONS 

FumioTakahashi; ShujiroOkuda; MasahiroKasahara 

PO12 SIGNAL TRANSDUCTION IN AUREOCHROMES 

Thea Ziegler; Andreas Möglich 

 

CIRCADIAN RHYTHMS IN ANIMALS 

PO13 N-NITROSOMELATONIN ENHANCES PHOTIC SYNCHRONIZATION OF MAMMALIAN 

CIRCADIAN RHYTHMS 

Fernando Martín Baidanoff; Santiago A. Plano; Fabio Doctorovich; Sebastián A. Suárez; Juan J. Chiesa; 

Diego A. Golombek 
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PO14 ROLE OF LITE-1 PHOTOTRANSDUCTION PATHWAY IN CIRCADIAN SYNCHRONIZATION 

OF CAENORHABDITIS ELEGANS 

Agustin Eduardo CarpanetoFreixas; M. Laura Migliori; Diego A. Golombek 

 

CIRCADIAN RHYTHMS IN PLANTS 

PO15 A ROLE FOR LSM GENES IN THE REGULATION OF CIRCADIAN RHYTHMS 

Maria Soledad Perez-Santangelo; Estefanía Mancini; Lauren Francey; Ariel Chernomoretz; Marcelo J. 

Yanovsky; John Hogenesch 

 

 

PO16 

CRYPTOCHROMES - RADICAL PAIR MECHANISM 

EVALUATING CRYPTOCHROMES AS FUNCTIONAL AVIAN MAGNETORECEPTORS 

Jennifer Handsel; P. J. Hore 

PO17 ELECTROSMOG DISRUPTS MAGNETIC COMPASS ORIENTATION IN A MIGRATORY BIRD 

Nils-Lasse Schneider; Svenja Engels; NeleLefeldt; Christine Maira Hein; Manuela Zapka; Andreas 

Michalik; Dana Elbers; AchimKittel; Henrik Mouritsen; P. J. Hore 

PO18 SPECTRAL DEPENDENCE OF INSECT MAGNETORECEPTION 

Martin Vacha; Marketa Kvicalova; Pavel Slaby; PremyslBartos; RadekNetusil; David Dolezel; Olga 

Bazalova; How Jing-Lee 

 

CRYPTOCHROMES IN PLANTS 

PO19 LIGHT REGULATION AND COFACTOR COMPOSITION OF ARABIDOPSIS CRYPTOCHROME 3 

TanjaGöbel; Richard Pokorny; HevalAtaş; Alexander Schabasian; Felix Hamann; Alfred Batschauer 

 

DNA PHOTODAMAGE AND REPAIR 

PO20 PHOTOSENSITIZED DAMAGE ON 2´-DESOXYGUANOSINE-5´-MONOPHOSPHATO IN 

SOLUTION  STUDIED BY ESI- AND LDI- MASS SPECTROMETRY 

Ivana Karina Levy; M. Micaela Gonzalez; Rosa Erra-Balsells; Franco Cabrerizo 

PO21 CELL-FREE DNA DAMAGE PHOTOINDUCE BY HARMINE AND 6-CHLORO-HARMINE 

Federico Ariel Osvaldo RasseSuriani; Marco Seifermann; Juan G. Yañuk; Francisco Simon; Valeria E. 

Alvarez; M. Paula Denofrio; BerndEpe; Franco Cabrerizo; Rosa Erra-Balsells; M. Lis Alomar 

PO22 CURVED NUCLEIC ACID PATTERNS AS A TARGET FOR SOLAR RADIATION 
Ruslan R. Ramazanov; Dmitriy A. Maksimov; Alexei I. Kononov 

 

EVOLUTION IN LIGHT SENSING SYSTEMS 

PO23 SENSING LIGHT BY HORIZONTAL CELLS IN THE CHICKEN RETINA: A NEW PLAYER IN 

THE  PHOTORECEPTIVE SYSTEM 

Luis Morera; Nicolás M. Díaz; Mario E. Guido 

 

 

PO24 

FLUORESCENT PROBES IN BIOLOGICAL SYSTEMS 
FLUORESCENT PROBES AND DIFFUSION OF SOLUTES: A COMPARATIVE STUDY OF 

TEMPERATURE  EFFECT 

Manuel Ahumada; Cristian Calderón; Eduardo Lissi 

PO25 ULTRAFAST AND SINGLE MOLECULE SPECTROSCOPY OF PHOTOSWITCHABLE 
FLUOROPHORES  CONTAINING AN OXAZINE AUXOCHROME 

Beatriz Araoz; Alejandro Cadranel; Janet Cusido; Subramani Swaminathan; Françisco M. Raymo; José 

H. Hodak; Mariano L. Bossi 

PO26 FLUORESCENCE CHARACTERIZATION OF DENTAL PLAQUE BY HYPERSPECTRAL 

IMAGING 

Ellen M. Bruzell; Hans R. Preus; Kristine O. Wikene; Hanne H. Tønnesen; Lise L. Randeberg 

PO27 ATHEROSCLEROSIS DIAGNOSIS BY STOOL TEST 

Lilia Courrol; Monica Nascimento da Silva; Karina de Oliveira Gonçalves; Letícia Bonfante Sicchieri; 

FláviaRodrigues de Oliveira Silva 

PO28 DESIGN OF PLASMONIC PROBES FOR EVALUATING THE ROLE OF PKD1 IN THE 

DISTRIBUTION OF NEURONAL GLUTAMATE RECEPTORS 
Juan Carlos Fraire; M. Lujan Masseroni; Ignacio Jausoro; Eduardo Perassi; Alberto M. Diaz Añel; 

Eduardo A. Coronado 
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PO29 WATER-SOLUBLE PHOTOSWITCHABLE FLUORESCENT DIHETEROARYLETHENE-BASED 

PROBES 

Florencia Gillanders; Sebastián A. Díaz; Thomas M. Jovin 

PO30 ASSOCIATION OF SOLUTES TO PROTEINS. EVALUATION OF THE NUMBER BINDING SITES 

AND BINDING CONSTANTS FROM FLUORESCENCE MEASUREMENTS 

Eduardo Lissi; María Victoria Encinas; Pamela Espinoza; Claudio Vergara 

PO31 FLUORESCENT MICROSCOPY: A TOOL TO DETECT REACTIVE OXYGEN SPECIES 

INSTAPHYLOCOCCUS AUREUS INDUCED BY COMPOUNDS WITH ANTIMICROBIAL 

ACTIVITY 
Sol Martinez; InesAlbesa; María Rosa Mazzieri;  María Cecilia Becerra 

PO32 DEVELOPMENT OF VISIBLE AND INFRA-RED FLUORESCENT PROTEINS AS BIOSENSORS 

Rachel Murkett; Farid Khan; Sophie Jackson 

 

 

PO33 

MAN-MADE SUNSCREENS 

EFFECT OF CARNAUBA-WAX SUNBURN PROTECTANT ON FRUITS TEMPERATURE AND 

APPLE SOLAR  INJURY 

Graciela María Colavita; L. I. Vita 

PO34 PHOTOSTABILISATION OF COMMON SUNSCREEN ABSORBERS BY PLANT EXTRACTS 

Bice Martincigh; Moses A. Ollengo 

 

NATURAL PHOTOPROTECTION 

PO35 IN VITRO PHOTOPROTECTION AND ANTIOXIDANT CAPACITY OF PLANTS FROM HIGH 

ALTITUDE ECOSYSTEMS IN ANTIOQUIA-COLOMBIA 

Juan Camilo Mejía-Giraldo; Ana Sánchez-Zapata; Kelly Henao-Zuluaga; Lucia Atehortúa; Miguel 

