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Keynote lectures
Sunday August 27

KL1 Silvia Braslavsky (Mulheim an der Ruhr, Germany)

Photoscience as a Bridge to Peace

Monday August 28

KL2 Maria Gabriela Lagorio (Buenos Aires, Argentina)
Fluorescence of living plants. From space to cells

KL3 Janet Bornman (Perth, Australia)

ESP, a life dedicated to all things photo and biological
KL4 Michel Sliwa (Lille, France)

The synergy of timeesolved optical spectroscopy and crystallography to reveal the mechanism of
photoswitchable proteins.

Tuesday August 29
KL5 Yong Zhang (Hong Kong, China)

Lightemitting Materials and Devices for Wireless Phototherapy
KL6 Gareth I. Jenkins (Glasgow, UK)

UVRS8 photoreceptor action in plant responses toBJkadiation

Wednesday August 30
KL7 Roger Bresebach(Barcelona, SpainESP young investigator awag023

Each photon counts: Singlet oxygen detection from hetndeterogeneous samples
KL8 ESP Nadja A. SiméEnespi(Gottingen, Germany)ESP young investigator award 2023
Probing Biology with Photoemistry using Optddioorganic Building Blocks

Thursday August 31
KL9 Shelley Minteer (Salt Lake City, USA)

Using Synthetic Biology Tools for Efficient Ammonia Production from Cyanobacteria
KL10 Jeathuc Coll (Grenoble, France)

NIR/SWIR imaging in vivo using optically active nanotheranostic systems

KL11 Michael Hamblin (Johannesburg, South Africa)

Potentiation of antimicrobial photodynamic inactivation by inorganic salts



Photosciences as a Bridge for Peace

Silvia E. Braslavsky

Max Planck Institute for Chemical Energy Conversion (retiled)braslavsky@cec.mpg.de

A major reason for human conflicts and colonial behavior has always been the voracity for natural
resources, from food and wood to silverdagold, from slaves to work in the sugar, cacao, and cotton
plantations to oil, gas, uranium and lately Litium, to satisfy the everincreasing energy hunger in the present
time, all this producing nowadays the climate catastrophe, a widespread pauperizatiah the
conseqguent migration waves we are witnessing. Although the solutions are obviously political and should
be found in international weltontrolled agreements, scientists may contribute in several ways. Our field
of research, based on the obserigt of natural energyransforming processes triggered by light, such as
photosynthesis with @and in the absence of {bacteriorhodopsin in Archaea), as well as light sensing
and even UMight-induced repair, has reached a mature stage. Examples ardetrelopment of highly
efficient photovoltaic units as well as the increasingly cheaper and more efficient ways for the use of
natural light to split water and produce;idsed as fuel or, in turn, reacting with captured environmental
CQfor its reductionto synthetic fuels or higlvalue chemicals. Other photwevelopments include the use

of light of various wavelengths to degrade pollutants of biological and/or industrial origin and, of course,
the use of light for the treatment and/or the diagnosis o$elises. There is even a recent discovery of a
novel photoinduced enzyme that converts fatty acids into fuellike hydrocarbons. Several of these
developments allow a nenoncentrated (in a few hands) access to energy resources.

We can say that the very fladevelopment of the knowledge and the possible applications of the
interaction of light with matter in general, in particular with the biosphere, has taken place especially after
the second world war. One of the major motors for the fast increase hastheersery strong international
collaborations exercised in very different ways, either by bilateral agreements between laboratories or
Universities or between Nations, or through the several international institutions, such as the UN,
UNESCO, The Worldalemy of Sciences (TWAS) and also strongly through the participation in and of the
large international learned Societies, such as IUPAC, IUPB, IUPAB, the International Meteorological
Association to name just a fewg and, in general, the ICSU (InternatidrCouncil of Scientific Unions,
today called the International Council for Sciences, ICS) and many others. These scientific interactions and
collaborations were very strong and effective even in very difficult moments as it was the cold war (which
wasnotzyf & O2fR AT GKS @I NA2dza addz0a A ddziS 41 NA | NB
The present difficult times characterized by the climate catastrophe, the war in Ukraine, the COVID 19
pandemic and its consequences, plus the ever presgong consequences of the colonial times in many
parts of the world (LatifAmerica, Africa, SouitWest Asia, etc.) should impulse us to increase the
collaborations with all scientists of the worddndependently of their political or otherwise positiig -
for the development of sources of energy (and other developments) that could make all our societies free
from strong unilateral international dependencies and possible wars to solve them. At the same time, |
consider essential to exercise more inchespractices in our scientific communities, not only as a way of
building peace bridges through all sectors of our societies, but also to have all creative individuals
participating in the process, everyone with a different approach!



Fluorescence of living plants. From space to cells

Maria Gabriela Lagorio

Departamento de Quimica Inorganica, Analitica yn@ea Fisica/ INQUIMAE. Facultad de Ciencias
Exactas y Naturales. Universidad de Buenos Aireg@aqi.fcen.uba.ar

Fluorescence, the emission of light upon absorption of photons, is a fascinating phenomenon extensively
studied in various scientific domains. In the context of plant biology, fluorescence has emerged as a
valuable tool for investigating photosynthesis ahe vitality of plants. This talk provides an overview of
fluorescence in plants, with a specific focus on chlorophyll fluorescence, encompassing observations from
the global scale to the cellular level.

At the macroscopic level, remote sensing techmigjuutilizing satellithbased sensors have
revolutionized our understanding of plant health and productivity on a global scale. Satellites, such as the
Orbiting Carbon Observato® (OCER) and TanSat, detect the fluorescence signal emitted by vegetation
in the red and fafred spectral regions. By quantifying this fluorescence, researchers can obtain valuable
information about plant stress and carbon assimilation rates, aiding in the monitoring of ecosystem
dynamics and climate change impacts.

Moving closer to the plant level, chlorophyll fluorescence serves as an invaluable probe to
investigate photosynthesis neinvasively. By measuring the fluorescence emitted from chlorophyll,
researchers can gain insights into several vital processes, inclglihgdrvesting, energy dissipation, and
electron transport within the photosynthetic machinery. One commonly used technique to assess
chlorophyll fluorescence at leaf level is the Pulse Amplitude Modulation (PAM) fluorometry. PAM
fluorometers provide realime measurements of fluorescence parameters, such as the maximum
guantum vyield of photosystem Il (PSIl) photochemistry (Fv/Fm) and the effective quantum yield of PSII
(b PSII). These parameters offer valuable insights into the plant's photosynthetiereffiand can serve
as sensitive indicators of stress, such as nutrient deficiencies, drought, or temperature extremes.
Moreover, the analyses of the rapid fluorescence transient enables the identification of specific steps in
the electron transport chain faere disruptions occur as a result of biotic or abiotic factors.

At the cellular level, chlorophyll fluorescence unravels the complex interplay between light
absorption, energy transfer, and photochemical reactions within the chloroplasts.

Furthermore, he talk will particularly address steadjate fluorescence, which provides valuable
information about the spectral distribution of the emitted light, at the chloroplast, leaf, and canopy levels.
The presentation will also introduce physical correction elechimed at mitigating artifacts caused by
light reabsorption (inner filter) in leaves and plant canopies. Additionally, the field methodology known as
Tractormounted LEBNduced fluorescence will be presented, showcasing how physical models allow for
the retrieval of cellulatevel information from data collected at a distance.

By integrating all these mulicale observations, scientists can deepen their understanding of
plant biology and contribute to more sustainable agricultural practices and gensysanagement in the
face of a changing climate.



ESP, a life dedicated to all things photo and biological
Janet F. Bornman

Murdoch University, Perth, Western Australia

The history of the European Society for Photobiology (ESP) began as an idea 39 years ago in 1984. This
was followed by a task group meeting the following year, and in September 1986, ESP was launched at

its first Congress in Grenoble, France. The divemdesimulating scientific community of friends and
colleagues have shaped the careers and global outlook of researchers of all ages through ESP congresses,
photobiology workshops, ESP Photobiology Schools, the Society journal and themed books. The path of
9{tQa KAal2NE (2 RIFIGS YR GKS aOASyOS RdNAy3I Ala
events and technological advances that we have addressed and researched as we face the enormous

task of trying to regain a sustainable Earth. And as miimy innovations, there are usually dark and

light sides the wideranging benefits derived from solar radiation and controversial innovations or

proposals for interventions to lessen the impact we are having on the environment. Examples include
nuclear echnology and modifications of the solar radiation reaching the Earth in order to reduce global
warming.

Paul Crutzen, the Nobel laureate, who shared the award with Sherwood Rowland and Mario Molina for
their research on protecting the Earth from extrertd® radiation by identifying ozorgepleting

substances, later coined the woAhthropocenéto replace the current geological epoch, the Holocene.

The implications of the discovery of the stratospheric ozone hole focussed the science on how the
increasecamount of UV radiation could affect human health, ecosystems and food security, leading to

the treaty of the Montreal Protocol for controlling the ozonedepleting substances. The science has

shown many complexitiéslong the way, with climate change affew the stratospheric ozone layer,

andvice versaThis Keynote will intertwine some of the highlights of ESP with the photobiological

research, and ponder briefly on our future prospects.

1Crutzen, P. 2002. Geology of mankiNdture415, 23.

:Environmental Effects Assessment Panel. 2023. Environmental effects of stratospheric ozone depletion,
UV radiation, and interactions with climate change: 2022 Quadrennial Assessthetbchemical &
Photobiological Sciencez2(5), 93%1212.



The synergy of timaesolved optical spectroscopy anttystallography to reveal the mechanism of

photo-switchable proteins.
Michel SLIWA

1 LASIRE, CNRS UMR 8516, Univ. Lille, Lille 59000, FRIANCElwa@unhlille.fr X &

Among photeactive biological systems, phoetwitchable proteins are key elements in important
biological functions such as vision, photoprotection and photosynthesis. They can also be used in different
applications such as optogenetics and supesolution bio-imaging. Their intrinsic properties of using light

in an efficient way are characterized by pha&twitching dynamics that takes place on a broad tsoale,
ranging from hundreds of femtoseconds to a few milliseconds. It involves several excitsdastdtground

state intermediates, and a complex interplay between the chromophore and the protein. Even though
photo-LJK & & A O f LI NI YSGSNBR 0agAGOKAY3a k Ffdz2NBaOSyOS
advanced biémaging applications, the switalg mechanism that controls these parameters is still a
matter of debate. Indeed, mechanistic details, in particular on the ##ish photochemical time scale,
remain unclear. Another challenge in deducing the pkatotching mechanism is to create a wmih

picture explaining both single pulse excitation experiments used in the study of ultrafast-giaamics,

and in vivocontinuous light irradiation condition. | will discuss here how the synergy of time resolved
optical spectroscopy and serial femtosed crystallography allows us to reveal the phatechanism for
photo-switchable fluorescent proteifn$ and orange carotenoid protefd. Crucial parameters in the
photo-switching dynamics were unveiled to rationally tailor the development of efficiewtpteoto-active

proteins for bicimaging and optogenetics.

References

[1] V. Adam et al., & M. Weik, ChemPhysChem, 2022, e202200192.

[2] L. M. Uriarte et al, & M. Sliwa, J. Phys. Chem. Lett., 2022, 13, 1194.

[3] J. Woodhouse et al, & M. Weik, Nat. Commun, 2020,741.

[4] N. Coquelle et al., & M. Weik, Nat. Chem., 2018, 10, 31.

[5] JP. Colletier et al., & M. Weik, J. Phys. Chem. Lett., 2016, 7, 882.
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Lightemitting Materials and Devices for Wireless Phototherapy

Yong Zhanyg

1 Departmentof A2 YSRAOIf 9y 3IAYSSNAYy3IAZ /AGeE | YAOBSNBEAGE 2F | 2y =

Light has proven useful in a wide range of biomedical applications such as phototherapy. Taking
photodynamic therapy (PDT) as an example, it has been chnprallen effective in treating early lung,
bladder, head and neck cancer and is the primary treatment for skin cancer. However, the clinical
application of PDT is severely constrained by the low penetration depth of visible light through thick
tissue, limiing its use to target areas only a few millimeters deep. One way to improve the range is to
use nanomaterials with lightonverting properties to convert deegssue penetrating neainfrared

(NIR) light to visible light suitable for activating photosewsidrugs, extending the depth to 1cm.
However, at depths beyond 1 cm, tissue remains inaccessible to light (even NIR), a critical depth
limitation that renders existing phototherapy ineffective for deggated cancers. We have
demonstrated some new treatent modalities for wireless cancer phototherapy in deep tissues using
Xray activatable nanomaterials, lighmitting hydrogel implants and micloEDs. Use of these

technologies could be extended to other light based therapeutic applications.

Photodynamic
therapy

Photothermal

therapy Optogenetics

Photobiomodulation ' ‘ Drug/gene delivery

Lightemitting materials and devices for light based therapeutic applications

Reference

Zhang Y, et al. A fleREGDA upconversion implant for wireless brain photodynamic therapy. Advanced Materials, 2020, 32,

Article Number: 2001459.

Bansal A, Yang FY, Xi T, Zhang Y*, Ho JS. In vivo wireless photonic photodynamic therapy. Proceedings of the National Academy

of Sciences of the United States of America (PNAS), 2018, 115, 1469.



UVRS8 photoreceptor action in plant responses to {Bvadiaion

Gareth I. Jenkirds

1 School of Molecular Biosciences, University of Glasgow, UK.

UltravioletB (UVB) radiation in sunlight acts as a regulatory stimulus to plants, enabling them to acclimate

to ambient conditions to optimize growth and viabilityx@®sure to UMB radiation initiates extensive
transcriptional reprogramming which underpins changes to metabolism, morphology and physiology.
Many of these regulatory responses are mediated by UV RESISTANCE LOCUS8 (UVRS8), the only plant
photoreceptor knowrto orchestrate responses to U and shorwavelength UVA light. UVR8 exists as

a homodimer in the absence of UV light.-B\absorption by tryptophans in the primary sequence causes

rapid dissociation of the dimer into monomers, which initiate signalimgugh interaction with other

proteins. Binding of the E3 ubiquitliygase component CONSTITUTIVELY PHOTOMORPHOGENIC 1 (COP1)
to UVRS8 following U¥ photoreception leads to stabilization of the HY5 transcription factor, which
activates many UVRS8 targetrges. In addition, UVRS interacts directly with several transcription factors

to regulate gene expression responses. UVR8 also binds to REPRESSERPEIOUDUMORPHOGENESIS
(RUP) proteins, which promote-tBmerization of UVR8 monomers and negatively reguldVR8 action.
However, although these UVRS8 signaling partners have been identified, much still remains to be
understood about their roles in UB responses and the mechanisms that control their interaction with
UVRS.
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Each photon counts: Singleixygen detection from hometo hetero-geneous samples

Roger BresclDbach,

1 Institut Quimic de Sarria, Universitat Ramon Llull, Barcelona, Catalunya, Spain.

The investigation of the involvement of singlet oxygé®;) in many important processes in Biology,
Materials Science, Chemistry and Medicine demands its efficient and specific detection and quantification.
Due to its highly reactive naturé(, has only one direct method of determination, namely the detection

of its phosphorescence emission at 1270 nm. Figsolved phosphorescence detection (TRPBDehot

only allows the confirmation of its presence, but also the study of its formation and decay kinetics. The
determination of kinetic parameters 80, with time-resolved studies is indeed crucial to characterize its
reactivity. In turn, these studies also provide information about the precursorofHowever, the
phosphorescence emission'@; is extremely weak, thus the detection of each photon countsréfoee,
increasing the sensitivity, specificity, spatial and temporal resolutid®giimaging in biological systems

is probably one of the major challenges in the field. During this presentation, | will discuss different
possibilities to enhance our prabilities to detect'O, such as enhancint, radiative rate constant by
SPR! or the use of highly sensitive InGaAs photodiod@eg&inally,'O.-selective fluorescent (nane)
probed® will also be discussed because they may be useful when the amou@sare very small, as the

fluorescent product can accumulate, and photodetectors are very sensitive in the visible#ange.

AcknowledgmentThis research was funded by Generalitat de Catalunya (DURSI) and the European Social Fund for a predoctoral
and apostdoctoral fellowship (2015FI_B 00315; 2020 BP 00066), by Fonds Wetenschappelijk OnderzoeR/Bs¥O¢ren for

a postdoctoral fellowship (12Z8120N) and by the Agencia Estatal de Investigacion and FEDER for a Ramon y Cajal contract
(RYC202D32773l)

Referenceom8 Wd ! YO [/ KSYDP {200 HaMPpE mMnmMI cynbchHd ®HB Y ydza ONA L
2888; Methods 2016, 109, 642; Sensors 2023, 23, 4603. [4] Methods in Molecular Biology 2020, 22028865
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Probing biologywith photochemistry: lightresponsive labels, linkers, and building blocks

Nadja A. Simet?

Unstitute for Organic and Biomolecular Chemistry, Department for Chemistry, University of Gottingen,
Tammanstrale 2, 37077 Gottingen, Germany.

2Cluster oExcellence "Multiscale Bioimaging: from Molecular Machines to Networks of Excitable Cells" (MBExXC),
University of Gottingen, Germany.

nadja.simeth@ungoettingen.de

In recent years, light has beeamployed as an external stimulus to phetontrol diverse functional
processedt! This approach relies on the use of small, lighsponsive molecules that undergo a structural
change upon irradiation, generating different functional states from a singlecule!? By attaching
suitable substituents to such photoactuators, these molecules can be embedded in a system of choice to
fAY]l UGKSANI adNHzOGdzNI £ OK I y 3 8 OritBe other RaKd: tifeb@ricadl ghd (i K S
electronic charactastics of the substituents influence the photophysical and photochemical properties of
the corel® This mutual interaction needs to be finely balanced and studied in detail to rationally design

probes and tools to study and modulate biological systems.

Here, we show different strategies to employ ligigisponsive building blocks to interact with and control
biomacromolecules focusing on the 3Bucture of peptides and their supramolecular interaction. In this
context, we will highlight how optimizing theubstituents on different photoactuators allows us to tune
several of their properties, such as their Wi absorption profile and photoconversion quantum vyield.

We will demonstrate how these properties can be employed in various model sy$t€ms.

Eventually, we envision that deriving such design principles for an increasing number akelglonsive
tools will pave the way to individually addressing a single photoactuator in a complex biologically relevant

ensemble and thus, to the precise regulatmithe biological machinery.

References

[1] D. Habault, H. Zhang, Y. Zhao, Chem. Soc. Rev. 201326814

[2] B. L. Feringa, Angew. Chem. Int. Ed. 2017, 1106@8.

[3] N. A. Simeth, S. Crespi, Photochemistry 2021,33%4

[4] H. M. D. Bandara, S. Burdette, Chem. Soc. Rev. 2012, 18895.
[5] N. A. Simeth et al., Chem. Sci. 2021,92970

[6] N. A. Simeth et al. 2023 manuscript in preparation.

[7] B. P. Corbet et al, Eur. J. Org. Chem. 2023, 26, e202201140.

[8] I. Lace et al., ChemBioChem 202X)2300270

12


mailto:nadja.simeth@uni-goettingen.de

Using Synthetic Biology Tools for Efficient Ammonia Production from Cyanobacteria

Shelley D. Minteér

1 Department of Chemistry, University of Utah, 315 S 1400 E, Salt Lake City, UT 84112

The reduction of chemically inert nitrogen to ammonia is a critical step in the global nitrogen cycle that
has utilized the Haber Bosch process over the last 100 years. With more of a focus on sustainability, then
there is a focus on more sustainable aftatives to the Haber Bosch process. Microbial nitrogen fixation

is a promising way to realize nitrogen reduction and ammonia production at mild conditions. This talk
will discuss an engineered, naliezotrophic Synechococcus elongatus PCC 7942 straimivigen

fixation activity that is constructed by integrating a modified nitrogenase gene cluster into the native
genome. The engineered S. elongatus PCC 7942 strain is employed in a bioelectrochemical
nitrogenfixation (eBNF) system for ammonia productigia mediated bioelectrocatalysis with methyl
viologen. Because theBNF system supplies adequate external electrons for the turnover of
nitrogenase, the nitrogen fixation activity of the engineered S. elongatus PCC 7942 strain is significantly
improved.After incorporation of nitrogenase, we further used synthetic biology tools to improve the
extracellular electron transfer of the cyanobacteria with the electrode through the incorporation of

outer membrane cytochromes. This work may provide new insigbthiological nitrogerixation

systems and ammonium production.
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NIRI and NIRII optically active nanosystems and their use for theranostic treatment of cancer

JeanLuc CollIMans Broekgaarden, Antkeaure Bulin, Virginie Faure, Amandiharbin, Véronique
Josserand, Xavier Le Guevel, & Lucie Sancey

Team Cancer Targets and Experimental Therapeutics, Univ. Grenoble Alpes, INSERM U1209, CNRS
UMR5309, Institute for Advanced Biosciences, 38000, Grenoble, France

Theranostic nanoparticles (TN) are a new type of nanomedical device that combine diagnostic and
therapeutic capabilities for the treatment of diseases and in particular cancer. They are made from a
variety of materials, including metals, polymers, andiipiand they are designed to be safe and
biocompatible. TN offer a range of advantages, such as improved drug delivery, targeted drug release,
and enhanced imaging capabilities. They can be used as contrast agents to precisely detect and delineate
the regbn to treat using MRI,-¥ays, Neaiinfrared light or ultrasounds. But in addition, NT can be

remotely and precisely activated on site using fionizing and/or ionizing radiations to specifically

deliver therapeutic activities to the diseased cells, altmpfor more effective treatments with fewer side
effects.

Our team is developing multifunctional theranostic particles targeting tumor cells and/or the tumor
microenvironment. We particularly focus on optidalsed systems for their detection and possilin

site(s) activation. Optical imaging can also be combined with ultrasonic imaging modalities and provide
additional information (photoacoustics).

Our nanosystems are based on scaffolds of organic and inorganic molecules and can deliver contrast agents
with different drugs or predrugs. Using neanfrared imaging, we can track their distribution, monitor

their function and therapeutic activity using némvasive, norradiative, realtime in vivo imaging and then
activate them once at the tumor site ugj light or XRays. These nanosystems can also be used

intraoperatively for optical guided surgery of cancer.

14



Potentiation of Antimicrobial Photodynamic Inactivation by Inorganic Salts
Michael Hamblirl
1 :University of Johannesburg, South Africa

One of the biggest health problems facing the world today is the inexorable rise ofantiltiotic
resistance amongst a wide range of pathogens, including ¢asitive and Grasmegative bacteria and

fungi. Antimicrobial photodynamic inactivation (aPDdes visible/NIR excitation of a photosensitizer to
produce the reactive oxygen species (ROS) singlet oxygen (Type 2) and hydroxyl radicals (Typel) that are
both highly toxic to microbial cells. If the photosensitizer and the light are introduced intinfiheted or
contaminated site the selectivity is excellent. Our laboratory has discovered that addition of simple
inorganic salts can potentiate aPDI by several orders of magnitude, and may even allow-oxygen
independent photoinactivation to take place. Rssium iodide is the most powerful and clinically relevant
salt. Other inorganic salts such as sodium azide, potassium thiocyanate, potassium selenocyanate,
potassium bromide and sodium nitrite also produce increased killing of a broad range of pathgggns b

to one million times.

The underlying photochemical mechanisms will be discussed.

15



Parallel symposia

Monday August 28

Morning
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Human antimicrobial PDT (EBBP symposium)

Invited speakers:

IL1YanfangFeng and Tayyaba Has@oston, USA)

Portable Quantum Dot Electroluminescent (QDEL) Light Sources for Point of Care Photodynamic Treatment
of Deep Wound MDR Infections

IL2 Luis Arnaut (Coimbra, Portugal)
How Small Photosensitizers Achieve Big Kills in Antimicrobial Photodynamic Therapy

IL3 Yolanda Gilaberte (Zaragoza, Spain)
Antimicrobial PDT in dermatology: combination is the key
IL4 Joannna Nakonieczna (Gdansk, Poland)

Gallium porphyrin derivativescan they be considered "antimicrobials" or are they just "disinfectants"?

Oral communications:

OC1 Francesca Giuntifthotoantimicrobial activity of porphyrifunctionalised bioactive glass scaffolds

OC2 Yue Xiad@:argeted bactericidal activity of tueénium complexeby NO release under irradiation

OQ@ Klaudia Szymczalkhotodynamic inactivation with novel gallium metalloporphyrin: the non
antibiotic method to overcome S. aureus and P. aeruginosa biofilms

OC1 Agata WozniakkPawlikowska Novel gallium pbtosensitizers in lightlependent action as an
antivirulence strategy against the Staphylococcus aureus and Pseudomonas aeruginosa

Flash presentations (see poster sessions for abstracts):

Annette Wimmer:With blue light against biofilms: Berberine as natural photosensitizer for Photodynamic
Inactivation of Gram+ and Grarbacteria

Cristina DiasAntimicrobial properties of marine origin materials obtained by a sustainable approach

Lucy SinclairBactercidal Efficacy and Cytotoxic Responses of Pseudomonas aeruginosa to Low Irradiance
405nm
Light
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Portable Quantum Dot Electroluminescent (QDEL) Light Sources for Point of Care Photodynamic
Treatment of Deep Wound MDR Infections

Yanfang FertgManuel A. Triarfa Caroline Coradi TongrShakir Khak?, Yajie Dongf, Tayyaba Hasaf

1 Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts, USA
2 QLEDCures LLC, Orlando, Florida, USA
3 Department of Physics, Weirsity of Massachusetts Boston, Boston, Massachusetts, USA

4 Nanoscience Technology Center and Department of Materials Science and Engineering, University of Central Florida,
Orlando, Florida, USA

5 Harvard University and Massachusetts Institutd e€hnology, Cambridge, Massachusetts, USA

Introduction: Chronic wound infections hinder healing and strain healthcare systems (1). Antibiotics are
commonly used but face challenges due to multidregistant (MDR) bacteria (2). Antimicrobial
photodynamictherapy (aPDT) offers the potential for treating MDR infections (3). However, current
aPDT rely on expensive, nportable lasers and hospital settings. We utilized affordable, wearable
optical devices to create a usé&iendly optical platform for poinbf-care wound sterilization with aPDT.

Materials and MethodsThis platform comprises two elements: 1) methylene blue (MB) the
broadspectrum antimicrobial photosensitizer (PS) for aPDT, and 2) a lightweight, wearable quantum dot
or organic lightemitting diode (QLED or OLED) illuminator that activates MB to perform aPDT (4,5). The
disinfection assessments by bacteria suspension, pig skin wound infection, and mice wound infection.

Results:For bacterial suspension, at an MB concentration of 20 a powersource voltage of 4.5 V,

and one hour of LED illumination, the aPDT platform achieved an average bacterial killing of 5 logs for
the representative granmegative MDR strain (E. coli) and 9 logs for the representative-poaitive

MDR strain (MRSA). Tesis pig skin wound infections showed approximately 2 logs of bacterial
inactivation for immediate infections and 1;2.5 logs for established infections in both graositive

and gramnegative infections. In mouse models, wearing the optical aPDT deitic800>M and 4.5 V
power source voltage for 75 minutes resulted in at least 90% MDR pathogen elimination.

ConclusionWe created a portable aPDT platform that effectively treats MDR wound infections at the
point of care. Its powerful bacterial kilrcapabilities were demonstrated through various testing
models. This platform has the potential to transform clinical treatment for patients with wounds in the
face of increasing MDR pathogen prevalence.
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photobiological sciences: Official journal of the European Photochemistry Association and the European Society for
PhotobiologyNIH Public Access, 3(5), p. 436.
[4] Tardivo J. P. et al. Methylene blue in photodynamic therapy: From basicamisms to clinical applicatiori@hotodiagnosis
Photodyn Ther. 2005 Sep;2(3):195.
[5] Triana, M. A. et al. Quantum dot ligamitting diodes as light sources in photomedicine: photodynamic therapy and
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How small photosensitizers achieve big kills in antimicrobial Photodynamic Therapy

Luis G. Arnaut

1 CQC, Chemistry Department, University of Coimbra 3884 oimbra, Portugal

Many different dyes can reduce the number ofany-forming units (CFU) of planktonic bacteria by at

least 3 orders of magnitude, with clinically relevant light doses, and have a bactericidal effect. However,
the structural diversity of photosensitizers in clinical studies for photodynamic disinfigstgurprisingly
small. In particular, clinical studies of infected wouds) important and amenable target for aPRT

have only been using-&minolevulinic acid derivatives, phenothiazinium dyes and a phthalocyanine [1].

A major challenge in thesemital studies is that bacteria is present in the form of biofilms.

We have shown that dicationioescimidazolyl porphyrins with low molecular weight can partition to
biofilms, from agueous solution, and infiltrate the biofilms while remaining photoa®jeNe

succeeded to photoinactive biofilms at low porphyrin concentration using light at 415 nm. However, this
wavelength is not ideal for clinical translation. In this work we report the synthesis, characterization and
aPDT of bacteria in planktonic abimbfilm forms with the analogous chlorin and light at 650 nm. aPDT
with dicationicmesaimidazolyl chlorin after 1 h of incubation either wih color S. aureuseduces the
number of CFUs by >7 log units at 1 uM and 5 2/éading 50 mM of Kl [3], we reduc&d aureus

biofilms CFUs by 9 log units at 1 pM and 5 3/drhese conditions do not significantly reduce the viability
of HaCaT cells. This dicationic chlorin was also successfully employed to photoinactivateiwivesy k

promising photosensitizer for aPDT.

We thank the Portuguese Science Foundation (UID/QUI/00313/2020, PTBGLJUD303/2021) and
European Regional Development Fund (CENTRI145FEDER81218) for financial support.
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diseasesPhotochem. Photobiol. Sc20 (2021) 1491545.
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Pais, V. S. Bagnato, L. G. Arnaut, M. M. Perimabacterial photodynamic inactivation of antibiotiesistant bacteria and
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[3] L. D. Vecchio, A. Gupta, L. Huang, G. Landi, P. Avci, A. Rodas, M.R. Hamblin, Bacterial photodynamic inactivation
mediated by methylene blue and red light is enhanced by synergistic effect of potassium fulideicrob Agents Chemother,

59 (2015) 520%212.
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Antimicrobial photodynamic therapy in Dermatology: combination is the key

Yolanda Gilaberté

Miguel Servet University Hospital, Zaragoza, Spain

Combination approaches of antimicrobial photodynamic tipgréaPDT) plus antibiotics or antifungals to
kill bacteria and fungn vitrois the key to treat skin and mucocutaneous infections. The combination can
prevent failure in the fight against these microorganisms: antimicrobial drugs can increase the
suscepibility of microorganisms to aPDT and prevent the possibility of regrowth of those that were not
inactivated during the irradiation; meanwhile, aPDT is effective regardless of the resistance pattern of
the strain and their use does not contribute to thdesgtion of resistant.

Additive or synergistic antimicrobial effedtsvitroare evaluated and the best combinations are

presented for dermatological infections such as onychomycoses, deep fungal infections and chronic
wounds, among others.

The use bcombined treatment of aPDT with antimicrobials could help overcome the difficulty of fighting
high level of resistance microorganisms and, as it is a4tautjet approach, it could make the selection

of resistant microorganisms more difficult.
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Gallium porphyrin derivatives can they be considered "antimicrobials" or are they just

"disinfectants"?

Joanna Nakonieczha

1 Laboratory of Photobiology and Molecular Diagnostics, Intercollegiate Faculty of Biotechnology University of

Gdansk and Medical University of Gdansk, PoMard

Resistance to conventional antimicrobials has become a major problem and a threat to human
hedth and life. The number of newly discovered antibiotics is decreasing every year, and big
pharmaceutical companies are not interested in introducing new antibiotics, because there is selection of
resistant microorganisms within a short time after theieu&or this reason, it is extremely important to
develop new antimicrobial strategies whose mechanism of action differs from that of antibiotics and to
which resistance does not develop so easily and quickly. Gallium(lll) ions are one such agent that exhib
excellent antimicrobial activity, even against microorganisms that manifest a muklidsigtant
phenotype. The biocidal mechanism of action of gallium(lll) ions is based on their molecular similarity to
iron ions. However, since gallium(lll) ions dot indergo redox reactions like iron, they inhibit
irondependent cellular metabolic processes. This leads to the death of the bacteria. The main problem

with the use of gallium(lll) ions is their bioavailability.

A major problem with the use of galliuniylions is its bioavailability. One way to improve the
bioavailability of gallium ions is to incorporate them into naturally occurring and efficiently accumulated
heme molecules by bacteria, where gallium ions are added to the active center instead winiso Such
gallium porphyrin derivative is efficiently taken up by bacterial cells via naturally occurring heme transport
systems. The second functionality of gallium porphyrin derivatives is that they can be excited by visible

light and generate reactivoxygen species (ROS), thecatled photodynamic effect.

For the past several years, our team has been working on the efficacy of gallium derivatives of
porphyrins against human pathogens, mailyaureusbut also other representatives of the -salled
ESKAPE group of pathogens. To characterize the activity of this group of antibacterial compounds, we
tested various gallium porphyrin derivatives for production of ROS, accumulation in bacterial cells, and
cyto- and phototoxicity against eukaryotic celWe showed that they are transported by bacterial heme
transport systems, so they can be precisely delivered to the cell. In this respect, they are therefore similar
to antibiotics. On the other hand, their mechanism of action by generatingspecificROS brings them

closer to the action of disinfectants.
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Photoantimicrobial activity of porphyriafunctionalised bioactive glass scaffolds
Jack Mockridgé Ana T. Gome$Alessandro PozzdliMaria. A. F. FaustinbAdelaide Almeida,

Francesca Giuntihi
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Photoantimicrobial chemotherapy (PACT) is an antibioéie approach to inactivate microorganisms that
relies on exposing the target microbes to a chosen photosensitiser and subsequently irradiating the
infected area with light:2 The resulting localisegdroduction of reactive oxygen species (ROS) damages
subcellular structures leading to the death of the microorganisms. The high reactivity or ROS determines
the nonspecific destruction of any biomacromolecule near their site of generation: this givdsaa#Gad
spectrum of action (e.g., bacteria, fungi, viruses, protozoa, etc.) and a limited potential of inducing of drug
resistance in the microorganism&he ability of ROS to inactivate microbes without penetrating the cell
sparked interest in the ass@tion of photosensitisers with macromolecular support to obtain
photoantimicrobial materials. Studies demonstrated the potential of these materials as antimicrobial
surface coatings, wound dressing agents and materials for regenerative metlinitiee latter field, in
particular, the availability of a minimally invasive approach to eradicate bacterial infections of implants is
particularly desirable, as it would remove the main cause of prolonged hospitalisation and implantailure.
With the aim of exjwring the applicability of the photoantimicrobial approach to the eradication of
bacterial infection on materials suitable for bone gr&fise undertook the synthesis of bioactive glass
scaffolds functionalised with porphyrin photosensitisers and stuttiegphotoantimicrobial efficacy of the

resulting conjugates against planktonic methicitiisistant Staphylococcus aureus.

. Wainwright, M., Maisch, T., Nonell, S., Plaetzer, K., Almeida, A., Tegos, G. P., Hamblin, M., Lanbés.|ri#8df7, 17, e4%5
. Yin, R., Hamblin, M., Curr. Me@hem., 2015, 22, 21532185

. Cieplik, F., Deng, D., Crielaard, W., Bichalle, W., Hellwig:Ahmald, A., Maisch, T., CiRev. Microbiol., 2018, 44, 57389

. Spagnul, C., Turner, L. C., Boyle, R. W., J. PhotoPhetobiol., B: Biol., 2015, 150,-B0

. Arciola, C. R., Montanaro, L., Costerton, J. W., Int. J.@ugjf, 2011, 34, 72736

. Baino, F., Fiorilli S., VitalBrovarone, C., Acta Biomat., 2016, 42,3P8
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Targeted bactericidaactivity of ruthenium complexes by NO release under irradiation

Yue XIA&, Ludovic PILLO&X aure GIBGTJustine BOURRYSara BOUHAMM) Patricia VICENBO
Christine ROQUESsabelle MALFANT
1 CNRS, Laboratoire de Chimie de Coordination (LC@BRYP,R05 Route de Narbonne, 31077 Toulouse cedex 4
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3 CNRS, Laboratoire des Interactions Moléculaires et Réactivité Chimique et Photochimi®) IMIR 5623, Batiment
2R1, 118 Route de Narbonne, 31062 Toulouse cedex 9

Cutaneous wound infection is a global issue as millions of patients get infected and millions of euros are
spent on antimicrobial treatment each year, for preventive or curativeppses. The synthesis of a new family
of antimicrobials has become crucial due to the current situation, in order to prevent persistent bacterial
resistance from the new derivatives of already known and used antimicrobials and to offer new mechanism in
the destruction of microorganisms. [1]

Ruthenium nitrosyl (RuUNO) complexes have shown efficiency as donors of nitric oxide (NO ), known as a
key mediator in biofilm dispersal. By reacting with oxygen, nitric oxide induces oxidative stress in
microorganismdeading to their destruction, and its controlled release is responsible for antibacterial activity.