Puertas-Mejía 

PO36 IN VIVO EVALUATION OF THE ANTIOXIDANT AND PHOTOPROTECTIVE CAPACITY OF 

GADUSOL  AND MYCOSPORINE LIKE AMINO ACIDS IN THE STRATUM CORNEUM USING 

CONFOCAL RAMAN  SPECTROSCOPY 

Maira Tosato; Dalila Orallo; Maria Sandra Churio; Lelia E. Dicelio; Airton A Martin 

PO37 UV-DISSIPATION VIA PROTON TRANSFER: UNDERPINS EUMELANIN PHOTOPROTECTION 

MECHANISMS 
Alice Corani; Alessandro Pezzella; Thomas Gustavsson; Dimitra Markovitsi; Marco d’Ischia, Villy 

Sundström 

 

OPTICAL METHODS IN MEDICAL DIAGNOSIS 

PO38 OPTICAL BIOPSY. SOME PRELIMINARY RESULTS 

Agustina Corti; Mario Garavaglia 

 

OPTOGENETICS 

PO39 OPTOGENETIC TUNING OF STRESS REACTIONS 

Rodrigo De Marco; Theresa Thiemann; Soojin Ryu 

PO40 ELUCIDATING THE SOURCES OF SHIFTS BETWEEN ABSORPTION AND ACTIVITY 

SPECTRA OF  ARABIDOPSIS PHYTOCHROMES VIA ANALYSIS OF NETWORK MOTIFS 

Robert Smith; Christian Fleck 

PO41 CHARACTERIZATION OF NATURAL AND ENGINEERED LIGHT SWITCHABLE ENZYMES 

FOR  OPTOGENETIC APPLICATIONS 
Meenakshi Tanwar; Nemneineng Haokip; Aruna Naorem; Alfons Penzkofer; Sindhu Kandoth Veetil; 

Manuela Stierl; Suneel Kateriya; Peter Hegemann 

PO42 OPTICAL CONTROL OF THE GS-PROTEIN ACTIVITY BY MICROBIAL RHODOPSIN 

CHIMERAS 

Kazuho Yoshida; Keiichi Inoue; Takahiro Yamashita; Rei Abe-Yoshizumi; Kengo Sasaki; Hideki 

Kandori; Yoshinori Shichida 

 

OXIDATIVE STRESS PLANTS 

PO43 OXIDATIVE STRESS AND CHANGES IN THYLAKOID MEMBRANE FLUIDITY DURING 

SENESCENCE OF  BARLEY LEAVES 
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Ivan Jajic; Anna Wiśniewska-Becker; Tadeusz Sarna; Małgorzata Jemioła-Rzemińska; Kazimierz 

Strzałka 

 

PHOTODYNAMIC TREATMENT (PDT) AND  PHOTODYNAMIC HANDLING OF 

MICROORGANISMS 

PO44 EFFECT OF ROS CREATED DURING PO2 DETECTION BY RU[PHEN]3
2+ LUMINESCENCE 

LIFETIME  MEASUREMENTS 

Veronika Huntosova; Katarina  Stroffekova; Gregor Bánó; Pavol Miskovsky; Georges Wagnieres 

PO45 PHOTODYNAMIC THERAPY INFLUENCE ON CELL VIABILITY AND NITRIC OXIDE 
PRODUCTION BY MACROPHAGES 

Adeline Lacerda Jorjão; Mirian Marcollan de Mello; Antonio Olavo Cardoso Jorge; Juliana Campos 

Junqueira; Luciane Dias de Oliveira  

PO46 FLUORESCENCE AND MOLECULAR SINGLET OXYGEN GENERATION IN THIN FILMS: 

PHLOXINE B IN POLY(2-HYDROXYETHYL METHACRYLATE) 

Yair Litman; Hernán B. Rodríguez; Enrique San Román 

PO47 PHOTODYNAMIC INACTIVATION OF VIRULENCE FACTORS OF CANDIDA STRAINS 

ISOLATED FROM PATIENTS WITH DENTURE STOMATITIS 

Cristiane Aparecida Pereira; Nádia Domingues; Michelle Peneluppi Silva; Anna Carolina Borges Pereira 

Costa; Juliana Campos Junqueira; Antonio Olavo Cardoso Jorge 

PO48 STUDY OF AMINOLEVULINIC ACID WITH GOLD NANOPARTICLES AS THERANOSTIC 
AGENT FOR ATHEROSCLEROSIS 

Karina de Oliveira Gonçalves; Mônica Nascimento da Silva; Letícia Bonfante Sicchieri; Flávia 

Rodrigues de Oliveira Silva; Lilia Coronato Courrol 

PO49 FLUORESCENCE PROPERTIES AND SINGLET OXYGEN QUANTUM YIELD OF PARIETIN, AN 

ANTHRAQUINONE DERIVATIVE ISOLATED FROM TELEOSCHISTES FLAVICANS 

S.C. Núñez Montoya; L.R. Comini; F.E. Moran Vieyra; R.A. Mignone; J.L. Cabrera; C.D. Borsarelli; J. 

Marioni 

PO50 ALBUMIN-FOLATE-CONJUGATES AS A POTENTIAL TARGETING VEHICLE IN 

PHOTODYNAMIC THERAPY 

Kathrin Butzbach; Federico A.O. RasseSuriani; Franco M. Cabrerizo; Bernd Epe; M. Micaela Gonzalez 

PO51 COMPARISON IN VITRO OF THE PHOTODYNAMIC ACTION WITH TEMOPORFIN USING 637 
NM AND  400 NM AS EXCITATION SOURCES 

Maria Eugenia Etcheverry; Miguel Angel Pasquale; Mario Garavaglia 

PO52 TERNARY COMPLEXES INVOLVING PHOTOACTIVE DRUGS, CUCURBIT[N]URILS AND 

PROTEINS 

Denis Fuentealba;  Karina Scholtbach; Ítalo Venegas; Cornelia Bohne 

PO53 NOVEL SYNTHESIS OF POTENTIAL NANOSTRUCTURES FOR PHOTODYNAMIC THERAPY 

Pablo Facundo Garcia; Luis Perez; Eduardo Coronado; Gerardo Argüello 

PO54 FABRICATION OF MICROCAPSULES USING DNA-INSPIRED PHOTO CROSSLINKABLE  CO-

POLYELECTROLYTES 

Rodrigo E. Gimenez; R. María S. Álvarez; Faustino E. Morán Vieyra; Débora M. Martino; Claudio D. 

Borsarelli 

PO55 INFLUENCE OF CHOLESTEROL ON HYPERICINE FLUORESCENCE IN VESICLES 

Jaroslava Joniova; Zuzana Nadova; Pavol Miskovsky; Franck Sureau 

PO56 BIOCOMPATIBLE SILICON NANOPARTICLES WITH POTENTIAL APPLICATIONS IN 

PHOTODYNAMIC  THERAPY 

Cristian Lillo; Damián Rodriguez Sartori; Mónica Kotler; Mónica Gonzalez 

PO57 INTERACTION OF AMPHIPHILIC PHOTOSENSITIZERS IN MEMBRANES AND THEIR 

PHOTOACTIVITY  ON PHOTOCHEMICAL INTERNALIZATION 

Tayana Mazin Tsubone; Christiane Pavani; Maurício S. Baptista 

PO58 CHANGES IN PHOTOREACTIVITY OF PD-BACTERIOPHEOPHORBIDE DEREVATIVE - WST11 

INDUCED  BY COMPLEXATION WITH BOVINE SERUM ALBUMINE 

Tomasz Oles; IddoPinkas; Avigdor Scherz; Jozef Moscicki; Tadeusz Sarna 

PO59 TRANSPORTING PROTEINS AND RHENIUM(I) TRICARBONYL COMPLEXES ASSOCIATION 

STUDIES 

Héctor H. Martínez-Saavedra; Pablo Facundo García; Gustavo T. Ruíz; Ezequiel Wolcan; Gerardo 
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Argüello 

PO60 SINGLET OXYGEN GENERATION ENHANCED BY SILVER NANOPARTICLES 

María Belén Rivas Aiello; Daniel O. Mártire 

PO61 SYNTHESIS AND CHARACTERIZATION OF 3-4 NM SIZED Fe-CONTAINING SILICON  

NANOPARTICLES 

Hernán Bernardo Rodríguez; Juan J. Romero; Marc Wegmann; Cristian Lillo; Aldo Rubert; Sabrina C. 

Garcia; Stefanie Klein; CarolaKryschi; Mónica L. Kotler; Mónica C. Gonzalez 

PO62 SYNTHESIS OF PHOTOSENSITIZER FUNCTIONALIZED WITH GOLD NANOPARTICLES 

Laís Vieira; Isabelle Ferreira; Maiara Lima Castilho; Juliana Ferreira Strixino; Kevin C. Hewitt; Leandro 

Raniero 

PO63 CELL PENETRATING PEPTIDE CHLORIN CONJUGATES, A NOVEL CLASS OF 

PHOTOSENSITISERS  FOR PDT AND PCI 

Elnaz Yaghini; Ruggero Dondie; Ian E. Eggleston; Alexander J. MacRobert 

PO64 INTERACTION OF CATIONIC PHTHALOCYANINES WITH DNA. IMPORTANCE OF THE 
STRUCTURE OF  THE SUBSTITUENTS 

Josefina Awruch; Noelia C. López Zeballos; Gabriela A. Gauna; María C. García Vior; Lelia E. Dicelio 

PO65 MECHANISTIC STUDIES ON THE PHOTODYNAMIC ACTIVITY MEDIATED BY A  

PORPHYRIN-FULLERENE C60 DYADS ON STAPHYLOCOCCUS AUREUS 

María Belén Ballatore; Mariana B. Spesia; M. Elisa Milanesio; Edgardo N. Durantini 

PO66 PHOTODYNAMIC EFFICIENCY OF HYPERICIN COMPARED WITH A CHLORIN AND A 

PORPHYRIN 

Claudia Bernal; Joyce L. S. Gonçalves; Anderson O. Ribeiro; Janice R. Perussi 

PO67 PHOTOTOXIC ACTION OF A LYPOPHILIC Zn(II) PHTHALOCYANINE IN COLON 

CARCINOMA CELLS 

Nicolás Chiarante; Julieta Marino; María C. García Vior; Alejandro Sosnik; Josefina Awruch; Leonor 

Roguin 

PO68 MOLECULAR DYNAMICS SIMULATION OF THE INTERACTION OF MB WITH MODELS LIPID  

BILAYERS 

Elierge Costa; GuilhermeTrellese; Rodrigo M. Cordeiro; Ronei Miotto 

PO69 IMPACT ON CELL MIGRATION AND INVASION DRIVEN BY PHOTODYNAMIC THERAPY ON 

RAS-  EXPRESSING CELLS 

Gabriela Di Venosa; Gustavo null Calvo; Daniel Sáenz; Adriana Casas; Marina Simian; Rocío Sampayo; 

Leandro Mamone; Pablo Vallecorsa; Alcira Batlle 

PO70 PHOTODYNAMIC EFFICIENCY OF PDZ IN MDA-MB 468 CELL LINE 

Isabelle Ferreira; Laís de Souza null Vieira; Maiara Lima Castilho; Juliana Ferreira-Strixino; Kevin Cecil 

Hewitt; Leandro José Raniero 

PO71 UPTAKE OF ANIONIC AND CATIONIC PORPHYRINS INTO ESCHERICHIA COLI  
Natalia Soledad Gsponer; Mariana B. Spesia; Edgardo N. Durantini 

PO72 OXIDATIVE DAMAGE GENERATED BY PHOTOACTIVATION OF RIBOFLAVIN 

TETRAACETATE INDUCES  APOPTOSIS IN SQUAMOUS CARCINOMA CELLS 

Andrea Virginia Juarez; Ernesto Haggi; Alicia Torres; Patricia Pons 

PO73 PHOTODYNAMIC THERAPY MEDIATES THE ROS-DEPENDENT ACTIVATION OF THE 

TUMOR  PROSURVIVAL HYPOXIA-INDUCIBLE FACTOR 1 

María Julia Lamberti; Natalia Belén Rumie Vittar; Viviana Alicia Rivarola 

PO74 PHOTODYNAMIC POTENTIAL OF MODIFIED CHLORINS USING FACTORIAL DESIGN 

Joyce Laura Da Silva Gonçalves; Claudia Bernal; Kleber T. Oliveira; Janice R. Perussi; Hidetake Imasto 

PO75 PHEOMELANIN CONTENT AND ANTIOXIDANT STATUS DO NOT AFFECT THE RESPONSE 

OF HUMAN  MELANOMA CELLS TO PHOTODYNAMIC THERAPY 

Glaucia Regina Martinez; Andréia Akemi Suzukawa; Sheila Maria BrochadoWinnischofer 

PO76 PHOTOTHERAPEUTIC STUDY OF RUBIADIN: PHOTOSENSITIZING ANTHRAQUINONE 

ISOLATED FROM HETEROPHYLLAEA PUSTULATA (RUBIACEAE) 

Susana C. Núñez Montoya; L. R. Comini; I. Fernández; B. Rumie Vittar; J. L. Cabrera; V. Rivarola 

PO77 CHLORIN DERIVATIVES STERICALLY-PREVENTED FROM SELF-AGGREGATION FOR PDT 

Irwin Alexander Patiño Linares; Kleber T. de Oliveira; Janice R. Perussi 
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PO78 RUTHENIUM (II) COMPLEXES AS LIGHT-ACTIVATED THERAPEUTIC AGENTS 

Christiane Pavani; Carla A. Barboza; Nataly AB.G. de Paula; Bryan Albani; Bruno Peña;  Claudia Turro; 

Maurício S. Baptista 

PO79 INNOVATIVE TREATMENT OF ACTINIC KERATOSES USING PHOTODYNAMIC THERAPY 

WITH  5-AMINOLEVULINIC ACID 

Romina Pizarro; Andrea Virginia Juarez; Carola Jurgens; Carolina Bustos Fierro; María Eugenia Olivera; 

María Emilia Gavelli; Rubén Hilario Manzo; Jorge Luis Romero; Néstor Boetto; Carlos Consigli 

PO80 COMPARATIVE STUDY OF INTERACTION OF MB AND DO15 WITH MODEL MEMBRANE 

GuilhermeTrellese; Elierge Costa; RoneiMiotto 

PO81 SINGLET MOLECULAR OXYGEN QUENCHING, O2(¹∆G), ABILITY OF WATER SOLUBLE  

CHITOSAN (WSCh) 

Noelia VandenBraber; M. Emilia Vazquez Montalbetti; Mariana A. Montenegro; Faustino E. Morán 
Vieyra; Ricardo A. Mignone; Claudio D. Borsarelli 

PO82 DEGRADATION STUDIES OF HUMAN SERUM ALBUMIN IN PRESENCE OF DIIMINE Cr(III)  