(2]

Herein, a lightcontrolled and targeted NO production through phedotivation of RUNO complexes was
LINE LJ2 & S R NJaR AdlyA22yy | £ ¢ nt$ witlh wovirld Qddlihg dctivity. [3] A Bbrary of Ruthenium
nitrosyl complexes with ligands of various phgtioysical properties was synthesized and characterized.
Antimicrobial spectrum was determined on several Gram (+) and Grarbaterial strains. Meover,
cytotoxicity and phototoxicity effects were also determined on several types of skin cells.
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Number of colonies of S. epidermidis ATCC 35984 after treatment with methicillin (left side) and with combined treatment
of [RuNOjmethicillin (rightside) in presence of irradiated [RuUNO]. [RuNQ] stands for trans (NO,OH)[Ru(FT)NO(OH)CI]
(PF). Irradiation was performed during 10 minutes with a Hg lamp (32mW) [2]
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Photodynamic inactivation with novel gallium metalloporphyrigthe non-antibiotic method to
overcomeS. aureusaind P. aeruginosabiofilms
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2 Department of Biochemical Engineeringh&ol of Chemical Engineering and Technology, Frontier Science Center for Synthetic

Biology and Key Laboratory of Systems Bioengineering (MOE), Tianjin University, China

Introduction: Approximately 60% of bacterial infections occur from a highly orgarizgdm structure.
Biofilm-forming bacteria exhibit much higher drug resistance than planktonic cultures. Biofilm bacteria
express an altered set of genes and thus produce a variable microbial protein compared to bacteria in
planktonic culturel. In the lght-independent action, gallium metalloporphyrin has been reported to
reduce biofilm formation and disrupt alreadgrmed biofilms due to the presence of gallium iénk this

study, the antimicrobial photodynamic inactivation (aPDI) with novel wsbkrble gallium
metalloporphyrin (Ge&CHP 23) was used as a method to treat both planktonic and biofilm culture of
Staphylococcus aureasid Pseudomonas aeruginoda

Materials and Methods:A watersoluble photosensitizer known as @&IP 2 was used, whichonsists

of GaPPIX (gallium protoporphyrin IX) with additional quaternary ammonium groups that increase its
water solubility. A combination of GaHP 2 and blue light<nax= 409 nm) was used to eliming$e aureus
Newman andP. aeruginos®ATCC 27853 ath in planktonic form and in biofilm. The photosensitizer was
incubated with the bacteria for 30 minutes in the dark, washed, and then irradiated with an appropriate
dose of light (18.7 J/c). Bacterial samples were serially diluted and cultured om pigaes for counting
colonyforming units (CFU/ml).

Results:Bacterial eradication (reduction in bacterial viability >26dgFU/mL) was observed 8t aureus
(1 uM, 1.6 J/crh and P. aeruginosg5 uM, 6.2 J/crf) after aPDI treatment in planktoniculture. In

contrast, in 24hour biofilms, bacterial reduction was estimated to be 24&FU/mL foS. aureug5 uM,

18.7 J/cn) and 4 logp for P. aeruginos10 pM, 12.5 J/cnA).

ConclusionsaPDI with novel gallium metalloporphyrin G&lP 23 was areffective method to eliminate

S. aureusand P. aeruginosan planktonic cultures. In the case of biofilm, we observed a reduction
corresponding to a 99% to 99.99% decrease in bacterial counts .

Acknowledgment:The work is supported by NCN grant no. 2@DBQ/NZ7/00281(MG).
1 Davis SC et al. Wound. Repair Regen 16(12922008)

2 Chang D et al. Pharmaceuticals (Basel) 17;9(1):16 (2016)

3Zhang H et al.Chemical Engineering Journal, 451, 1 (2023)
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Novel gallium photosensitizers in ligidependent action as an antivirulence strategy against the

Staphylococcus aureusnd Pseudomonas aeruginosa.
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The Grarpositive microorganisnstaphylococcus aurewsnd the GrammegativePseudomonas
aeruginosaare associated with nosocomial infections, which are difficult to combat due to the arsenal of
virulence factors that these microorganisms are disposing of (1, 2). Therefore, with the current study, we
aimed at the involvement of two cationic photosensitizers (GaGRIRrid GaCHR-3) and blue light (409
nm) against selected virulence factors of thebeical representativesS. aureussolate 5N,P. aeruginosa
133/k and reference strains. In addition, tl$ aureusstrains SA144, SA145, and SA147 were used to
evaluate staphyloxanthin levels after exposure to tested conditions.

Exposure of all the b&erial strains to GaCHR2land GaCHP-2in lightdepended action (with
the application of 409 nm) resulted in a significant decrease of bacterial viability (z &kd/ml) when
both compounds were applied in concentration 10 uM. Furthermore, expostibacterial pigments to
GaCHP-2, GaCHP-3, and 409 nm light decreased its levels in 133/k clinical isolate and SA147 and SA144
isolates. Furthermore, upon ligltlepended treatment with both gallium compounds, increased
susceptibility to antibiotics toe.g., doxycycline and chloramphenicol (in case of 5N isolate) and to
ceftazidime, aztreonam (for 133Minical isolate) was observed. Lastly, theaeruginosdoxin A activity
upon its exposure to 10 uM GaCHR,land light dose 3.12 J/émvas decreasd. A similar observation
was drawn for the same compound regarding staphylococcal enterotoxin C (SEC) production upon
exposure to concentration 1uM and 6.24 Jicm

This research was funded by National Science Centre in Poland (2018/30/Q/NZ7/0628#&)ence:

1. Y. Masget al, Considerations and Caveats in Combating ESKAPE Pathogens against Nosocomial WdiectRais,
1901872 (2020).

2. H. Zhanget al,, Iron-blocking antibacterial therapy with cationic hem@metic gallium porphyrin photosensitr for
combating antibiotic resistance and enhancing photodynamic antibacterial ac@lgm. Eng. 451, 138261 (2023).
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The physicochemical basis for phototoxicity of melanin pigments
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1 Department of Biophysics, Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University,

Gronostajowa 7, 3@87 Krakow, Poland

Although melanin is commonly viewed as a photoprotective pigment and efficient antioxidant, the ability
of melanin to protect pigmented cells against phototoxicity maybe significantly modified by its oxidative
degradation accompanying ageing. We have recently shown that photoreactivity and phototoxic
potential of natural melanin from human hair substantially eased after partial photobleaching of the
pigment granules, induced by aerobic photolysis [1]. To determine physicochemical basis of these
changes, paramagnetic, optical, redox and photochemical properties of D@Réin and
cysteinyldopamelaning synthdic models of eumelanin and pheomelarmgjsubjected to experimental
photodegradation, were analyzed by electron paramagnetic resonance (EPR) spectroscespinEPR
trapping and EPR oximetry, Wi$ absorption spectroscopy, dynamic light scattering and atdarce
microscopy, and timeesolved singlet oxygen phosphorescence. The measurements revealed that
aerobic photodegradation of the synthetic melanins was accompanied by distinct changes of the physical
properties of the melanin and chemical modificatioof its key building blocks. These changes
significantly increased the yield of the photodegraded melanin to photogenerate singlet oxygen and, to
some extent, superoxide anion. The photodegraded melanins also exhibited substantially lower
antioxidant capaity. The data suggest that photoaging of melanin, which presumably occurs in the
human retinal pigment epithelium, could elevate the phototoxicity of melanin by increasing its ability to

photogenerate reactive oxygen species and by reducing its antioxédficiency.

Supported by Poland National Science Centre (project: 2021/43/B/ST4/03255).
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[1] Photoreactivity and phototoxicity of experimentally photodegraded hair melanosomes from individuals of different skin
phototypes, Journal of Photbiemistry and Photobiology B: Biology, Volume 243, 2023, 112704, doi:
10.1016/j.jphotobiol.2023.112704.
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Photoprotective properties of melanin are determined by its physicochemical parameters, which can be
modified by a range of different factors, including cellular enzymes, exogenous chemicals, exposure to
light, temperatue, etc. Therefore, in order to evaluate the exact photoprotective potential of melanin,
the pigment must be in its most native form. However, in most studies natural melanin was obtained
from hair and pigmented tissues of the eye, enhancing the probabilisgbstantial modification of the
melanin by dehydration and photodegradation, which could affect the pigment physicochemical
properties. To overcome these limitations, we employedranitromodel based on the culture of

human induced pluripotent stem callerived melanocytes (hiP9@:l) acting as a bioreactor for melanin
synthesis under strictly controlled conditions. Using an array of spectroscopy and microscopy techniques,
such as UWis dsorption spectroscopy, electron paramagnetic resonance, dynamic light scattering,
atomic force microscopy and transmission electron microscopy we showed that melanin obtained from
hiPSEMel had physicochemical properties is in its most native form. MeeedvPPH assay and
timeresolve singlet oxygen phosphorescence were used to measure antioxidant properties of the
pigment. Finally, in a model cell system, employing human epidermal keratinocytes with phagocytized
melanin we showed that the pigment has pbptotective properties greatly exceeding those of ocular
and hair melanin. The results of our study indicate that melanin obtained from #\feéSi€ a good

source of high quality pigment with exceptional photoprotective properties.
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Melanin contentin skin of variable pigmentation and its impact on photoprotection
Sandra Del BirdpJuliette Sok Shosuke It§ Kazumasa Wakamat$and Frangoise Bernetd
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2 Institute for Melanin Chemistry, Fujitdealth University, Toyoake, Aichi, Japan

UV exposure is responsible for sunburn and DNA lesions that may be crucial for skin cancer development.
Epidemiologic studies show higher incidence of basal and squamous cell carcinoma as well as melanoma in fair
skin compared to dark. Skin color can be objectively classified in six grdi@pg Light, Light, Intermediate,

Tan, Brown and Darkaccording to the individual Typology Angle (°ITA) based on colorimetric parameters of
the CIE L*a*b* system. To underaththe relationship between constitutive pigmentation and UV sensitivity,
biological markers of UViBduced erythema were analyzed and showed a significant correlation between ITA
and sunburn cells as well as between ITA and DNA damage. DNA damage gpspewifically in melanocytes

was also analyzed and showed greater damage in Light, Intermediate and Tan skin as compared to Brown and
Dark skin.

To better understand the different UV response we characterized the melanin content in skin of variable
pigmentation. Human skin contains two distinct components: brown to black, eumelanin and light colored,
pheomelanin. Eumelanin consists of #li@ydroxyindole (DHI) and 5dihydroxyindole2-carboxylic acid
(DHICA) moieties, while pheomelanin consists of btniapine (BT) and benzothiazole (BZ) moieties.
Eumelanin is photoprotective, by limiting the extent of UV penetration within the epidermis, and antioxidant,
due to its reactive oxygen radicals scavenging capabilities. In contrast, pheomelanin has plitosens
properties, leading to the UWhduced production of reactive oxygen species. Furthermore, within eumelanin,
DHICA has superior antioxidant and free radical scavenger properties than DHI. Melanins can be quantitatively
analyzed through specific deagtation products by higperformance liquid chromatography (HPLC). Alkaline
hydrogen peroxide oxidation (AHPO) of eumelanin gives rise to py@r8JBtricarboxylic acid (PTCA) and
pyrrole-2,3-dicarboxylic acid (PDCA) as specific degradation productdi@Aand DHI moieties, respectively.
Nevertheless, until recently, for eumelanin, only the DHICA content could be estimated. As a lately improved
AHPO- HPLC method enabled a better characterization of PDCA, we reported the quantification of DHI
eumelanincontent in skin of varying pigmentation. Results confirmed respectively 76 and 24% eumelanin and
pheomelanin content shown previously and revealed for the first time the ratio of 4 moieties: DHI 35%, DHICA
41%, BZ 20%, and BT 4%. The ratio is constartdtega of the degree of pigmentation. The high content of
DHICA moiety in Brown and Dark skins may impart the melanin antioxidant property in the epidermis of these

skin types thereby explaining their lower sensitivity towards UV.rays
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Skin colour and vitamin D: An update
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Homo sapiengvolved in East Africa and had dark skin, hair, and eyes, to protect against deleterious
consequences of intensive UV radiation at equatorial latitudes. Intensive skin pigmentation was thought
to bear the risk ofriefficient vitamin @ synthesis in the skin. This initiated the hypothesis that within the
past 75 000 years, in which humans migrated to higher latitudes in Asia and Europe, the need for vitamin
Ds synthesis served as an evolutionary driver for skin digimg. In this review, we summarize the recent
archeogenomic reconstruction of population admixture in Europe and demonstrate that skin lightening
happened as late as 5000 years ago through immigration of lighter pigmented populations from western
Anatoliaand the Russian steppe but not primanifa evolutionary pressure for vitaminsBynthesis. We

show that variations in genes encoding for proteins being responsible for the transport, metabolism and
signalling of vitamin D provide alternative mechanigrhadaptation to a life in northern latitudes without
suffering from consequences of vitamin D deficiency. This includes hypotheses explaining differences in

the vitamin D status and response index of European populations.
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History of human pigentation in Europe. Map shows migration and admixture of populations in Europe and their
phenotype based on archeogenomics studies. Variations in the pigmentation intensity of skin, eyes and hair in
Europeans are largely explained by SNPs related to thesggL C24A5, SLC45A2, OCA2 and KITLG encoding for key

proteins in melanogenesis. Ya, years ago
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The impact of melanin on vitamin D synthesis
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Solar UVB radiation msssential for vitamin D synthesis in human skin and is much more important for
vitamin D status than dietary intake. Melanin is a natural sunscreen and is very effective at protecting
against sunburn and solar UNMtRluced DNA damage to epidermal cells, exsally in the stem cell
containing basal layer (1). It is widely believed that early humans lost skin melanin as they migrated from
Africa to less sunny climates to maintain the ability to synthesize vitamin D. The impact of skin melanin on
vitamin D syntesis is a matter of controversy and few studies have been designed to quantify the
inhibitory effect of melanin on vitamin D production. We undertook such a study by comparing serum
vitamin D status (25(OHjpin different Fitzpatrick skin types (FSTgaftve serial wholdbody exposures,

with intervals of three to four days, to solar simulating radiation (SSR) or narrowband UVB radiation
(311nm). Importantly, the UVR doses were the same for all skin types and wesryshbmal for the
lightest FST. Ahgses were based on comparing the slopes of the linear dose response curves for the
different FST. Comparisons of FST Il (wh&an sensitive) with VI (blacksun tolerant) showed melanin
inhibitory factors (MIF) for 1.3 and 1.4 for SSR and 311nm régelc(2). These values are very much
lower than the melanin protection factor of ~60 (1) in basal layer DNA damage (thymine dimers). The
reason for the very modest effect of melanin on vitamin D synthesis may be that the chromophore for
vitamin D synthes (7dehydrocholesterol) is present at high concentrations above the basal layer that
contains the greatest concentration of melanin. Interestingly, the MIFs that we observed are in the region

of the differences in melanin status and white and black pafamhs.
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Skin colour and pigmentation of Austrian farming families
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Backgroundfarmers are chronically exposed to solar (ultraviolet) radiation. However, little quantitative
data on resulting skin colour and pigmentation in farmers is available, nor on differences to other parts

of the population.

Material and Method:Cutaneous testimulus measurements (L*a*b*) on different body sites for one

year were made in Austrian farming families (farmers, their spouses, and children). Pigmentation was
SAGAYIIGSR 08 (GKS GLYRAGARIZ f c¢eLRf23I&nckguAgSE oL ¢!
0KS SYGANB GAYS FNIYSO C2oftizgry D ¢l s &S IKST RASF
between constitutive (buttock skin) and facultative pigmentation.

Results:Adult males; independent of occupatiog had a darker red coponent, especially in skin

colour of the forehead, than adult females and children. The highest values were observed in males only.
Analysis shows that this difference develops during puberty and adolescence. An obvious TAN® was

found in all groups in lateinter at continuously and intermittently exposed body sites. The TAN® was

higher in adults than in children and highest in farmers. The TAN® shows pronounced seasonal changes in

all groups on intermittently exposed body sites but less so on the forehead.

ConclusionThe TAN® increases in farmers during their lifetime. The highest TAN® values were found in
farmers older than 50 years. The TAN® does not increase in their spouses, even though many spouses

have higher TAN® than farmers of the same age.
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Towards the understanding of the interaction of melanin dioxetanes with DNA
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Melanin exposed to oxidative conditions has been shown to produce dioxetanes that can induce DNA
damage by chemical excitation and triplet sensitization. Under such conditiersynitrite is produced

and interacts with melanin leading to decomposition products such adiBy@&lroxyindole2-carboxylic

acid (DHICA). Subsequent reactivity between DHICA and peroxynitrite in the cell nucleus produces
dioxetane derivatives, which dempose generating triplet excited states. This is followed by energy
transfer from triplets to nucleobases and finally pyrimidine dimerization in/BhM& important

mechanistic aspect to understand this phenomenon is the binding/unbinding interactibie @HICA
dioxetane with the DNA. The intercalation of the molecule at the base pairs is expected to be particularly
interesting because it could enhance the triplet energy transfer process. In this work, enhanced sampling
techniques using GAMBEB&nd CPES floodirté! methods have been used to compute the residence

time of the DHICA dioxetane in the DNA and the binding/unbinding properties. The results obtained
show that the release occurs on time scales of the order of pys. The simulations have adlentéging

different mechanisms of unbinding.
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Estimation of erythemaladiation reflectance based on photopic weighted reflected irradiance

Joanna Turnér Alfio V. Paridj Abdurazag Amar
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The beneficial and damaging impacts of ultraviolet radiation on the biosphere and biological systems
have long been weknown. In the past, there has been limited research on the reflected ultraviolet (UV)
irradiance from both natural and built surfacés/en though reflectance from natural surfaces is

relatively better understood, it is still ultimately of limited scope. A recent review (1) has summarized,
for the first time, all known measurements of UV albedo and UV reflectance and demonstrated their
influence on human UV exposure. The review recommended conducting further research to understand

the nature of UV reflection from surfaces and learn how it impacts on UV exposure.

There is some evidence for the possibility of estimating the erythemajhtesd UV reflectance for a

specific material based on its photopic weighted reflectance. Previous work has shown only limited
relationships between unweighted UV and photopic irradiance reflectance measurements (2), however
new research suggests that themgay be a correlation between reflected erythemal and photopic
weighted irradiances. The new findings will be discussed and reviewed, and their significance for future

research will be explored.
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The benefits of the Montreal Protocol fostratospheric ozone, UV radiation, climate, and the

biosphere

Germar H. Bernhatd

1 Biospherical Instruments, Inc., San Diego, USA.

The Montreal Protocol is an international treaty designed to phase out the production of ozonedepleting
substances (ODSKTS YIF Ay 32Ff 2F GKS GNBlLFGe Aa (G2 LINRGSON
shields life on our planet from harmful ultraviolet radiation (UV). In addition, the Montreal Protocol has
mitigated climate change because ODSs, such as chlorofluoorsarére also potent greenhouse gases.
The Montreal Protocol is therefore hailed as the most successful treaty to protect the biosphere both
from increases in UV radiation and global warming. This presentation is based on the latest assessment
prepared bythe Environmental Effects Assessment Panel (EEAP) of the Montreal Protocol under the
umbrella of the United Nations Environment Programme (Bernhard et al., 2023) and additional findings
GKIFIG 6SNB Llzof A & KSR -ofi datg 6f Sepierfbdr@2.a a SaayvYSy i Qa Odzi

Changes in UV radiation at leand midlatitudes (&60°) during the last 25 years have generally been
smaller than 4% per decade and were mostly driven by changes in cloud cover and atmospheric aerosol
content. Without the Montreal Protocol, erytheah (sunburning) UV irradiance would have increased
between 1996 and 2020 by ¢P0% at midatitudes, by about 25% at the southern tip of South America,
and by more than 100% at the South Pole in spring (Figure 1). Under the presumption that all countries
will adhere to the Montreal Protocol in the future, erythemal irradiance at-fatdudes is projected to
decrease between 2015 and 2090 b2 in the north and byd% in the south due to recovering

ozone. Furthermore, the phasaut of ODSs may have avediwarming by 0.5 to 1.0 °C over midlatitude
regions of the continents, and by more than 1.0 °C in the Arctic. Stratospheric ozone depletion over
Antarctica also led to a poleward shift of climate zones. Resulting changes in precipitation have affected
ecosystems in South America and Australia.
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Figure 1: Comparison of observed changes in the UV Index between 1996 and 2020 (black circles) and changes
without the Montreal Protocol estimated by two models (blue lines) for spring (left) and summer (right).
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Sratospheric ozone collapse, UB radiation, and the enedPermian mass extinction
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The sporomorph (pollen and spore) fossil record is one of the most complete archives of past life
available to palaeontologists. This highality record is a function of sporomorphs being produced in

vast numbers and the stability of the biopolymer, spmotienin, making up the outer wall of the grains,
which makes them resistant to decay. These factors, in combination with their ease of dispersal, means
that they can be recovered from a wide range of rock types spanning both marine and terrestrial
envirorments making them an ideal fossil to work on. Traditionally, this work has been based on
identifying biological affinities of fossils with first occurrence being used to detect key innovations in the
land plant phylogeny and their last occurrences haveef@ample, been used as a method to assess
biodiversity loss in the face of carbagcle perturbations and concomitant climate breakdown resulting

in mass extinctions. In essence, the sporomorph record has been used as a passive archive for
monitoring spetes occurrence, abundance and diversity over time. But, more recent work has
highlighted that the sporomorph fossil record can be used in a more dynamic way to tease out
environmental stresses. In this talk | will outline how, by linking the biogeocheamiabisis of

sporomorphs with their morphology, specifically high abundances of malformed grains have enabled us
to develop a more holistic understanding of the eAdrmian extinction event. The talk will focus on
demonstrating how the collapse of the stoapheric ozone layer and the concomitant increase in the

flux of deleterious U\B radiation may have played an important role in this iconic event, the most

significant [to date] mass extinction event of the last 540 million years.
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Does UVWBradiation affect plant responses to ionising radiation and vice versa?
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UV radiation plays important roles in plant development @&nown to increase tolerance to various
stressors. UV and ionigj radiation have differences but also commonalities in that both induce

formation of reactive oxygen species (ROS) and DNA damage. However, information about interactive
effects on plants is sparse and we aimed to explore this. Exposure of young Sed&mis sylvestr)s
seedlings to UNB (0.35 or 0.5 W 1§ 10 h daily) and gamma radiation (125 mGy R) for 6 days, with

or without UVB pretreatment for 4 days, resulted in a gamrdase rate dependent increase in DNA
damage from 10 mGy* generallywith additional U¥B-induced damage (Blagojevic et al. 2019).

However, incontrastto UY | yR NX 3l NRf Sada 2F Ada LINBHSw&S> 3II Y
in decreased shoot growth and increased ROS level. There was no effect on total anticajecity

although UWB induced some phenolic compounds. Thus, there was no evidence of a protective effect of
UV-B on gammanduced growthinhibition and DNA damage in Scots pine and no additive adverse effect
on growth. In comparison, UB (0.5 W?) and gamma (1810 mGy H) irradiation ofLemna minofor 7

days did not result in any interactive, additive effect on growth and antioxidant gene expression but
synergistic effects were observed for reproductive inhibition and some photosynttredated

parameters, and antagonistic effects for some oxidative stress parameters (Xie et al. 2022). These results
indicate that interactive effects of UV and ionising radiation may vary between biological processes and

species and may be influenced by exposure d@@ms. This underlines the need for further studies.
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UV Radiation, Microplastics, and Biology

Anthony Andrady

Department of Materiahnd Biomolecular Engineering North Carlina State University, Raleigh, NC. USA

The talk will relate the role of solar UV radiation in generating microplastics and nanoplastics in the
environment. Microplastics are now a ubiquitous environmental contantjrespecially in oceans and
rivers worldwide. Ingestion of these micfagments by marine animals as well as human consumers is a
serious concern, especially because of their physiological impacts, likely to be sjseesient, are as

yet unclear. Miapscale plastics in human blood and placenta, for instance, have recently been reported.

The role of solar radiation in generating secondary microplastics from plastic litter is well established.
Common plastics are susceptible to this process, and thehamdsm of their degradation and
fragmentation will be presented. Some of the critical gaps in knowledge on the interaction of common

plastics and UV radiation that need to be urgently addressed will also be discussed.
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We are currently facing enormous challenges connected to the growing and aging population, the
protection of the enviroment and the climate together with the need to ensure food safety and quality.

The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States in 2015,
identified 17 sustainable development goals (SDG)as a universal call totadizme such challenges. In

this context bioluminescence, i.e., the emission of light in living organisms, can make an important
contribution. Thanks to advancements in synthetic biology, organic chemistry and computational models,
today bioluminescenceds become a powerful tool for a plethora of applications including biosensors,
bioassays and in vivo imaging. These bioanalytical tools can be vital to tackle several SDG, such as SDG2
(zero hunger), SDG3 (good health and Wweihg). SDG6 (clean water asahitation) and others.

Here we report the generation of a portfolio of biosensors based on living cells (bacteria, yeast, and human
cell lines grown in 3D culturésind celifree systems that were integrated into smartphonebased devices
and paper sensg platforms for rapid offield detection of analytes of environmental, food, forensic and
clinical interest. Wholeell biosensors relying on multiplexed reporter gene technology and split
complementation strategies were integrated into-pinted cartricdges and smartphonbased biosensors

were developed and applied to the detection of different bioactivities in water samples. These biosensors
KIS 0SSy Ffa2 adzZzZJANY RSReé gAGK (GKS AYLX SYSyll GdAazy
thermostabilty at 37°C, pHnsensitive emission, extended kinetics and-stafted emission.

As an alternative, ceftee systems were also developed, by exploiting either purified luciferases or the
NanoLuc Binary Technology to detect microbial contaminatiortigy@ss and other pollutants in water,

food and other complex biological matrices. The combination of luciferases with nanomaterials, i.e., metal
organic framework (MOE)to improve the stability and robustness of the analytical platforms has been
also eylored and proofof-principle applications of these biosensors are presented together with main
limitations and current challenges to turn them into marketable biosensors.
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On the electonic-structure features of the chemical excitation phenomena
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Light absorption promotes most of the phenomena presented in this congress on photobiology. Excited
electronic states are generated upon light irradiation, which adds extra energy into the molecular
systems and allows highgnergetic chemical reactionsuéh excited states can be also generated by a
special type of thermal reactions, normally based on a cyclic peroxide decomposition. This phenomenon
is named chemical excitation or chemiexcitation. It is happening for instance in bioluminescence, in
which the excited state decay by light emission, and has plenty biological functions in the living

organisms. Moreover, it is involved in the DNA damage production in dark conditions.

In the last decade, our research group (Quantum Chemistry of the Excisd SUniversitat de

Valéncia, QCEXVAL) has been applying quantum chemistry and molecular modeling to figure out which
are the key electronic structure characteristics of the chemiexcitation process in the context of
chemiluminescence, bioluminescence grttbtochemistry in the dark [1,2]. In this talk we shall see the

main conclusions that we got so far.
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Bioluminescent systemschallenges in modelling their absorption and emission spectra
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The emitting light in fireflies or other bioluminescent species arises from the electronic relaxation of
oxyluciferin, an organic compound resulting from the oxidation of thkidiferin substrate inside an

enzyme called luciferase. These systems are @yreged in applications such as cell cancer detection.

One of the challenges of the modelling of such systems, like other biological photoreceptor, is to reproduce
the experimental absorption, fluorescence and emission spectra in order to better intethee

experimental results.

Here will be presented the methodologies that can be used to study the spectroscopic proprieties of
bioluminescent systems using quantum mechanics, molecular dynamics and hybrid (QM/MM) methods.
The experimental emission andsorption spectra are accurately reproduced when the dynamic of the

system is taking into account. Information of the nature of the transition can be taken from the modelling

and insight of the influence of the protein environment can be highlighted.

Experimental bioluminescence spectra* QM/MM Simulated emission spectra
Blueshift 37 & 13 nm, Redshift 45 nm Blueshift 40 & 11 nm, Redshift 46 nm
Model 1 =523nm m —  Model1 =s28nm
~ Model 2 =557 nm

Model 2 =547 nm
Oxyluciferin ~ =560nm
Model 3 =605 nm

M\ Oxyluciferin = s8nm
Model 3 =614 nm

S Normalized Emission Intensity
S Normalized Emission Intensity
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Comparison of experimental and theoretical spectra for oxyluciferin and analogues
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NanoLuc, a superior-barrel foldluciferase, was engineered 10 years ago but the mechanism of its action
remains puzzling. In this report, we combined experimental and computational techniques, revealing that
imidazopyrazinone luciferins bind to an intrabarrel catalytic site but also @llasteric site shaped on the
enzyme surface [1]. Binding to the allosteric site prevents simultaneous binding to the catalytic site, and
vice versa, through concerted conformational changes. We demonstrate that restructuration of the
allosteric site camoost the luminescent reaction in the remote active site. Mechanistically, an intrabarrel
arginine coordinates the imidazopyrazinone component of luciferin to attacki®a radical charge
transfer mechanism, while it protonates the excited amide product to secure high emission intensity.
Concomitantly, an aspartate, supported by two tyrosines, anchor andtdime the luciferin molecule
inside the catalytic pocket, pi®ning it for productive catalysis. Thus, we show that NanoLuc, despite its
structural dissimilarity, employs analogous tricks to secure a bluedigfitting phenolate anion, as we
recently revealed foRenillaype luciferase [2]. This information ist@al to engineering the nexwave of

luciferaseluciferin pairs for ultrasensitive bioassays.
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Institut Quimic desarria, Universitat Ramon Llull, Barcelona, Spain

The overuse and misuse of antibiotics has led to the emergence and spread of antédsgiant bacteria,

which are a major cause of morbidity and mortality globally. Blue light photoinactivation is one of the most
promising solutions, activating endogaus photosensitisers and leading to the generation of reactive
oxygen species that can cause cell damage and death. The most effective area of radiation for
photoinactivation in the visible is around 4@30 nm, a region that corresponds to the absorption
maximum of the Soret band in porphyrins.

Quantifying the concentration of endogenous porphyrins in bacterial samples is necessary to assess their
potential as diagnostic biomarkers and for photodynamic therapy. Several techniques have been used
including fluorescence microscopy, higierformance liquid chromatography (HPLC), and mass
spectrometry (MS). However, the very low concentration of porphyrin QLInmol/mg), high doses of

light irradiation, and the scattering of bacteria make this detectiory\drallenging.

Hollowcore photonic crystal fibres (HECFs) are statef-the-art optofluidic systems that provide
ultrasensitive detection. In HECFs, light and liquid can be guided simultaneously through the fibre core.
Light is guided with very fewadses over long distances (<1 dB/km); and the total volume of the fibre, in
the order of nanolitres, allow the detection of metabolites in the nanomolar range. The potential of HCPCF
for applications in photochemistry has been already tested with the ditecf fluorescence [1] with
attomole sensitivity and sensing luminescence of singlet oxygen at 1270 nm in aqueous solution [2].

We report the use of HECFs for the detection of endogenous porphyrins within bacteria solutions in the
fibre core. This avel approach exploits the long pakbngth over in which signals of porphyrins can be
trapped and guided to the detector. Overall, using PCFs, the signal detected is increased over six orders of
magnitude, compared to conventional detection methods (ewyette). And this gives us the edge to
guantify the  concentration of porphyrins in bacteria.

@) Bacteria . Porphyrin .Excitation and emission
Figure 1. Crossection of a PCF as an optofluidic sensor of endogenous porphyrins in bacteria.

Acknowledgment: This work was supported by the Eutoge ! Yy A2y Q& | 2NRAIT 2y Hnanun NBASINOK | YR

grant agreement n°® 863102. www.light4lungs.eu

Reference
[1]. G. O. S. Williams, T. G. Euser, P. S. J. Russell and A. C. Jones, Metlideréppk013, 1, 015003.
[2]. G. O. S. Williams, T. G. Euser, P. S. J. Russell, A. J. MacRobert and A. C. Jones, ChemPhotoChers2018, 2, 616

45



[1]
(2]
3]
[4]

[5]

QM/MM calculations and spectra modelling of the Nanokkurimamide bioluminescent system

Houda MOUMENE, Etienne Mangaudand Isabelle NAVIZET
1Univ. Gustave Eiffel, Univ. Paris Est Créteil, CNRS, UMR 8208, M3W2 Marnela-Vallée France
* email: _houda.moumes@univeiffel.fr

Bioluminescence is a biological phenomenon of light productidiving species with many applicatidhs
notably for the detection of cancer célls The present study deals with a ligapbtein system
(furimazine ¢ Nanoluciferase) derived from a shrimp call€plophorus gracilirostrwith a very high
luminescenceritensity®l. The protein catalyzes an oxidation reaction of furimazine by dioxygen, which
leads to a new molecule, the furimamide in its excited state. A better understanding of this bioluminescent
system will provide insights to tailor new devices withigssion of a photon with a red color, and thus a
light signal more easily detectable inside the human body.

Simulations of the emission and absorption spectra are relevantfaolgomply this goal. We focus here

on the absorption spectra of the ligkmmitter system furimamide Nanoluciferase. In order to take into
account the protein environment and the system flexibility, we carry out classical (at the molecular
mechanic level MM) molecular dynamics (MD) with AMBER software. Furimamide is & fieaibtule:
standard force fields such as GRREGeneral Amber Force Field) are unable to reproduce correctly torsion
angles potential energy when compared to in vacuo DFT computations. Thus, we perform a
multidimensional fit using 1D and 2D potentialeegy surface scans with several torsion angles of the
molecule in order to parameterize a new force field. Then, we compute electronic transitions at a QM/MM
level of theory on a set of 100 snapshots extracted from each MM trajectory. We present theeabtain
absorption spectra of the system with different force fields (GAFF2 and new force field). We analyze also
the MD simulations and compare the influence of the initial conformation on the interaction inside the
cavity and on the spectra. As a perspectiwe plan to use the same methodology to simulate emission
spectra.
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Figure. Theoretical absorption spectra of the Nanolucife¢gseimamide. Representation of the system: furimamide (colored by
atom type) inside the cavity of Nanoluciferase pnot@n orange)
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Chemiexcitation of indoldike biomolecules and their role in DNA damage: a quantamemistry
perspective

Josep AlberolBoloiX, Juliana CuéllaZuquirt, Daniel Roc&anjuah

1 Instituto de Ciencia Molecular, Universitat de Valéncia, P.O.Box 22085, 46071 Valéncia, Spain

Nucleobases in excited electronic states are involved in certain types of DNA damage. These molecules
can be excited due to UV absorption, but also due to chemiexcitation reactions. One of the most relevant
types of DNA damage formed in these conditianthie cyclobutane pyrimidine dimers (CPD). Recently, it
was found that, under oxidative stress conditions, a melanin decomposition produdairy@roxyindole
2-carboxylic acid (DHICA), was involved in the formation of &:PDhis was related to thefmation of
dioxetane species that decomposed in carbonylic compounds in a triplet excited state. Other biologically
relevant molecules, such as tryptophan and serotonin might also cause CPD when exposed to reactive
oxygen specie&?l, Characterizing thee dioxetane decomposition reactions is interesting, in particular,

the step at which the excited molecules are formed. This would allow to discern whether a molecule could
take part in DNA damage by chemiexcitation or not. In this work, the dioxetanargmsition energy

profile of DHICA and other biomolecules with indole moieties was studied using quantum chemistry
methods. One of the most relevant results is that tryptophan has an activation energy similar to DHICA.
Although further studies must be donhjs could indicate that oxidative stress can cause certain essential

biomolecules to behave in ways that are detrimental to living organisms.
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Unravelling the mechanism of melanin dioxetane chemiexcitation in the context of DNA damage

JulianaCuéllarZuguirt, Rafael Garcitleseguet, Josep Alberol®oloiX, Ana Borregeésanche? Antonio
FrancésMonerris', Daniel Roc&anjuah

1 Instituto de Ciencia Molecular, Universitat de Valéncia, gaira.juliana.cuellar@uv.es

Melanin, the pigment respusible for skin, hair, and eye coloration, has long been recognized for its
photoprotective and antioxidant properti€sHowever, recent studies have shed light on an emerging
GRIENJ € NRBES 2F YSttyAy Ay (GKS RS OBdughbM&esskn@whi LI N
as chemiexcitatioAChemiexcitation is generally due to the decomposition of a dioxetan€ end,in this

case it occurs when a dioxetane derivate from melanin decomposes generating an excited molecule
capable of transferring engy to nucleobases allowing their cycloaddition in absence of light. Interestingly,

this "dark" pathway to DNA damage may have implications in the pathogenesis of various degenerative

diseases, including Alzheimer's, Parkinson's, and'elgéed macular degneration?

In the present study, we employed computational chemistry tools to investigate the potential of
5,6dihydroxyindole2-carboxylic acid (DHICA) in DNA chemiexcitation. DHICA is a melanin precursor
proposed by Premi and emorkers in the formatia of cyclobutane pyrimidine dimers (CPDs), which are
well-known mutations responsible for the development of skin cancer lesions. Our research aimed at

shedding light on the underlying mechanism of DNA chemiexcitation.

In particular, we conducted an invggation to determine which factors may affect the energetic barriers
associated to the dioxetane ring decomposition and to explore whether catalysis of such reactions is
possible within the biological environment. To achieve this, we modeled DHICA aggregth various
molecules possessing different ionization potentials, primarily nucleobases. We also varied the molecular
orientations within the aggregates and studied the process in a hydrated double helix of DNA. The findings
allow to evaluate the impet of ™ -~ stacking interactions, hydrogen bond formation and spin delocalization

in the chemiexcitation phenomenon.

[1] Kollias N, Sayre RM, Zeise L, ChedekePK&oprotection by melanin). Photochem. Photobiol. 8991, 9, 135 160.
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DNA repairdeficient models,useful tools for assessing the mechanisms of natural photoprotection
and property of photoprotective agents

Joudi El Mir, Sandrine Fedot, Nadine ThéZé Julie Scalfa Eric Perrier, Walid Mahfoutf, Elodie
Muzotte! , Jérome Rambelrt, SandralrompezinsKi, Pierre Thiébaud Muriel Carié?, HamidReza
Rezvari®

1 Univ. Bordeaux, Inserm, BRIC, UMR 13B3076 Bordeaux, FranceAquiderm, University of Bordeausx,
Bordeaux, FrancéNAOS Institute of Life ScienceémwProvence, France

Ultraviolet B (UVB) radiations in sunlight cause skin damage, ranging from erythema, wrinkles to
photoaging and skin cancer. To overcome the deleterious effects of UVB radiation, various photoprotective
mechanisms, including constitutive and -4iuced pgmentation, stratum corneum thickness, UV
induced immune responses, bvluced apoptosis, antioxidant defense, and DNA repair systems, have
evolved in living organisms. One of the main features of UVB is affecting genomic DNA by creating
cyclobutane pyrindine dimers (CPDs) and pyrimidgpgrimidine (&4) photoproducts (64PPs). These
lesions are mainly repaired by the nucleotide excision repair (NER) system and by photolyase enzymes.
The importance of correctly removing UNfiBluced lesions is demonstrateéad patients with deficiency in

the NER system, such as xeroderma pigmentosum (XP), who present pigmentary abnormalities, skin
photosensitivity, accelerated photoaging and a predisposition to early onset skin cancers. To investigate
the cellular response®tUVB, several models have been used including monolayer cells, skin equivalent,
skin explant, and mouse models. Several aquatic species, ranging from crustacean and echinoderm to
different species of fish and amphibian, have been also used to investigatdfects of UV radiation on
development and behavior. Of note, increasing UVB radiation due to ozone layer depletion and
consequently persistent UViBduced damage have been proposed as a potential cause for the
disappearance of amphibian populationsowever, very few studies have addressed the comprehensive
biological responses to UVB radiation, with respect to the natural photoprotection systems including DNA
repair systems, skin responses, and melanocyte behavior. So, we wondered whether Xendpusldev

be an appropriate in vivo model system for investigating the impact of UVB on skin. Overall, a gradual
decrease in CPD levels, detection of apoptotic cells, thickening of epidermis, and increased dendricity of
melanocytes emulate human skin respes to UVB and support Xenopus as an appropriate and
alternative model for such studies. To go further, we then generated the DNA +agfaiient Xenopus
embryos using morpholinos (antisense oligonucleotides that can specifically hybridize with a specific
MRNA) against XPC mRNA. Our results indicated that the pigmentary pattern of XPC morphants were
different from the control embryos. In parallel, we generated Xficient primary human melanocytes

using CRISPRas9 technology, in order to investigate fteotoprotection systems in DN¥epair deficient
melanocytes and to avoid animal models use. Following validation of model (absence of XPC expression,
DNA repair deficiency, and sensitivity to UV), -dBfiient primary human melanocytes and their control
counterparts were subjected to proteomic analysis. Results revealed that 496 proteins are differentially
expressed in these cells. A protgirotein interaction (PPI) network was then constructed using IPA and
suggested that several differentially expreBse LIN2 0 SAya 659t a0 O2y UNROdzi S {3
WF2NXYIFGA2Y 2F @SaroftsSa yR YSftlry2a2yS5aQsx WONXTF
AeYUIKSAaAAQE BHKAOK Fff O2dzZ R 0S -déiBenticélS R camuwsion,JA 3Y Sy
DNArepair deficient models are valuable tools for studying the ctalis between different
photoprotection systems and to evaluate the efficacy of photoprotective agents.
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In vivobiomarkers study to evaluate photoprotection products

ArnaudFontbonné, Baba Tem Elise Abrf; Guillaume LeceltfSylvie CallejdnAlain Mog4, Benoit
Cadarg Félix Girauty Marléne Chavagnasonnevillé, Nathalie Ardiet, Sandra Trompezingki

INAOS ILS, Aen-Provence, FranceDNAOS, Aken-Provence, Frarec;*NAOS, Lyon, FrancéQIMA
Synelvia, Labege, France

Chronic exposure to ultraviolet (UV) irradiation causes immunosuppression, photoaging, and
carcinogenesis. A cascade of reactions occurs upon UV exposure of human skin, including the generation
of reactive oxygen species (ROS), oxidation of lipids and proteins, DNA damages, p53 mutations, sunburn
cell formation, release of cytokines and matrix metalloproteinases (MMPs). UV rays have effect on the
cutaneous immune system by causing its suppressioohwtan make the organism more vulnerable to
bacterial, viral or fungal infections and to the development of cutaneous cancers. This action is linked to
the migration of Langerhans cells from the epidermis, key cells of the cutaneous immune response and a
reduction in the antigen presentation function. In addition, under UVB exposure, urocanic acid, a natural
filter present in the stratum corneum, is traimsomerized to form UGAis which also contributes to local
immunosuppression. The skin barrier functisnalso affected by solar radiation. The stratum corneum
(SC), which is the first line of defense against environmental exposures, is modified by solar radiation, with
alterations in its mechanical properties and related barrier function mechanisms ingludaggrin
proteolysis. UV rays also affect the skin microbiome, whose protective role is essential to prevent
photoimmunosuppression and good skin health.

Skin photoprotection has become a real public health issue. As a complex ecosystem, it iarjecess
to protect the skin from the effects of UVA, in addition to UVB. For many decades the SPF has assessed
vivo sun protection using Uihduced erythema as an endpoint, but it does not accurately reflect all
photoprotection benefits.

In our research activities, we have sought to go further in evaluating the efficacy of sunscreen products
by going beyond the SPF, thanksirtovivoquantification of skin biomarkers which reflect activation of
cutaneous biological pathways and can be gpadl from nornvasive skin samples.

The aim of ouin vivostudy was finally to evaluate the photoprotective complementary efficacy of an
active complex with sun filters on volunteers exposed to UVB and UVA by measuring squalene oxidation,
trans-urocant acid (trandJCA) and a pool of amiraxids by L&IS and catalase activity by quantification
of resorufin fluorescence. Moreover, the impact of UV and the protective effect of sun filters coupled with
active complex on human and bacterial proteins wadyar®d using "shotgun proteomics" (MS/MS).

In this context, we confirmed the interest of providing specific ingredients whose activity is
complementary to that of UV filters to have a global full phptotection against the negative effects of
UV. A letter understanding ofn vivocutaneous effects of solar irradiation is essential to optimally assess
the efficacy of products and thus develop suitable sun phwttection products.
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Light sources for phototesting of sunscreens

Antony R Young
StW2 Ky Qa LyadAddziS 2F 5SN¥YIF G223 YAy3dQa /2tfS3S [2yYR?
Sunscreens are designed to attenuate solar ultraviolet radiation (UVR) and to some extent visible radiation
(VR). Their efficacy is primarily tested on human volunteers using artificrakesoof UVR under laboratory
conditions. For practical reasons the irradiance of these sources is much greater than solar UVR. Their
spectral properties are well defined by regulatory bodies and classified as either (i) solar simulated
radiation (SSR) tdetermine sun protection factor (SPF) that is a measure of protection against erythema
or (i) UVA to determine UVA protection factor (UFR) that is a measure of protection against persistent
pigment darkening (PPD), the biological significance of wisichnknown. The action spectrum for
erythema is heavily UVB dependent, and therefore SPF is primarily, but not exclusively, a measure of UVB
protection. UVA protection, relative to UVB, can also be assessed spectrophotometrically by measuring
the opticalproperties of a sunscreen. The basic principle for human testing is to determine the UVR dose
for a given endpoint with and without sunscreen application, at a given thickness, and the ratio of these
doses is the protection factor. SSR spectra are UMRoimpared to solar UVR. This UVB content, even
when within tolerances set by regulatory authorities, may impact SPF especially if the sunscreen has
relatively poor UVA protection. Laboratory determined SPF may be used for ranking products by the
consumerp dzi Al a NBflFGA2yaKALI 6A0GK LINRGSOUGAZ2Y |3FAYyAal
SPF depends on many factors including sunscreen application thickness, but emission spectrum is likely to
play an important role. There is increasing camcthat laboratory SPF overestimates protection from
natural sunlight (1), which is logistically difficult to determine. The reasons for this are poorly understood,
but one possible explanation is that SSR and solar UVR spectra are different, withntke taxking in
very long wave UVA and VR that may contribute to erythema (2). We clearly need a better understanding
of the relationship between SPF with solar UVR and SSR.
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New developments in UV filters

Yolanda Gilaberte

Department of Dermatology. Miguel Servet University Hospital. Zaragoza, Spain

Over the years, significant advancements have been made in the development of UV filters to enhance
their efficacy, especially in the long UVA range. Effective photoprotection is necessary because our skin is
exposed 20 times more to UVAR than to UVBRdthtion, different significant biological and clinical

effects are caused by this radiation such as damage to the DNA, photoimmunosupression, oxidative
stress and hyperpigmentation. Some efforts have been made in the last years to develop new filters that
enhance the photoprotection in the long UVA and blue light range. Two new filters are already in use,
methoxypropylamino cyclohexenylidene ethoxyethylcyanoacetate (meroxyl 400) which provides a very
good photoprotection in the UVA1 range, and phenyleisediphenyltriazine (triasorb) that provides

protection also in the UVAL and the blue light. Also under reseéisiidiethylaminohydroxybenzoyl

benzoyl) piperazine (BDBP) that absorbs between 350 and 42&@smalso demonstrated to effectively

protect aginst hyperpigmentation.

Furthermore, efforts have been made to improve the stability and longevity of UV filters under various
conditions. Encapsulation technologies, such as microencapsulation and nanoencapsulation, have been
utilized to protect UV fiers from degradation caused by factors like light, heat, and interaction with

other cosmetic ingredients. This approach ensures the sustained release of UV filters, extending their

photoprotective performance over prolonged periods.

In conclusion, ongoiresearch and development in the field of UV filters have resulted in significant

advancements in terms of enhanced photoprotection and sustainability.
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Personalized photoprotection.

Henry W. Lim
Department of Dermatology, HenBord Health, Detroit, Michigan, USA

It is well recognized that UVB (2820 nm) induces sunburn response on the skin, with UVA23300

nm) also contributing to this biologic effect. UVA (38D nm) is the predominant spectrum that

induces tanning regmse and photoaging process. Both UVB and UVA are responsible for
photocarcinogenesis. In the past few years, significant understanding of the effects of visible light (VL,
400-700 nm) has been achieved. VL induces intense and persistent pigmentatiodVAl (34@00

nm) synergistically contributes to this effect. The pigmentary effect of VL + UVAL occurs only in dark
skinned subjects. It should be noted that exposure to VL + UVAL results in transient erythema in both
dark and light skinned subjectief 1) .

With the exception of several newly developed and introduced filters, the vast majority of filters used in
sunscreens are not designed to protect against the effect of VL. Currently, protection against VL can be
achieved in: i. Tinted sunsenes, which incorporate iron oxides and in some,fnaigronized titanium

dioxide; ii. Sunscreens containing biologically active antioxidants; and iii. Sunscreens with newly
developed filters (Mexoryl 400, TriAsorB, and BQRBRh the latter not yet intraluced in commercially
marketed products as of June 2023). (ref 2)

Comprehensive photoprotection strategy includes seeking shade with outdoors, wearing

photoprotective clothing, wide brimmed hat and sunglasses, and applying sunscreens on otherwise
exposedskin. With worldwide population consisting of different skin tones, the concept and practice of
personalized photoprotection regarding sunscreen recommendations is essential (ref 3). Individuals of
lighter skin types have higher risk of UV erythema admotpcarcinogenesis, the use of high SPF (50+),
broad spectrum sunscreens is important. For dark skinned population, while the risk of sunburn and
photocarcinogenesis is lower, they are more prone to develop UV and VL induced hyperpigmentation;
therefore, sunscreens with lower SPF (30) can be recommended, however, it is essential that sunscreens
with excellent UVA and VL protection are used.

Personalized photoprotection would allow us to provide appropriate photoprotection advice to all
individuals.
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Natural photoprotective agents

Salvador Gonzalez

Department of Medicine and &tlical Specialties, Alcala de Henares Univeidiagrid, Spain.

Skin cancer poses a significant public health problem, and its incidenoeréasing steadily
worldwide. Traditional sunscreening agents are a critcahponent in all photoprotectiveegimens and
constitute its first preventionline; however, they have limitations and have also increasingly been
questioned for their safety (harming our own health) and their impact onaheironment (including
harming coral reefs). Besides conventiofiééring agents, a group of photoprotective agents of natural
origin (namely Activesprimarily botanical, with demonstrated antioxidant, freadical scavengingpility
has drawn considerable attention. Many of these botanical derivatimekiding teaextract, such as
epigallocatechin gallate, flavonoidBplypodium leucotomos extract, pycnogenol, and lycopene) have
shownto contrast photocarcinogenesis, as well as sunburn and photoaging in UVexpaigeds mice.
Few however have also shown skin bfitsein humanssuch as protection against oxidative stress, DNA
photodamage, andLangerhans cells U¥duced depletion, all of these are relevant mechanidarsskin
photocarcinogenesis. Additionally, they also impact skin photoaayidgphotoinduced pigmntation, the
latter of which is very significant individuals of dark skin phototypes. Additional natural photoprotective
agentsare those from marine sources (algae, coral, among others) inclagjogsporine like aminoacids
(MAAsPalythine).

It is interesting to note that these natural photoprotectants can not onlyalokeninistrated topically,
but also by orally. Orally administered botapitotoprotectors could help to overcome many limitations
of topicalphotoprotection, since their efficiency is naltered by external condition@ubbing, sweating),
their haltlives can be determined pharmacologically, dhdir effects do not depend on the degree of
absorption into the skin. Oralatural photoprotectants may complement conventional photoprotection
bringing very interesting and even synergistic effects, resulting in a positpect on skin.

In this presentation, a narrative state of the art review will be perforroedtextualizing the
description of current scientific thinking about tiphotoprotective capacity of a selected series of agents
from botanical andnarine sources. Their topical and oral use has been explored as a madada toith
solar radiatiorinduced oxidative stress, UV and Visible lighgarticular, reducing the damage caused at

least partially by reactive oxygespecies (ROS), impeding or lessening tissue damage including

hyperpigmentation, and promoting DNA repair among other beneficial effétis.most promising

natural photoprotective agents with scientific evidencehimmanswill be discussed.
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Photoprotection by Vitamin D Compounds: Identifying Markers that Predict Efficacy in Preventing
Carcinogenesis

Furkan A. Ince Julianne C. NayarArtur Shariel; Rebecca S. Masband Katie M. Dixon

1. Schoobf Medical Sciences, The University of Sydney, NSW 2006 Australia.
2. School of Life and Environmental Sciences, The University of Sydney, NSW 2006 Australia.

Primary factors that can lead to ultraviolet radiation (UNRuced skin carcinogenesis are UVRiet

DNA damage, which leads to DNA mutations, and-lddiikced immunosuppression, which promotes

skin tumour growth due to reductions in immune surveillance. The active metabolite of vitamin b, 1,25
dihydroxyvtamin B(1,25D) has been shown to decrease tiMRIiced DNA damage,

immunosuppression and skin tumours. These effects were also observed with another vitamin D analog,
1,25dihydroxylumisterad (JN) and a vitamin-fike compound,

tetrahydrocurcumin (THC). It has long been considered that agents eaphitdducing DNA damage and
immunosuppression in acute UVR studies would effectively reduce skin carcinogenesis in chronic UVR
models. However, the hybrid analog of 1,28D:hydroxymethyi16-ene-24,24difluoro-25hydroxy
26,27bishomovitaminkR (QW), as wll as several other analogs, decreased 4inddced DNA damage

and immunosuppression, but did not inhibit skin carcinogenesis in a 40 week long murine
photocarcinogenesis modéelherefore, our studies show that reductions in Uxé&uced DNA damage

and immune suppression alone are not necessarily predictive of potential for photoprotective agents to
prevent skin carcinogenesis in the long term, and thus, there is a need to firelrgl@ble markers.
Phosphatase and tensin homolog (PTEN) amnayll downstream regulated gerie(NDRG1) are tumour
suppressor proteins that are reduced in some cancers and in metastasis respectively. Our studies have
shown PTEN and NDRGL1 are significaatlyced in human skin cells and Skh:hrl mouse skin, following
UVR exposure. Additionally, we have shown treatment with 1,25D immediately following UVR exposure
significantly increased both PTEN and NDRGL1 levels in primary human melanocytes and dermal
fibroblasts. Phosphorylation of cyclic AMP response element binding protein (CREB) has been shown to
increase following UVR and is linked to carcinogenesis. Our data illustrate that pCREB levels are
significantly reduced by 1,25D treatment in Skh:hrl mouseakihhuman dermal fibroblasts after UVR.

In addition, JN treatment of Skh:hrl mouse skin and human dermal fibroblasts also reduced pCREB. The
cytokines interleukin 6 (6) and interleukin 10 (L0) have been shown in previous studies to promote

the tumou microenvironment in skin cancers. Preliminary data from our studies have shown UVR
exposure reduces 46 and IE10 expression. We have also demonstrated that 1,25D can redtfce IL

levels in mouse skin following UVR, and our preliminary studies indieatexilar trend for H10. Our

studies have revealed several candidate biomarkers from acute UVR that may indicate whether
photoprotective agents are likely to reduce tumours in a long term photocarcinogenesis model. This
would make for a more timeand ccstefficient process for identifying suitable agents for this lengthy
testing.
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A multi-omic approach to understand solar exposure impact on skin ecosystem and evaluate a new
SPF50+ sunscreen efficacy

Carine JacquésDaniel BacquevilteEmilien LJamit®, Martine Maitre!, Anais Nousterts Aimée Simcic
Morit, Cécile DelstyLaurent Debrauwée, Sandrine Besseliouya & Héléne Duplah

1 Pierre Fabre Derm@osmetics & Personal Care, Centre R&D Pierre Fabre, 31025 Toulouse, France.

2 MetaboHUBMetaToul, National Infrastructure of Metabolomics and Fluxomics, Toulouse, 31077 France. 3
Toxalim (Research Centre in Food Toxicology), Université de Toulouse, INRAE, BERWpariNBPS, 31027
Toulouse, France. 4 Laboratoires Eau thermaén@, Cauquillous, Lavaur, France.

Skin is the primary interface with the external environment, the skin ecosystem consisting of our
microbiota, a collection of microrganisms such as bacteria, viruses, and fungi reflect the state of the
surroundingskin ecosystem. To evaluate the impact of external factors like sun exposure, the cutaneous
ecosystem, that are skin, hydrolipidic film and microbiome, need to be studied as a whole to understand
how they interact with each other and contribute to replydgternal stress like sun exposure

We developed a reconstructed human epidermal model (RHE) colonized with human microbiota and
sebum to reproduce the complexity of the skin ecosystem. The RHE model was exposed to simulated solar
radiation (SSR) withravithout SPF50+ sunscreen (with UVB, UVA,-ldvig and visible light protection).

A new SPF50+ photoprotective system containing a specific combination of four sun filters (TriAsorB,
Tinosorb S, Uvinul T150 and Uvinul A+) and affording a broad spectr@nAlshotoprotection, was
evaluated on thisn vitro model. Metabolomic profiles were performed by NMR and UHPR®IS and
lipidomic profiles by UHPHARMS. In order to grant spatial information, mass spectrometry imaging (MSI)
was used on the skin ecosystanodel to investigate both composition and spatial distribution of diverse
molecular species. Metagenomic analyses were performed from genomic DNA extract samples. ITS1 of the
ribosomal RNA gene, and of the-V2 region of 16S gene were sequenced by-sjgied sequencing.

Over 50 metabolites were significantly altered by SSR (p<0.05, log 2 values) with 8 main pathways affected,
showing high skin oxidative stress and altered skin microbiota (brarch&d amino acid cycle and
tryptophan pathway). Indeednetabolomic analyses revealed high skin oxidative stress with modification

of glutathione and purine pathway but also urea cycle. Other pathways have been highlighted linked to
skin microbiota, like BCAAs cycle, lipid metabolism and tryptophan path@&yarid ITS rRNA sequencing
showed the relative abundance of various bacteria and fungi were altered after SSR exposure. Major lipids
pathways were modulated by SSR and correlate to MSI image giving spatial localization of the bioactive
lipid molecules. Appcation of SPF50+ sunscreen to thevitro model before exposure to SSR preserved

the physiological interactions within the skin ecosystem and protected from sun exposure deleterious
effects. These interactions are key parameters to avoid DNA damadamination and immune
suppression which play crucial roles in skin carcinogenesis. This study identified a highly accurate
metabolomic signature of sun exposed skin usingnavitro model representative of the complete skin
ecosystem. Global metabolomiigeature was correlated to metagenomic analysis of skin microbiota and
explain interactions between skin and microbiota.
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Ruthenium Complexes iRhoto-Dynamic Therapy

Bruno Therrien

Institute of Chemistry, University of Neuchatel, Ave. de Bellevaux 2Q@H\euchatel, Switzerland

Porphyrin derivatives are known to absorb light and they are often used as photosensitizing agents in light
harvesting processes or photdynamic therapy (PDT) treatments. Despite being used in the clinic to cure
cancer, these so called first and second generations of porpbwased photosensitizers are limited by
hydrophobicity, aggregation, photobleaching and slowarance [1]. Therefore, in recent years, new
photosensitizers have emerged to overcome these limitations. Of particular interest, those built around
ruthenium complexes. The electronic and coordination properties of ruthenium provide several favorable
characteristics to develop a new generation of photosensitizers. The rich photochemistry of ruthenium is
well known and nicely exploited in light harvesting technology [2]. However, for biological applications
such as PDT, the use of ruthenilmased photosesitizers remains in its infancy. During this presentation,

recent results will be presented, showing the relevance of ruthenium complexes in PDT.

O
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Synthesis, characterizations and properties of new phenalenone derivatives for plastiibacterial
activities and drug delivery.
Jérémy GODAR[Frédérique BREGI:Rincent SOL
1 University of Limoges, LABCIS UR 22722, Limoges France
Phenalenone is a photosensitizer known for its high singlet oxygen quantum gi€d) ¢ and its
remarkable range of solubility that justify its use as a reference for the evaluation pt@é&! as well as
its application as a photantimicrobial agnt ¥, Recently, the synthesis of phenalenone became more
efficient, with yield dropping from 26% to 90%°1. Some functionalization are also described but there is
an obvious lack of diversity compared to other photosensitizers like porphyrinstibalphyanines, and
most of them impact significantly theg'O, . In this work, initial synthesis and functionalization of the
phenalenone were optimised. All main functions were fixed with good to excellent yield by reaction of a
halogenated derivativefadhe phenalenone (PNCI) with simple reactants at a multigram scale and ambient

temperature!”

cl R

(o]
No heating
Low cost
Easy purification

R =NH,, N5, SH, OH, SO;H....
PNCI o

Figure: Examples of phenalenone functionnalization

Different compounds are grafted on the phenalenone moieties in order to target selectively bacteria with
oligosaccharide, cationic functidfX > ¢ A (i & to tal§dtlargar cells or with fatty acids for made
vesicles®. Phenalenone derivatives are also grafted on different materials as sand for decontamination of
watert?,
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Free base porphyristyanine dye conjugate: synthesis and optical properties

Stéphanid_eroyLheZz', Daire J. Gibbon's? Yann Berbiguiet, Jordan P. Mulvanéy Nicolas Villandier
and René M. William%

1 LABCISUR 22722, Faculty of Sciences and Technaltyversity of Limoges, 123 avenue Albert Thomas,
87060 Limoges, France.

2 Molecd I NJ t K22y AO& DNRdzLIZ 2y Qi |1 2FF LyaidAadadziS F2N a
Amsterdam, Science Park 904, 1098 XH Amsterdam, Netherlands

Triplet formation by charge recombinatibis a phenomenon that is encountered in many fields of the
phaoto-sciences and can be a detrimental unwanted side effect, but can also be exploited as a useful triplet
generation method, for instance in photodynamic therapy. In this framework, we will report the synthesis,
characterization and photophysical propertiglsa novel free base porphyrityanine conjugate based on

the covalent combination of a cyanine dye with a tetraphenyl porphyrin unit. This novel type of
porphyrincyanine photosensitizer has the ability to produce singlet oxygen in tetrahydrofuran amsbs

light at NIR wavelengths.
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BODIPY: an emergirdass of new photosensitizers

Enrico Carusdyliryam Chiara Malacarne

Department of Biotechnology and Life Science (D8B¥iversity of Insubrig Via H.J. Dunant, 3 21100 Varese
(ltaly)

Photodynamic therapy (PDT) is a therapeutic option baseslystemic or topical administration of a non
toxic molecule, called photosensitizer (PS), followed by irradiation with a light of the desired wavelength.
Generally, an incubation time is required between these two steps. Upon activation, the PS switohes fro
its ground state to an excited singlet state, initiating a chain of electronic transitions that results in the
production of deathinducing reactive oxygen species (ROS), mainly concerning singlet o)@geiit{is
treatment can be used as an alternative to the most common antitumor therapies or as antibacterial

treatment (in this case it is called aPDT).

There are different classes of photosensitizers, porphyrins and their derivatives, phthalocyanines,
naphthalocyanines, but in recent years the scientific community has been interested in a new class of
molecules suitable for PDT, the borondipirromethene compound, named BODIPY (Fig. 1). The BODIPYs are
compounds largely used as fluorescent dyes. Thesem@lecll Sl aAf & aeyikKSaiAl SR A
exhibit quite high extinction coefficients [1], high resistance to photobleaching [2] and high quantum
efficiencies of fluorescence. This last property is unfavourable to ROS formation thus fluorescence must

be inhibited following chemical structural modifications (iodination of the 2,6 positions), thus favouring

the process of triplet state formation and finally the productiort©f [3].

In this work, | present an overview of the application of BODIPYs fifeld of anticancer and antibacterial
PDT.
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Water-Soluble Truncatd Fatty Aci¢Porphyrin Conjugates Provide Photeensitiser Activity for
Photodynamic Therapy in Malignant Mesothelioma: 2D versus 3D cell culture conditions.

Lewis SpurrieBest, Chris Boyalil Sam BonsaJlSimon Turedaand Sarah HaywoeSmalh
1 Sheffield Hallam University, City Campus, Howard Street, Sheffield, S1 1WB, UK.

Objectives Pleural mesothelioma is incurable. Intbgerative pleural photodynamic therapy (PDT) has
recently emerged as a promising option to improve the multimodal treatment outcomes. The search for
new, improved photosensitisers (PS) is ongoing, especially &mSnow entered clinical trials for
mesothelioma. Few results have been published to date, although prolonged photosensitivity and a lack
of tumour selectivity may limit the curative potential. Therefore, the focus of this approach is to develop
and valilate a series of watesoluble truncated fatty acid porphyrin conjugates, to assess if these agents
can selectively kill mesothelioma cells in 2D and 3D culture models.

Method- The PDT effect was assessed in the human MXRTE and NGH28 mesotheliomaadl lines,
alongside a noitancerous human mesothelial cell line, M. Cell viability was initially determined using
the WST8 cytotoxicity assay and then confirmed using the CellGie® cell viability assay for 2D and 3D
cultures. In some experimesit CellBrite cytoplasmic membrane dyes were used to label cell lines within a
co-culture system (mesothelioma cell lines were cultured with either NBRiGroblasts, THR monocytes

or the Jurkat T lymphocyte cell line). 3D spheroids were also generasedi@ conditions using ultraw
attachment plates. Flow cytometry of Annexin VFITGIRhed cells confirmed the induction cell death.

Results Herein, we report the synthesis, photophysical, and photobiological properties of four porphyrin
based PS cgumgated to truncated fatty acids (C5SHU to C8SHU). PS have been developed using a high
content approach with high fluorescence intensity and singlet oxygen quantum yields. PS appeared to
selectively localise within the nemuclear compartments of cells @k exhibiting high phototoxicity.

Initial studies indicate that there is a large decrease in cell viability 24h post treatment with C5SHU and
C6SHU PS coupled with-inute irradiation using red LEDs, both apoptosis and necrosis were induced

at 24 and 8 h. Currents studies are focussing on using longer exposure times of up to an hour (the
standard clinical exposure time for intraoperative PDT) in addition to gathering data from the 3D and
coculture systems to further assess PDT drug responses.

Conclusons- As our pentanoic aciderivatised porphyrin (C5SHU) induced the largesttantior effect in

this study in 2D conditions, we put this forward as an-@&unmiour drug candidate in PDT and pheto
imaging diagnosis in mesothelioma. Nevertheless, the 3€uttares appear to be a more realistic tumour
microenvironment for PDT drug responses, when compared to 2D cell models, and thus are superior
preclinical cancer models. Future directions will build on the developments, aiming to refine these
porphyrintbased PS clinically towards mesothelioma diagnosis and PDT.
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Dansylpiperazinebearing squaraines: an open door to new molecules with phototherapeutic interest

Eurico Lim&?, Octavio Ferreirj Renato E. BofpJosé R. Fernande®aulo Almeida Samuel M.

Silvestré3, Adriana O. SantésLucinda V. Réis

1 CQVR- Chemistry Centre of Vila Real, University of-6edlglontes and Alto Douro, Vila Real, Portugal
2 CICSJBI- Health Sciences Research Centre, University of IR&gréor, Covilha, Portugal 3 CNCentre for

Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal

In 1965, Treibs and Jacob prepared the first squaraine by reacting squaric acid with an aromatic
heterocyclic methylene base, without knowing the panoply of dyes that would be designed from theirs.
For photodynamic therapy (PDT), these dyes gained a pkatinterest in research since they display
intense absorption bands in the region of the electromagnetic spectrum where tissues are more
transparent to light (65850 nm), allowing to overcome the most significant deficiency of porphyrins, a

family of dyes whose clinically applied photosensitizers currently belong mainly.

This communication presents the synthesis of thikelkeexyl squaraine dyes, derived from heterocycles of
different natures (benzothiazole, indolenine and bagir[dole), functionalized n the central
fourmembered ring with the dansylpiperazino group. After their complete structural characterization, the
stability of the dyes to light was evaluated, as well as their ability to form singlet oxygen using the
1,3diphenylisobenzofuran (DPBFysay. Then, for an initial screening, haHiximal inhibitory
concentration values (kg of the dyes were determined against two cell lines, a prostate tumor cell line
(PG3) and a normal cell line (NHDF), using th@,3-dimethylthiazot2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay. Based on MTT data, phototoxicity and tumor selectivity ratios were calculated. Then,
selecting the dye with the most significant therapeutic interest, its mechanism of action was studied,
determining the preferentiabrganelle where they accumulate inside cells, the reactive oxygen species
that are involved in their photodynamic activity, cell cycle arrest studies and assessing the activation of

caspase3 and-7, both activated during apoptosis cell death.

The resultshighlight the relevance of the potential phototherapeutic application of squaraine dyes,
unexpectedly standing out among the prepared dansylpiperakigsxring benzothiazole derivative.
Furthermore, this dye showed high phototoxicity and tumor selectiratjos, presenting, among other
photophysicochemical and photobiological properties, several characteristics inherent to those of an ideal

photosensitizer.
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Novel photosensitizers for combating hypoxic tumors

Vicente Marchah Albert Gandiosy Diego Ahd-Montero?, Sergi ChumilldsEduardo IzquierdoGaréiza
Gilles Gassér

1 University of Barcelona, Faculty of Chemistry, Department of Inorganic and Organic Chemistry, Section of

Organic Chemistry, IBUB, Barcelona, Spain

2 Chimie ParisTech, PSL Univer€ityRS, Institute of Chemistry for Life and Health Sciences, Laboratory for

Inorganic Chemical Biology, Paris, France

Photodynamic therapy (PDT) is a wedtablished, nofanvasive modality for the destruction of tumors
and/or tumor vasculature, based ohé combination of three components, namely: a photosensitizer (PS),
light of suitable wavelength, and oxygen. However, PDT is less efficient in the treatment of deepseated
hypoxic tumors, because it is an oxyegapendent process. Here we introduce a neunfly of PSs that

take advantage of the wedlstablished anticancer properties of transition metal complexes and of the rich
and tunable photophysical properties of organic fluorophores. Phototoxicity studies have revealed that
the PSs are natoxic in thedark but become highly phototoxic when irradiated at different wavelengths
within the phototherapeutic window, even with highpenetrating farred and NIR light. In general, the
new PSs exhibited 4&values in the very low nM range (e.g., 7.4 nM at 649 and impressive Pl values

(P1 > 34000) after red light irradiation. In addition, the PSs display a good phototoxicity profile with highly
penetrating NIR light (e.g.,s4& 0.260M at 770 nm), and retain an excellent photoactivity under hypoxia.
Finaly, it is worth noting that the PSs are aqueeaduble and can be prepared in high purity from
straightforward syntheses, which are also highly desirable attributes for further development. Thus, the
newly developed PSs are promising candidates for treatroé large and deefseated hypoxic tumors,

which is the cornerstone of PDT.