COMPLEX, Cr(5Clphen)3
3+ 

Alejandra Velo; Pablo Facundo García; Gerardo A. Argüello 

PO83 DELIVERY OF PHOTOSENSITIZERS BY COPOLYMER MICELLES: FROM THE MECHANISM 

TO THE APPLICATION IN PHOTODYNAMIC THERAPY 

Patricia Vicendo; Rachid Kerdous; Anne-Françoise Mingotaud; Jérôme Ehrhart; Christophe Mingotaud; 

Jean-Pierre Souchard; Marie-Pierre Rols; Frédéric Violleau; Stéphanie Bonneau; Laure Gibot 

PO84 PHOTOPHYSICAL AND PHOTOSENSITIZING CHARACTERIZATION OF 5-CHLORO-

SORANJIDIOL OBTAINED FROM HETEROPHYLLAEA LYCIOIDES 

J. Dimmer; L.R. Comini; F.E. Moran Vieyra; R.A. Mignone; S.C. Núñez Montoya;   V. Rey;  C.S. 
Mendoza; J.L. Cabrera; C.D. Borsarelli 

PO85 PHOTODYNAMIC INACTIVATION OF STAPHYLOCOCCUS AUREUS BY NOVEL FULLERENE 

C60 DERIVATIVES 

Maximiliano Agazzi; Natalia S. Gsponer; M. Elisa Milanesio; Mariana B. Spesia; Edgardo N. Durantini 

PO86 FORMULATION OF ALUMINUM CHLORIDE PHTHALOCYANINE INCORPORATED IN 

POLYMERIC  MICELLES OF PLURONIC P-123: PHOTO-PHYSICAL PROPERTIES AND 

PHOTODYNAMIC INACTIVATION OF MICROORGANISMS 

Wilker Caetano; Bruno H. Vilsinski; Adriana P. Gerola; Adalberto E. Junior; Gustavo Braga; Katieli S.S. 

Campanholi; Noboru Hioka; André L. Tessaro; Elza Kimura 

PO87 PHOTOINACTIVATION OF CANDIDA ALBICANS MEDIATED BY A TETRACATIONIC 

PHTHALOCYANINE 

María Albana Di Palma; A. Laura Ochoa; M. Elisa Milanesio; M. Gabriela Álvarez; Edgardo N. 
Durantini 

PO88 THE USE OF PHOTOSENSITIZERS FOR THE DISINFECTION OF  MICROBIOLOGICALLY 

POLLUTED  WATER 

Ana María Edwards; Claudia Bueno; Marcelo Muñoz 

PO89 PHOTOSTABILITY OF PHENOLIC COMPOUNDS FROM PROPOLIS IN MICELLAR MEDIA  

Maria Florencia Fangio; Dalila E. Orallo; Nayla J. Lores; M. Sandra Churio 

PO90 RUBIADIN: A NATURAL PHOTOSENSITIZING ANTHRAQUINONE WITH ANTIFUNGAL 

ACTIVITY 'IN  VITRO' 

Juliana Marioni; J.E. Arce Miranda; M. L. Mugas; J.L. Cabrera; M.G. Paraje; S. C. Núñez Montoya 

PO91 PHOTODYNAMIC INACTIVATION OF STAPHYLOCCUS AUREUS BIOFILMS BY 

CARBOXYPTERIN 

Alejandro Guillermo Miñán; Carolina Lorente; Andrés Thomas; Mónica Fernández Lorenzo; Patricia 

Laura Schilardi 

PO92 SILICON PHTHALOCYANIN AND ALUMINUM PHTHALOCYANINE TETRASULFONATE 

PRESENT DIFFERENT TOXICITY RATES IN LEISHMANIA MAJOR PROMASTIGOTES 
Josane Mittmann; Juliana Guerra Pinto 

PO93 PERSISTENCE IN BACTERIAL POPULATIONS EXPOSED TO SUNLIGHT 

Oscar Oppezzo; Ana F. Forte Giacobone 

PO94 ASSOCIATION STUDIES BETWEEN A COMPLEX OF RE(I) AND BIOPOLYMERS 

Fabricio Ragone; Hector H. Martinez Saavedra; Facundo Garcia; Juan G. Yañuk; Gerardo Argüello; 

Gustavo T. Ruiz; Franco M. Cabrerizo; Ezequiel Wolcan 
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PO95 PHOTODYNAMIC ANTIMICROBIAL CHEMOTHERAPY (PACT) DECREASES THE VIABILITY 

OF MATURE  BIOFILM PRODUCED BY Candida albicans 

Isabela Rosseti; LucieneReginatto Chagas; Maricilia Silva Costa 

PO96 PHOTODYNAMIC EFFECTS OF XANTHENE DYES AND DERIVATIVES ON S. aureus 

BACTERIA: A CHEMOMETRIC STUDY 

André Luiz Tessaro; Bianca M. Estevão; Diogo S. Pellosi; Adriana P. Gerola; Camila F. de Freitas; Elza 

Kimura; Wilker Caetano; Noboru Hioka 

PO97 EVALUATION OF GENES EXPRESSION SAP5, LIP9 AND PLB2 OF CANDIDA ALBICANS 

BIOFILMS AFTER PHOTODYNAMIC THERAPY 
Fernanda Freire; Patrícia Pimentel de Barros; Damara da Silva Ávila; Graziella Nuernberg Back Brito; 

Antonio Olavo Cardoso Jorge; Juliana Campos Junqueira 

PO98 ANTIMICROBIAL PHOTODYNAMIC THERAPY ON BACILLUS SUBTILIS SPORES 

Michelle Peneluppi Silva; Juliana Campos Junqueira; Antonio Olavo Cardoso Jorge 

PO99 ACTION OF ANTIMICROBIAL PHOTODYNAMIC THERAPY ON BIOFILM 

Thais Alves dos Santos; Michelle Peneluppi Silva; Patricia Pimentel de Barros; Felipe de Camargo 

Ribeiro; Antonio Olavo Cardoso Jorge 

PO100 COMPARATIVE STUDY ON THE EFFECT OF PHOTODYNAMIC THERAPY ON BIOFILM OF 

CANDIDA ALBICANS ALONE AND IN ASSOCIATION WITH STREPTOCOCCUS MUTANS IN 

PRESENCE AND ABSENCE OF SUCROSE 

Fernanda Malagutti Tomé; Vitor Martins Andrade; Juliana Campos Junqueira; Antonio Olavo Cardoso 

Jorge; Luciane Dias de Oliveira 

PO101 EFFECT OF PHOTODYNAMIC THERAPY IN BIOFILM OF CANDIDA ALBICANS  ALONE AND 

IN COMBINATION WITH ENTEROCOCCUS FAECALIS 
Leda Maria Gorla Robusti; Lucas de Paula Ramos; Juliana Campos Junqueira; Antonio Olavo Cardoso 

Jorge; Luciane Dias de Oliveira 

PO102 PHOTODYNAMIC THERAPY INFLUENCE ON CELL VIABILITY MACROPHAGES 

Nádia Domingues; Adeline Lacerda Jorjão; Mirian Marcollan de Mello; Juliana Campos Junqueira; 

Luciane Dias de Oliveira; Antonio Olavo Cardoso Jorge 

 

PHOTOBIOLOGY OF EXTREMOPHILES 

PO103 UV-RESISTANT EXTREMOPHILES ISOLATED FROM DIFFERENT NICHES OF HIGH-

ALTITUDE ANDEAN LAKES 

Virginia Helena Albarracin; Gabriela M. Ferrer; María Eugenia Farías 

PO104 CAROTENOID PRODUCTION IS REGULATED BY THE ATP-DEPENDENT LON PROTEASE IN 

THE  EXTREMOPHILIC ARCHAEON HALOFERAX VOLCANII 
Micaela Cerletti; Roberto A. Paggi; AnsgarPoetsch; Rosana E. De Castro 

PO105 EFFECT OF UV RADIATION ON THE SYNTHESIS OF UV-ABSORBING COMPOUNDS IN 

ELEVEN  CYANOBACTERIA ACCLIMATED TO DIFFERENT SALINITIES 

Cesar Dante Medina; Virginia Helena Albarracin; Maria Eugenia Farias 

PO106 PHOTOBIOLOGY OF MICROBIAL VIOLACEIN IN HIGH ALTITUDE COLD LAKES IN 

CHILEAN  PATAGONIA 

Esteban Severino; Cristina Dorador; Luciano Caputo 

PO107 IMPACT OF INCIDENT SOLAR UV RADIATION ON MARINE BACTERIA FROM POTTER 

COVE, SOUTH SHETLAND ISLAND, ANTARCTICA 

Edgardo Hernández; Silvia Coria; Lucas Ruberto; Susana Vázquez; Walter Mac Cormack; José Luis 

López 

PO108 FUNCTIONAL ANALYSES OF NOVEL PHOTOLYASES EXTREME MICROBES FROM HIGH-

ALTITUDE  ANDEAN LAKES (HAAL) 

JulianSimon; Virginia H. Albarracín; Thierry Douki; María Eugenia Farias; Wolfgang Gärtner 

PO109 XANTHORHODOPSIN ENCODING GENES IN HIGHT ALTITUDE LAKE 

Marta F. Gorriti; Fabiano Thompson; Maria E. Farías 

PO110 RESPONSE OF EXTREMOPHILIC BACTERIA FROM HIGH ALTITUDE ANDEAN LAKES TO 

UV-B RADIATION EXPOSURE 

Luciano R. Portero; Omar F. Ordoñez; Federico Zannier; María E. Farias; Virginia H. Albarracín 
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PHOTOBIOLOGY OF PTERINES 

PO111 DEGRADATION OF α- MELANOCYTE-STIMULATING HORMONE PHOTOSENSITIZED BY 

PTERIN 

Diana Carolina Castaño Espinal; Carolina Lorente; Nathalie Martins-Froment; Esther Oliveros; Andrés 

H. Thomas 

PO112 INACTIVATION OF TYROSINASE PHOTOINDUCED BY FOLIC ACID AND ITS 
PHOTOPRODUCTS 

María L. Dántola;  Beatriz  Zurbano; Andrés H. Thomas 

PO113 SOLAR RADIATION EXPOSURE OF DIHYDROBIOPTERINE AND BIOPTERIN IN AQUEOUS 

SOLUTION 

Adriana Ipiña Hernandez; María L. Dántola; Diana Carolina Castaño Espinal; Andrés H. Thomas 

PO114 PURINE AND PYRIMIDINE NUCLEOTIDES PHOTOSENSITIZATION BY PTERIN 

Mariana Paula Serrano; Faustino E. Morán Vieyra; Claudio D. Borsarelli; Carolina Lorente; Andrés H. 

Thomas 

PO115 PEROXIDATION OF SOYBEAN PHOSPHATIDYLCHOLINE LIPOSOMES PHOTOINDUCED BY 

PTERIN 

Mariana Vignoni; Ángel Catalá; Andrés H. Thomas 

PO116 CONFORMATIONAL CHANGES OF 6-SUBSTITUTED TETRAHYDROPTERINS: POSSIBLE 
RELATION TO PHOTORECEPTION 

Andrey Buglak; TaisiyaTelegina; Mikhail Kritsky 

 

PHOTOCARCINOGENESIS 

PO117 PHOTOCARCINOGENESIS IN FISHERMEN OF EQUATOR PACIFIC COAST EXPOSED TO 

VERY HIGH  SOLAR UV RADIATION 

Cecilia Cañarte; G. M. Salum; R.D. Piacentini; M. Gonzalez; N. Valencia 

PO118 EFFECT OF VISIBLE LIGHT ON SKIN CELLS: MECHANISMS OF PHOTOSENSITIZATION OF  

MELANIN 

Orlando Chiarelli-Neto; Alan Ferreira; Waleska K. Martins; Christiane Pavani; Divinomar Severino; 

Fernanda Faião-Flores; Silvya S Maria-Engler; Paolo Di Mascio; Marisa H.G. Medeiros; Maurício S. 
Baptista 

PO119 SEPARATION OF HUMAN MELANOMA CELLS EXPRESSING VARIOUS PIGMENT LEVELS 

USING FLOW  CYTOMETRY 

Anne Oyewole; Julie McManus; Mark A. Birch-Machin 

 

PHOTOCHEMISTRY OF BIOLOGICAL COMPOUNDS 

PO120 NEW INSIGHTS INTO THE PHOTOPHYSICS AND PHOTOCHEMISTRY OF HARMALOL IN 

AQUEOUS  MEDIA 

Juan Gabriel Yañuk; M. Paula Denofrio; María L. Alomar; María M. Gonzalez; Rosa Erra-Balsells; 

Franco M. Cabrerizo  

 

PHOTOCHEMISTRY AND PHOTOBIOLOGY OF XENOBIOTICS 

PO121 PHOTOCHEMICAL AND MICROBIOLOGICAL DEGRADATION OF MALEIC HIDRAZIDE, A 

KNOWN  BIOCIDE 

Adriana Pajares; Mabel Bregliani; Walter Massad; José Natera; Cecilia Challier; Laura Boiero; Mariana 

Montenegro; Norman A. García 

PO122 ENVIRONMENTALLY FRIENDLY ANIONIC REVERSE MICELLES CHARACTERIZED BY AN 

INTERESTING FLUORESCENT PROBE 

Juana J. Silber; Valeria R. Girardi; Mariano Correa; R. Darío Falcone 

PO123 PHOTODEGRADATION OF 1,4-DIHYDROPYRIDINES IN THE PRESENCE OF AMINES 

Cristian Soto; Nancy Pizarro;  Germán Günther 

PO124 PHOTOKINETIC STUDY OF THIRD GENERATION ANTIHYPERTENSIVE 1,4-

DIHYDROPYRIDINE DRUG: LERCANIDIPINE 

Sebastián Cumsille; Cristian Soto; Nancy Pizarro; Germán Gunther 

 

 



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

648 
 

PHOTOCHEMOTHERAPY 

PO125 PHOTOCHEMOTHERAPY: THE EXPERIENCE OF DEPARTMENT OF DERMATOLOGY OF THE 

HOSPITAL  OF CASABLANCA (MOROCCO) 

Halima Benemmane; H. Skali; F. Hali; H. Benchikhi 

PO126 LED-BASED IRRADIATOR TO TREATMENT OF SEVERE BURNS 

Camila Ramos Silva; Silvia Cristina Nuñez; Martha Simões Ribeiro 

PO127 

 

PO128 

VENOUS ULCER TREATMENT WITH LASER IN AN EXPERIMENTAL MODEL 

Luis Silvera; V. Andruet; M. Tissera; H. Corrales; A. Di Pietro; D. Cremonezzi; V. Campana 

ANALYSIS OF THE SPECTRAL IRRADIANCE OF BILIRUBIN BIOLOGICAL ACTION 

PRODUCED BY  ARTIFICIAL LIGHT SOURCES 

Graciela Salum; E. Marino; J. Salerno; R. Piacentini 

 

 

PO129 

PHOTOIMMUNOLOGY 
DAILY EXPOSURES TO UV RADIATION MODULATE THE IMMUNE SYSTEM, INCREASING 
THE  CELLULAR AND HUMORAL RESPONSES 