Acknowledgements: This work was supported by funds from the Spanish Ministerio de Ciencia e Innovacion
Agencia Estatal de Investigacion (MCI/AEI/10.13039/501100011033) F&ER funds (P1D2620
117508RB00), the Departament de Recerca i Universitats de la Generalitat de Catalunya (2021 LLAV
00083) and the Fundaci6 Bosch i GimperaPe2Z _202:007).
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Small distorted” -conjugated molecules as emerging photosensitizers infPD

Cyrille Monnereau,Clement Cabanetosl.aure Guy,Marine Labrd, Marco Deiandand Nasim Sabodri

Laboratoire de Chimie, ENS de Lyon, UMR CNRS 5182
Building Blocks for FUture Electronics Laboratory (2BFUEL), IRL2002 @@N&3Jniversity, Seoul uloKorea

Department of Medical Biochemistry and Biophysics, Umed Universig1SEy Umed, Sweden

PhotoDynamic Therapy (PDT) relies on the use of light in conjunction with a photoactive molecule, called
photosensitizer, to promote cell death upgotoirradiation, generally by accumulation within the cell

of Reactive Oxygen Species (ROS). Although used clinically for decades for treating a variety of cancer,
current treatments are mostly based on porphynoid molecules, which present a relativebywnar

therapeutic rangei€ a significant dark cytotoxicity). Alternatives based on small molecules often involve
heavy atoms (transition metals or halogen) which may also be a concern for long time toxicity. In our
group we have been developing approachasdxd small, highly distorted-conjugated molecules that

present large singlebxygen generation efficiencied,, 2]

Light OFF Light ON

&t

Figure 1. Principle of action of DBI within two cancer cell lines. Oxydative damagesqoetion seen as red spots
In particular for one of these moleculeBl Figure 1), good cell internalization and highly efficient
photoinduced cell death (10 nm range) could be achieved, with minimal dark toxicity.[3] Associated
mechanisms, based on accumulation within exosomes and G4 taggetiih be discussed in this talk,
along with strategies towards optimization of their spectroscopic properties (absorbance in the NIR).
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Pharmacokinetics of disulphonated tetraphenyl chlorin (fimaporfin/TRg$n a rat glioma model
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Glioblastoma multiforme (GMB) is one of the most aggressive cancers in human, with low cure rates for
mary cancers after surgery, ionizing radiation or chemotherapy. Because of that, the interest in

development of new treatment technologies and using alternative substances is continuously increasing.

The photosensitizing potential of the photosensitizer mstraphenyl chlorin disulphonate
(fimaporfin/TPCS, Amphinex®) has been evaluated by using a rat orthotopic glioma model, 10 days
after intracranial instillation of F98 cells in hippocampus of Fisher 344 rats. The injection of fimaporfin (3
mg/200 g raj was performed in one of the tail veins of the turdmaring animals and followed by in

vivo fluorescence imaging, whole heads, bodies, and ex vivo analyses of glioma tumors and blood
samples. The tumor localization and size in hippocampus were documieyntedRl 9 days after F98 cell
instillation and the results indicates no fluorescence in the blood samples post 6 days, neither from the
intravenous nor subcutaneous injections. Interestingly, there is clear fluorescence in the glioma ex vivo
analyses 18 des after F98 cell instillation in the hippocampus (10 days post PDT), which shows a

fimaporfin accumulation in gliomas much longer than in the circulating blood.
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New approaches on bodiphased photosensitizers: solutions to dark toxicity towards the
improvement of photodynamic therapy and phototheragnosis
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The development of new agés for photodynamic therapy (PDT) is an active research area due to the high
interest in establishing neimvasive cancer treatments. However, developing novel and effective PDT
agents {.e. photosensitizers, PSs) is not trivial and requires a fine balanwng multiple properties!
BODIPYased PSs are a weltablished family because of the chemical versatility of the BODIPY
chromophorel? The generation of0; is traditionally achieved by iodinated and brominated BODIPYs, but
they have poor photostability and show high dark toxicity, reducing their usefulness as PSs. To address
these limitations, two approaches can be followed: 1) use of nanomaterials as jghajocarriers,
increasing selectivity and biocompatibilityand 2) design of halogefinee PSs by direct linkage of BODIPYs
orthogonally arranged! Here we present a series of tailotade halogenBODIRYntaining nanoparticles

and BODIPY dimers/trim&P! They are designed to overcome dark toxicity, enhance their application in

PDT, and could inspire novel phototheragnostic agents.

Sarvhving raction

BODIPYased PSs: halogenBODIPY nanopatrticles and BODIPY dimers/trimers
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Communications in health and skin photobiology

Oral communications:

OQ0 Huang Chiao HuangPhotodynamic therapy overcomes ABC transportaesiiated multidrug
resistance

OQ1 Lise Aubry:Toxicological impacbf photodegraded organic tattoo pigments on human cultured
keratinocytes

OQ2 Philipsen PeterAssessment of candidate action spectra for vitamin D3 using a set of lamps with
spectra of different qualities

OQ3 Dietrich Averbeck:Focus on the importancef photoinduced effects on mitochondria and their
biological and phototherapeutic consequences

OQ4 Nan GaoDevelopment of peptiddased tools to measure cellular free heme after UVA irradiation

OC25Francesco Garzell&haracterization of the GafChraciM EBT film as 2D sensor for UV and-blue
light dosimetry

OCB Cyrus Kazemiraadvietabolic Changes in Human Umbilical Vein Endothelial Cells (HUVEC) Induced
by Photobiomodulation: A Fluorescence Lifetime Imaging Microscopy (Bladéyl Monitoring Approdc

OCZ Thierry Douki:DNA photoproducts outside of the nucleus as biomarkers of the genotoxicity of UV
radiation

OC3 Christopher Kremslehner3D human organotypic epidermal skin equivalents containing-UVB
pretreated and labeled keratinocytes as a mosigdtem for multimodal analytical investigation of tissues

OCD Roger BresolDbach: NIR/SWIR microscope: a new approach for imaging biologically relevant
samples

OC3Celina PihlOral supplementation with quercetin and fisetin potentiates photocarcinogenesis in UVR
exposed hairless mice
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Photodynamic therapy overcomes ABC transportenediated multidrug resistance
HuangChiao Huangy

1 Fischell Department of Bioengineering, University of Maryland, College Park, MD, 20742

One of the major problems encountered in cancer treatment is the development of multidrug resistance,
a process which decreases the efficiency of chemotherapynicecgatients. Among the 48 human ABC
proteins , Pglycoprotein (Ryp, ABCB1) and breast cancer resistance protein (BRP1, ABCG2) have been
shown to play an important role in the development of MDR. These transporters utilize energy from
ATPbinding and hydlysis for the efflux of a number of chemically dissimilar hydrophobic or
amphiphathic anticancer agents. To date, the development of&B@ transporter inhibitors to

sensitize cancer cells to chemotherapy has been unsuccessful in the clinic. Thisigelsmme ABC
transporter inhibitors are too toxic, while others induce pharmacokinetic changes due teddugg
interactions. Photodynamic therapy (PDT) is a-tteermal, photochemistribased modality that

involves harmless relight activation of photosesitizers to generated shotived, cytotoxic reactive

oxygen species (ROS). Based on our recent discovery thaggbdved benzoporphyrin derivative

(BPD) photosensitizer is a substrate for bothpPand ABCG2, we hypothesize that light activation of BPD
can selectively block the function ofgp and ABCG2. Usinggp or ABCG2 expressing total membrane
vesicles of Higfive cells, we have shown that light activation of BPD resulted in increased inhibition of
the ATPase activity ofdp and ABCG2. Gel dimphoresis and Western blotting further confirmed that
PDT induces the aggregation efP and ABCG2 by covalent crosslinking. Our studies provided the proof
of principle that PDT can inhibit the function of ABC drug transporters by modulating theireATPas
activity and protein integrity, which can aid in the development of new tools to overcome cancer

multidrug resistance.
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Toxicological impact of photodegraded organic tattoo pigments on human cultured keratinocytes

Lise Aubry; Lucie Breuilléand Therry Doukt.

1 Univ. Grenoble Alpes, CEA, CNRS, IRIG, SyMB8BS0 srenoble

Tattooing is very popular around the world. In spite of the large population concerned, the safety of tattoos
remains to be fully evaluated. A major issue is the pigmenitsstware insoluble compounds that persist

in the skin dermis for years. Organic pigments, including azo and polycyclic pigments, are increasingly used
in tattoo inks. Once in the dermis, these compounds may be altered by sun exposure or dermic
macrophage etivity. These processes may generate soluble molecules, which could diffuse into the
epidermis and affect the major cells of this layer, keratinocytes. Interestingly, a link is suspected between
tattooed skin and some cutaneous diseases like besldlcacinoma. Only few articles deal with the

toxicity of degraded pigments in the epidermis. This topic is the basis of ongoing work in our group.

In vitro studies using the HaCaT keratinocytic cell line allowed us to unravel the effects of
photodegradation on the toxicological profile (viability, oxidative stress) of a series of organic pigments.
Ageing was simulated with a test chamberSQN Xel Xenon) embining sunlight exposure and increased
temperature (40°C). First, biological results show different cytotoxic profile between a series of pristine
organic pigments and suspensions exposed to heat and simulated sunlight. For some pigments, ageing was

found to modulate the toxicological endpoints investigated.

Emphasis was placed on the azo orange pigment, Po13. HaCaT viability was significantly decreased after
24-hour exposure with 0.3 pg/mL of pristine or aged Pol3 and no difference with sunlight ageing was
noticed. In both conditions, Po13 could not generatey detectable reactive oxygen species in HaCaT.
Interestingly, higkperformance liquid chromatography coupled to mass spectrometry showed that Po13
was sensitive to sunlight. Its major photoproduct could be identified and isolated for evaluation of its
toxicity. Moreover, 9éhour sunlight exposure seems to induce reduction of the mean hydrodynamic

diameter of Po13 particles.

Further studies will investigate the induction of DNA breaks, the toxicological profile of Pol13 aged by
simulated sunlight for 96 hgs, and the ageing with a solution mimicking the lysosomic condition in

macrophages. Proteomics will study the effects of degraded pigments in keratinocyte protein expression.
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Assessment of candidate action spectra forasmin D3 using a set of lamps with spectra of different
qualities

Peter A. PhilipsénAntony R. YourfgArjan van DijR

1 Department of Dermatology D92, Copenhagen University Hosfitapebjerg, D400 Copenhagen, Denmark
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Current public health advice on optimal vitamin D status maintenance is (partly) based on scenario
modeling of the photoproduction of vitamin D. Such modeling relies on the CIE action spectrum for
previtamin D production, which is under debate. Young gf2121) have exposed sets of healthy young
volunteers to UMamps with spectra of different qualities and logged their resulting vitamin D status by
measuring serum 25(0OH)D. With this set of measurements, they showed that-aHiftesl version of

the ClEaction spectrum better explains the measurements than the original. This observation can have
consequences for the advice to the public and calls for a broader assessment. In this presentation, we
will exploit the same set of measurements as collected¥byng et al to compare the performance of
many of the currently available proposed action spectra for vitamin D production. These include the
original CIE, shifted CIE (by varying degrees), Bolsee, (modified) QUT and RIVM (for different skin sites,
see VarDijk, 2016). We compare both full body exposure and partial body exposure. We have found
that, for 25(OH)D measurements, some of the RIVM action spectra are superior. We will discuss if it is

time to replace the CIE action spectrum with a new standard.

A. Young, K. Morgan, G. Harrison, K. Lawrence, B. Petersen, H. Wulf and P. Philipsen, A revised action spectrum for vitamin D
synthesis by suberythemal UV radiation exposure in humans in vivo, PNAS, 202181A8;ah Dijk, P den Outer, H van Krane

and H Slaper, The action spectrum for vitaminiBitial skin reaction and prolonged exposure, Photochem. Photobiol. Sci.,

2016, 15, 896
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Focus on the importance of photoinduced effects on mitochondria and their biological and

phototherapeutic consequences

Dietrich Averbeck

Université Lyon Sud, UMR 5822 du CNRS, BP.12, 69921 Oullins Cedexg-Reilscalietrich. averbeck@univ

Lyonl.frdietrich.averbeck@wanadoo.fr

50 years ago, fundamental research was focused on genotoxic effects photoinduced by short wave UV
(UVC) and solar UV radiation. This involved important research efforts and discoveries on the photolesions
induced in DNA, the mechanisms of repair in euktitycells (yeast and mammalian cells) and mutagenic
and cancerous effects. In parallel, there was growing interest in photodynamic anticancer effects
(involving singlet oxygen production) and also in the photoinduced binding of photosensitizers such as
furocoumarins (psoralen derivatives) and their beneficial photodermatological effects on skin diseases.
Interestingly, the combination of psoralens derivatives with UVA (PUVA) was shown to be quite effective
in the treatment of psoriasis. Smalled bifunctioml psoralens such asrBethoxypsoralen (8MOP) and
Bergapten (&methoxypsoralen, SMOP) photoinducing monoadduetsand biadducts (interstrand
crosslinks) in DNA could slow down the high proliferation rate of psoriatic cells. In the following, it could
be damonstrated that also mondunctional, i. e. monoadduct forming furocoumarins plus UVA and also
UVB alone could be very effective but with less @ffects. Very intriguingly, in eukaryotic cells these
treatments were very efficiently inducing damage taauhondria but less to nuclear DNA. In fact, there

is much more to the mitochondrial activity than just its wallown activity in cellular energy metabolism.

The present overview retraces the evidence demonstrating the importance of mitochondria irarcellul
immune responses with focus on the photobiological and beneficial phototherapeutic consequences of

UVB, photodynamic and photoreactive treatments.
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Development of peptidebased tools to measure cellular free heme after UVA irradiation

Nan Gad? Charareh Pourzand, lan Egglestoh? Sofia Pascti

1 University of Bath, Department of Life Sciences, Bath BA2 7AY, UK
2 Centre for Therapeutic Innatan, University of Bath, Bath BA2 7AY, UK
3 University of Bath, Department of Chemistry, Bath BA2 7AY, UK.

Heme plays a vital role in cell biology and the dysregulation of heme levels is implicated in a wide range of
diseases. Currently however theresisack of convenient chemical tools that can be used to measure the
changes in heme levels in biological media or in live cells. Exposure of skin cells to solar UVA irradiation
has been shown to result in elevated levels of free heme and upregulationnoé ldgygenasd (HO1),

the oxidantinducible enzyme that catalyses the breakdown of-pkridant heme: There is therefore
considerable interest in developing new probe molecules to study suchitdied changes in heme

levels and gain a greater understang of thedetrimental and potentially beneficial effects of UVA on

human skin.

The aim of this work is to explore the development of probe molecules that are derived from natural heme
binding proteins. We will describe a tryptophanntaining peptide prbe based on a peptide sequence

from the natural hemebinding protein, Bactl? a transcription factor that acts as a negative regulator of

the HO1 gene. The fluorescence of the tryptophan residue can be quenched upon binding of heme to the
probe peptide poviding a direct readout of heme levels. Here, we describe an efficient and scalable
synthesis of the novel fluorescent tryptophan analogu@zatryptophan that is incorporated into the

Bachl derived peptide by solid phase peptide synthesis. This pegifdbe can sensitively measure
changes in heme levels in human dermal fibroblasts, FEK4 cells following exposure to increasing levels of

UVA irradiation (up to 500 kJAn

1. Kvam E, Hejmadi V, Ryter S, Pourzand C, Tyrrell RM. Heme oxygenase aciatiraasient
hypersensitivity to oxidative ultraviolet A radiation that depends on release of iron from Heree.
Radic Biol Med 2000,28, 11911196.

2. Newton LD, Pascu SI, Tyrrell RM, Eggleston IM. Development of a gegudiele fluorescent probe
for biological heme monitoringOrg Biomol Chem2019,17, 467471.
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Characterization of the GafChrom¢ EBT film as 2D sensor for UV and blight dosimetry
Garzella F, Insero G, Battisti A2, Sgarbossa A.Mello T, Fusi F:Romano G.
1! yYAOGSNARAAGE 2F Cft2NByOSs 5SLINLIYSYyd 2F 9ELISNARAYSydlLt | yF
Pieraccini 6, 50139, Italy

2 NEST, Istituto Nanoscienz€NR and Scuola Normale Superiore, Pisa, Piazza San Silvestro 12t8$127,
francesco.garzella@unifi.it

With the rise of the Photodynamic Therapy (PDT) applications, the number and variety of the requested
light sources has considerably increased. However, homogeneity of the emission is crucial for a correct
PDT but is oéin not triviat. The GAFChronil&films (GCFs) are a family of sédfveloping materials, made

by an active monomer layer, sandwiched by visligbt protective layers, that after interacting with
electromagnetic radiation undergoes to polymerization@ot & = NB Ff SO0 A ¥ Howaddys, T A f Y Q.
while main GCFs applications include absdldeay/gammaray dose measurements in the biomedical

field, their intrinsic lighinduced darkening opens the way to a fruitful application for the spatial
characterization of light sources in the {Blue rangé Along this work, we measured the opticaspense

and the lateral resolution of two GCF models (BBihd EBB) and tested their application as a 2D dose
sensor. In a writing/reading approach via confocal microscope, 405 nm light is used to induce the film
darkening while a second wavelength iretrange 40%633nm is used for reading in transmission mode.
Measurements start from the definition of a response function relating the pixel value to the energy (mJ),
crucial for GCFs calibration. Subsequently, the resolution of thecbimfocal reading ystem was
characterized by evaluating the response to a 405 nm laser beam tightly focused. Lastly, we applied GCFs

to the characterization of both the irradiance

and spatial homogeneity of exemplary light
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Metabolic Changes in Human Umbilical Vein Endothelial Cells (HUVEC) Induced by
Photobiomodulation: A Fluorescence Lifetime Imaging Microscopy (FLIM)Based Monitoring Approach

Cyrus Kazemiraadaroslava Joniova, Emmanuetéle Georges Wagniéres

Laboratory for Functional and Metabolic Imaging, Institute of Physics, Swiss Federal Institute of Technology (EPFL),
Station 3, 1015 Lausanne, Switzerland

NADH and FAD are pivotal electron donors involved in glycolysis andiveiplaosphorylation
(OXPHOS), with FAD primarily contributing to OXPHOS. The fluorescence characteristics of these
coenzymes, which depend on their redox and binding states, offer potential for nondestructive
monitoring of cellular metabolism. SimultaneodLIM recording of NADH and FAD allows to
spatially assess their fluorescence lifetimes and intensities, both in their free and pbatend

forms, which are closely linked to cellular metabolism.

Photobiomodulation (PBM) therapy utilizes specific wavelengths anettarimal radiometric
conditions to facilitate tissue healing. However, the precise mechanisms by which PBM affects
cellular metabolism and the optimal conditions for its applicationsyateto be fully elucidated.

The complex nature of PBM necessitates the exploration of numerous variables, rendering
conventional assays challenging for determining optimal PBM parameters. The use of FLIMbased
metabolic imaging presents an interesting opfmity for the investigation of PBM effects in

guasi reattime, enabling rapid explorations of various PBM conditions.

In this study, we present the first application of FLIM to assess the metabolic effects of PBM on
HUVEC cell line. Our findings reveeabtable increase in mitochondrial OXPHOS induced by PBM.
This increase is revealed by the NADH and FLIRR metabolic indices, which are derived from the

decomposition and processing of the medttponential fluorescence decays of NADH and FAD.

Overall, our results highlight the potential of FLIM as a valuable tool for studying cellular
metabolism and evaluating the impact of PBM on HUVEC. This research contributes to a better
understanding of the metabolic changes induced by PBM and paves the way foerfur

investigations in the field of PBM therapy.
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DNA photoproducts outside of the nucleus as biomarkers of the genotoxicity of UV radiation
Thierry Douki Noémie ReynadgdLaura Belz David Béd) Daniel BacquevikeHéléne Duplaty Camille
Génied, Emmanuel QuestélGwendal Josge

1 Univ. Grenoble Alpes, CEA, CNRS, IRIG, SYMMES, F 38000 Grenoble, France
2 Service Recherche Pharma@linique, Département Recherche Appliquée, Centre R&D Pierre Fab0O0F

Toulouse, France

3 Centre de Recherche suPaau, Pierre Fabre Dermo Cosmétique, F 31000 Toulouse, France

UVtinduced formation of photoproducts in DNA is a major initiating event of skin cancer. Consequently,
many analytical tools have been developed for their quantification in nuclear DNiBe présent work,

we developed an assay for the quantification of the pyrimidine dimers in easily accessible biological fluids
like urine forin vivostudies and cell culture medium fam vitro investigations. We targeted the DNA
photoproducts present infte short oligonucleotides released by the nucleotide excision repair machinery.
Unlike other approaches, our assay does not only quantify the dinucleotides expected to be released from
these repair products by action of endogenous nucleases. Our techmigodines isolation of the
photoproductsbearing oligonucleotides to enzymatic hydrolysis and HBh@em mass spectrometry

detection with isotopic dilution.

Biological validation of the approach was first obtained from experiments in HaCat keratind@gtesuld
unambiguously follow the transfer of photoproducts first from nuclear DNA to cytoplasm, and in a second
step from cytoplasm to culture medium. Release of pyrimidine dimers in the culture medium was also
observed in doseand timedependent mannergrom reconstructed human epidermis and human skin
explants. Relevance of the assay to human exposure was shown by the detection of pyrimidine dimers in
the urine of volunteers collected after recreational exposure in summer. Experiments in RHE and a first
clinical study showed that detection of DNA photoproducts in fluids could be a valuable tool in the

assessment of photoprotection.

Reference

Reynaud, N., Belz, L., Beal, D., Bacqueville, D., Duplan, H., Genies, C., Questel, E., Josse, G. and Douki, T. (2022) DNA
photoproducts released by repair in biological fluids as biomarkers of the genotoxicity of UV radiation. Anal. Bioana@1&hem.
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3D human organotypic epidermal skin equivalents containing WBtreated and labeled
keratinocytes as a model system for multimodal analytical investigation of tissues

Kremslehner G2 Zoratto S%3, Nica R?, Mildner M., MarchettiDeschmann M2, Gruber F'3

1 Department of Dermatology, Medical University of Vienna, Vienna, Austria;

2 Institute of Chemical Technologies and Analytics, TU Wien, Vienna, Austria;

3 Christian Doppler Laboratory for Skin Multidad Analytical Imaging of Aging and Senescence
SKINMAGINE, Vienna, Austria

4 TissueGnostics GmbH, Vienna, Austria

The consequences of UVB exposure on the fate of epidermal keratinocytes are both important but also a
well investigated topic for basic and clinical science. Typically, the damage, the biological response and
the fate of cells have been investigated witistblogical and (bio)chemical techniques. Recently
cooperative efforts have been initiated, to combine several stdtthe-art spatial analytical methods
FNRY GKS 2LIGAOFf KOKSYAOlIfT YR LKeaAOltf FTAStRa (2
YdzZt GAY2RIEE AYLl 3AY 3 ECOSTaftioni FOSIULMS CaNdlated Muimod IBagihg in
Life Sciences), our laboratory had the opportunity to provide a human organotypic epidermal skin
equivalent model (SE) to a consortium of more than 15 laldd icountries with the aim to address the
consequences of UVB irradiation at cellular level in the tissue context. The goal was on the one hand to
assess the compatibility and order of analytical methods and on the other hand also to answer the basic
science question on whether we could gain novel insights on the fate of UVB damaged cells in the tissue
context. For this we generated a version of our SE where the epidermal part was spiked with 5% UVB
pre-irradiated (20mj/cm?) and labelled keratinocytes this study we present results from spatial
transcriptomic analysis (Visium, 10x Genomics) and oxidized lipid intensities from MALDI mass
spectrometry imaging (MSI) localized to immunohistological markers with StrataQuest (TissueGnostics)

context analysisaftware.

In brief, we could identify oxidized lipid signatures and transcriptional patterns associated with UVB and
could localize these within the tissue accounting differentiation state, position within the
microenvironment, and immunohistiological mark at cellular resolution. This new holistic analytical
approach will yield insights into the biduced mechanisms underlying skin damage, aging and cancers,

that would evade standlone analytical methods.
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NIR/SWIR microscope: a new approach for inragbiologically relevant samples.

Roger BresolDbacH, Dario Santantonity Inmaculada PassafeSanti Nonell

1 Institut Quimic de Sarria, Universitat Ramon Llull, Barcelona, Catalunya, Spain.

Imaging with nearand shortwave infrared radiation (NIBRnd SWIR, respectively), enabled by recent
technological breakthroughs in InGaAs optical detectors, is gaining relevance in the field of medical
NE&ASEFNOK RdzS G2 {2LwQa loAfAde (2 LISYSINridS RSSL
autofluorescence tissue contribution, thereby providing images with a superior quality.[1] Moreover, the
energy of NIR/SWIR radiation is insufficient to trigger the photodynamic effect, which enhances the range

of conditions were a biologically relevant structucan be imaged.[2] The development of a novel
NIR/SWIR imaging device to image the NIR/SWIR emission from SWIR emitters and singlet oxygen
phosphorescence ;) will be presented. The developed NIR/SWIR microscope prototype is inspired on a
scanning confaa microscope, although no pinhole in the detection path is used to increase its sensitivity.

The prototype has been validated to assess the signal linearity with the concentration, absorbance of the

sample and the excitation power. The validation of thetptype has been performed monitoring tH&,
phosphorescence as an example of a very weak emPer {x10°in water). Once validated, images from

different relevant biological samples, such as the PpIX phosphorescence of a pine tree leat@r the

phosphorescence from a photosensitizer dyed cotton fibber, have been acquired (see Figure 1).

8.0
200 205 210 215 220 225 23.0 235 240
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Figure 1Proofof-concept NIR/SWIR images. Left: PpIX phosphorescence from two pine tree leave€;Right:
phosphorescence from a phenalenethged cotton fibber.

AcknowledgmentThis research was funded by the Agencia Estatal de Investigacion and FEDER-(FIBSIIRBC22;
RYC2020327731) and by the European Research Council (Light4Lungs, grant agreemn868102)

Referencé[1] Angew. Chem. Int. Ed. 2023, 62:€202215200; [2] Biomed. Opt. Express 2021, 1287.272
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Oral supplementation with quercetin and fisetin potentiates photocarcinogenesis in UVR exposed
hairless mice

Celina Pil| Fernanda Pinth Peter Bjerrin§ Flemming Andersér, Merete Haedersd4| Catharina M.
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1 Dept of Dermatology, Copenhagen University Hosgiilspebjerg and Frederiksberg, Copenhagen,
Denmark & Dept of Pharmacy, University of Copenhagen, 24p8nBagen, Denmark
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Background/aim:Quercetin is a polyphenolic compound found ubiquitously in nature. Quercetin has
demonstrated anticarcinogenic properties against several cancer cell lines and is reported to protect
against ultraviolet radiation (UVR) induced inflammation and oxidatiesstin hairless mice. Structurally
related compounds fisetin and rutin have demonstrated comparable effects, indicating a similar
photoprotective potential for the three compounds. Here, we evaluated the abilities of oral
supplementation of quercetin, fitin, and rutin to protect against photocarcinogenesis in hairless mice.
Materials and methodsFemale hairless C3.€ghr/TifBom Tac mice (n=125) underwent thriveekly
exposure to UVR equivalent to three standard erythema doses to induce photocarcasige®ral
supplementation with the three compounds began two weeks prior to the start of UVR protocol. The
animals received either 100 mg/kg quercetin, fisetin, or rutin in the feed, 600 mg/kg nicotinamide in water
as a positive control, or no supplemetitm acting as the UV contrdResultsOral supplementation with
guercetin reduced time to tumour onset of the second and third squamous cell carcinoma in hairless mice
compared to the UV control (183 [95% CI: 171, 192] vs 192 days [95% CI: 183, 28] o Cl: 183,

192] vs 203 [95% CI: 203, 217], respectively). Oral supplementation with fisetin reduced time until the third
tumour (203 [95% CI: 192, 203] vs 203 days [95% CI: 203, 217]), with no effect of rutin supplementation.
Quercetin supplementabin was associated with an increase in tumour growth, while fisetin increased
UVRinduced oedema formation. The compounds demonstrated no accumulation in the skin evaluated
through massspectrometry imaging.Conclusion:Oral supplementation with quercetinnd fisetin
potentiates UVRnduced photocarcinogenesis in hairless mice, indicating a need for caution when

selecting appropriate photoprotectants.
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Flash presentations in PDT

Flash presentations (see poster sessions for absti:

Maria Tesa:Combining Photoluminescence and Transient Absorption Spectroscopy for Photodynamic
Therapy Research

Laura EspinarA Typel Photosensitiser for Hypoxic Photodynamic Therapy

Ester D'agostinoSynthesis and connection of two chromophsre promising Glye®@PEPorphirin and
its aggregation properties.

Pietro Bertolotti: Membrane potential modulation in bacteria via puphll azobenzene
Mine Demir:5-ALA Mediated PDT/Radiotherapy Combination for Breast Cancer Using Gold Chalcogenides

Andreas Fellner:Fly into the light: Treating fruit fly Drosophila melanogaster with Photodynamic
Inactivation based on Nislg-chlorophyllin

Beata Kruszewskélaczk:Genes encoding proteins engaged in DNA repair are important in the response
of bacteria to antimicrobial Blue Light

Linda JernejPhotodynamic Inactivation in Agriculture: Combating Fungal Phytopathogens Resistant to
Conventional Treatment

al NI Ay @ A&udgbiphiic cationic tripyridiniumporphyrins and their Zn(Il) complexes: the influence
of the irradiation wavelength and the length of the alkyl chain

Maria Alexandra CucuDesigning in vitro aPDT experiments from A to Z by optical methods only

Maria Bartolomeu A study of Wastewater Disinfection with Photodynamic Treatment and its
Ecotoxicological
Effects
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Intact organisms and photosynthetic biohybrids

Invited speakers:

IL28 Massimo Trotta (Bari, Italy)

The mighty power of photosynthesis

IL29 Matteo Grattieri (Bari, Itaky)

The Biotic/Abiotic Interface in Photosynthetic BacteBased Biohybrid Electrochemical Systems
IL Melania Reggente: (Lausanne, Switzerland)

Bioengineering anodes for biophotovoltaic (BPV) applications

IL3L Rosselld_abarile (Bari, Italy)

In situpolydopamine coating for enhanced electron transfer from photosynthetic bacteria

IL3 Noam Adir (Haifa, Israel)

Live Cell Based BRhotoelectrochemical Cells for Clean Solar Energy Conversion

Oral communications:

OQ@1 Pierluigi Lasala:Enhancing microbial biophotoanodes efficiency with functionalized gold
nanostructures

OC2 Romain Rouxeltightharvesting processes in green sulfur bacteria in vivo

OC3 Nikolay Ryzhkov:Electric polarization effect on photosynthetefficiency, norphotochemical
guenching and photovoltaic performance of intact Limnospira indica based photoelectrodes

OC3 Cesar Vicenté&arcia:Diatom Microalgae: Overlooked Candidates for the Construction of Robust
Biophotovoltaic Devices
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The mighty power of photosynthesis
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The Biotic/Abiotic Interface in Photosynthetic BacterBased Biohybrid Electrochemical Systems

Matteo Grattieri®?, Paolo Stufand, Rossella Labarife Danilo Vona, Massimo Trott&, Gianluca Maria

Farinolat
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Utilizing anoxygenic photosynthetic bacteria to develop biohybrid electrochemical systems is very
attractive due tothe versatile metabolism of these organisms that enables obtaining-dighén
biosensors, power generators, and bioelectrofactories. However, the insulating nature of the bacterial
outer membrane and the peptidoglycan layer surrounding the photosynthmtchinery make the
harvesting of photenduced electrons challengirdgiccordingly, various artificial approaches have been
reported to facilitate this extracellular electron transfer, and our research efforts have been focused on
tuning the biotic/abiott interface using a multiscale approach. We developed a polydopapuirge
bacteria redoxadhesive matrix that enhanced biophotocurrent generation thanks to the capability of
quinones to interact with the photosynthetic apparatus, achievingfal® increase in current density.

We then employed homenade, biebased, porous electrodes based on polyhydroxybutyrate with the
redoxadhesive biohybrid matrix, allowing an additional increase in biophotocurrent. The possibility to
implement the obtained biohybridystem for the lightiriven monitoring of organic contaminants will be

presented?® and the challenges and outlook of this exciting research field will be discussed.
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Bioengineering anodes for biophotovoltaic (BPV) applications

Melania ReggenteCharlotte Roullier, Mohammed Mouhib, Ardemis A. Boghossian

Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

Extracellular electron conduits are pathways by which microbes can electronically communicate with their
environments. Since their discovery, researchers have focused on developing newlogids that
exploit these conduits for environmental and energy applications. However, except for a limited number
of natural exoelectrogens, most microbes possess insulating membranes that impair efficient extracellular

electron transfer.

This preserdtion focuses on emerging methods for enhancing microbial charge extraction from
lightharvesting cyanobacteria. Through nanoparticle engineering, we developed an approach for
concomitantly monitoring cyanobacteria division while enhancing its abilityraasfer charge to an
electrode. We show passive, lengtlependent internalization of synthetic nanoparticles under conditions
that do not impair the photosynthetic activity of the cells. When interfaced with an electrode, the
nanobionic cells show a #6ld enhancement in photocurrent compared to unmodified cells in the
absence of the nanoparticles. This enhancement is attributed to the nanopaeteleled, cross

membrane bridging of the cells to the electrode.

This technology lays the framework for meeneration microbial electronics based on biosynthetizable
nanoparticles. We further demonstrate the application of a biosynthetic polydopamine (PDA) nanoparticle
coating on the outer membrane of the photosynthetic organSymechocystisp.PCC6803The resulting
conductive shell comprises PDA nanopatrticles that enhance electrode adhesion and improve microbial
charge extraction. A combination of scanning electron microscopy (SEM), transmission electron
microscopy (TEM), UVis absorption, and Ramanegpiroscopy measurements was used to characterize
the nanoparticle shell at varying synthesis conditions. Under optimized conditions, we show sustained cell
growth and observe a thirbld enhancement of photocurrent from the PDAcoated cells compared to
unmodified cells. This study paves the way for new cell microbial electrodes based on inter and intra

cellular conductive networks that are biologically synthesized.
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In situ polydopamine coating for enhanced electron transfer from giosynthetic bacteria
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Bioelectronics promise fundamental advances in the sustainable production of energy thanks to the
possibility to couple microorganisms with electronic components in biohybrid devices. The optimization
of the interface between biotic and abiotic componert&n be achieved through tha situcoating- 2 of

the membrane of metabolically active cells of electrochemically active bacteria. Polydopamine (PDA) is a
bio-inspired polymer produced by the sgiblymerization of dopaminein mild and biocompatible

conditions able to coat the cells and act as a soft functional matrix to optimize tHeybiid interface.

Here, thein situpolymerization of dopamine was exploited to develop aloybrid systems based on the
unique charactestics of the photosynthetic purple non sulfur bacterii®thodobacte(R) sphaeroideso

thrive using light. Electrochemical characterization was performed to analyze the electronic behavior of
these biohybrids, unveiling that the polymer layer on the leaet cells improves bacteria/electrode

interaction and enhances extracellular electron transfer.

Reference

1. sSong, R. B.; Wu, Y.; Lin, Z. Q.; Xie, J.; Tan,C. H.; Loo, J. S. C.; Cao, B.; Zhang, J. R.; Zhu, J. J;
Zhang, Q., Living and Conducti@pating Individual Bacterial Cells with In Situ Formed Polypyrrole.

Angew Chem Int Ed Eri§)17,56 (35), 1051610520.

2. Liu, S.R.; Cai, L. F.; Wang, L. Y.; Yi, X. F.; Peng, Y. J.; He, N.; Wu, X.; Wang, Y. P., Polydopamine
coating on individual dks for enhanced extracellular electron transf@hem Commun (Camd)19,55

(71), 1053510538.

3. Labarile, R.; Varsalona, M.; Vona, D.; Stufano, P.; Grattieri, M.; Farinola, G. M.; Trotta, M., A

novel route for anoxygenic polymerization of dopamira purple photosynthetic bacteria metabolism.

MRS Advancex023

87



Live Cell Based BiBhotoelectrochemical Cells for Clean Solar Energy Conversion
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Photosynthetic organisms are attractive starting materials for solar energy coond&EC). All of these
organisms contain all of the components necessary to create a flux ofllilein electrons, that if

harvested can be used directly as an electrical current or to produce clean fuels such as hydrogen. Each
organism may have morphdalical and biochemical characteristics that can benefit SEC under certain
conditions. The level of sophistication of the cell, the cross section for light absorption, as determined by
the amounts and types of light harvesting antenna complexes (LHCs)ititye ta thrive in extreme

conditions (light, temperature, ionic strength) can all be utilized by designing the proper Bio
PhotoElectreChemical cell (BPEC). A benefit of using intact, live cells is that they have the benefit of
evolutionarily optimized HCs for improved energy absorption and transfer, and that cells have the
capability to operate internal repair systems leading to essentially endless activity. However, how these
intact systems can be functionally connected to the BPEC depends on theatugyphpermeability and

flux of electron carriers. We will show here that we can obtain significant electrical current using a
variety of live photosynthetic organisms, each with benefits and drawbacks. Cyanobsceda
microalgaéare applied directlyi 2 G KS .t 9/ Iy2RSY LINPOGARAY3I O2YyGAYy
OA/cm?. Use of photosynthetic tissues from macroalgae (seawéedd)igher plantdrequire tight

association with metallic anodes (stainless steel, aluminum, etc.) leading to tdeesities of

>50mA/cn%, with high ionic strength electrolyte solutions supporting these increased current densities.
Succulants can serve as their own BPECall cases, the major electron carrier is NADPH which is

released by the cells and tissuesoitthe electrolyte.
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Enhancing microbial biophotoanodes efficiency with functionalized gold nanostructures
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To achieve a more sustainable and ecologically friendly future, a number of appealing technudogies
been proposed to meet the rising need for sustainable electricity generation. In this context,
biophotovoltaics (BPVs) represent attractive technologies for-efisttive and sustainable electricity
generation. These biohybrid electrochemical systesen be obtained by implementing intact,
metabolically active photosynthetic bacteria with electrodes, utilizing artificial approaches that allow
generating bioelectricity using different substrates as electron donors in the presence df liDispite

the many advantages offered by these technologies, their industrial application is currently limited by low
stability and efficiency problensDue to their unique properties and easy processability, nanomaterials
can be used in BPVs to overcome some efittherent limitations of these devices, such as enhancing
extracellular electron transfer (EET) and light harvesting efficiency. Physicochemical properties of
nanoparticles (NPs), such as optical resonance wavelengths, extinctionseotss), and relatie
contribution of scattering to the extinction, can be tuned as a function of composition, size, and shape.
Metal NPs, combined with living microorganisms, can be exploited as light absorber to improve light
harvesting and as transmembrane and outeembtr Y S a O2 Yy RdzZOG A BS oOoNARIS&E (2
efficiency from the bacterial cell network to electrode surfatds. this work, gold nanoparticles of
different shape obtained by colloidal synthesis and functionalized with small thiolate molecules, were
incubated with Rhodobacter capsulatugR. capsulatus cells in order to develop a microbial
biophotoanodes. Firsthie capability of the bacterial cells to cope with the presence of the metal NPs was
confirmed by growtkbased viability tests. Following, the bacteAaNP interaction was confirmed with
TEM micrographs. The effectiveness of the developed biophotoanogdenierating electric current was
investigated by cyclovoltammetry studies revealing a significant enhancement in both the onset potential
and the current density obtained from biophotoanodes with thiolatefunctionalized AuNPs modRfied
capsulatusells.
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Lightharvesting processes in green sulfur bactemeavivo
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Green sulfur bacteria are remarkable organisms able to perform photosynthesis in environments with
extremely low light intensities. Their photosynthetic apparatus, commisia chlorosome,
FennaMatthiewsOlson complexes and reaction centers, has been extensively studied. The structures of
these components have now mostly been resolvedhile spectroscopic studies investigated their
functions in light capture, excitatioenergy transport, and charge separatforlowever, a large majority

of these studies have focused on isolated complexes, preventing obtaining a global picture of energy
transfer through the entire apparatus, especially at physiological temperatures. tgindimensional
electronic spectroscopy (2DES), we characterized energy transfer processes in whole cells of
Chlorobaculum tepidunat room temperature, drawing on a previous study on the same species at
cryogenic temperaturé We obtain new insights on thieinctional connectivity of the complexes in the
intact photosynthetic unit at physiological temperature.
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Room temperature 2DES spectra of whole cells of the green sulfur bac@hmionebaculum tepidunshown at

different population times.
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Electric polarization effect on photosynthetic efficiency, ngghotochemical quenching and
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Because of their excellent photosynthetic capability, directly and efficiently applicable in the generation of
O, the utilization of Cg) the production of food and chemicals,dthe photoelectrochemical production
of fuels, cyanobacteria are being deployed by space agencies to establish life support systems in future
space stations, planetary stations, and ldraul space missions [1]. In the harsh conditions of Space, the
useof live cyanobacteria is preferable to the use of cellular components since cells can cope with and

adapt to stress, including ionizing radiation, thus allowing for@mgn autonomous operation.

Proteinpigment complexes located in intracellular sttuies (the thylakoid membranes) capture and
transform photonic energies (in the wave length range of-400 nm) leading to the liberation of
electrons from water into an intricate electron flow which can be either utilized for photosynthesis or
driven toexternal circuit of photovoltaic or photoelectrochemical cell. Excess energy is also dissipated as
a heat. The productivity of photosynthesis can be estimated by a combination of electrochemical and
spectroscopic methods. PulgenplitudeModulation (PAM) Ifiorometry in conjunction with the
saturation pulse method has been successful employed for studying induction and quenching of
chlorophyll fluorescence in plant physiological studies [2]. Here we have used PAM to study cyanobacterial
photosynthetic perfomance under different polarization conditions. We have found that negatively
polarized bioelectrodes based on intddamnospirademonstrate higher photosynthetic light utilization
efficiency but low photocurrent. Positively polarized photoelectrodes shess photosynthetic activity

but high photocurrent and 'negative heat dissipation' values measured by PAM evidencing that heat

dissipation decreases to favor photocurrent in external cirquit.

This work was supported by Research Foundation Flanders-fHa@ers) and Swiss National Scientific
Foundation under the Senior Lead Agency Project GOD4920N/189455.
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Diatom Microalgae: Overlooked Candidates for the Construction of Robust Biophotovoltaic Devices
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Biophotovoltaic devices are a promising source of renewable energy, given the can generateaklectric
current from the photosynthetic activity of microalgae, cyanobacteria, or their isolated proteins. Different
strategies such as direct electron transfer or, more commonly, the use of soluble electrochemical
mediators allow to directly harvest electro®NR Y LIK2G2ae8y i KSGAO 2NHIYyAaYa!
closed circuit to generate current. Green microalgae have been extensively studied for the extraction of
photocurrent, yielding promising outputs, mainly thanks to their easy culture and fast gfowth.
Alternatively, only a few examples are present in literature about the use of Diatom Microalgae for
photocurrent extractior?. Besides providing significant photocurrent intensities, diatom microalgae exhibit
particular resistance to different kind of sssors such as desiccation, temperature and mechanical
pressure, which comes as an advantage when it comes to processing them into a living bib@heile.
sensibility to different contaminants make them good candidates for the development of electrociemic
biosensing devicesSMoreover, diatoms hold the unique characteristic of bearing nanostructured biosilica
microscopic shells (frustule), that can be functionalized with active molecules or polymers opens the door
to enhancing electron flow, through condtive polymers,or light absorption modulation, for example

via introduction of external antenna&This work aims to study the photocurrent extraction from different
species of diatom microalgae deposited onto ITO used as working electrode in aetbctede cell,
evaluate their interaction with the electrode and mediator, and their resistance toethetrochemical
process itself, particularly in contrast to that of a model green algae. Cyclovoltammetry and
chronoamperometry measurements have been performed; both optical and fluorescence microscopies
KIS 0SSy dzaSR (2 ai dzérahe diffeent aoaddionR dtutliedl Up @ahis daint, G S dz
we have standardized a method that allows to produce bioanodes resistant to desiccation, from several
different species of diatoms, that provide significant levels of power output.
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Threeelectrodesystem for photocurrent extraction from diatom bioanode
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Keratinocytic skin cancers
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Keratinocytic skin cancers: clinical presentation, epidemiology, and management
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Hedgehog signaling in basal cell carciner@hallenges and next generation therapeutics
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Role of the aryl hydrocarbon receptor in the pathogenesis of cutaneous squamous cell carcinoma
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OC3% Jonatan Riber Granbord@he accumulated UVR dose received on a sun vacation is directly reflected
in the amount of cyclobutane thymine dimers in urine
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OCZ¥ Susana PuigEvaluation ofthe biological effect in DNA damage repair of a high broad spectrum
sunscreen with nicotinamide and panthenol, using 3D-fiild optical coherence tomography

OC3 Katharina Rolfes:UVB radiatiorinduced skin carcinogenesis and the impact of low dose UVA
irradiation
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Keratinocytic skin cancers: clinical presentation, epidemiology, and management

Franz Trautingéf

1 Department of Dermatology and Venereology, University Hospital of St. Poelten, 3100 St. Poelten, Austria
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Keratinocytic skin cancers (KC) encompass a group of maligndadiesd from epidermal

keratinocytes, including basal cell carcinoma (BCC) and squamous cell carcinoma (SCC). KC are the most
prevalent malignancies worldwide, and their incidence has been steadily rising in recent decades.
Occupational and recreational s@exposure remains the primary etiological factor, with-skmned

individuals being particularly susceptible. Other risk factors are advanced age, male gender,
immunosuppression, and genetic predisposition. Driving pathomechanisms include inactivigis®ia

SCC and activation of hedgehog signalling in BCC.

BCC typically present as slgnowing translucent nodules or as ndealing, painless ulcers with raised
edges. SCC manifest as hyperkeratotic plaques or nodules and are often preceded biexatioses,

their typical precursor. SCC almost exclusively occur in chronically sun exposed areas together with
Of AYAOIf aAidya 27F &ladkizatiod bf BACaAdichronig ph&tddEtade isibfteSles® 2
apparent. SCC rarely and BCC almogeneetastasize.

Treatment of KC is guided by tumour characteristics, patient factors, and extent of the disease. Occurring
towards the end of life, treatment decisions must balance immediate treatrassbciated versus

longterm diseas@ssociated risksSurgical excision is the standard of care with high cure rates.
Superficial lesions can be successfully treated with cryotherapy, topical agents, and photodynamic
therapy. KC are highly immunogenic and in advanced tumours immunotherapy witARbtantbodies

is successfully used. Targeted therapy with inhibitors of the hedgehog pathway is highly effective in
advanced BCC.

Because the population at risk is well defined,-puotection is effective in primary and secondary
prevention, and early recogidn and treatment can prevent advanced disease, KC are a perfect model

for prevention programs.

In conclusion, KC pose a significant health burden, necessitating an understanding of their pathogenesis,

epidemiology, clinical presentation, treatment opt®, and prevention.
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Hedgehog signaling in basal cell carcinor@hallenges and next generation therapeutics

G. Stockmaiér S. VarkhandeP. W. Krenh) D. HiesHod, D. P. Elméy J. HorejdHoeck, N. Fortelny, I.
K. GratzandFritz Aberge'r

1 Department of Biosciences and Medical Biology, Cancer Cluster Salzburg, University of Salzburg, Salzburg, Austria

Basal cell carcinoma (BCC) is the most common form of skin cancer, with UV exposure being the major
environmental risk factor. The disease is caused by mutational activation of the Hedgehog (HH)/GLI
signaling pathway, leading to uncontrolled cell proliteva and tumor formation in the absence of an
effective antitumor response despite a remarkably high mutational burden. Therefore, we aimed to
elucidate the underlying reasons for HH/@liven immune evasion in order to improve current

treatments and tadentify novel therapeutic approaches beyond the use of clinically approved HH/GLI

pathway inhibitors, which often lead to the development of resistance and cause severe adverse effects.

We will discuss the challenges of new innovative agents for balbabceinoma patients, present recent
results from our studies of novel HH/GLI inhibitors, and also provide an outlook on the development of
new rational combination therapies aimed at effective inhibition of HH/GLI signaling and reactivation of
the antitumor immune response. We will also present novel spatial biology technologies and the
establishment of humanized 3D and in vivo skin models for derimatouno-oncology questions related

to HH/GLImediated skin carcinogenesis.
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Role of the aryl hydrocarbo receptor in the pathogenesis of cutaneous squamous cell carcinoma

Thomas HaarmanBtemmann

IUF¢ Leibniz Research Institute for Environmental Medicine, 40225 Disseldorf, Germany

Cutaneous squamous cell carcinoma (SCC) is one the most fregaéighancies in humans. The major

risk factor for the development of SCC of the general population is a chronic exposure to ultraviolet (UV)
radiation, in particular its UVB part (280 noi315 nm). In occupational settings, exposure to certain
chemicals, n particular combustiofderived polycyclic aromatic hydrocarbons (PAH), is considered as
another important risk factor for the disease. At least to some extent, both UVB radiation and PAHs
unleash their carcinogenic potential by activating the aryl hydttoma receptor (AHR). The AHR is a ligand
dependent transcription factor expressed in nearly all cutaneougygadis investigated so far. It maintains

skin integrity by regulating xenobiotic metabolism, epidermal barrier formation, pigmentation and other
critical processes. However, in response to chronic exposure to environmental stressors, a sustained
stimulation of AHR and downstream signaling pathways critically contributes to the development of SCC
in mice. In this presentation, | will focus on the trahrole the ceHlcycle inhibitor and tumor suppressor
protein p27'Plis playing in the oncogenic outcome of AHR signaling in environmestalsed skin. In

fact, a liganeddependent activation of AHR triggers the cytosolic mislocalization and sub#eque
proteasomal degradation of p&i7 This in turn dampens cellular defense mechanisms, such as DNA repair
and apoptosis, and thus facilitates tumorigenesis. Our data also indicate that an exposure of epidermal
keratinocytes to AHRctivating chemicalsigands) enhances the genotoxicity of subsequently applied
UVB radiation by modulating the nucleotide excision repair of cyclobutane pyrimidine dimers. Hence, a
transient inhibition of cutaneous AHR signhaling might be a suitable approach to prevent tHepegat

of environmentallyinduced keratinocytederived SCC.
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Sunscreens in the prevention of keratinocytic skin cancers

Yolanda Gilaberte

Department of Dermatology. Miguel Servet University Hospital. Zaragoza, Spain.

Excessive sun exposure is the main cause of keratinocytic skin cancer. Photoprotection in general, and
sunscreens in particular, seem to play a crucial role on its prevention. However, there are not many
clinical trials that demonstrate the preventive raésunscreens, and the results of the systematic

reviews and metaanalysis are unconclusive. Sunscreens have limitations, especially determined by the
way that the population use it. In addition, their composition has changed along the years, increasing
their spectrum of protection, not only to the UVB but also to the UVA radiation. Moreover, the addition

of other active ingredients to sunscreens, such as antioxidants and especially DNA repair molecules could
help to enhance their preventive action. Alege aspects, analyzing the existing evidences and also the

future trends will be reviewed.
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The accumulated UVR dose received on a sun vacation is directly reflected in the amount of
cyclobutane thymine dimers in urine
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Exposure to ultraviolet radiation (UVR) is the main carcinogen in skin cancer development. UVR exposure
cause DNA damage in the form of cyclobutane pyrimidine dimers (CPDs). These can be used as a risk
indicator for developing skin cancer. The formed CB®xcised from the DNA by nucleotide excision

repair (NER) and are excreted with the urine. The most frequent of the CPDs is the T<>T thymidine dimer
(Mouret et al. 2006). A new ultrperformance liquid chromatography tandem mass spectrometry

method wasrecently developed for detecting the T<>T thymidine dimers in urine (Lerche et al. 2022).

In this study, this new method was for the first time applied to real life data. Healthy volunteers (n=22)
exposed to an abrupt increase in UVR during a winter agation were equipped with a personal
electronic UVR dosimeter (Petersen et al. 2014) to measure their UVR exposure during the holiday.
Morning urine was collected from the participants before the holiday and on three subsequent days
after returning homeThe UVR exposure adjusted for exposed skin was shown to be directly correlated
to the urine T<>T thymidine dimers after the holiday. The availability of this relatively simple analytical
method for measuring DNA damage in urine has great potential oetlaluation of systemic
photoprevention and photocarcinogens in the future.
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Characterization of keratinocyte cancer by mass spectrometry imaging
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Mass spectrometry imaging (MSI) is an emerging analytical technique thasalisualization and
identification of exogenous and endogenous compounds. It combines the high sensitivity and specificity
of mass spectrometry with spatial information to create detailed maps of the distribution of molecules
within a sample. The aim fohis study was to explore the potential of MSI to distinguish cancerous and
non-cancerous tissue in murine squamous cell carcinoma (SCC) sections-ddsisird laser
desorptionionization MSI was used to generate datasets of SCCs (n=40). Relevarg ofdierest

were extracted from the MSI datasets and labelled in accordance with histopathology (e.g. SCC,
nontumor tissue, background). A machine learning model (logistic regression) was trained based on the
extracted regions. Cross validation indicattaccuracy of < 95% in the MSI datasets. Predictions were
compared with pathology. The altered lipid metabolism of the cancerous tissue provides many of the
distinguishing features enabling the prediction. These results pave the way for implementation of
ambient mass spectrometry techniques, such as laser rapid evaporative ionisation mass spectrometry

(LAREIMS), in clinical oncology for diagnostic and surgical purposes.

A: H&E staining with annotation of a SCC (red) from a mouse. B: MSI reptasenf tissue by single ion mapping

(mz =885.55). C: Tumor prediction by a machine learning model trained on MSI data (red = Tumor)
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Background:

Nicotinamide is the precursor of NAD (nicotinamide adenine dinucleotide), an essential coenzyme in the
production of ATP (adenosine thriphosphate), the main source of cellular energy. Previous studies in mice
reveal that oral consumption or topical applia of nicotinamide prevents immunosuppression and
reduces the number of tumors induced by UV radiation [1]. In humans, topical application of 5%
nicotinamide prevents immunosuppression caused by solar UV radiation, but not burns [2]. Furthermore,
oral nicotinamide reduces the rate of diagnosis of new mealanoma skin cancers and actinic keratoses

in highrisk patients [3]. It has been suggested that one of the mechanisms by which nicotinamide may
protect against photodamage is by increasing ATP produgtiich enhances DNA repair [4]. Additionally,
nicotinamide acts as a PARP1 inhibitor. Extensive DNA damage leads to overactivation of PARP1 which can
lead to NAD depletion. Thus, cells are unable to enter apoptosis, since the process requires a large amou
of energy [5].

Hypothesis:

Using a sunscreen with a high broad spectrum UWWYBR,, containing Nicotinamide and Panthenol, can help
reverse chronic sun damage to the DNA of skin cells and therefore improve the morphological structure
of the skinand keratinocyte nuclei.

Objectives:

To determine the biological effect of a high broad spectrumUVR sunscreen containing Nicotinamide
and Panthenol with the analysis in vivo of the treated skin wit®T.
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Methods and study design:

Prospective unicentric study, with a single group of individuals. We included 19 patients with actinic
keratosis (AK) who were between 50 and 70 years old. We selected four lesions of each patient in the
scalp: 2 AK and 2 subclinic actinic keratoses (3#kje screening visit we performed-OCT imaging of

the 4 lesions and a biopsy of one AK and one SAK. After 8 weeks of applying the product twice a day, we
repeated the LEOCT imaging technique of the two remaining lesions and afterwards we performed a
biopsy. Then, we compared the images of AK vs SAK, AK before treatment vs after treatment and SAK
before and after treatment. Besides, we performed a keratinocyte analysis (atypia score and keratinocyte
metrics).

Results:

We observed that the @dermis and the stratum corneum is significantly thicker for the AK than for the
SAK (+51% and +139% respectively). The dermoepidermal junction (DEJ) is more undulated for the AK than
for the SAK. Regarding keratynocites analysis, the average numbee isyigher for the AK than for

the SAK (+24%) and the atypia score is significantly higher for the AK than for the SAK (+36%). Moreover,
the AK keratinocyte nuclei have a larger volume (+9%) with more variability (+19%) and their cytoplasm is
larger (+3%). We also observed that the epidermis is significantly thinner in the AK after the treatment
than before the treatment{13%). Regarding the keratinocyte analysis, we found that the mean volume

of the SAK nuclei and the average number of layers of ti€ Slightly decreases8(8% and-7,2%
respectively).

Conclusions:

We can conclude that a high broad spectrum HYXBA sunscreen containing Nicotinamide and Panthenol
might produce a positive biological effect in the structure of the epidermi&kofand the keratinocyte
nuclei of SAK. Nevertheless, we did not appreciate statistically significant differences in AK keratynocite
analysis and SAK epidermis before and after the treatment. This might be due to a low number of patients
involved in this stdy. Therefore, more studies including more patients should be performed.

1. Gensler, H. L. Prevention of photoimmunosuppression and photocarcinogenesis by topical nicotihartridéancer
29, 15762 (1997).

2. Damian, D. Let al. UV radiationinduced immunosuppression is greater in men and prevented by topical nicotinamide.
J. Invest. Dermatol28, 44754 (2008).

3. Chen, A. Get al. A Phase 3 Randomized Trial of Nicotinamide for-Skimcer Chemopreventiohl. Engl. J.
Med. 373, 1618;26 (2015).

4, Snaidr, V. A., Damian, D. L. & Halliday, G. M. Nicotinamide for photoprotection and skin cancer chemoprevention: A
review of efficacy and safetfExp. Dermato28 Suppll, 1522 (2019).

5. Surjana, D. & Damian, D. L. Nicotinamiddérmmatology and photoprotectiorSkinmed®, 360;5
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UVB radiationinduced skin carcinogenesis and the impact of low dose UVA irradiation

Katharina M RolfédsMarius Pollet, Jean Krutmanr,Thomas HaarmanrBtemmannt
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Non-melanoma skin cancer including basal cell cell carcinoma and squamous cell carcinoma (SCC) is the
most frequent malignancy in humans. Cutaneous SCC develop pyioragun exposed areas of the

body and, in fact, exposure to ultraviolet (UV) radiation is the major cause for SCC -iiatetdyB

radiation is mainly absorbed by macromolecular structures of epidermal cells in particular DNA of
keratinocytes. Accordingl UVB radiation induced DNA damage needs to be fixed by the DNA repair
machinery or cleared through apoptotic demise to prevent mutagenesis. In contrast, UVA radiation
penetrates deeper into the skin, reaching dermal fibroblasts and may result in theagiemeof reactive
oxygen species and an associated oxidative DNA dam&jeen the fact, that numerousness studies

were conducted by exposing test models with either UVA or UVB radiation alone or by sequential
irradiation studies, we wondered whethercaronicallyapplied and biologically relevant

noncarcinogenic dose of UVA radiation will affect tiiced skin carcinogenesis in SKHairless mice

2, Interestingly, preliminary data have shown that in human keratinocytes, simultaneous exposure to low
dose UVA radiation reduces UN¥iBluced DNA doublstrand break formation and apoptosis. Hence, we
wondered whether a reduced rate of keratinocyte apoptosis after simultaneous UVA and UVB radiation
facilitates skin photocarciongenesis. As expected-BHKiite exposed to a low dose UVA radiation as

well as the control animals did not develop any SCCs. In contrast, chronic UVB irradiation resulted in an
average skin tumour formation of 6 SCCs/mouse. Remarkably, a simultaneous irradiation with UVB and
the noncacinogenic dose of UVA radiation almost doubled the tumour development, as evidenced by a
tumour burden of 11 SCCs/mouse. Overall, our data point to the importance of keratinocyte apoptosis
for the pathogenesis of skin cancer and highlight the urgent rdieeflirther mechanistic research to

improve photoprotective measures for a healthy skin.

1) Krutmann J, Bouloc A, Sore G, Bernard BA, Passeron T (2017) The skin aging e3fasonzol Sci 85, 151.

2) Krutmann J, Sondenheimer K, Gretidack S, HaarmarBtemmann T (2018) Combined, simultaneous exposure to radiation
within and beyond the UV spectrum: A novel approach to better understand skin damage by natural sunlight. In: Environment
and Skin. H. Mer& J. Krutmann (eds). Springer International Publishing Switzerland, ISBB3988131000.
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Communications in phototherapy and PDT
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OC2® Agnes Marco:Cyclodextrin polymers as carriers of three orthogotierapeutic agents for the
innovative combination of chema@nd phototherapies in hypoxic conditions
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presence of {ascorbate: influence of medium pH anersm albumin

OQ11 Catalina CortesNew Phenalenone like Sensitizers: Expand their use throughout theSBitted
absorption

OC<2 Veronika HuntosovaNanoporous particles for targeted photodynamic therapy of cancer

OC4 Sofia LeoThe radiotherapeutic fects of photosensitizers: An overview of the physical, chemical,
and biological mechanisms of radiodynamic therapy

OC4l Hilda MercadeUribe: Photoinactivation of E. coli enhanced by oxygen nanostructures.
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Cyclodextrin polymers as carriers of three orthogonal therapeutic agents for the innovative
combination of cheme and phototherapies in hypoxic conditions

Marco Agneg Arianna Mazza Eszter KalydiSzabolcs BéRiMilo Malanga® and llse Manét

LIstituto per la Sintesi Organica e la Fotoreattivita (ISOF), CNR, via P. Gobetti 101, Bologna 40429, Italy
Departmant of Pharmacognosy, Semmelweis University, Budapest, Hungary
3CarboHyde Zrt., Berlini Str.&#®, 1045, Budapest, Hungary

Solid cancer cells are often characterized by a low concentration of molecular oxyyént{@ tissues, a
condition named hypda which activates resistance mechanisms to standard chemotherapy and impairs
photodynamic therapy (PDT) relying on the conversionafitd reactive oxygen species (ROS). The H2020
project HypoCyclo aims to develop a nanocarrier combining three therapagénts in one platform and
overcoming the limitations induced by hypoxic conditions. A biocompatible cyclodextrin polymer forming
nanoparticles in watérwill be loaded with i) a taxane, protecting it and enablingithsiturelease of the

drug; ii) a photosensitizer (PS) allowing PDT; iii) a newly synthesized oxygen releasing agent (ORA) for the
supply of Qeither in its triplet state to feed the PS or as singlet oxydéx),(the most effective ROS.
Anthracene and naphtHane endoperoxides have been selected as ORAs and their photocatalyzed
synthesis from aromatic substrates has been achieved in the presence of a PS in homogeneous agueous
environment thanks to the use of the cyclodextrin polymer as inert reaction niatoencapsulation of

three agents in the carrier has been achieved in dosagesistent amounts as confirmed by Wis and
emission spectroscopies. Further, the ability of the PS to gené@atand the tendency of the ORA to
release @ upon thermolysis wes unaltered upon complexation in the polymer loading the three
components. These preliminary results forecast the use of this polymer as interesting, scalable vessel for

the production, carry and delivery of a combination of therapeutic agents.

Taxane
chemotherapeutic agent PS: enabling
.’ standard PDT ;
VT £

. S /
"?0 ’.‘ [ = ORA ge ..‘

Crnned v Waktenden iww bein

Figure 1. Cartoon representing the strategy for a novel TidBEting combinatorial therapy.
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Differences in photoinduced transformations of tetrapyrrolic compounds in the presence of

Lascorbate: influence of edium pH and serum albumin.

Saulius BagdonasAgne Kalnaityte Alytis Gruodis Arunas Marsalka
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2 Institute of Chemical Physics, Faculty lmfdtcs, Vilnius University, Sauletekio av. 9,IBJd.F 10222 Vilnius,
Lithuania

The effectiveness of the photosensitized therapy can be improved by combining it with other methods to
increase oxidative stress in tumor tissues, and-asdorbic acid (AscA) may serve as a potential
candidate [1,2]. Photooxidative reactions initiatedtbyrapyrrolic compounds serve not only for

biomedical needs but are also applicable in biosensors and green energy production.

Phototransformations of three photosensitizers (PS), hematoporphyrin derivative [3],
meso(tetrasulphophenyporphyrin (TPR%and aluminum phthalocyanine tetrasulfonate (Aljc®ere
monitored by means of absorption and fluorescence spectroscopy to reveal the effects of AscA on
oxygendependent photoreactions in agueous model solutions of different pH as well as in the presence
of a bovine serum albumin (BSA). Additional data on the role of the ascorbate radical in photoreactions,
as well as on the mutual activity in samples containing BSA, including participation in Type | reactions
involving radicals of PS, were obtained by swing electron paramagnetic resonance (EPR) spectra on
samples poured into capillaries of carefully selected diameter and placed inside the HB&8ys
spectrometer (Bruker) both in the dark and under illumination with a laser beam through the fiber tip

using various wavelengths and intensities.

The strong interaction between BSA and PS was determined as a main factor in the observed
photoreactions, not only boosting the photooxidation and photoreduction pathways, but also leading to
the enhanced photoetivity in combination with AscA, especially, in acidic medium. The role of individual
structural differences in PS, which affect the observed general patterns of their interaction with AscA,
will be discussed on the basis of the analyzed spectroscopacasat computeiassisted structural

modelling.

[1] J. Du, J.J. Cullen, G.R. Buettner, Biochim. Biophys. Acta 1826¢Zh443012).
[2] C.M. Doskey, V. Buranasudja, B.A. Wagner, J.G. Wilkes, J.Du, J.J. Cullen, G.R. Buettner, Redox@id. (D) 15j4
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New Phenalenone like Sensitizers: Expand their use throughout the Blhifted absorption
CortésGuajardo CatalifaCho Analia YH.Silva Christidn CarasceBozo Matia Glnther Germah
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Phenalenone (PN) is an aromatic polycyclic ketone well known as dltppetosesitizer, producing

singlet molecular oxygert@,) with high quantum yield(x0 b Of 248 (G2 dzyAade +y | £
a2t gSyidt dzy RSNJ A NNEoRseduéntly2RN iséa kjab& base strudtukeFak iheddesign of

new sensitizers for the advancement of Photodynamic Therapy (PDT), among other applications. Knowing
that increasing belectron delocalization, a bathochromic shift of the electronic absorptisecsta is

promoted, substituted PN derivatives should generate a new family of compounds that maintain the
photosensitizing capability but using blue light as irradiation source.

We have synthetized, characterized chemically and pipbitgsically three newsensitizers 1, 2 and 3

(Figure 1) substituted at position 2 and 3, with oxazole, phenyloxazole and-b&nazole respectively.

They show alowess Yy SNH& | 6a2NLJiA2y o0lyR 06S06SSyYy nnn FyR T
L2 fF NAGeb T LI axggrageneritibrdoantdn yeHls,: Sranging between 0.5 to 1 on

different solvents and they show a great photostability after several hours of irradiation.

0. N
FN =N /
‘ 0 0 ‘ O O ‘ O ‘ O

1H-phenalen-1-one 9-methyl-7H- 9-phenyl-7H- 2-(benzo[d]oxazol-
phenaleno[2,1- phenaleno[2,1-d] 2-yN)-1H-
PN dloxazol-7-one oxazol-7-one phenalen-1-one
1 2 3

Figure 1: Sensitizers PN, 1, 2 and 3.

Considering that PN presents an electronic absorption maximum at 360 nm approximately,
functionalization of heterocycle to PN scaffold was effective to achieve a bathochromic shift of the
absorption band with modest variation inx. Consequently, we repod new family of phenalenonebased
photosensitizers that are excitable with blue light. These newly reported compounds could open the way
to future applications in PDT with possible utilization in antimicrobial treatment.
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Nanoporous particles for targeted photodynamic theramy cancer
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Currently, nanoporous silica is used in various fields of namd micrematerial research. The advantage
of nanoporous material is #t it can be filled with various hydrophilic and hydrophobic molecules that
can be delivered to the target cells and tissues. In our work, we investigated the interaction of
nanoporous silica with photodynamically active hypericin. Thy hypericin was esatgusin the pores

of the particles. This formulation was modified to allow active targeting to cancer cells. This modification
slightly affected the metabolism of the cancer cells, and the targeted transport of hypericin into the
cancer cells increasetie efficacy of photodynamic therapy. Due to the fluorescence of hypericin, we
were able to study the uptake, redistribution, and subcellular localization of the newly produced
particles. The applicability of the transport systémvivowas investigated usg fluorescence
pharmacokinetics on the avian chorioallantoic membrane model. In conclusion, nanoporous silica
particles were demonstrated to be an effective cargo for hydrophobic photosensitizers with gradual

release.

This research was funded by thBnistry of education, science, research, and sport of the Slovak
Republic, grant number VEGA 2/0042/21, Slovak Research and Development Agency through the project
APVV20-0340, and internal grant of UPJS in Kosice-20§2-2184 and vwg2023-2556.
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The radiotherapeutic effects of photosensitizers: An overview of the physical, chemical, and biological
mechanisms of radiodynamic therapy
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SignificanceRadiotherapy is widely implemented for the treatment of the head and neck, breast, cervix,
prostate, eye, thyroid and also gastroenteropancreatic and neuroendocrine tumors [1]. New technologies
have paved the way to safer radiotherapy regimens, such ashigtherapy, stereotacticand intensity
modulated radiotherapy, but the efficacy still requires improvements. Inorganic nanoparticles are
frequently explored as radiosensitizing agents [2][3], but studies have also emerged that report on the
radiosensitimg properties of porphyrins and other photosensitizers [4]. This approach is referred to as
radiodynamic therapy (RDT), yet the underlying mechanisms remain poorly understood. The aim of our
research is to shed light the interaction between these phote#érers and ionizing radiation.

Approach:We systematically summarized the findings of 54 studies in which radiosensitization/RDT with
photosensitizers was reported.

Results:Out of 54 papers on radiosensitization/RDT with photosensitizers, 18 pegymyged on ALA or

PplX, 6 papers on verteporfin, 7 papers on photofrin and 23 papers on other photosensitizers. The studies
have demonstrated that in presence of photosensitizers, radiotherapy causes elevated ROS production in
physicochemical experimen{$], and increased cell death and tumor growth inhibition in biological
experiments. This was observed in a broad d@s®e for diverse types of radiation (e.ga¢ doserange
100eVV100keV). To understand how this happens, we reviewed the fundamenghamisms of
radiotherapy. Photosensitizers are typically excited with visible photons of >1.5 eV, and electrons and
photons with similar energies are generated via the Auger effect, pair production, Bremsstrahlung effect
and Cherenkov radiation. Theseezffs may thus be responsible for the excitation of porphyrins and other
photosensitizers, yet controlled experiments to identify the dominating effects are missing. In biological
studies, several photosensitizers were shown to interfere with cell signaliegts, which was shown to
increase the susceptibility of the cells to radiotherapy.

ConclusionsThe interactions between secondary electrons and photons during radiotherapy can catalyze
the production of toxic reactive species via porphyrins and eseereatment efficiencyPorphyrins and
other photosensitizers are therefore promising radiosensitizing agents.

[1] D® t SGNRBYAZ [ /& [/ LyhGftSer [ {FydlYoNRIAZTI {d /& C2N¥Syi
actionable signall y 3 LJI (i K ¢ I &ldt. RévyCTlinOOngobdd N ro. 2, pp. 11431, Feb. 2022.

[2] A Buliretals awl RAFGAZ2Y 52a8Sno9yKIFyOSYSyid L& + t208yid wkRA2GKSN
AY t NBOtAYyAOlt aadSE.vol 2. 2D, h.R@D675; Geti 20301 3 £

[3] M.Broekgaardemtals & { dzNF | OS Fdzy Ol Az2yl £ AT | A2y -ofBetwBéhimiRrotyitory 2 Of dza (i SN
dzLJGF 1S YR NI RA 2 (i Kafidddaled@l. 13, yiK 13ypR 59680§3(12D20

[4 P / ESYSYyis '@ 'ygSNE [ D t ANBaAaTI WP /IYLIBStEEE . 2Afazys |y
Verteporfin9 y O LJ& dzf | G SRt [I@.1J. Moll S¢fiRoL 22 Nibi. A 2)f. §4855 Jun. 2021
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Photoinactivation ofE. colienhanced by oxygen nanostructures.
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Three components are needed to achieve the photoinactivation of a pathogen: a photosensitizer (PS), light
of a suitable wavelength and molecular oxygen in the agueous medium. When light is absorbed by the PS,
reactive oxygen species (ROS) are generate@sellROS are responsible for the damage of the
biomolecules in the pathogen. Until now, studies have focussed on improving the action of the PS in order
to increase such damage. In this work, attention is addressed on the molecular oxygen in the medium,
which generates the most toxic ROS: singlet oxygen produced in tballed Type Il mechanism. We
exposecE. colcultures with methylene blue to red light. However, the PBS buffer where the bacteria are
suspended, is previously enriched by oxygen obtainitd kigh pressures, going from 8 to 300 ppm. Our

findings show an enhancement of approximately 1.5log10 in the photoinactivation effect.