Eliana Cela; Adrián D. Friedrich; Mariela L. Paz; Juliana Leoni; Daniel González Maglio 

 

PHOTOINDUCED ELECTRON TRANSFER IN PROTEINS 

PO130 

 

OPTOACOUSTIC STUDIES OF ELECTRON TRANSFER PROCESSES IN MODIFIED PROTEINS 

Pedro David Gara; Gabriel M. Bilmes; Lionel Cheruzel; Silvia E. Braslavsky 

PO131 OXIDATION OF METHIONINE-CONTAINING PEPTIDES. FROM REACTIVE TRANSIENTS TO 

THE  STABLE PRODUCTS 

Tomasz  Pedzinski; Marta Ignasiak; Chantal Houée-Levin; Bronislaw Marciniak; Piotr Filipiak 

PO132 IMPACT ON PHOTOPHYSICAL AND PHOTOCHEMICAL PROPERTIES OF 

FLUOROQUINOLONES BY  INTERACTION WITH LYSOZYME IN AQUEOUS SOLUTIONS 

Hugo A. Perez; Faustino E. Morán Vieyra; Claudio D. Borsarelli 

PO133 ULTRAFAST DYNAMICS OF SHORT-RANGE ELECTRON TRANSFER IN PROEINS 

Dongping Zhong 

 

PHOTOMOVEMENT 

PO134 ANALYSIS OF INTRAMOLECULAR SIGNAL TRANSDUCTION IN THE PHOTOACTIVATED 

ADENYLYL  CYCLASE OF THE SULFUR BACTERIUM BEGGIATOA SP 

Mineo Iseki; Shoko Uekusa; Asami Yamagata; Koji Hasegawa; Hiro Yasukawa; Tetsuo Takahashi; 

Masakatsu Watanabe 

 

PHOTORECEPTION IN MICROORGANISMS 

PO135 XANTHOMONAS CAMPESTRIS PV. CAMPESTRIS BACTERIOPHYTOCHROME MODULATES 

VIRULENCE IN  A LIGHT DEPENDENT MANNER 

Hernán Bonomi; Florencia Malamud; Laila Toum; Andrés M. Toscani; Gustavo Gudesblast; Federico C. 

Leskow; Fernando A. Goldbaum; Adrián A. Vojnov 

PO136 TRANSCRIPTIONAL ANALYSIS OF VOLVOX PHOTORECEPTORS SUGGESTS THE 
EXISTENCE OF TWO  DISTINCT CELL TYPE SPECIFIC LIGHT SIGNALING PATHWAYS  

Arash Kianianmomeni 

PO137 LIGHT AND IRON ACQUISITION IN ACINETOBACTER BAYLYI ADP1 

Clara Nudel; Rodrigo Horacio González; Mariana Bitrian 

 

PHOTOSYNTHESIS 

PO138 MUTATIONAL ANALYSIS OF LHCSR1, RESPONSIBLE FOR NON-PHOTOCHEMICAL 

QUENCHING  ACTIVITY IN PHYSCOMITRELLA PATENS, BY OVEREXPRESSION IN 

ARABIDOPSIS THALIANANPQ4 MUTANT 

Ioannis Dikaios; Matteo Ballottari; Alessandro Alboresi; Roberto Bassi 

PO139 LIPIDS AND LHCII - THE TALE OF TWO ENTITIES 
Katarzyna Gieczewska; Wieslaw Ignacy Gruszecki 
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PO140 STRUCTURAL AND FUNCTIONAL MODULARITY OF THE CYANOBACTERIAL ORANGE 

CAROTENOID PROTEIN 

Ryan Leverenz; Denis Jallet; Ming-De Li; Richard A. Mathies; Diana Kirilovsky; Cheryl A. Kerfeld 

PO141 USE OF CHLOROPHYLL A FLUORESCENCE INDICATING THE CHANGES IN THE 

PHOTOSYNTHETIC  APPARATUS OF 'GOLDEN' PAPAYA FACE OF CLIMATE CHANGES 

Diolina Silva; Vanessa Cristina Caron; Ângelo Pedro Jacomino; Thais Araujo Santos; Xismenia Soares 

da Silva Gasparini; Pedro Mazzocco Pereira; Pedro Ernesto Massario 

 

 

PO142 

PLANT AND ANIMAL FLUORESCENCE 
CHLOROPHYLL A FLUORESCENCE IN PHOTOMORPHOGENIC TOMATO MUTANTS UNDER 

DROUGHT  STRESS CONDITIONS 

Frederico Alves; Ailton José Crispim Filho; Alan Carlos Costa; Hyrandir Cabral de Melo 

PO143 NON-DESTRUCTIVE METHODS FOR ASSESSMENT OF SENESCENCE PHOTOCHEMISTRY: 

FROM LEAF  TO STAND LEVEL 

Gabriela Cordon; M. Gabriela Lagorio; José M. Paruelo 

PO144 CHARACTERIZATION OF BREAST CANCER FLUORECENCE LANDSCAPES BY PARAFAC 

MODEL 

Miroslav Dramicanin; Tatjana Dramićanin; Ivana Zeković; Lea Lenhardt 

PO145 ASSESSMENT OF SKIN PROPERTIES IN VIVO BY DIFFUSE REFLECTANCE SPECTROSCOPY 

Tatjana Dramicanin; Ivana Zeković; Lea Lenhardt; Miroslav Dramicanin 

PO146 CHLOROPHYLL A FLUORESCENCE KINETICS AND GAS EXCHANGE AS A TOOL TO 

EVALUATE THE  PHENOTYPIC PLASTICITY IN TREE SPECIES TO THE BRAZILIAN 

TROPICAL RAINFOREST 
XismeniaGasparini; Diolina Moura Silva; Aureliano Nogueira Costa; Camilla Zanotti Gallon; Pedro 

Mazzocco Pereira;  Pedro Carvalho; Caio Cesar Paiva; Thais Araujo Santos 

PO147 SPECTROSCOPIC STUDY ON FORAGE SPECIES IRRIGATED WITH ARSENIC SOLUTIONS 

AND  EXPOSED TO DIFFERENT RESOURCE LEVELS 

AnaliaIriel; Gabriela Cordon; Alicia Fernández Cirelli; M. Gabriela Lagorio; José M. Paruelo 

PO148 ANALISYS OF CEREAL FLOURS BY FLUORESCENCE SPECTROSCOPY AND PARAFAC 

Lea Lenhardt; Ivana Zeković; Milena Marinović-Cincović; Tatjana Dramićanin; Miroslav D. Dramićanin 

PO149 FLUORESCENCE, REFLECTANCE AND IMAGING AS TOOLS IN DEVICES FOR ARTIFICIAL 

VISION.  EVALUATION OF YERBA MATE COMPOSITION 

Tamara Lourdes Parapugna; M. Gabriela Lagorio 

PO150 ESTIMATION OF CHLOROPHYLL CONTENT IN OREGANO LEAVES USING A PORTABLE 

CHLOROPHYLL  METER: RELATIONSHIP WITH MESOPHYLL THICKNESS 

Marcos Sebastian Pereyra; VaninaDavidenco; Selva Núñez; Juan A. Argüello 

PO151 PHOTOSYNTETIC EFFICIENCY AND CHLOROPHYLL FLUORESCENCE OF JATROPHA 

CURCAS L. IN  GREENHOUSE AND FIELD 
Thaís Santos; XismeniaSoares Da Silva Gasparini; Lorenzo Ferrari AssúTessari; Camilla Zanotti Gallon; 