Acknowledgments: This work was supported by CONAHCYT, Mexico, G&8it 28l
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Cationic BODIPY complexes basedasganoboron scaffolds for microorganisms photoinactivation
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Singlet oxygen is a valuable reactive oxygen species that coalogtied in the synthesis of complex
organic systems and in the utilization of compounds present in municipal waste, including antibiotics.
Moreover, within living cells, this nemadical reactive form of oxygen can nealectively oxidize vital
biomolecugs like lipids, nucleic acids and proteins, leading to cell de@tre to these properties, singlet
oxygen shows potential application in photodynamic therapy for treating cancer cells and dermal

diseases, as well as in the photoinactivation of varioubgegens such as bacteria, fungi, and viruses.

BODIPY complexes, which are derivatives cfifldoro-4-boro-3a,4a-diazas-indiacene, can be used as
photosensitizers in order to effectively generate reactive oxygen species, particularly singlet oxygen.
Previous efforts to enhance the ability of BODIPY complexes to generate triplet states have focused on
ligand functionalization without considering modification to the boron atom. However, our recent
studies have introduced boracyclic scaffolds in BODdRYplexes, which exhibit promising properties as
homogeneous catalysfdn these compounds, the boron atom acts as a separator between the donor
(boracyclic scaffold) and acceptor (ligand) sites. The incorporatiosgif@geometry not only enables

the generation of triplet states but also opens up opportunities for wider structural modifications within
the ligand and boracyclic parts, such as the addition of hydrophilic functional groups that could improve
their water-solubility. Herein, | present a sesi of cationic, heavgtom free BODIPY complexes based on
five different heteroaromatic scaffolds. Obtained compounds were examined as potential
photosensitizers for photoinactivation &fscherichia cqlstaphylococcus aureasd Candida albicans.

Moreower, the cytotoxicity of synthesized systems in mammalian cells were investigated.

[1] M. C. DeRosa and R. J. Crutchley, C&rdm. Rev., 233 (2002) 351.
[2] T. P. A. Devasagayam and J. P. Kamat, Indian Bi&xp!0 (2002) 680.
[3] S. Rajesh et al., J. ladiSocPeridontol., 15 (2011) 323.

[4] L. Quan et al., ACS Appl. Mater. Interfaces, 6 (2014) 16166.

[5] P. H. MarelUrban et al., J. Org. Chem., 86 (2021) 12714.
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Antimicrobial blue lightprotective genes irEscherichia coli

Aleksandra Rapacka R 2 Z'0OBedtd KruszewsKdaczR?, Krzysztof WalerdnMariusz Grinhofc

1Department of Pharmaceutical Microbiology, Faculty of Pharmacy, Medical University of Gdansk, Hallera 107, 80
416 Gdansk

2Laboratory of Photobiology and Molecular Diagnostics, Intercollegiate Faculty of Biotechnology, University of
Gdansk and Medical University of Gdansk, Abrahama 58080Gdansk, Poland

Antimicrobial blue light (aBL) is an innovative lighsed norartibiotic approach to combat
multidrug resistant microorganisms. aBL is considered as safe alternative to thermal approaches and
ultraviolet (UV) radiation, with little risk of resistance development. The effectiveness of aBL is believed
to be the result ol multitarget mode of action. Nevertheless, it must be admitted that the entire
mechanism of action of aBL is not yet fully understood.

The aim of this study was to identify genes and proteins that are substantial for the bacterial
response to aBL i.coli. The source for genoragide testing of mutational effects was the Keio
knockout collection, a set of 3 985 singjene mutants of nomessential genés

After analysis of the entire Keio collection, 64 sirggme mutants that express the aBL
hypersasitivity phenotype were distinguished. The performed screening revealed that these genes
contribute to a wide range of biological processes, including metabolism, biosynthesis, regulation, DNA
repair and stress response. The complementation of the delgtks with ASKA libr&mestored the
wild-type phenotype of aBL sensitivity to hypersensitive mutants.

Current study contributes to a better understanding of the fact that the response to aBL depends
on many factors and that it may be difficult to idégtthe dominant mechanism underlying the
sensitivity of microorganisms to photoinactivation.

Reference:
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The Photoantimicrobial Power of Rghydroxyanthraquinones
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3Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands
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Polyhydroxyanthraquinones, especially those from fungi, have recently been recognized as an
underapprecated source of natural photosensitizers. Since fungi share their ecological niche with other
microorganisms, we hypothesized that such anthraguinones act as photoantimicrobials. To test our
hypothesis, several anthraquinones were tested against yeasts(augdida albican<. aurisand
Saccharomyces cerevisjamnd different bacteria (e.ggscherichia coéind Staphylococcus aureusnder
different irradiation conditions<{= 428, 478, or 528 nm, H = 30 J3mnd in the dark using a

standardized metbd based on CLSI and EUCAST protocols. A significant photoantimicrobial effect was
observed for various monomeric anthraquinones (pMIC < 1 m$),nathile dimeric anthragquinones were
characterized by a weaker photoantimicrobial effect (e.g., Skyrin pb#Qa5 pg mt). To investigate the
structure-activity-relationship of the isolated natural and related synthetic anthraquinones, the
photoyield of singlet oxygen production was determined and correlation studies were performed.
Furthermore, cellular uptakevas investigated by HPLC and fluorescence microscopy and the intracellular
production of singlet oxygen in cells explored.

In conclusion, we demonstrate here the remarkable potential of polyhydroxy anthraquinones against
grampositive and grarmegative lacteria as well as some yeasts that cause unpleasant skin infections in
humans.
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BODIPY Photosensitizers Modified with Chalcogenophenes
Matthew Tund, Jacob Campbé|lAlison ThompsdnAndrew Beharry

Department of Chemistry and Physical Sciences, University of Toronto, Mississauga, Ontario, L5L 1C6, Canada
2Department of Chemistry, Dalhousie University, Halifax, Nova Scotia, B3H 4J3, Canada

Borondipyrromethene dyes (BODIPYs) are a class of fluoreghbat have been widely used due
to their ease of synthesis, tunability, high fluorescence quantum yields and strong extinction coefficients
They have also been shown to become potent photosensitizers (PS) upon modification with heady atoms
or by intoducing donoracceptor moietied Although promising, most modifications are done on the
dipyrrin core, thus limiting the design of BODIt$ed PSs as the core is commonly used tesrefd the
absorbance of the PS, functionalize, and introduce selectiovward target cells To overcome this, we
have developed a series of BODIPY PSs modified at the boronic position with tellurophene, selenophene,
thiophene, or furan rings to explore their capabilities as novel.PAls compounds exhibited high
photostability, improved singlet oxygen generation compared to native BODIPY, and most retained
modest fluorescence quantum yields. Cell viability assays were conducted with HeLa cells and nanomolar
IGo values were observed when irradiated for five minutes vaith25 nm lamp (15.60mW/chi. Overall,
my talk will describe the synthesis and characterization of BODIPYs modified with chalcogenophenes and

introduce an original method to convert BODIPYs into potent PSs whilst retaining their tunability.
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5-Aminolevulinic acid photodynamic therapy activates autophagy by reactive oxygen species to kill
Mycobacterium abscessus
Xiaoyu Wanyj ZhiYong ChénJuliaLi Zhong

1.Bioengineering College, Chongging University,China
2.FuLing Hospital of Chongging University,China
Infections caused by nontuberculous mycobacteria are increasing year by year. Among them,
Mycobacterium abscessus the most common nontuberculous mycobacteria, which can cause severe
respiratory, skin and mucous membrane infections in humans. In recent ygcepacterium abscessus
Infections increasing year by year, it has become a major emerging pathogen anaf tme most
antibioticresistant nontuberculous mycobacteria, poses a great challenge to clinical treatment.
Photodynamic therapy is a novel treatment for diseases that do not develop drug resistance. To investigate
the effect of ALAPDT orMycobacteriumabscessuand its molecular mechanism, we conducted a series
of in vitro and in vitro experiments. The results showed that ARBT activated autophagy to Kkill
Mycobacterium abscessulrough reactive oxygen species (ROS), and it was proved that E1A Binding
Protein P300 (EP300) has an important regulatory role in kNfimgobacterium abscessiny ALAPDT.
This study provides a new option for the treatmenfjfcobacterium abscessirdection, and at the same

time provides a theoretical basis for the widepdipation of clinical ALLRDT.
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CanStaphylococcus aurewdevelop tolerance to cyclic treatments of aPDI with novel gallium porphyrin

derivative?
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Staphylococcus aureisone of the primary pathogens that can cause several infectious diseases
in both hospital and commutyi settings. Moreover, because of continuously raising of antibiotic
resistance, treating o6. aureusnfections is exceedingly challenging [1][2]. Antimicrobial photodynamic
inactivation (aPDI) is a promising alternative approach with proven high badarefficacy with different
types of photosensitizers toward various microbes regardless of antibiotic resistance [3]. In contrast to
antibiotics, aPDI is considered as a sk approach for the development of resistance, but it was
reported that toleance to this treatment may emerge over time [4]. The current study aimed to
investigate whethefS. aureugan develop tolerance to aPDI with novel gallium metalloporphyrin.

ReferenceS. aureuATCC 25923 was subjected to cyclic treatments ofietiial aPDI with Ga
CHP 2 as a photosensitizer and a blue light#&= 409 nm). Throughout 15 cycles 0.2 uM GaCHRrad
6.2 J/cnmt was applied for aPDI and control cultures were passaged through cycles with no treatment. In
day 1",5" 10" and 19" cultures were subjected to 0.2 pM @HP 23 and 018.7 J/cm to determine
tolerance development and streaked to agar plates with rifampicin to assess mutation rate.

After the 8" cycle of the treatment, the tolerance was observed and persisted at thstaot level
throughout remaining 10 cycles. Nevertheless, culturing for 5 cycles without aPDI exposure resulted in

restored original phenotype. Additionally, the outcomes of rifampiesistant mutant selection assay
revealed no increased mutation rate $. aureusipon sublethal phototreatments.

All this leads to the conclusion th& aureusnay develop tolerance to studied phototreatment
upon sublethal doses but this tolerance is nimherited and does not remain stable.

Reference
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Blue light hazard from light curing devices for dental materigl20 years of monitoring

Ellen Bruzell

Nordic Institute of Dental Materials (NIOM), Odlmrway

Light curing devices are used in dentistry to polymerise composite resin dental materials containing one

or two photoinitiators. Following the outphasing of devices with qudidiogen and plasma arc lamps

emitting broad spectra of UVA and visibadiation in the range350c nn Yy Y3 (2RI 8Qa RSGA
with light emitting diode (LED) technology characterised by one or two narro®30n) spectral peaks

within the range-390-520 nm. Spectral irradiance (W#yof the LED curing devices, hay@mission

diameters of. 0.4-12 mm, has increased sevefald since the products were introduced on the market.

Their output in the blue wavelength range overlaps to various extents with the retinal blue light hazard
function. ICNIRP guidelines (1) aB®Istandards (2, 3) aid in evaluation of the risk of eye damage from
exposure to blue light emitting curing devices. Different scenarios have been set up to evaluate the risk
from reflected or direct exposure to curing devices from which emission is dif¢ota material in the

LI GASYydQa 2Nl f OF gAaided 5SLISyYyRA YA, Bnjfvalued Sefforklie2 | y R
light can be exceeded. However, the uncertainty associated with the exposure is large. Nevertheless, the

use of appropriateeye protection would greatly reduce any risk to the curing device operator.

Reference
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Geneva, Switzerland, 2011.

3 International Standardization for Organization (ISO). ISO 10650:2018. Dentrsivyered polymerization activators.

Geneva, Switzerland, 2018.
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Microbial resistance in oral cavity: challenges and opportunities in amtirobial photodynamic

therapy

Silvia Cristina Nunéz

1 Bioengeniiring Post graduation Program, Universidade IB&ed Paulo, Brazil

Microbial resistance in the oral cavity is a growing concern, as it can lead to persistent infections that may
have consequences in general health with limited treatment options. Antimicrobial photodynamic therapy
(aPDT) offers a pential solution to combat this issue. Bacteria in the oral cavity often form biofilms,
which are complex communities encased in a protective matrix. Biofilms make bacteria more resistant to
antibiotics and antimicrobial agents, including aPDT. The streictubiofilms impedes the penetration of
photosensitizers and light, reducing the effectiveness of aPDT. The action of aPDT over the biofilm
attached layer may be an advantage to combine therapies. Besides the oral cavity harbors a diverse range
of microaganisms and each one may respond differently to aPDT, requiring a tailored approach for
effective treatment. Developing protocols that target multiple types of microorganisms while minimizing
damage to host tissues is a challenge. Beyond the challend®E affers a nonantibiotic alternative for
managing microbial infections in the oral cavity. by targeting multiple microbial species simultaneously,
aPDT may help reduce the selection pressure for resistance development. Combining aPDT with other
antimicrolial agents or conventional therapies may enhance its effectiveness. For instance, aPDT can be
used in conjunction with antibiotics or antifungal agents to improve their microbial killing potential, thus

it may overcome resistance mechanisms and provideencomprehensive treatment outcomes using low
antimicrobial concentrations which can be important due to the antimicrobial resistance crisis that we face
nowadays. Moreover, a combination of antimicrobial treatment with a probiotic approach may provide a
personalized treatment tailored to individual patients. In conclusion, antimicrobial photodynamic therapy
holds promise in addressing microbial resistance in the oral cavity. Despite the challenges posed by
biofilms, microbial diversity, photosensitizer sgtien, and light penetration, the opportunities for
nonantibiotic treatment, synergistic approaches, personalized medicine, and technological advancements
offer hope for effective management of oral microbial infections.

Reference

Soukos, N. S., & Goodson, J. M. (2011). Photodynamic therapy in the control of oral biofilms. Periodontology 2000, 55(1),
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Lightbased technologies in Dentistry: from basis to clinical practice

Martha Simdes Ribeiro

Center for Lasers and Applications, Nuclear and Energy Research Institit€ IBEN Sao Paulo, SP, Brazil

Nonthermal lightbased technologies are becoming more popular asingasive and costffective
therapeutic approaches. These strategies pritganvolve photobiomodulation (PBM) and

photodynamic therapy (PDT), which use visible or #iefmared (NIR) light to trigger biological effects
without significantly warming the body. To improve light penetration into biological tissues in PBM, red
or NR light is typically utilized. The absorption of photons by natural photoacceptors induces
photophysical and/or photochemical reactions within cells that drive biological responses such as faster
healing of wounds, regulation of inflammatory processes, jgaid alleviation, depending on light
parameters and target tissue. On the other hand, PDT employs photosensitizing drugs (PSs), which
absorb light in the presence of oxygen, to elicit chemical reactions that kill cells through oxidative stress.
As with PB/, the success of PDT depends on different factors, such as PS and light parameters, target
cells, and oxygen abundance, among others. Our group has been investigating the mechanisms and
applications of PBM and antimicrobial PDT (APDT) in dentistry fo20wgears. We demonstrated that

PBM can accelerate the orthodontic movement of teeth and promote a fastergingtvectomy

recovery. APDT can be an effective adjunct in endodontics and periodontics andrevasine

treatment for caries and oral candatsiis. This lecture will focus on basic and applied research for the

successful application of lightased technologies in oral care and highlight future directions.
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Communications in physical and chemical photobiology
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Influence of the Protonation States on the Absorption and Emission Properties of Rhodopsins

Gustavo CardeniasMiquel HuixRotllant, Vincent Ledentyy Massimo Olivuctt and Nicolas Ferté

1 Institut de Chimie Radicalaire (UNMR73), AixMarseille Université, CNRS, 13397 Marseille Cedex 20, France
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3 Department of Chemistry, Bowling Green State University, Bowling Green, OH 43403, USA

Membranebound rhodopsins are a widely spread family of photoresponsive proteins which are involved
in a manifold of biological processes spanning from-gating, ionpumping, vision to chromatic
adaptation, among others.[1] The functionality of a rhodopsin depends on the retinal chromophore, the
photodynamics of which can be tuned by the protein seqpee As a result, the study of the variations in
the electronic properties of rhodopsins following certain variations in the protein sequence is of interest
not only in the field of photobiology,[2] but also within the frameworks of optogenetics andcaatifi

molecular devices due to the tunability of the properties of the rhodopsin proteins.[3]

In this regard, the Automatic Rhodopsin Modeling (ARM) protocol has recently been developed to simulate
photon absorption or emission on both wild type and mutahbdopsins on a unified comparable
model.[4] In this talk, we introduce a previously proposed minimal electrostatic model[5] as an extension
of the ARM protocol to account for pH effects by including the relevant protonation microstates that
contribute sgnificantly to the overalknax. As the standard ARM considers a single rhodopsin structure,
and thus, a single protonation state, this modification encompasses in an automated fashion less
populated protonation microstates that nonetheless have a-negigible effect on the spectral lineshape

and the<nax. Such a mechanism will be illustrated using ArchaeRhod@ps§itoeoRhodopsin proteins and

mutants.
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[1] Ernst, O. et.al.,, ChemRev201&£ mMMNnX MHCbMmMcO®

[2] Marin, M. d. Cet. al..J. AmChem. SoQ019, 141, 2626 271.

[3] Lumento, Fet. al., Angew. Chem., Int. EBO07Z ncX nMmnbnHAN®

[4] PedrazaGonzalez, let. al., J. ChenTheory Compu01% Mp X omMonboMpH
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Photodynamic Biology, Photodynamic Modulation of Physiologically Important Functional Proteins

Zong Jie Cdj Xiao Bing Xie Wei Mei Huang, Peng Juan LiJie Wang, Yuan Lj, Wen Yi Jiany Hong
Ning Jiand

1Institute of Cell Biology, Beigg Normal University, Beijing 100875, China

Type Il photodynamic action, with the production of excited state delta singlet oxygéx),(modulates
numerous cellular functions including cell secretion, muscle contraction, cell proliferation, cell death and
senescence, development, gene transcription and translation, and cellular signaling, all via oxidative
modification of specific funa@inal proteins. Photodynamic action on large numbers of functional
proteins has been carried out aiming for diagnostic, therapeutic, and investigative purposes. Typical
cases of photodynamic modulation of major categories of function proteins will badtigdd in this
report, including members of major categories of functional proteins as defined by the International
Union of Basic and Clinical Pharmacology
(https://bpspubs.onlinelibrary.wiley.com/toc/14765381/2021/178/S): 1/ G protein coupled

receptors; 2/ ionic channels; 3/ transporters; 4/ enzymes; 5/ catalytic receptors; 6/ nuclear hormone
receptors; 7/ other functional proteins. Particular emphasis will be on photodynamic activation of
cholecystokinin receptor type 1, in photodynamic actioittvboth chemical photosensitizer
(sulphonated aluminium phthalocyanine, SALPC) and genetically encoded protein photosensitizers
(miniSOG and KillerRed).
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Influence of Structural Colour in Molecular Mechanism of Photosynthétight Harvesting irChondrus
crispus
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ICenter for Nano Science and Technology, Istituto Italiano di Tecnologia, Via Rubattino 81, 20134 Milano,
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SNatural History Museum, Science, Cromwell Road, London, SW7 5BD, UK;

“Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge, CB2 1EW, UK.

Chondrus Crispus, red macroalgae, exhibits photonic structures in the isomorphic state gametophyte and
are absent in the tetrasporophyte state of its lifecycle. Here, we have investigated the influence of
structural coloration in the molecular mechanisrmh ghotosynthesis in the algae using timesolved
photoluminescence (TRPL) studies. We found that the lifetime of the pigments PE, PC and APC increases
with an intensification in excitation intensity and the increment saturates toward the higher intemsitie
This observation can be attributed to the intensitgpendent photoprotection mechanism present in
Chondrus crispus. Simulating the role of structural coloration in tetrasporophyte a similarity of the traces
after intensity normalization considering tt8C, confirms the role of SC in gametophyte in attenuating the
photon flux reaching the photosynthetic organisms. These results show that a light management
mechanism is present in the external antenna of the red algae associated with longer dynamicS®here

on gametophyte tip helps in reducing the number of photons absorbed directly by the Chl and favoring
the EET through the external antenna.
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Figure 1l:a) Temporal dynamic of the phycoerythrin band of Chondrus Crispus, without structural
coloration, b) overlap of the reflectivity of the structural color and the absorption of chlorophyll a; c)
diagram explaining the role of structural coloration the light harvesting mechanism combined with the
accessory pigments.
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Ultrafast excited state dynamics of archabodopsin 3 and its mutants
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Archaerhodopsif8 (AR3) is a lightdriven proton pump found irHalorubrum sodomensevhich has a
photo-cycle similar to that of bacterichodopsin. ARB was reported to display a detectable fluorescence,

which, when integrated in membranes of live cells, was shown to depend strongly on the transmembrane
voltage. ARB was then put forward as a possible candidate for optogenetic investigations, i.e. in the form

of a genetically encoded voltage indicalfbto track neuronal electric signals or for neural silencing. Also,
multiple mutants then emergéd, with fluorescere quantum yields (FQY) reaching up to 1.2% which is a
100-fold increase with respect to the witiype protein (wt). To understand this exceptionally strong effect

of the mutations in detail, we studied the fluorescence decay kinetics for wt as a fucffon LJI XX ¢ 2 &
protonation of the counter ion is known to prolong the excited state lifetime of rhodopsit®ther

changes in terms of the electrostatic interactions of the protein cavity containing retinal chromophore are
induced in the double mutarlDETC and the quintuple mutant Ar6R.

The excited state kinetics (Fig. 1) are measured with 150 fs time resolution using broadband fluorescence
up-conversion and transient absorption seps. We find them to be best described by a sum of 3 decaying
exponentials, which represent the heterogetyeiof protein environment. The average excited state

lifetimes reach highvaluesup®&psd CA3® MO Ay 3JF22R FANBSYSyYyid -gAGK
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[1] J. M. Kralj et al, Nat. Methods 2011, 90¢95.

2] R. Scott Mclsaac et al PN2814, 111/36.

[3] C. Chang et al, Angew. Chem. Int. @21, 60.

[4] L. Barneschi et al, laCommunication2022, 13/1.
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Photophysics of sunscreebased photocages containing avobenzone

M. Ibba, M. LinerosRosa, G. M. Rodrigueluiiiz, J. Hernandeil, M. A. Mirandg V. LhiaubetVallét

YInstituto de Tecnologia Quimica UBSIC, Universitat Politécnica de Valencia, Consejo Superior de Investigaciones

Cientificas Avenida de los Naranjos, s/n, 46022 Valencia (Spain)

Topical drugs are not always innocuous and present drawbacks mainly associated with their interaction
with solar radiation. In this context, nesteroidal antinflammatory agent (NSAIDs) are one of the most

representative examples of photosensitive drutye to its extensive use in daily life. [1]

Sunscreerbased photocages (ie. a covalently linked-grag/pro-filter systems) have been developed to
overcome this issue, and to allow controlled and simultaneous photorelease of the masked drug and the
solar filter. Previous results using ketoprofe®{as NSAID pointed toward the importance of the relative
energies of its triplet excited state and that of the masked filter, the avobenzone in its diketone form
(AB(K)). [2] To get further evidence that tA&B(K)* needs to lie at a lower energy than d@ged
compound, a new dyad made with naproxen (NPX) and theestdblished solar filter avobenzone (AB)

has been synthesized, studied in EtOH, and compared witkPABy means of spectroscopic techniques.s

Figure 1 Phototriggered release of N&Al

(1) V. Lhiaubetvallet and M. A. Miranda, lBRC Handbook of Organic Photochemistry and Photob]@&yy

(2)

Press, Boca Raton, 3rd 2812 ch. 66, vol. 2, p. 1541.
M. LinerosRosa et al.Triplet stabilization for enhanced drug photorelease from sunscimesed
photocagesQ©rganic & Biomolecular Chemist021,19, 17521759
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Green Synthesis of Nednfrared Plasmonic Gold Nanostructures by Pomegranate Extract and Their
Supramolecular Asembling with Chemeand PhoteTherapeutics

Francesca LanéyiMimimorena Seggip Adriana C.E. Grazidndlarta M. Natilé, Aurore Fraixand
Salvatore Sortinb

1 University of Catania, Department of Drug and Health Sciences, Catania, Italy;

2 Institute of Condensed Matter Chemistry and Technologies for Energy (ICMATE), National Research Council,
Department of Chemical Science, University of Padova, Padova, Italy.

Au nanostructures exhibiting a localized surface plasmon resonance in thenfraaed (NIR) spectral
window are obtained in a single, green step by pomegranate extract in the presence of a biocompatible
cyclodextrin branched polymer, without the need of preformed seeds, external reducing and sacrificial
agents, and conventionaludactants. The polymeric component makes the Au nanostructures water
dispersible water, stable for weeks and permits their supramolecular assembling with the
chemotherapeutic sorafenib (SRB) and a Rhodanfiord nitric oxide (NO) photodonor (RiD), chosn

as representative for chem@nd phototherapeutics. Irradiation of the plasmonic Au nanostructures in
the therapeutic window with 808 nm laser light results in a good photothermal response, which (i) is not
affected by the presence of either the chermr the phototherapeutic guests and (ii) does not lead to
their photoinduced decomposition. Besides, irradiation of the hybrid Au nanoassembly with the highly
biocompatible green light results in the NO release from theé\®RDwith efficiency similar to th@bserved

for the free guest. Preliminary biological experiments against-G2hepatocarcinoma cell line are also

reported.
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Fig. 1¢ Schematic preparation of the NIR plasmonic Au nanostructures and their supramolecular assembling with
SRB and RNO.

[1] Nocito, G., Petralia, S., Malanga, M., Béni, S., Calabrese, G., Parenti, R., S&iBoAgplied Nano Material019,
2(12), 79167923.
[2] Seggio, M., Laneri, F., Graziano, A. C., Natile, M. M., Fraix, A., Soitianp®aterials 2022, 12(24), 4476
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SequenceDependent Interaction between Amotosalen and DNA

Theresa Oft Michelle P. RademacHeWiebke Haselbaéhand Peter Gilch

LInstitut fur Physikalische Chemie, HHU Dusseldorf, UniversitatsstraRe 1, 40225 Dusseldorf, Germany

Pathogenssuch as viruses and bacteria, pose a medical risk to the use of blood productsyTeS N S LI un
Blood Systerfl] is an efficient pathogeimactivationsystem to reduce blood product contamination. The
synthetic psoralen derivative Amotosalen (AMO, Figudeffl), reversibly intercalates between base pairs

of the target DNA (or RNA). Subsequent photoexcitation by UV light leads to the formation of irreversible
bonds between the drug and thymine (or uracil) bases of the DNA (or RNA), causing the inactivhéon o
pathogens. Earlier work by our group with synthetic DNA containing only GC or only AT base pairs indicates
that photo-excited psoralens can be quenched by phistduced electron transfer (PET) in addition to the

desired photeaddition, depending onhe base pair environment [2,3]. Here, the DNA sequence
O2YLX SEAGE 61 & AYyONBlIasSR 6AGK (62 G4YAESRE 5b! &8§|

o,

\\\ Amotosalen + Mixed DNA G 777 Toc

CGTATATATACG
/ O R Local B
"~o Electron Transfer, UV-A Photo-Addition GCGTACGC
F \ 2N\ cec
A

TGCG

(3%

No signs of a
long-range (}

CA3dzNB MY LYyGSNI OlAzy 27F | Y2 dirtldcedieBgffon dransfer (PEMEhgiakined Y A E SR
bases is shown on the left. No evidence for a4@mgye DNAmediated PET was found. The phatidition with

thymine bases, which is used for pathogen inactivation, is shown on the right.

Steadystate UVA exposure experiments and tinresolved spectroscopy on the nanosecond tiseale

indicate photoproduct formation for both DNA sequences. In addition to the desired photoreactivity, a

PET was found in both DNA sequences in the presence of guanine bases. Its driving force and distance
dependance can be described by the Marcus theory [4]. The time constants for the PET process range
between 15 ps and 20 ps and coincide with those for pure GC DNA. This suggests that the PET in the
GYAESRE &S1jd2Sy0Sa 200dzNB f 2 éiddnde®f lohg#inge] BiNAmeDiatedA y (i S NJ
PET, as seen in the works by Leatial.[5] has yet been found.

[1] J. KaiseGuignard et al.Blood Rey2014 28,235-241.

[2] S. Frobel et ald. Phys. Chem. Le@015 6(7), 12601264.

[3] J. Diekmann et alJ. AmChem. So®019 141(34) 1364313653.

[4] S. Frobel et alChemPhysCher2016 17(9) 13771386. [5] F. D. Lewis et a\gc. Chem. Re€001, 34(2), 159170.
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Insights into the molecular mechanisms of light harvesting in a minor antenna of gla@P29 in near
native membrane lipidic environment

Samim SardarRoberto Caferr?,Franco V. A. Camarddlberto Ghezz,Roberto BasgiCosimo
5 Q! y RNaBd-Glilio Cerulfo?

ICenter for Nano Science and Technology, Istituto Italiano di Tecnologia, Via Raffaele Rubattino, 81, 20134, Milan,
Italy

“Dipartimento di Biotecnologie, Universita di Verona, Strada Le Grazie 15, 37134 Verona, Italy

3Istituto di Fotonica e Nanotecnologi€onsiglio Nazionale delle Ricerche, Piazza L. da Vinci 32, 20133 Milano, Italy
“Dipartimento di Fisica, Politecnico di Milano, Piazza L. da Vinci 32, 20133 Milano, Italy

Email:samim.sardar@iit.it

CP29, a chlorophyll (Clhb-xanthophyll binding protein, bridges energy transfer between the major LHCII
antenna complexes and Photosystem Il reaction centres. Until now, the photophysics of CP29 has been
studied on the purified protein in detergent sdions, since spectrally overlapping signals affect in vivo
measurements. However, the protein in detergent assumes-mative conformations compared to its
physiological state in the thylakoid membrane. Here, we report a detailed photophysical studyimsing
resolved fluorescence and femtosecond transient absorption on CP29 and mutants inserted in discoidal
lipid bilayers, known as nanodiscs, which mimic the native membrane environment. CP29 in nanodisc is in
a significantly quenched state compared to whi¢ is in detergent. Global analysis suggests an energy
transfer from the Chh Q, to a Car dark state S*, which is generated due to conformational changes in the
Car $state. We suggest that the accessibility of the S* state in different local envinaisnpdays a key

role in determining the quenching of Chl excited states. Our observations shed light on the influence of
local environment on the photophysics of CP29, elucidating the importance of anatae environment

when studying the mechanisms uerdlying the photoinduced dynamics. We have also investigated the
role of Zea in the photoprotection mechanism, which exhibit enhanced quenching of Chl emission in the
presence of Zea. Finally, the role of individual chromophores in the light regulaticsegzes are

investigated on CP29 mutants, affected on pigment binding sites.

Referencesd. Chem. Phy$56, 205101 (2022).
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Photophysical properties anéh vitro phototoxic effect of adapalene

Juan Antonio SolérMiguel Angel Miranda, JavieHernandezGil, Virginie Lhiaubetallet

1 Instituto Universitario Mixto de Tecnologia Quimica @ZBNC), Universitat Politécnica de Valéncia, Consejo

Superior de Investigaciones Cientificas, Avda de los Naranjos s/n, Valencia, Spain

Adapalene, dhird-generation topical retinoid, is used as a treatment for acne vulgaris. It is currently one

of the three topical retinoids approved so far by the Food and Drug Administration (FDA), along with
tazarotene and tretinoirt. However, a combination of adalgme and sun exposure might result in the
appearance of adverse effects. They have been associated with different causes such as skin irritation that
can modify the natural skin photoprotection and increase ultraviolet light harmful potential, or a decreas

in the thickness of the stratum corneum reducing the natural photobafrier.
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Figure 1. Left, the structure of the adapalene molecule. Right, cell viability at different concentrations of adapalene

in the absence of light (circles) and under UYadiation (squares).

The aim of this study is to evaluate the phototoxic potential of adapalene. In a first stage, the photophysical
properties of the drug were investigated to get more insight into its excited states and their potential to
trigger biomokcule damages. For this, experiments were carried out combining fluorescence,
phosphorescence (both steagyate and timeresolved emission), and transient absorption at
nanoseconemicrosecond timescale. Then, adapalene phototoxicity was establishei@ro using the
standard Balb/c 3T3 NRU assay. A high photoirritation factor (PIF) of 16.6 was found, this value is much
greater than the threshold of 5 set by the guidelines for phototoxic compo¢inds.

References

[1] S. S. Kolli, D. Pecone, A. Pona, A. Clid&aR. Feldmahm J Clin Dermat@019 20,345-365.
[2] A. L. ZaengleiSemin. Cutan. Med. Su2008 27, 177182.
[3] OECD Test Guideline 432 vitro3T3 NRU Phototoxicity Test (2019)

130



/| KFy3asSa 2F L/ ¢ -appl-Gadterm@ndicat biExiernat Woltagen Electrochemical
Cell

DNNJ | y., Ev@dGzgda ¢ 2 Y & Mar@IfFpcithah

M ClI Odz G 2F {OASyOSs ! yAGSNEAGE 2F {2dziK .2KSYAlI Ay
Czech Republic

The intramoleculachargetransfer (ICT) state is a typical excited state of carotenoids that contain carbonyl
group in their conjugation. It becomes pronounced only in the polar environment and is strongly coupled
to the S state, forming a new electronic state, usually deed S/ICT state. If present, it leads to decrease

of the S lifetime compared to nonpolar environments. For example, thet&e of carotenoid 8apo- -
carotenal has a lifetime of 25 ps in npolar solventn-hexane, but is reduced to 8 ps in polar solis

such as methanol or acetonitrile. However, the influence of applied voltage on ICT has not yet been
investigated. Therefore, this work examines the influence of applied external voltage on the estaited
properties of 8apoi -carotenal in acetoniile by steadystate and ultrafast timeresolved absorption
spectroscopy. The steadhjate measurements showed that although the magnitude of theSS
absorption bands decreased with applied voltage, their spectral positions and shape remain nearly the
sane. Comparison of pumprobe timeresolved measurements shows that the magnitude of the ICT band
decreases during the experiment under applied voltage condition. The decrease of ICT band is also
accompanied with a prolongation of the/IET state lifetimerbm 8 ps to 13 ps. Furthermore, turning off

the applied voltage resulted in returning to +woltage data within about 30 min. We have obtained
satisfactory results to demonstrate that it is possible to tune the ICT state properties of carotenoids by

applyhng an external voltage.
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A highly photostable and versatile twphoton fluorescent probe for the detection of intracellular

nitric oxide concentrations in macrophages and endothelial cells

Carla Arnau del Valté Francisc@alindd, M. Paz Mufio#erranz, Maria J. Marih

1 Fischell Department of Bioengineering, University of Maryland, College Park, Maryland, United States.

2 School of Chemistry, University of East Anglia, Norwich Research Park, Norwich, UK.

3 Departamento d€Quimica Inorganica y Organica, Universitat Jaume |, Castellén, Spain.

NO regulates physiological processes when present at low concentrations; however, at high levels, it is
related to pathologies including cancer [1,2]. NO can be monitored using fluorescent probes, however,
most of these are excited using ultraviolet oribis light, which results in poor penetration and high
photodamage to cells. Alternatively, neimfrared light provides high photostability and tissue
penetration, low level of autofluorescence and minimal photodamage upon-termg irradiation [3].
Although NO probes have been reported, the development of novel tools for the detection and
guantification of NO is required for a better understanding of its role in biological processes.

The aim of this work is to develop a NIR excitable molecular prolibdontracellular detection of NO via

a photoinduced electron transfer (PET) mechanism. The probe showed good sensitivity (LOD = 77.8 nM)
and selectivity towards NO. Additionally, the fluorescence intensity of the probe was stable in a range of
pHs from 40 9; and the detection of NO in acidic environments was successfully evidenced. The NO probe
was able to detect NO in a variety of macrophages including RAW264.7 cells, by means of confocal
microscopy [tigure 3 and multiphoton microscopy (NIR excitatigd). Following the great potential of

the NO probe, a goldNPased NO nanoprobe was developed by-asEembling a thiolated N€ensitive

ligand onto the surface of goldNPs showing excellent results in breast cancer and macrophages [5].

a)
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Figure 1a) Confocal microscopy images asjdntracellular fluorescence emission spectra of RAW264.7 cells treated

with NO probe: i iii) before (black) and iwi) after (green) stimulation of the cells to produce NO.