Pedro Mazzocco Pereira; DiolinaMoura Silva 

PO152 EFFECTS OF TEMPERATURE ON PHOTOSYNTHESIS OF SARGASSUM SP. (FUCALES, 

OCHROPHYTA) ESTIMATED BY IN VIVO CHLOROPHYLL A FLUORESCENCE 

V. Urrea-Victoria; A. Souza; F. Chow; E. Plastino; J. Barufi Bonomi 

 

PLANT PHOTOMORPHOGENESIS AND SIGNALING 

PO153 MATERNAL EFFECTS AND GENOTYPE INTERACT TO AFFECT GERMINATION RESPONSES 

TO LIGHT QUALITY 

Gabriela Auge; Lindsay D. Leverett; Aman Bali; Kathleen Donohue 

PO154 THE EXPRESSION OF ATPHR2 IS REGULATED BY LIGHT AND SUCROSE 

Agnieszka Katarzyna Banas; Justyna Łabuz; Olga Sztatelman 

PO155 COMPATIBLE SOLUTES ACCUMULATION IS MODULATED BY PHYTOCHROMES A, B1 E B2 

OF  TOMATO DURING SEED GERMINATION UNDER WATER STRESS 

Rogério Carvalho; Lucas Travessa; Marina Gavassi; Carolina Monteiro 

PO156 HISTONE DEACETYLASE 6 (HDA6) ARE INVOLVED IN THE DOWN-REGULATION OF 

JASMONIC  ACID (JA) RESPONSES PRODUCED BY LOW RED/FAR-RED (R:FR) RATIOS IN 

ARABIDOPSIS 
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Ignacio Cerrudo; Carlos Ballaré 

PO157 PHYTOCHROME B IS A POSITIVE MODULATOR OF ANTI-HERBIVORE DEFENSES IN 

TOMATO 

Leandro Cortés; Patricia V. Demkura; Patricia N. Piccoli; Hernan E. Boccalandro; Carlos L. Ballaré 

PO158 REGULATION OF JUVENILE TO ADULT VEGETATIVE PHASE TRANSITION IN SHADE 

CONDITIONS  IN ARABIDOPSIS THALIANA 

Vinicius Costa Galvao; Christian Fankhauser 

PO159 ARGININE METHYLTRANSFERASES: A COMPARATIVE ANALYSIS OF THEIR ROLE IN 

LIGHT  DEPENDENT PROCESSES IN A. THALIANA 

Carlos Esteban Hernando; Marcelo Yanovsky 

PO160 

 

ARABIDOPSIS PHYTOCHROME B NUCLEAR BODIES UNDER SHADE 
Martina Legris; Santiago Ariel Trupkin; Ana Sabrina Buchovsky; María Belén Tolava Rivero; Jorge José 

Casal 

PO161 THE EFFECT OF LOW RED: FAR RED (R:FR) RATIO DEPRESSING JA SENSITIVITY 

REQUIRES JAZ10 

Melisa Leone; Carlos Ballaré 

PO162 UNRAVELLING THE PHYSIOLOGICAL FUNCTIONS OF MICRORNAS IN 

PHOTOMORPHOGENIC ARABIDOPSIS 

Meng-Chun Lin; Huang-Lung Tsai; Shu-Hsing Wu 

PO163 SELF-SHADING BY ENDOGENOUS PIGMENTS ORCHESTRATES CAROTENOID GENE 

EXPRESSION  DURING FRUIT RIPENING 

Briardo Llorente; Lucio D’Andrea; Águila M. Ruíz-Sola; Esther Botterweg; Manuel Rodríguez-
Concepción 

PO164 IDENTIFICATION OF KEY GENES IMPLICATED IN PHOTOPERIODIC FLOWERING IN 

ALFALFA 

Christian Damian Lorenzo; Pablo D. Cerdán; Aime Jaskolowski 

PO165 GENOME-WIDE ANALYSIS OF ACUTE EFFECTS OF LIGHT ON THE OF ALTERNATIVE 

SPLICING IN  ARABIDOPSIS THALIANA 

Estefanía Mancini; Sabrina Sánchez; AndresRomanowski; Detlef Weigel; Marcelo Yanovsky 

PO166 EARLY TRANSCRIPTOME RESPONSES TO SHADE REQUIRE PHYTOCHROME INTERACTING 

FACTORS  AND CONSTITUTIVE PHOTOMORPHOGENESIS 1 

Manuel Pacin; Mariana Semmoloni; Jorge J. Casal 

PO167 SHORT-TERM MEMORY OF PREVIOUS SHADE IN ARABIDOPSIS THALIANA 

OrnellaPucciariello; Martina Legris; Manuel Pacin; Jorge J. Casal 

PO168 GLOBAL CIRCADIAN TRANSCRIPTOME ANALYSIS BY RNA-SEQ 

Andres Romanowski; Estefanía Mancini; Sabrina Sanchez; Matias Rugnone; Marcelo Yanovsky 

PO169 NOVEL INTERACTIONS BETWEEN LIGHT AND TEMPERATURE SIGNALING 

Maximiliano Sanchez-Lamas; Pablo D. Cerdán 

PO170 A NOVEL FACTOR INVOLVED IN CLOCK SETTING AT LOW TEMPERATURE IN 

ARABIDOPSIS  THALIANA 

Rubén Schlaen; Soledad Perez-Santángelo; Estefanía Mancini; Marcelo Yanovsky 

PO171 PHOTOTROPISM OF Arabidopsis thaliana INFLORESCENCES UNDER NATURAL RADIATION 

IS  MEDIATED BY PHOTOSENSORY SYSTEMS ALTERNATIVE TO PHOTOTROPINS 

Alejandro Serrano; Carla Giordano; Verónica Arana 
 

RADIATION DAMAGE TO RETINA 

PO172 

 

PO173 

LOW LIGHT DAMAGE AS A MODEL OF RETINAL DEGENERATION IN RATS 

Maria Mercedes Benedetto; María Luz Quinteros Quintana; Mario Guido; María Ana Contin 

PLASMALOGENS AFFECT PHOTOREACTIVITY OF OXIDIZED POLYUNSATURATED FATTY 

ACIDS IN  ARPE-19 CELLS IN VITRO 

Anna Pawlak; AgnieszkaBroniec; Andrzej Zadlo; Anna Piłat; Magdalena Olchawa; Tadeusz Sarna 
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REACTIVE OXYGEN SPECIES IN PLANTS 

PO174 

 

THE ROLE OF CHLOROPLAST-GENERATED REACTIVE OXYGEN SPECIES IN  PLANT-

PATHOGEN INTERACTIONS 

María Laura Delprato; Adriana R. Krapp; Néstor Carrillo 

 

RETINAL PROTEINS IN MICROORGANISMS OR EXTREMOPHILES 

PO175 PUTATIVE VIRAL PROTEORHODOPSINS CODING SEQUENCES IN MARINE SEDIMENTS 

FROM FOUR  EXTREMELY COLD LOCATIONS (TIERRA DEL FUEGO, ANTARCTICA, 

NORWAY AND SWEDEN) 

José Luis López; Marcelo Golemba; Edgardo Hernández; Hebe Dionisi; Walter Mac Cormack 

 

RHODOPSINS 

PO176 TUNING RETINAL PROTONATED SCHIFF BASE PHOTOCHEMISTRY IN SOLUTION 

Giovanni Bassolino; Tina Sovdat; MatzLiebel; Christoph Schnedermann; Barbara Odell; Timothy 

Claridge; Stephen Fletcher; Philipp Kukura 

 

SINGLE MOLECULE DETECTION 

PO177 AN ULTRASENSITIVE FLUORESCENT PLATFORM FOR DETECTION OF METAL-

NANOPARTICLES,  PROTEINS AND NUCLEIC ACIDS 

Nicolás Zabalegui; Soledad Cerimedo; Alejandro Cadranel; José Hodak 

 

SINGLET OXYGEN HOLOGRAPHY 

PO178 DETECTION OF PHOTOINDUCED TRANSITIONS IN BIOLOGICAL MOLECULES BY MEANS 

OF DIGITAL HOLOGRAPHY 

Irina Semenova; Andrey Belashov; Nickolay Petrov; Oleg Vasyutinskii 

 

SPECTROSCOPY AND STRUCTURAL BIOLOGY OF CHROMOPROTEINS 

PO179 NEW ADVANCES IN ALLOPHYCOCYANIN FROM GRACILARIA CHILENSIS 

Jorge Dagnino-Leone; Marta BunsterBalocchi; José Martínez-Oyanedel 

PO180 

 

PO181 

SEQUENCE, STRUCTURE AND FUNCTION OF THE GAMMA 33 SUBUNIT OF R-

PHYCOERYTHRIN FROM  GRACILARIA CHILENSIS 

Francisco Lobos; Carola Bruna; José Martínez-Oyanedel; Marta Bunster 

STRUCTURAL STUDY OFTHE BACTERIOPHYTOCHROME FROM THE PLANT PATHOGEN 

XanthomonasCampestris 

Hernán R. Bonomi; Lisandro H. Otero; SebastianKlinke; Jimena Rinaldi; Fernando A. Goldbaum 

 

UV EFFECTS  

PO182 MECHANISM INVOLVED IN THE UVA SENSITIZING ROLE OF THE PSEUDOMONAS 

QUINOLONE  SIGNAL (PQS) IN PSEUDOMONAS AERUGINOSA 

Cristina Costa; Magdalena Pezzoni; Ramón A. Pizarro 

PO183 BACCHARIS FLABELLATA FURANE NEO-CLERODAN DITERPENES AS NO AND ROS 

SCAVENGER 

Matias Funes; Carlos E. Tonn; Marcela Kurina Sanz 

PO184 LIGHT, MIXING DEPTH AND BACTERIVORY BY MIXOTROPHIC PROTISTS IN ANDEAN  

NORTH-PATAGONIAN LAKES 

Beatriz  Modenutti; Marcela Bastidas Navarro; Esteban Balseiro 

PO185 SPECTRAL WEIGHTING FUNCTIONS FOR UV INHIBITION OF GROWTH RATE IN THE 

GLOBALLY  IMPORTANT PICOPHYTOPLANKTON, SYNECHOCOCCUS AND 

PROCHLOROCOCCUS 
Elisabet Perez Coronel; ByanjanaThapa; Robert Bourdon; Patrick J. Neale 

PO186 EFFECT OF KATA CATALASE ACTIVITY LEVEL ON SURVIVAL OF PLANKTONIC CELLS 

AND  BIOFILMS OF PSEUDOMONAS AERUGINOSA EXPOSED TO UVA RADIATION 

Magdalena Pezzoni; Ramón A. Pizarro; Cristina S. Costa 

PO187   EFFECTS OF UVR IN MOULTING MECHANISM IN ZOOPLANKTON 

María Sol  Souza; Laura Wolinski; Beatriz Modenutti; Esteban Balseiro 



16th International Congress on Photobiology - September 8th - 12th, 2014 - Universidad Nacional de Córdoba, Argentina. 

652 
 

PO188 POSTHARVEST EFFECT OF UV-C AND FLUORESCENT LIGHT ON POTATO SEED TUBERS  

GLYCOALKALOIDS CONTENT 

Artur Batista de Oliveira Rocha; Sylvio L. Honório; Claudio L. Messias; María J. Roca; Perla A. Gómez 

PO189 EVOLUTION OF ERYTHEMAL SOLAR RADIATION IN CÓRDOBA, ARGENTINA: EFFECTS OF  

ATMOSPHERIC FACTORS 

Mariana Achad; María Laura López; Gustavo G. Palancar; Beatriz M. Toselli 

PO190 GP91 PHOX PLAYS AN IMPORTANT ROLE IN LONG-TERM ULTRAVIOLET A IRRADIATION-

INDUCED PHOTOAGING 

Keiichi Hiramoto; Hiromi Kobayashi; YurikaYamate; Eisuke F. Sato 

PO191 DO LOW LEVEL ULTRAVIOLET RADIATION (UVR) EXPOSURES PROTECT LIGHT SKIN 

FROM UVR-INFLAMMATORY CHALLENGE? 

Muhamad Rozaimi  Mohamad  Rashid; Barbara Shih; Sarah Felton; Lesley E Rhodes 

PO192 ULTRASTRUCTURAL CHARACTERIZATION OF GRAY HAIR AFTER PHOTO DAMAGE 

Marina Richena; M. Silveira; I. Torriani; C. A. Rezende; I. Joekes 

PO193 UVA RADIATION INCREASES MCPIP1 EXPRESSION IN HACAT CELLS 

AgnieszkaWolnicka-Glubisz; Marta Smejda; Jolanta Jura 

PO194 UVA1 EXPOSURE LEADS TO DARKEN HUMAN SKINS OF DIFFERENT CONSTITUTIVE 

PIGMENTATION TOGETHER WITH A MOLECULAR BIOLOGICAL IMPACT 

Claire Marionnet; Stéphanie Nouveau; Virginie Hourblin; Kumar Pillai; Megan Manco; Philippe Bastien; 

Christian Tran; Caroline Tricaud; Olivier De Lacharrière; François Bernerd 

PO195 UV-B TOLERANCE PROPERTIES EXHIBITED IN DIVERSE BROADLEAF TREES 

Yadong Qi; Vanessa Ferchaud; Kit L. Chin 

PO196 THE EFFECT OF UV-B ON ARABIDOPSIS LEAVES DEPENDS ON LIGHT CONDITIONS AFTER  

TREATMENT 

Olga Sztatelman; Joanna Grzyb; Agnieszka Katarzyna Banaś 

PO197 THE BENDING RESPONSE OF ARABIDOPSIS ETIOLATED SEEDLINGS TO ULTRAVIOLET B 

LIGHT 

Filip Vandenbussche; Kimberley Tilbrook; Ana Carolina Fierro; Kathleen Marchal; Dirk Poelman; 

Dominique Van Der Straeten; Roman Ulm 

PO198 ROLES OF CRYPTOCHROMES, PHOTOTROPINS AND UVR8 IN THE ACCUMULATION OF 
PHENOLICS IN ARABIDOPSIS LEAF EPIDERMIS UNDER SOLAR ULTRAVIOLET RADIATION 

Fang Wang; Luis O. Morales; Pedro J. Aphalo 

 

VITAMIN D AND UV RADIATION 

PO199 PROJECTIONS OF UV RADIATION WEIGHTED BY THE ERYTHEMAL AND VITAMIN D 

SYNTHESIS  RESPONSES IN THE 21ST CENTURY IN SOUTH AMERICA 

Gabriela Moraes; Marcelo de Paula Corrêa 

 

WATER SPLITTING 

PO200 

 

 

 

PO201 

PHOTOCATALYSIS OF WATER TO HYDROGEN PRODUCTION USING 

METALLOCORROLATES AND  METALLOPORPHYRINS 

Miguel Angel Morales Vasquez; NicolasNeuman; Fabio Doctorovich 
 

BIOFILM FORMATION IS INHIBITED BY c-di-GMP in ACINETOBACTER BAUMANNII 

Adrián Golic, Martínez  Florencia, Jie Zhou, Sintim H., María  Alejandra  Mussi 
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