[1] S. Korde Choudhaat al. World J. SurgOncol. 11 (2013) 118; [2] T. Nagagtal.J. Clin. BiochenNutr. 45 (2009) 11124, [3]
G. Honget al. Nat. Biomed. Eng. 1 (2017) 0010; [4] C. Arnau del ¥iadleJ. Photochem. PhotobidB: Biol. 234 (2022) 112512;
[5] C. Arnau del Mleet al. J.Mater. Chem. B11 2023 3387-3396
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The essential role of TOC1 phosphorylation in selective gene regulation

Jiapei YanDavid Somers
1 Ohio State University, Columbus OH USA

Plant photoperiodic growth is coordinated by interactions between circadian clock and light
signaling networks. How posttranslational modifications of clock proteins affect these interactions to
mediate rhythmic gowth and circadian period remains unclear. We have identified, and mutated, five
phosphorylation sites in the Arabidopsis core clock protein TIMING OF CAB EXPRESSION 1 (TOC1) which
eliminate detectable phosphorylation. The TOC1 phosphomutant (5X) féilkytoescue the clock,
growth, and flowering phenotypes of thecl mutant. Further, the TOC1 phosphomutant shows
advanced phase, a faster degradation rate, and poor binding at predawn hypocotyl gedatéd genes
(PHGSs), leading to a net derepressidrinypocotyl growth. NUCLEAR FACTOR Y subunits B and C
(NFYBJ/C) stabilize TOC1 at target promoters, and this novel trimeric compl€O@F acts as a
transcriptional cerepressor with HDA15 to inhibit Phfediated hypocotyl elongation. (1)

In the contex of circadian period, TOC1 phosphorylation is required for sustaining both circadian
period and the robustness of rhythm. TOC1 binds to the promoters of two key clock genes, CCA1 and
LHY, but only fo€CADinding is TOC1 phosphorylation required. Addigily, FARRED ELONGATED
HYPOCOTYLS3 (FHY3), which normally activates CCA1 expression, interacts strongly with phosphorylated
TOC1, which inhibits FHY3 action. In the absence of TOC1 phosphorylation, increasew deitéd
CCAL1 activation results in siemed period and lowe€CAXmplitude. Taken together, our results
expand our understanding of pestanslational regulation of both the photoperiodic control of
hypocotyl growth and the circadian clock, illustrating how the regulation of growth and gewvelat
occurs through selective interactions of specifief@ctors with phosphorylated TOC1.

Toa®y” " Toci(p)
3 FHY3

1
()
(o)
TOCIWT

CCA1 (WTTOC1)

Figure. Proposed mechanism for the role of TOC1 phosphorylation in the contrGlAJscillation.
Earlyphased 5X (unphosphorylated TOC1) increases eatberwildtype TOC1 (TOC1 WT), but

interacts poorly with FHY3, allowil@CAlranscription to increase. In WT, in contrast, lower FHY3 levels
at night and strong inhibition of FHY3 activatiorGiZAby phosphorylated TOCL1 results in low CCAl

transcription,enhancingCCAXlmplitude.
Reference

1. J. Yaret al, TOC1 clock protein phosphorylation controls complex formation witlY BIE to repress hypocotyl
growth. The EMBO journdl0, e108684 (2021).
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LG Qa 2 dzatiictural chakatterization of LLPS and its role in temperature sensing in plants

Chloe Zubieta
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Université Grenoble Alpes, France

The increased average temperatures due to global warming have already altered plant phenology for
both wild and domesticated species, presenting a critidzdllenge for food security in the coming
decades. Plants are able to perceive even small changes in temperature and subsequently reprogram their
growth and development for optimal reproduction and survival. However, the molecular mechanisms for
this are $ll largely unknown.

We and collaborators have recently determined that EARLY FLOWERING 3 (ELF3), a core component
of the circadian clock, acts as a direct thermosensor via liigued phase separation (LLPS). Using a
combination of biophysical and structural techniques, determined the dynamics and molecular
mechanisms underlying the transition from the dilute to condensed phases in vitro. Based on these data,
we explore how altering phase separation of the protein correlates with changes at the phenotypic level
(hypocotyl length, plant morphology, flowering time) for Arabidopsis plants grown at different

temperatures.
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Mechanistic insights into the circadian gating of the response to limiting light conditions in Arabidopsis

Carlos Martinex/asdlo?, Benjamin Cofé, Jaime PéreAlemany, Javier GallegBartolomé, Joanne
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Politécnica d Valencia, 46022 Valencia, Spain
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Keck School of Medicine, University of Southern California, Los Angeles, CA 90089, USA
3
Plant Biology Laboratory, Salk Institute for Biological Studies, 10010 North Torrey Pines Road, La Jolla, CA 92037,

USA.

4
Howard Hughes Medical Institute, Salk Institute for Biological Studies, La Jolla, CA 92@37, USA

Present address: Department of Energy Joint Genome Institute, Berkeley, California, USA

Plants have a remarkable capacity to adapt to and cope with chamgesironmental conditions. Because

of the importance of light to their survival, plants have evolved sophisticated mechanisms to optimize
responses to light. An outstanding adaptive response in terms of plant plasticity in dynamic light
environments ighe shade avoidance response which $owving plants deploy to escape canopy and grow

towards the light. Under sunlight A 3 K Oe Of S&a> (GKS LI FydiQad NBALRYAAC
being maximal at dusk time. While a role for the circadiankcincthis regulation has long been proposed,
mechanistic understanding of how it is achieved is incomplete. Here, we provide mechanistic details
directly linking a component of the circadian oscillator to the response to shade and show that it
contributes to its temporalization by directly impinging on key transcriptional regulators of the light
signaling pathway. In light of evolution and local adaptation, our findings give insights into a mechanism

through which plants may have optimized resource allacain fluctuating environments.

22N] AY GKS IFdzikK2NBRQ fF02Nl{i2NRSaE KlIa 0SSy ToiBsfdaddoe a/ Lbk! ¢
PID2019108577GAO00 to J.GB. and PID202019491GAO00 to M.A.N.), Generalitat Valenciana (grant CIDEGHEIQ0/037 to

M.A.N.), and the National Institute of General Medical Sciences of the National Institutes of Health (under award number R37
GM067837 to S.A.K.). J.C. is an investigator from the Howard Hughes Medical Instituté. iS.te recipient of arpdoctoral

fellowship from Generalitat Valenciana (CIACIF/2021/329). M.A.N. is a CIDEGENT Distinguished Researcher (CIDEGENT/2020/037).
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Time and Stress: How Climate Change Impacts the Circadian Regulation of Stress Responses

Kanjana Laosuntistiend Colleen J. Doherty

1 Department of Molecular and Structural Biochemistry North Carolina State University

Endogenous circadian clocks coordinate the internal biochemical activities with recurring cycles in the
external environment. The plant circadiaodk is itself entrained by light and temperature cycles. This
coordinated feedback provides a competitive advantage by providing a molecular mechanism to properly
time daily and seasonal activities. As a result, many environmental responses are gatedtiyatian

clock, including biotic and abiotic stresses. We hypothesize that this allows the plant to conserve
resources and reduce competitive cycles. However, one effect of climate change is a disruption of these
daily and yearly rhythmic patterns, inding earlier springs, o8eason rain events, and changes in daily
temperature cycles. The coordination of the circadian clock, established over evolution and breeding for
optimal performance, is maladaptive to these new environments. Further complidingffects of

climate change, the entrainment cues provided by temperature cycles are disrupted by a more rapid rise
in nighttime temperatures compared to daytime temperatures. This asymmetric nighttime warming
already significantly impacts yield and grguality in significant crops. We have examined the
physiological, transcriptional, and metabolic responses to warmer nighttime temperatures. This work
demonstrates that circadian disruption is a component of the adverse effects of warmer nighttime
temperatures, identifies regulators and downstream targets that intersect between daily temperature
cycles and the circadian clock, and explores the effects on biotic and abiotic stress responses.
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Desai, J. S., et al., (2020arm nights disrupt transcriptome rhythms in fieddown rice panicles.
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Photodynamic therapy using LUZ51, a carboxamide halogenated bacteriochlorin, combines efficient
cell killing with antrtumor immunity

Ligia C. Gomega-Silvad, Mafalda Penetrg Barbara Lim'a ClaireDonohoé, Luis G. Arnatit

1
CQQ; Coimbra Chemistry Center, University of Coimbra, Portugal

Photodynamic therapy (PDT) is being used for the treatment of solid tumors, where the administration of a
photosensitizing agent and light generate reacitiggen species, which selectively damages the illuminated tissues.
Most of the photosensitizers in clinical use have low absorption in the phototherapeutic window (650 to 850 nm)
where tissues are more transparent to light. To overcome this limitatiorhawe recently developed a halogenated
carboxamide bacteriochlorin named LUZ51 that exhibits a significant absorption peak at 739 nm, along with a high
ROS quantum yield. Additionally, LUZ51 possesses a relatively small molecular weight and moderadieityp@phi

= 595.59 g/mol; logd? = 2.9) which was anticipated to enhance its interaction with the target’céfifact,in vitro

studies demonstrated that LUZ51 is rapidly internalized by cancer cells, and upon photoactivation, it exhibits cancer
celkkilling activity at concentrations within the nM range, even when short incubation periods were used.

Preclinical studies were conducted using two mouse models of cancer: Balb/c with subcutaneous CT26 tumors and
Balb/c with orthotopic 4T1 breast cancambors. A protocol involving the intravenous administration of 0.2 mg/kg

of LUZ51 followed by the delivery of 20 Jidmduced strong anicancer effects, resulting in a cure rate of ~ 80% for

Balb/c mice with CT26 tumors and ~ 40% for 4T1 tumors.
PDT igaining increasing attention due to its immunomodulatory properties, which can effectively instruct the host

immune system to recognize and effectively eliminate cancer’c8imilar to other photosensitizers, LUZ&dsed

PDT induced a strong edema,utephilia and increase in IL6 levels within the initial 24 h after PDT, indicating
inflammation and activation of the innate immune system. Notable, 50% of CT26 {o@aoing mice that were
successfully cured with LUZbased PDT exhibited tumor rejectiomhen rechallenged with live CT26 cells,
suggesting the presence of adaptive immunity with immunological memory. Thisuamdr immune response is

likely mediated by T cells, as immunocompromised mice (Balb/c nude), which lack botar@EDAT cellsfailed

to achieve complete tumor destruction upon PDT using LUZ51. Currently, the abscopal effects of PDT using LUZ51

are under investigation.
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Introduction: The dismal statigts of cancers like glioblastoma (GBM) and neuroblastoma (NB) result
mostly from their distinctive tumour microenvironment (TME) and the incapacity to achieve a complete
gross excision of the tumour mass during surgery. Therefore, in a clinical contestrabte outcome

would be to selectively eradicate the residual or surgically inaccessible tumour cells and to restore the
AYYdzy2ft 23A0Fftfe a02ft R YAONRSY@GANRYYSyld 2F (GKSa&as$s
Nearinfrared photoimmunotherapy (NHRIT) is a lightnediated targeted herapeutic approach that uses
photosensitizers (e.g. IR700) conjugated to targeting vectors such as monoclonal antibodies (mAbs),
antibody fragments or affibody molecules. If used intraoperatively;MNTRcould improve the extent of
cytoreduction by prowing an optimal delineation of resection margins. Furthermore, the photochemical
processes triggered by the lighttivated dye may lead to localised tumour deélling and activation of

the tumour antigenrspecific T cells locally in the TME.

Against ths background, we postulated that RArgeting antigens like epidermal growth factor receptor
(EGFR) for GBM and the ganglioside GD2 for NB, will not only help to define the tumour location and
margins but additionally activate the host atimour immuneresponse that could further enhance when
combined with immune checkpoint inhibitors, reducing the GBM and NB recurrence.

Methods: The phthalocyanine dyER700 was conjugated taar.0311{EGFRpecific affibody molecule)

and dinutuximab beta (a2 antibody). Cell viability, reactive oxygen species (ROS) production and
major damage associated molecular patterns were studied in human and murine cell liné3l'pasting

flow cytometry (FC), Western blot and ELISA. Xenograft and syngeneic muriner tunoolels
(subcutaneous and orthotopic) were used to determine the therapeutic and turapecific immune
response following PIT.

ResultsWe observed a significant decrease in cell viability in GBM cells expressing EGFR and NB cells with
high GD2 levels in response to IR-FT. Generation of ROS p®dT resulted in a translocation of
calreticulin to the cell membrane and release of HMGB&p70 and ATP. PET, MRI and enhanced
fluorescence signals confirmed the presence of sgefined tumour masses, and the ability of the
conjugates to specifically target and visualise EGFR anep@ii/e tumours. Importantly, PIT led to a
significant dedy in subcutaneous GBM and NB tumour growth. Therapeutic efficacy of the affibody
conjugate was observed in brawmmoursas early as 24 h pogtadiation. In addition, tumouinfiltrating
lymphocytes were elevated in both GBM and NB tumours-pd$t

ConclusionsPIT is an attractive therapeutic strategy for tumours like GBM and NB. In both cases, following

tumour resection in patients, PIT could i) contribute to the elimination of residual or surgically inaccessible
cancer cells and ii) prompt themour-infiltrating cytotoxic Tcell immune response.
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Immunotherapies, and in particular immuaheckpoint blockade (ICB) therapy, have gained

considerable clinical acceptance. It is estimated that nearly half of cancer patights United States

are eligible for ICB therapies, but only 13% of them respond to such therapies [1]. This presents a
challenge for the adoption of PDT in oncology, but it also offers an opportunity for PDT to enhance the
response of patients to ICBdfapies in view of the immune responses elicited by PDT [2]. This work
reports the combination of redaporfin, which is a bacteriochlorin photosensitizer in clinical trials for head
and neck cancer [3], with ICBs and discusses the requirements for souihetions between PDT and
ICBs.

PDT with redaporfin stimulates colon carcinoma (CT26), breast (4T1) and melanoma (B16F10) cells to
display high levels of CD80 molecules on their surfaces. CD80 overexpression amplifies immunogenicity
because it increasesame cell¢is CD80:PI.1 interactions, which (i) disrupt binding ctélls PBL

inhibitory receptors with their ligands (PII1) in tumour cells, and (i) inhibit CTLAnhibitory receptors
binding to CD80 in tumour cells. In some cancer cells, redapg@dT also increases C¥4.And PEL1
expressions and favourable combinations between PDT and imithenekpoint blockers (ICB) depend

on CD80/PEL1 or CD80/CTEMAtumour overexpression ratios peBDT. This was confirmed using
CTLA4+PDT combinations torigase survival of mice bearing CT26 tumours, and to regress lung

metastases observed with bioluminescence in mice with orthotopic 4T1 tumours [4].

[1] A. Haslam, V. Prasad, Estimation of the Percentage of US Patients With Cancer Who Are Eligible Sppadddre
Checkpoint Inhibitor Immunotherapy DrugkAMA Network OpeB, e192535 (2019).

[2] C. Donohoe, M. O. Senge, L. G. Arnaut, L. C. Gaem8dva, Cell death in photodynamic therapy: From oxidative

stress to anttumor immunity.BBA Rev. Canc&872 188308 (2019).

[3] L. L. Santos, J. Oliveira, E. Monteiro, J. Santos, C. Sarmento, Treatment of head and neck cancer with photodynamic
therapy with redaporfin: A clinical case repdiase Rep. Oncdll, 769776 (2018).

[4] C. L. Lobo, M. I. P. Mendes, LGEBmesda-Silva, L. G. ArnauBhotodynamic Therapy Changes Tumour
Immunogenicity and Promotes Immu@heckpoint Blockade Response, Particularly When Combined with Micromechanical

PrimingSci.Rep under review.
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Synthetic peptides are promising candidates for therapeutic cancer vaccinations. However, a major
problem in the development peptidbased cancer vaccines is insufficient priming of antigercific

CD8+ cytotoxic T lymphocytes (CTL) due to low MHC geesehtation of antigen(s). To improve cress
presentation on MHC Class |, adjuvants aradministered with the vaccine, and shown to enhance the
immune response to vaccine antigens. In this work, we demonstrate that the endosomal escape
technology phodchemical internalisation

(PCI) strongly improve adjuvanted peptidad proteinbased vaccinations. PCI in combination with the
toll-like receptor 3 (TLR3) agonist poly(l:C), resulted in a significant increase of aamigdéiic CTLs. PCI

+ poly(l:Gmediated vaccination with an B¥ased synthetic long peptide, derived from the Human
Papillomavirus 16 (HPV16), induced a robust activation of antigeaific effector and memory CD8+

cells and caused strong antitumogsponses in the murine HPV16 canewrdel TEL. PCl+poly(l:C)
combination also enhanced CD4£dll and IgG antibody responses against protein antigens (PPD, HBsAg
and KLH). In conclusion, PCI combined with TLR3 adjuvants improve immune responses to peptide and
protein-based vaccinationsOur PGbased vaccine approach has a promising potential for the treatment

of cancer and prevention of microbial infections.
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Introduction: Vaccination against extracellular pathogens is efficient through production of
pathogenspecific antibodies. However, infections caused by intracellular pathogens, such as
Mycobacterium tuberculosis, are not easily tredtby vaccination due to inaccessibility for extracellular
antibodies and poor stimulation of cytotoxiec&ll responses. Photochemical internalization (PCI) is a
method that can facilitate the cytosolic delivery of vaccine antigens to anfigesenting ells (APCs),
thereby stimulating MHC classdstricted responses in CD&@lls. The aim of this study was to develop
PCI as a method for delivery of M. bovis BCG for triggering of response of CD8 T cells with potential anti
tuberculosis effectsMethods: Mice received intradermal injections of live M. bovis BCG and
photosensitizer TPCS2a. The photosensitizer was activated by administration of light 18 hours later. BCG
specific CD4 and CD&#@ll responses were measured in blood, spleen, and lymph nodisvwy
cytometry, ELISA, and ELISPOT.

Early inflammatory reactions were analysed in the skin by histology and immunohistocheRéesuyts
PCI improved BGépecific response of CD4 and CB&IIs, characterized by cellular proliferation and
production d IFNQ TNF, IL-2, and IE17. Lightactivation of the photosensitizer was necessary for the
improvement of the Icell responses, and PCI improved antigen presentation in part by causing
upregulation of MHC and costimulatory molecules on APCs. Histolalgg skin showed local
inflammation at the site of vaccination with strong involvement of neutroptanclusionsThese

results demonstrate that P@hased vaccination can be applied to live bacteria for targeted delivery of
antigen to the cytosol of ABs. PCI enabled crgggesentation of the antigens for stimulation of
antigenspecific CD8&¢ells, facilitating their proliferation and activation, improving the overall
immunogenicity of M. bovis BCG. In the future, PCI may be important for the preveiiamnacellular

pathogens, and potentially also applied as immunotherapy of infectious diseases such as tuberculosis.
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Introduction: Neuroblastoma (NB) is the third most common paediatric solid cancer, which is associated
with very poor survival. Many children are disabled by conventional-dhigge therapies and eventually

die from treatmentrefractory metastatic disease. Although NB responds to radiotherapy, the widespread
diseaseburden/marrow dissemination makes the disease detection challenging and the delivery of
radiotherapy complex in the relapsed setting. Therefore, novel therapeutitegfies are urgently needed

to improve the prognosis of NB patients. Immunotherapy targeting the ganglioside GD2, which is highly
expressed on NB cells, is currently used in routine clinical practice. We postulated thaDéhimmune

PET would enable abtime evaluation of GD2 expression for accurate patient selection to increase the
efficacy of GD2argeted therapies including nedmfrared photoimmunotherapy (NHRIT) that is known

to eradicate residual cancer cells and induce-tuntiour immunity.

Materials and MethodsDinutiximab beta was radiolabelled with-g8 for PET studie®®’Z-DFGGD2) and
conjugated to IR700 for NHRT (GD2R700). The conjugates specificity of binding was assé@sséd by
protein bindingradioassay, flow cytometr§FC) and confocal microscopy on NB cells with different GD2
expression. The generation of reactive oxygen species (ROS) and phototoxicity were evalua@&idzost
IR700 PIT. PET and biodistribution studies were performed up to 72 finpeston of®Zr-DFO-GD2 in
mice bearing human and murine NB tumours. Pharmacokinetics of &P and response to GIR700

PIT were studied in NB mice models 24 h pojgction. Tumour samples were collected pOHRPIT for
immunohistochemistry and FC analysis.

Resuls: In vitrobinding studies confirmedpecific and GB@ependent targeting of°ZrDFGGD2. In NB
mouse models, the radioconjugate successfully distinguished between tumours with different GD2
expression levels. In response to GIBZ00 PIT, effective R@&neration led to a significant decrease in
cell viabilityin vitro (Fig 1).In vivoPIFtreated tumours showed extensive oedema already a few hours
after the treatment. k67, CD31, H&E staining of tumour sections showed a reduced cell proliferation
index distinct differences in vessel density, extensive tumour necrosis and microhaemorrhage on the
margins of treated tumours as early as 24 h goEr.

ConclusionsFurther development ot®Z-DFGGD2 and GDIR700 could lead to a neinvasive and novel
imageguided therapeutistrategy targeting GD2 that could improve NB prognosis in the clinical setting.
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Cancer initiation and progression are sex, gender and age dependent prockkdanoma, in

particular, exhibits a higher incidence among women compared to men between puberty and
menopause, making it the most gendaiased cancer during this phase. Our research highlights E
cadherin as a key factor in regulating tumor aggressivewébsrespect to gender. By studying a mouse
model of melanoma, we have successfully demonstrated theidherin governs the formation of
melanoma metastases in a ssgecific manner. Specifically, we have shown thea@herin inhibits the

I -catenin/ER/GRPR/YAPL1 axis, which renders female melanoma cells responsive to estrogens and
thereby more active in females. Activation of this axis promotes cell growth, clonogenicity, invasion, and
resistance to anoikis, ultimately resulting in the formation of lamglanoma metastases in vivo.
Interestingly, this axis has also been found to be active in other cancers, notably breast carcinoma. Our
findings shed light on the role ofdadherin in driving estrogedependent cancer and provide potential

new therapeuticapproaches for the treatment of female cancer patients."
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Alphamelanocytestimulating hormone (alphdMSH)Ymediated signalling via the melancorinreceptor
(MC1R) is a key component of the cutaneous tanning response to ultraviolet (UVB) light. This physiologic
response mediates photoprotection against UVBindligenotoxic stress resulting in reduced apoptosis

of epidermal cells by increased DNA repair. In individuals with the red hair pale skin phenotype loss of
function (LOF) mutations dflIC1Rresult in impaied alphdSHMCI1R signalling in melanocytes which
explains their increased risk for melanoma. Interestingly, epidemiologic studies also suggest a link between
alphaMSHMCI1R signalling and dermal photoaging, the latter mainly mediated By T& address the
hypothesis as to whether alpRdSH directly modulates UMAediated effects on senescence markers in
dermal cells we used human adult dermal fibroblasts (aHDFs) expressirigpeidd C1Ras confirmed by
genotyping. Pretreatment (or cotreatent) of these cells with alphISH (or related peptides such the
superpotent NDRalphaMSH, the alph&SHrelated tripeptide derivative KAPT or be¢amdorphin) did

not alter UVALlinduced generation of intracellular reactive oxygen species.-Mghafurthe had only

minor effects on the timelependent mRNA expression of p21, MMP1/3 and sirtuin 1 transcripts. Next,
whole transcriptome analysis was performed on aHDFs carryingtypédMC1Rand LOF mutations of
MC1R Interestingly, even in absence of alphieH marked differences were detected in the Uviduced

MRNA expression profile between cells expressing wildtype versuMOQR for example in genes of
extracellular matrix structure and organization, intermediate filaments, polymeric cytoskeletal fibers,
glycosamine binding or receptor regulator activity. Our findings provide a first base for further studies

elucidating the role of MC1R in fibroblast biology and dermal photoaging.
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Melanoma in childhood and adolescence lacks adequate preventive, diagnostic, and therapeutic
strategies. A rare condition, its incidence is reported to be aboufl163er million in children under 15
years of age and 15 per million in-18 y.o., with igreasing incidence in adolescents by 4.1% annually
since 1997. Pediatric melanoma is a distinct entity from melanoma in adulthood, which is clearly linked
to ultraviolet radiation damage to the skin. Little is known about the observed progression from some

benign melanocytic lesions to melanoma.

Large and giant congenital melanocytic nevi (GCMN) are also very rare, observed in an estimated 1 in 20
50,000 births. Unlike small CMN, they are heterogeneous, conspicuous skin tumors in terms of
appearance, gené background, and complications. As many as one of 20 children with a GCMN will
develop cutaneous or extracutaneous melanoma before adulthood, with poor prognosis. This means

that closer study of GCMN should provide clues not only into the early tranafammevents of

melanoma in children, adolescents and young adults (CAYA), but also into the mechanisms of more

common melanoma formation.

Like many other individually rare mosaic cutaneous disorders, young patients with GCMN have also
unmet needs in term of therapies, particularly concerning the syndromic forms that can have
devastating effects in the central nervous system (kysts, tumors, epilepsies, hydrocephalus). | will
present preliminary results implicating a specific cellular component of GCMNniarability to tumor
formation. This work, funded to date by patient advocacy groups, has been a model to organize a pan
European effort called MELCAYA, to boost research into these rare diseases and better understand the

links between developmental bindy, the effects of photon exposure and early steps of oncogenesis.
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Metastatic melanoma remains highly lethal despite the efficacy of targeted andiratherapies. A better
understanding of the mechanisms of melanoma initiation and progression is needed to develop new
treatments. The analysis of cancer genomes offers a remarkable window on these mechanisms but the
genetic complexity of melanoma has hardd the identification of new driver lesions. The zebrafish is
uniquely positioned to unravel this complexity viva We have developed genetic engineering tools to
rapidly model human melanoma genotypes and study the function of candidate cancer geadgditi
zebrafish. We thus identifiePREDAs a new tumossuppressor, whose loss cooperates with KIT
activation to accelerate melanoma initiation. In recent work, we found that the third most significant
deletion in melanoma only contains the adherensdtion geneNECTINlheterozygously deleted in 55%

of cases. Staining of human melanomas revealed that NECTINL1 levels were lower in metastases than in
primary tumors. To test NECTIN1 functiowivg we generatedhectinkknockout melanomas in zebrafish.

In a subcutaneous transplantation assay in transparent zebrafish where we can visualize the dissemination
of pigmented cancer cells sity, nectinkknockout tumors spread-tld more than controls. Surprisingly,

in human melanoma cell lineNECTINhactivation by shRNA or CRISPR only increased cell migration and
invasion upon depletion of IGF1. Mechanistically, IGF1 inhibition induced robust formation of adherens
junctions betweenNECTINdildtype melanoma cells, but noWECTINknockout cells. Cell suide
proteomics revealed that NECTHdéficient cells instead activated an integdependent celimatrix
adhesion program resulting in FAK/SRE&diated motility. Finally, in 20 human melanoma biopsies,
adherens junctions were seen exclusively in areaswfi®F1, but not in NECTHdé&ficient tumors. Our

study uncovers a mechanism by which the status ofamlicontacts modulates the cellular response to
local growth factor signaling, thus controlling the decision of cancer cells to stay or leave the tumor
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Introduction: Melanoma is the most aggressive and lethal form of skin cancer whose main etiological
factor is exposure to ultraviolet (UV) radiation. The identity of the original target cell that acquires the
requisite DNA lesions for transformation to ragbma still remains elusive. In human skin, neural
crestderived precursors of melanocytes, the dermal stem cells (DSCs), are discussed to be at the origin of
melanoma. DSCs are subjected to UV radiation, especially to UVA, which penetrates deep intmibe de

but also to UVB in the upper dermis layers. Therefore, DSCs are of great interest for the study of melanoma
genesis. Although they are constantly exposed to solar UV radiation, it is still not investigated in detail how
DSCs cope with Uvduced DNAlamage.

Methods: Here, we report a comparative study of the DNA damage response in DSCs after UV exposure in
comparison to fibroblasts, melanocytes and keratinocytes, all isolated from human foreskin. Cells were
irradiated with different doses of UVA atdlvB (using an irradiation device that mimics solar radiation)

and DNA repair capacity, cell cycle alterations, as well as induction of apoptosis were measured. In
addition, we investigated if DSC characteristics like the formation of spheres and theerditigon
capability into melanocytes were affected by UV exposure.

Results DSCs repaired DNA photolesions as efficient as the other skin cell types, with solely keratinocytes
repairing significantly faster. Interestingly, DSCs showed neither greagjelan cell cycle distribution nor
induction of apoptosis following irradiation with both UVA and UVB. The other cell types displayed distinct
alterations in terms of transient cell cycle arrests, especially after exposure to 900 J/m2 UVB. Irradiation
with 900 J/m2 UVB also induced cell death in melanocytes and fibroblasts.

Following UV exposure, DSCs were still able to form characteristic spheres in suspension culture, however
with a significantly lower amount of spheres when irradiated with UVB (300@, 3x300 J/m32). The size
distribution of the formed spheres slightly shifted towards greater diameter. Differentiation of DSCs into
melanocytes was not affected by single UV irradiation, as confirmed by expression analysis of melanocyte
markers MITF, Tysinase, TRP1 and TRP2.

Conclusion We demonstrated that the UV damage response of DSCs differed from other skin cells and
that exposure to UV might also affect stem cell characteristics. Altogether, our results show that DSCs
represent a novel and uniquaodel to study the effects of UV radiation on the DNA damage response and
differentiation ability of DSCs, connected with their potential relevance for the genesis of malignant
melanoma.

152



Photosystem Il and Oxygen Evolution

Invited speakers:

ILS2 Anja KriegetlLiszkay (PariSaclay, France)

Plastid Terminal Oxidase (PTOX) protects photosystem | and not photosystem Il against photoinhibition in
Arabidopsis thaliana and Marchantia polymorpha

IL53 Roberta Croce (Amsterdam, The Netherlands)
Photointibition in PSII
IL54 Muhamed Amin (Groningen, The Netherlands)

Predicting the oxidation states of Mn ions in the oxygaolving complex of photosystem Il using
supervised and unsupervised machine learning

IL Noam Adir (Haifa, Israel)

Coupling isolated Photosystem |l to Ngpiwotocatalysts for overall water splitting.

153
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The plastid terminal oxidase PTOX controls the oxidation level of the plastoquinone pool in theithylako
membrane and acts as a safety valve upon abiotic stress, but detailed characterization of its role in
protecting the photosynthetic apparatus in high light is limited. Here we used PTOX mutants in two model
plants, the angiospermArabidopsis thalianaand the liverwort Marchantia polymorphaA. thaliana
possesses one PTOX isoform wMlepolymorphahas two isoforms, one closely related to the isoform of
plants and the second one closely related to the alga isoform (Messant et al., 2021). We created a
uniformly green Arabidopsis PTOX mutant that expresses the bacterial carotenoid desaturase CRTI and a
double mutant in Marchantia lacking the platyjpe and the algaype PTOX enzymes. In both species, lack

of PTOX affected the redox state of the plastoquimqool as shown by chlorophyll fluorescence. PTOX
mutants showed less limitation of electron donation to photosystem |. Exposure of plants to high light
intensity showed higher susceptibility of photosystem 1 to ligltuced damage in the absence of PTOX
while photosystem Il was more stable demonstrating that PTOX plays both;axiglant and an arti
oxidant rolein viva Our results shine new light on the function of PTOX in protection of photosystem | and
Il.
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Messant M, Shimakawa G, Perreau F, Miyake C, Kiliegihay A (2021) Evolutive differentiation
between algaand planttype plastid terminal oxidase: Study of plastid terminal oxidase PTOX
isoforms in Marchantia polymorpha. Biochim Biophys Acta Bioed8Gf(1):148309
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Photoinhibition in PSII

Roberta Crocé

1 Vrije Universiteit Amsterdam, The Netherlands
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Predicting the oxidation states of Mn ions in the oxygenevolving complex of photosysteusiiig
supervised and unsupervised machine learning

Muhamed Amin

National Institutes of Health (NIH), the National Heart, Lung, and Blood Institute, Division of
Intramural Research, Biochemistry and Biophysics Center / Laboratory of Computational Biology, Bethesda,
MD, USA

Serial Femtosecond Crystallography at theyXFree Electron Laser (XFEL) sources enabled the imaging of
the catalytic intermediates of thexygen evolution reaction of Photosystem Il (PSIl). However, due to the
incoherent transition of the States, the resolved structures are a convolution from different catalytic
states. Here, we train Decision Tree Classifier ame&ns clustering modetsn Mn compounds obtained

from the Cambridge Crystallographic Database to predict tstat® of the Xray, XFEL, and CryoEM
&0 NHZOGdzNB& o6& LINBRAOGAY 3 (i K-8vohving €binplef. HieRodelAagrges & G |
mostly with the XFEL structurasthe dark $state. However, significant discrepancies are observed for
the excited XFEL states,(S and ) and the dark states of the-tdy and CryoEM structures. Furthermore,
there is a mismatch between the predicteestates within the two monomes of the same dimer, mainly

in the excited states. We validated our model against other metalloenzymes, the valence bond model and
the Mn spin densities calculated using density functional theory for two of the mismatched predictions of
PSII. The model ggests designing a more optimized sample delivery and illumiation systems are crucial
to precisely resolve the geometry of the advancedt&es to overcome the noncoherentstate
transition. In addition, significant radiation damage is observed {rayXand CryoEM structures,
particularly at the dangler Mn center (Mn4). Our model represents a valuable tool for investigating the

electronic structure of the catalytic metal cluster of PSII to understand the water splitting mechanism.
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Coupling isolated Photosystem |l to Nasahotocatalysts for overall water splitting.

Noam Adir

Schulich Faculty of Chemistry, Techmjdsrael Institute of Technology, Haifa Israel 32000. nadir@technion.ac.il

Oxygenic photosythesis is the most important sol&@nergy conversion (SEC) process in nature,
providing the planet with its oxygen atmosphere and the biosphere with almost all of the chasad
nutrients required for normphotosynthetic life. Photosynthesis has been stubextensively for the last
century, leading to a deep understanding of the connection between the structures of the
Photosynthetic complexes and their functionalities. The products of photosynthesis have been used as
fuels for human society for thousasaf years, however extensive combustion of these products has led
to an environmental crisis. Necombustionbased SEC by photosynthetic organisms and isolated
systems is a potentially cleaner way to utilize the power of photosynthesis for this purpésdave

shown over the past few years the potential of using live photosynthetic systems fort&#€, 1 will
describe our success in functionally linking the water oxidation capabilities of isolated Photosystem ||
(PSII) to different materials, to perfm SEC within different architectures of fibotoelectrochemical

cells (BPECSs). In both cases there is the need to overcome the limited cross section for absorption of
isolated PSII. In the first case we coupled thermopfhilielongatus?SlI to isolateghycobilisome
complexes, leading to absorption and electron harvesting beyond the absorption of chlorophyll.
Integration of the PBESII supecomplexes within an Gsomplexmodified hydrogel on macrporous
indium tin oxide electrodes (MA O) resulted imotably improved, incident photcto-electron

conversion efficienciésAn alternative method is to couple PSII to goéthoparticles (AUNPs) to harvest
electrical current. Modifying these semiconductor AuNPs, with-Bighlore1,4-Benzoquinone (DCBQ)

efficiently and functionally enables very high currents to be obtained at wavelengths throughout the

GAaA0tS NIy3ISP ¢KS !'dzbtda aSNWS 020K a +Fy yaSyyl

the electrons to the BPEC.

References:

1) Shlosberg et al. Frontiers in Plant Science 2022
2)Hartmann et al. J. Mat. Chem. A 2020

3) Shoyhet et al. J. Mat. Chem. A 2021
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The impact on sunscreens on aquatic environments

Invited speakers:
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Environmental aspects of cosmetic UV filters used in sunscreens

Sascha PawlowskLaura H. LuetjedsStephanie AckérBernd Herzog Mechtild PetersefThiery

1BASF SE, Department of Product Safety, Carl Bosch Str. 38, 67056 Ludwigshafen am Rhein, Germany

2BASF Grenzach GmbH, Global Development/Technical Service UV, Koechlingstral3e 1, 79639 Grenzach
Wyhlen

3BASF Personal Care and Nutrition GmbH, Product Stevipu&€FHS Data Management,

Rheinpromenade 1, 40789 Monheim am Rhein

Sunscreens and their UV filters within protect human skin from both skin damage and skin ageing.
Therefore, sunscreens contribute to the EU skin cancer prevention program. UV filteighareorganic

or inorganic and adsorb and/or scatter the light in the UV A and/or UV B wavelength range. Due to
various leisure activities such as swimming, snorkeling or diving, UV filters are likely to enter lakes, rivers
and marine coastal areas. Dteetheir intrinsic physicathemical substance properties (e.g., poor water
solubility, high logarithmic octanavater partition coefficient (log Pow)), UV filters may often be

considered as harmful to the environment. In the EU, the consumer safety filtds¥ is addressed via

the Scientific Committee for Consumer Safety (SCCS), whereas the worker and environmental safety is
addressed via EU REACH. Under REACH, hazardous UV filters require an environmental risk assessment
(ERA) to demonstrate a safe ummnsidering all life cycle stages. To cover the specific use in sunscreens,
applicationbased ERA tools are developed through a joint collaboration between UV filter producers and
cosmetic sunscreen formulators. Ongoing discussions related to the potiamgiatt of UV filters on the

global coral reef decline are jointly addressed through international working groups by developing
standardized testing methods on corals. Additionally, the EcoSun Pass tool combines environmental and
functional aspects of UNiters and therefore allows for the optimization of sunscreen formulations with

respect to more ecofriendly products and thus also supports the EU Green Claims initiative.
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The impact of sunscreens on aquatic environments

Véroniqgue POULSEN

Head of Environmental Safety Q h Mdohidue.poulsen@loreal.com

Cosmetics and personal care products (CPCP) are most frequently used in the bathroom. After rinsing
they flow down the drain where they mix with wastewaters. In industrialized coesittiey are directed

to sewage treatment plants, but in many developing countries wastewaters may directly be discharged
into rivers and the seashore. Among them, sunscreens may in addition be directly released by swimmers
into lakes, rivers, and the oceadV filters, besides being part of sunscreens, are also present in a wide
array of consumer and industrial products (such as paints and dyes), for the purposes of UV stabilization.

These products may in turn reach the waterways through urban and industastewaters.

The report of UV filters presence in the environment, has led to a rapid increase in research on their
potential environmental impact. An extensive review of Fate, Exposure, and Effects of Sunscreens in
Aquatic Environments and Impditons for Sunscreen Usage and Human Health has recently been carried
out by the National Academy of Sciences at the request of the U.S. Environmental Protection Agency. It
shows that there are gaps in the data set to be used in a robust risk assessmsansofeens and their
ingredients towards aquatic environments. Indeed, it is crucial to determine whether and under which
conditions individual or mixtures of UV filters are a risk to organisms and ecosystems andhesere
conditions might occur.

Tothat end, their ecological risk assessment (ERA) proceeds by integrating information about exposures
in the environment with information about adverse effects on aquatic species mostly observed under
laboratory conditions. Many aquatic toxicity testing etlologies have been standardized (OECD, ISO,
DIN, ASTM). Testing methods to assess the impacts of chemical compounds on corals have been
developed by several stakeholders, but their standardization has yet to be undertaken. In parallel, the
ICCS (Internainal Collaboration on Cosmetics Safety) initiated a project for the development of
exposure models to estimate concentrations of UV filters in marine and freshwater environments.

The purpose of this presentation will be to present the trends and acksin this challenging context.
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Communications in photoprotection

Oral communications:

OcCel Jakob HeydenreichElectronic UVR dosimeters used to measure time spent outdoors
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skin cells to sunlight: A powerful approach towards personalised sun protection

OC& Diego SampedroComputational design and synthesis of new and efficient sunscreens
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Batool AlbadainehThe dual protective role of trarsinnamic acid as an antioxidant and iron chelator in
UVAirradated skin fibroblasts

Leonardo LopezZDesign and evaluation of novel UV filters for photoprotection

Helena PolenaA randomized comparative study on melasma during summer with a visibleligtected
tinted sunscreen versus a standard Atimted sunsceen

Carolina LorenteAntioxidant properties of vanillin during photosensitized oxidation of biomolecules
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Electronic UVR dosimeters used to measure time spent outdoors

Jakob HeydenreiéhHans Christian Wulf

1 Department of Dermatology, Copenhagen University Hospital Bispebjerg, 2400 Copenhagen, Denmark

Personal ultraviolet exposure has for decades been measured with electronic dosimeters that at a given
timepoint measures the solar ultraviolet radiation asaves the measurements with a timestamp. It can
be used to establish relationships between behavior (hiking, working outdoor etc.) and sun exposure.

As there is no UV radiation (UVR) indoor one could assume that time with no UVR measurements equals
being indoor. This can be used to calculate time spend outdoors and this method has been used in
several papers. The method seems simple and straight fahlvat can cause significant errors.

In this study 8 people were wearing a personal electronic UVR dosimeter during a holiday with a total of
66 measurement days. Every second an UVR measurement was saved from 9 AM to 7 PM. The high
1second sample rate nabe used to simulate lower sample rates by choosing a subset of measurements.
Besides the sample rate, dosimeters can be programmed to save the average of the UVR measurements
at different time intervals. These can also be simulated. The dosimetersigigyngit defined as how low

UVR levels they can measure, and different sensitivity levels can be simulated by setting recorded UVR
measurements below the chosen level to zero. For example, can a dataset wsicarid sample rate

be used to simulate a ®esond sample rate by choosing every 5th measurement. If the measurements

are saved every 10th minute, 120 measurements are summed (integrated) and measurements below the
chosen sensitivity level is set to zero. Different dosimeter settings and propeatigsecsimulated and

thereby the effect on the calculated timeutdoors like shown on the figure below. Specific cases based

on published dosimeter settings and the corresponding calculated time spend outdoors also are
presented. One of the cases shows ffedénce of 86% using the exact same UVR exposure data.
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The calculated timeutdoor is shown for different integration periods for all subjects (n=8) with an UVR

measurement every second. An integration period is how often measurements are stior&d3n R2 8 A YS i SND a
memory. Periods where the sum of all the measurements are zero are regarded as periods where the subject is
indoor. The calculated timeutdoor is set to index 100 when the integration period is 1 second and the sensitivity is
0.01 SED/h (bck curve). The green and yellow curve represent sensitivity 0.09 and 0.4 SED/h. It is seen that
increasing the integration period (s) increases the calculated time spent outdoor. Lowering the dosimeters

sensitivity decreases the calculated time spentioot.
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Synthesis and photoprotection mechanism of novel sunscreens

B. Peiiiih R. LosantdsL. Lopexéndot, D. Sampedro

1 Department of Chemistry, Centro de Investigacion en Sintesis Quimica (CISQ), Universidad de La Rioja, Madre de

Dios, 53, 26006 Logrofio, Spain.

Sunlight is essential for living organisms, although it also promotes photochemical reactions with harmful
effects. In human beings, UV irradiation is the main responsible for these damaging effects causing
permanent pigmentation and erythema which can evolve dangerously to cancer illness. Deleterious effects
of sunlight may be minimized by the correct use afistreens. However, commercial sunscreens have
also shown limitations and safety concefn3hus, the development of novel, efficient and safe

photoprotection systems has become a crucial challenge for our society

In our research group, we have designed aynthesized a series of organic molecules, inspired by natural
Mycosporinelike aminoacids (MAAs), which have excellent properties as sunscreens. These biomimetic
molecules are based on an amiopclohexenimine core and exhibit high photostability, laak
fluorescence and strong UV absorption. Also, the synthetic organic protocol is readily accessible and

scalable, making these structures ideal for real applicatfons.

Herein, we have synthesized a two different series of compounds which are clalsagidion the amine
residues, which can be either an alkyl or an aryl group. Both families shared extremely good photochemical
features such as high photostability and absorption but, according to our computational dynamic study of
the photoprotection mechaism, we have demonstrated a two mechanism of operation:-suiistituted
compounds relax through a Z/E isomerization mechanism and-adisgd compounds relax through a

plane deformation of the ring coré.
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Figure 1. MAAs inspired derivatives.
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powerful approach towards personalised sun protection

Charareh Pourzand, Haobo G& Batool Albadainef Agostino CilibrizZi, Yongmin M3 Robert Hider

1 Department of Life Sciences, University of Bath, Bath, UK
2 Centre for Therapeutic Innovation, University of Bath, Bath, UK

3 Institute of Pharmaceutical Science, King's College London, London, UK

We have previously demonstrated that in skin cells, the level of cytosolic labile iron (LI) increases following
UVAradiation, and this phenomenon plays a key role in exacerbating the oxidative damage in exposed
cells leading to photoaging and photocarcinogenésighile originally LI was considered to be only
cytosolic, there is now strong evidence that both mitochoadind lysosomes contain high levels of LI,
making these organelles highly vulnerable to oxidative damage, notably following exposure of skin cells to
oxidising UVA radiation that can be prevented by orgaAs#ieneableftargeted iron chelators pre
treatment2l 2 6 SGSNE G2 RIFEGS GKS SEIFOG S80St 2F ol alft |
been established. We have recently developed a series of highly specific fluorescent iron sensors based on
hydroxypyridinones capable of sensitively evalogtihe level of intracellular cytosolic, mitochondrial, and
lysosomal LI in matched primary skin fibroblasts and keratinocytes obtained from the same individuals.
¢tKSaS SOIrtdza dA2ya LINPBARSR F2N 0KS Thadkikdels,bdsatdS K S
on the highly specific sensors used andsituiron (1) and iron (l11) calibration curves, as applicable. The
results demonstrated that skin keratinocytes have a much lower level of intracellular LI than skin
fibroblasts which is caistent with their higher resistance to iremediated oxidative photodamage
exerted by UVA component of sunlight. In comparison skin fibroblasts from the same individuals exhibited
two-threefold higher level of intracellular LI, with the major LI concdiira accumulated in their
mitochondrial compartments. The higher mitochondrial level of LI in skin fibroblasts correlated with their
higher susceptibility to U\kduced oxidative damage to mitochondria and necrotic cell death as
evaluated by MTT and Anniex\V-propidium iodide dual staining assays. The determination of the labile
ANRY2YS 2F &a1Ay OStta YlIe 0SS I LR26SNFdAZ YSIya 27F
to photoaging and photodamage caused by sunlight.
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Computational design and synthesis of new and efficient sunscreens

Diego Sampedro

Department of Chemistry, Centro de Investigacion en Sintesis Quimica (CISQ), Universidad de La Rioja Madre de

Dios, 53, 26006 Logrofio, Spain.

The incidence of skin cancer has been steadily increasing during the last years. This has been related to
several reasons, being the increase in sunlight exposure time one of the most relevant. The use of
sunscreens has proven of extreme importance in otdeprevent the damaging effects of sunlight. There

is currently a wide variety of commercial products available in the market, but in most cases the active
ingredients that actually prevent the light absorption are only a few. Even more, some of them are
suspected to have serious concerns about safety regarding both human body and the environment. On
top of that, the commercial products are expected to be as environmentally friendly as possible, degrade
after use and not bioaccumulate. This long list @fjuirements makes the preparation of new active

ingredients for sunscreens a challenging task with profound implications in the field.

During the last years, we have explored by computational means a series of natural occurring compounds
known to have esellent properties as sunscreens in biological environments. [1,2] Using the knowledge
gathered by the computational study, we were able to design and prepare a series of compounds with

very relevant properties. [3,4]

In this contribution, we will revig our efforts in the computational design, preparation and use in real

formulations of new compounds that could potentially act as active ingredients in sunscreens.

N
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New sunscreens have been prepared after computational design and tuning.

(1 D. Sampeds Phys. Chem. Chem. PH3@11, 13, 5584¢ 5586.

(2 R. Losantos, M. S. Churio, D. Samp&iremistryOpeB015 4,155¢ 160.

3 R. Losantos, |. Funésdoiz, J. Aguilera, E. Herre€aballos, C. Garelaepa, P. J. Campos, D. Sampedingew.Chem.
Int. EA.2017 56, 26322635.

4] R. Losantos, |. Lamas, R. Montero, A. Longarte, D. Sanflegs@€hem. Chem. Phy201921, 1137611384
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Ultrafast studies to unravel the dynamics of photoactivated biological processes

Invited speakers:
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Functional dynamics of a photoactivated adenylate cyclase revealed by sitsgfactroscopy and time
resolved
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(TimeResolved) Spectroscopy
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Ultrafast dynamics of biological systems at the Alvra endstatipBwissFEL

Camila BacellarClaudio Cireflj Emma V. BealgFlorian Dworkowski Philip J. M. Johnsén

1 SwissFEL, Paul Scherrer Institute, Villigen PSI, Switzerland

The advent of Xay Free Electron Lasers (XFELs) has enabled the study of ultrafast phenomena in the X

NI &8 NI y3ISs RdzS G2 - CC9[ LlzZ aSaQ dzyAljldasn, & welllasd A £ A G
unparalleled peak brightness. Consequenithgny established techniques have expanded into the time
domain, while novel photointensive methods have been developed at XFELs. These advances have also
made it possible to take full advama of the element and sitepecificity of Xay spectroscopy
techniques, such astdy Absorption (XAS) andry emission (XES), as well as the spatial resolution from
scattering and diffraction techniques, such asa}X Solution Scattering (XSS) and é&dfemtosecond
Crystallography (SFX), enabling novel insights into ultrafast processes occurring within complex

biomolecular systems.

In this talk, | will introduce SwissFEL and the technical capabilities of the Alvra endstation and showcase
scientific hghlights from Serial Femtosecond Crystallography experiments, as well as present future

perspectives in the field of ultrafastray techniques applied to biological systems at Free Electron Lasers.
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Realtime response of photoactive (macro)moleculiespH via a novel ultrafast spectroscopy tool

Nicoletta Liguofi?, Dominik Bauerfe John T.M. Kenrlis

1 Vrije Universiteit Amsterdam, Faculty of Science, Dep. Physics and Astronomy, De Boelelaan 1081, 1081 HV

Amsterdam. The Netherlands

2 ICFO The Institute of Photonics Sciences, Castelldefels, Barcelona, Spain

Changes of pH initiate a variety of molecular processes that are fundamental to life. It is known that, at the
protein level, a sudden change of pH can drive conformationalgdmrn the case of proteins that bind
chromophores, like photosynthetic lighiarvesting complexes or microbial rhodopsins,-grit¥en
conformational changes then affect the energetic landscape of the pigments and, in turn, switch on and
off the overall function of the compleX®.

| 26 SOSNI GKS ISy SNI f #fsRassocibditiNdonfofntatiofal chahgésSisi Dbrelsdution M
for the existing techniques, making it difficult to answer the question: how fast and via which intermediate
steps do photoative complexes respond to pH?

We will here present a novel ultrafast spectroscopy tool that finally allows to quantify: i) how fast

conformational changes take place in photoactive materials following a suddgmpiiand ii) how fast

and in which termshe energetic landscape of these materials is affected when the environment changes.

[1] Li, Z.; Wakao, S.; Fischer, B. B.; Niyogi, K. K. RenuPlant Biol. 2009, 60, 239.

[2] Liguori, N.; Roy, L. M.; Opacic, M.; Durand, G.; Croce, R.Gh&m. Soc. 2@l 135, 18339.

[3] Liguori, N.; Campos, S. R. R.; Baptista, A. M.; Croce, R. J. Phys. Chem. Lett. 2019, 10, 1737.

[4] Nagel, G.; Ollig, D.; Fuhrmann, M.; Kateriya, S.; Musti, A. M.; Bamberg, E.; Hegemann, P. Scip26823296,

2395.

[5] Hontani, Y.; Ganaplay, S.; Frehan, S.; Kloz, M.; De Grip, W. J.; Kennis, J. T. M. J. Phys. Chem. Lett. 2018, 9, 6469.
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Functional dynamics of a photoactivated adenylate cyclase revealed by ultrafast spectroscopy and
time-resolved Xray methods

Jinnette Tolentino ColladpZsuzsana FekéteGregory M. GreethafnJames N. luliadpSofia M.
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. European Synchrotron Radiation Facility (ESRF), Grenoble, France

. School of Chemistry, University of East Anglia, Norwich, NR4 7TJ, UK

. Institut de Biologie Structurale (IBS), Université Grenoble Alpes, CEA, CNRS, Grenoble, France
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Light activated proteins are at the heart of photobiology and optogenetics. OaPAC (photoactivated
adenylate cyclase fro®scillatoria acuminatpis a promisig candidate for optogenetic applications as

the cAMP (cyclic adenosine monophospheada)important second messengdevels produced in the
adenylate cyclase (AC) domain of the enzyme can be modulated byidgitueThe hydrogen bonding
network that surrounds the flavin in the BLUF (blue light using flavin) domain of the enzyme plays a critical
role in sensing and communicating the changes in the electronic structure of the flavin to the protein
matrix. Using pumyprobe spectroscopy and timeesolved solutin scattering in combination with site
directed mutagenesis to modulate the flavin environment, we have probed the protein dynamics of OaPAC
and have mapped the photochemical mechanism and structural changes in the AC domain. Our work
elucidates the directconnection between BLUF photoactivation and the structural and functional

implications on the AC domadih
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Structural changes of carotenoid echinenone in orange carotenoid protein (OCP) studied by
femtosecond stimulated Raman spectroscopy

M. Kloz,t & 2 dzd tT]F8edrich, T.Polivkg E. MaksimoV
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2 Technische Universitat Berlin, Institute of Chemistry PC14, Berlin, Germany
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4 Faculty of Biology, M.V. Lomonosov Moscow State University, Moscow, Russia

Orange carotenoid protein (OCP) [1] shown in the figure 1 is a perfect system to study changes in cofactor
structure during photoswitching of proteins by Raman techniquesodtda single xanthophyll molecule

and undergoes weltudied (but not yet fully understood) extremely low quantum yield photocycle that

is associated with the loss of vibrational structure in the absorption spectra. Our experiments suggest that
bond braking does not happen during the excited state.

04

e Q R-Phycoerythrin Orange .
Caminod NTE Dark state Ne_ Photo-activated
i M —_— ) —
0,
5 w288 CTD\ W0 wa1 w288 CT a Wt
Ff e | ol
8 e ,.TOW /\/\@ W
3 (o)
& () @
35-40A Y201 © ® Y201 O (= @)
Excitation Energy Transfer w277) NTD w101 w277 NTD
Efficiency up to 85 %

100

Y201W

Time (ps)
-
P
_—
—
»
;me (ps)

AL,

500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000
Raman Shift (cm™") Raman Shift (cm™) Raman Shift (cm™)

The orange carotenoid protein consists of two subunits that get mutually loose after carotenoid excitation that

switches it betweenthe sOF t £t SR G NBRE FyR 2N} y3ISé aidhaiv&tngproteiis G KI G 1
while greatly increasintheir nonradiative decay of excitons. Both the mechanism of OCP photoswitching and its
subsequent role as a trigger of nphotochemical quenching is yet to be understood. We studied the wild type and

two types of mutants (including utilization of neanonical amino acids) to understand the role of hydrogen bond

formation in the photoswitching mechanism by Stimulated Raman scattering. (figure is with courtesy of Eugen
Maksimov)

Reference
1. Yaroshevich, I.A., Maksimov, E.G., SluchankoeNaN Commun Biol4, 539 (2021).
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Investigating a B-Dependent, Photochemical Gene Switch by Ultrafast IR Spectroscopy
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Although it has been known for decades that derivatives of vitanpii® sensitive to light,it was only

recently discovered that this photochemistry has a role in nature, withhi lightsensing chromophore

in the bacterial transcriptional regulator protein, CarHh the dark, CarH binds to coenzyme. B
6pQRS2Ee&l RSy2ftaetO26lfl YAYyEZT ! R2/06f02 6KAOK {NX3IS
blocking transcription (Figa). Photolysis of the upper axial ligand of AdoCbl (Fig. 1b) results in structural
changes in the protein that lead to tetramer dissociation and DNA refe@bes, light switches on the

genes that control the biosynthesis of carotenoids in response taquixidative stress.

The biochemistry and photochemistry of AdoCbl are strongly inclined towards radical mechanism. This
appears to be very different in CarH, consistent with its role in protection against photooxidative stress.
We have used UVis transiat absorptiorf and timeresolved infrared experiments (unpublished) with
femtosecond resolution to show how CarH tunes the photochemistry of AdoCbl, allowing it to function
safely as a lightlependent transcriptional regulator. In these studies, we haeatified charge transfer

states that are stabilised by the protein and steer AdoChl away from rdutisald photochemistry. Further
understanding of the link between specific protdinR2/ 6f Ay GSNI OdAzya | yR
photochemistry willultimately inform the rational design of optogenetic tools and ligasponsive smart
materials based on this system.
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Fig. 1. a)ProteinDNA complex assembly and disassemblyAdoCbl photoconversioAdapted from (1) & (4).

(1) Jones, A. R., The photochemyséind photobiology of Vitamin:B PhotochemPhotobiol. Sci2017, 16, 820.

(2) Ortiz-Guerrero, J. Met al,, Lightdependent gene regulation by a coenzyme Bh2ed photoreceptorProc. Natl. Acad. Sci.
2011, 108(18), 7565.

(3)Jost, Met al,, Structural basis for gene regulation by a BlEpendent photoreceptorNature, 2015 526(7574), 536.

(4)Kutta, R. Zt al,, The photochemical mechanism of g-Bependent photoreceptor proteinNature Communication2015,
6, 7907.
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Artefact-free balarced detection for measurement of subpicosecond circular dichroism in
biomolecules

Francois HachePascale Changerfet
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Circular dichroism (CD), which is the differential absorbance betweeratedtrighthanded circularly
polarized light, is a very popular technique for analyzing the secondary structure of biomolecules at
equilibrium in solution. Combination of pumgobe techniques and CD spectroscopy provides a

versatile tool to access the conformational and electronic structure changes of chiral molecules over a
wide range of time scales. However, despite recent technological advancesgetamiged CD

experiments athe femto-picosecond time scale are still challenging, due to their very weak signals
prone to artifactst Taking advantage that the transmission of linearly polarized light by a chiral sample is
elliptical, we recently implemented a duatm ellipsometrydetection on a femtosecond puraprobe

set-up, with the combination of a quartevaveplate and a Wollaston prism (cf. figure). With this

balanced detection geometry, the probe ellipticity can be directly accessed with a single laser shot
allowing subpicossond CD measurements with an accuracy ofl@D (1 mdeg) with very short

acquisition timesi(e.a few min.)?2 In this presentation, | will illustrate the potential of this new

detection and the strategy to eliminate polarization artefacts for the stofgroteins and DNA.

Probe

<>
270 nm N
1kHz P

— Smple woljaston i)

Pump p .
400 nm Prism
1kHz Chopper

500 Hz

Figure: Suipicosecond duahrm ellipsometric TRCD detection. P: Glan polarizer. QWP: quarteplate L: Lens.

Detland Det2: sample probe polarization detectors.
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Multi -scale transient absorption study of photohydration in the fluorescent protein Dreiklang and two
point variants
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Dreiklang is a reversibly photoswitchable fluorescent protein used as a probe in advanced fluorescence
imaging. It undergoes a unique photoswitching reaction based on the reversible addition of a water
molecule to the chromophorehe mechanism of which is highly debated. In a first experimental study of
Dreiklang by femtosecond transient absorption spectroscopy, we observed an ultrafast estaited
proton transfer (ESPT) which we assigned to the first photohydration step [1]. uéowie was then
proposed on the basis of quantum chemistry calculations that photohydration is initiated by an electron
transfer from a tyrosine residue (Tyr203) to the chromophore [2,3]. Furtherrbesgmnd the primary step,

the timescale and mechanisnf fmrmation of the final hydrated state remained to be established.

We will present a new study of the photohydration of Dreiklang by transient absorption spectroscopy in
which 1) we covered for the first time all relevant timescales from 100 fs to secamd 2) we compared

the original Dreiklang protein with two point variants in which proton or electron transfer is blocked [4].
The picture that emerges from our work is that of a competition between photohydration and several non
productive reaction pativays (Fig. 1). We found that photohydration has a low quantum yield of 0.4%,
that it proceeds via a shafived chargetransfer (CT) excited state, as proposed by theoreticians, and that

it is completed in 33 ns. Ngoroductive deactivation pathways compe decay of the CT state by charge
recombination, ESPT from the chromophore to a histidine residue (His145), or decay to the ground state
via micro/millisecond lived intermediates.
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Figure 1. Proposed model for the lightluced dynamics of Dreiklang starting from its ON state, with chromophore
structures in the ON and OFF states and experimental kinetics of formation of the hydrated OFF state.
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Photoenzymatic decarboxylation of mediurhain fatty acids boosted by an unexpected atfm-
catalytic effect ofn-alkanes
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Ongoing climte change and geopolitical tensions are driving the search for renewable, eadotral and

local alternatives to fossil fuels. Photocatalytic conversion of fatty acids to hydrocarbons by Fatty Acid
Photodecarboxylase (FAP) represents a promising rautgden fuels. However, the alleged low activity

of FAP on GE12 fatty acids seemed to preclude the use for synthesis of gasatige hydrocarbons. We
reveal thatChlorella variabili=FAP CWFAP)in vitro can convert octanoic acid four times faster than
hexadecanoic acid, its best substrate reported to date. We also showirthavothis translates into a
CWAPRbased production rate over tefold higher forn-heptane than fom-pentadecane. Timeesolved
spectroscopy and molecular modeling provide evidence that the high catalytic activity of FAP on octanoic
acid is in part due to an autocatalytic effect of iheptane product. These results should guide future
FAP improvement strategies and represent immportant step towards a bibased and lightiriven
production of gasolindike hydrocarbons.
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The product of octanoic acid decarboxylatiofhaptane, cecatalyzes the photodecarboxylation of further octanoic

acid substrates by the FAP photoenzyme.

Reference: Samire P.€t.al. Autocatalytic Effect Boosts the Production of Medi@hain Hydrocarbons by Fatty Acid
Photodecarboxylasescience Adv2023 9 (13) eadg3881.
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Ultrafast photoswitching in a flaveenzyme involving a flavisinhibitor charge transfer complex
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Flavins are chromophores that display highly versatile redox properties. Somebiladiing proteins are
functionally photoactive. Yet most display lightlependent functions, although in these photophysical
processes also occur. Such processes can have photoprotective functions, and may also be exploited for
photocatalysis or photoswéhing applications.In this presentation we highlight the discovery of

efficient and ultrafast photoswitching in a flavoenzyiméibitor complex? and recent progress on this

system. Monomeric sarcosine oxidase (MSOX) is a functionally nonphotocatattgciél flavoprotein

oxidase, which exhibits ultrafast phetoduced electron transfer in the seseduced form® When

complexed with the substratanalogue inhibitor methylthioacetate (MTA) the oxidized FAD cofactor

forms a chargéransfer (CT) complexrengly absorbing in the red spectral region, unlike noncomplexed
FAD. Upon population of the photexcited CT state, with neamity quantum yield a state

spectroscopically identical to the naromplexed enzyme is formed on the femtosecond timescale in a
barrierless process. This implies that all CT interactions are vanished on this timescale. The initial CT
complex is subsequently recovered in a thermally activated way on the nanosecond timescale. These are
properties of a highly efficient redbsorbingohotoswitch. Indeed, at cryogenic temperature the
photochromic effect is quagiermanent. The possible ultrafast structural changes associated with this
unprecedented process are discussed, as well as receatgpth characterizations of the process and

possible extensions of this system for practical applications in the life sciences.
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Interactions between Angular Furocoumarins with DNA Studied by (FiResolved) Spectroscopy
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Linear furocoumarins, specifically psoralens, are eponymous for PUVA (psoralefA +iridtfiation)
therapy, which is widely used for the treatment ofrskliseases such as psoriasis. Nowadays, angular
furocoumarins (angelicins) are getting in the focus of biological studies [1], as they show two promising
properties compared to psoralenes: After reversible intercalation between DNA bases, angelicins
contrary to psoralens, which only photeact with thymine (T) basesform photoadducts with T and
cytosine (C) bases. Unlike psoralens, angelicins are postulated not to forrdicksswithin DNA after
photoexcitation due to their angled structure. This lapito form only monofunctional adducts is
associated with significantly reduced side effects of phototoxicity, which are disadvantageous in the PUVA
therapy with psoralens [2Heretofore, angelicins have not been studied spectroscopically in detalil.

Furan Monoadduct AT-DNA G -DNA Pyrone Monoadduct
Figure 1: Interaction of angelicin (ANG) with DNA containing only adémymgne (AT) or guanineytosine (GC)
bases. ANG intercalated in DNA forms-AJ\fghtinduced furan monoadducts in ANA. An analogous exposure
experiment with GDNA yields pyroneonoadducts.

This ongoing study investigates the interaction of the parent compound angelicin (ANG, Figure 1, center)
with DNA. Synthetic DNA containing only adertimgmine bases (ADNA) or guanineytosine bases
(GCDNA) is used. The selection ofuseges is based on our pioneering work with psoralenes, in which
timeresolved spectroscopy was used to observe photoinduced electron transfer (PET) in guanine
containing DNA [3]. Here, PET competes with the desired photoaddition [4,5]. Stisdel\spectracopy

on ANG intercalated into As well as GONA confirms the postulated photoreactivity, with respect to

T and C. Different double bonds of ANG are involved in the photoaddition wi{friglire 1, left) and GC

DNA (Figure 1, right). Preliminary timesolved studies confirm the absence of a (fast) PET for intercalated
ANG, which underscores the great potential of angelicins in phototherapeutic applications.

[1] C. K. Mahendra et akront. Pharmacol2020 11, 366. [2] F. Bordin et alPharmacal Ther, 1991, 52(3),
331-363.

[3] S. Frobel et alJ. Phys. Chem. Le®015 6(7), 12601264.

[4] S. Frobel et alChemPhysCher2016 17(9) 137%1386.

[5] J. Diekmann et glJ. AmChem. SoQ019 141(34) 1364313653.
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Phospholipidporphyrin conjugates for the design of photoactivatable namaterials to combat
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Phospholipieporphyrin conjugates (PRor) are amphiphilic scaffolds that consist of porphyrin
derivatives grafted to a lipid/phospholipid backbone4Jl Owing to their structural similarities with
phospholipids, several HRor conjugates have shown to lable to seassemble into liposoméke
assemblies exhibiting unique photophysical properties compared to their monomeric counterparts. For
these reasons PRor conjugates are considered nowadays as versatile building blocks to design
supramolecular asseblies with multifunctional properties and thus their application in photodynamic
therapy, photothermal therapy, photoacoustic imaging and phwiiggerable release properties [1, 4].
However, little is known about the impact of their structure on their@iase behavior at the air/water
interface, their assembling properties, and their optical properties as well as on their photothermal and
photodynamic activities.

In this work, we synthesized severati®r conjugates by changing either the photosédnsit (i.e.
porphyrin derivatives or phthalocyanine) [5] or the lipid backbones. The conjugates self assembled into
different supramolecular structures exhibiting tunable optical and photophysical properties. By combining
a variety of experimental technigsewith molecular dynamics simulations, we investigated the 2D phase
behavior at the air/water interface, the thermodynamic, the optical properties and the structure of the
PL-Por either sedassembled or when incorporated into lipid bilayer membranes Fhally, the
photothermal and photodynamic efficiencies of these assemblies were assessed on planktonic bacteria
and their biofilms [7].

Our results demonstrated that whereas changing the porphyrin moiety controlled the packing of
the monolayer and thsi the formation of organized domains, the lipid backbone and/or the chain length
dictated the structure of the formed domains. Finally, all of the conjugates were able to form
supramolecular assemblies with bilayers structures and exhibit different phetothl and photodynamic
activities against Gram + and Grarbacterial planktonic cultures and their biofilms depending on their
chemical structure.
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Photosensitizer nanoemulsions for anticancer and antimicrobial applications
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Novel nanoemulsions were created by the sedembly of a photosensitizer salt shell encapsulating a
food-grade oil core. This surfactafree two-component rmnoparticle system, named NewPS, has
excellent colloidal stability, is amenable to different photosensitizer salt from porphyrin to indocyanine
green (ICG), and is capable oflcading with chemotherapeutics, antibiotics or CT contrast. When the
NewPS casists of pyropheophorbida mono-salt, it displayed a remarkable smanomolar

antimicrobial photodynamic therapy efficacy against planktonic bacteria anlb@ @duction of

bacterial burden in both biofilms and murifiefected wound model by improvinghptosensitizer

delivery and homogeneous distribution in biofilm. When the NewPS consists of ICG, the complete
conversion of ICG to dimeric ICG occurred on the nanoemulsion shell, followedjgsedation of ICG
dimer. This dimeric IGRBased NewPS is phditeachingresistant, and it enables radiometric
photoacoustic imaging to guide effective photothermal therapy. This flexible, yet simple nanoplatform

can give rise to versatile theranostic applications for cancers and other diseases.
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LightsensitiveNano and Microstructures based on Conjugated Polymers: Optical control of the Cell
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Use of light for selective and atio-temporally resolved control of cell functions (photoceutics) is
emerging as a valuable alternative to standard electrical and chemical methods. Here, we propose the
use of smart materials, and in particular of organic semiconductors, as efficiehi@ampatible

optical transducers in the field of regenerative medicine.

Devices able to selectively and precisely modulate the fate of living cells, from adhesion to proliferation,
from differentiation up to specific function, upon visible light Wil presented. Examples of practical
applications, recently reported by our group, include optical modulation of the activity of both excitable
and nonexcitable cells, control of essential cellular switches like transient receptor potential channels
and other cationic channels, as well as effective modulation of intracellular calcium signaling for precise
control of cell metabolic processes. We describe fabrication and optimization of-raimlo

nanostructured polymeric interfaces, in the form of beads 8Bdscaffolds, with different cell models.

As representative examples, we report on (i) functional interaction with intracellular proteins, leading to
non-toxic modulation of the cell redox balarig€ii) a novel strategy to gain optical control of Endoitiel
Progenitor Cell (EPC) fate and to optically induce angiogenesis i (lity@ptical modulation of
mesenchymal stem cells and humiluced pluripotent stem cells physiological pathwiyiv) effects

of light-sensitive 3D scaffolds on neurogenés@urrent knowledge about the photactivated processes
occurring at the conjugated polymer/living cell interface, obtained by complementing several
physical/chemical/biological characterization techniques, is also critically discussed. The above
mentioned studycases represent, to the best of our knowledge, first reports on use of organic
semiconductors for optical modulation of the cell fate, with disruptive perspectives ihasdd

therapies. Future opportunities and perspective applications in regative medicine will be critically

evaluated in the conclusions.
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Emergent light source technology for phototherapy
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In phototherapy, photons and photon delivery are funantal ingredients to accomplish the therapeutic
outcome. Therefore, innovation in phototherapy is also driven by innovation in light sources, which can

reside in both technical advancemenmsr seand in the way their emission is conveyed to the targét [1

Here, prototypes of new light sources are presented and discussed for their innovative content, together
with preliminary data concerning their therapeutic efficacy. All the projects shown are focused on
antimicrobial applications, the innovation bgimainly in the source design to target difficult districts such

as internal organs: (i) an ingestible and an endoscopic source for stomach infection control and eradication;
(i) a breathable light source in the form of a ligimitting aerosol to contrdlung infections [2]. In addition,

a new UVéased device is proposed for the suppression of viral and bacterial epidemic spread, in the form
of a light barrier all=222 nm combined with a vertical air flux to convey exhaled infected particles to the
light source. This source is to be used in situations with constrained geometry (e.

g. public transportation, offices, waiting rooms etc.) in presence of humans, bnthigtested with SARS

Co\f2 cultures and two bacterial strains BSeudomonas Aeruginoaad Staphylococcus Aureus.
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Comparative study of indocyanine green and an indocyanine green dimer as photothermal agents
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Indocyanine green (ICG) is a famous fapgroved fluorescent marker used in medical diagnosis. ICG is
OKI N} OGSNAT SR o6& |y AyidSyasS tAIKG F0&2NLIGARY KA
nm), making it ideal for applications in pothermal therapy (PTT). The problem liked to ICG is its high
photochemical and chemical instability and its very short effectivelvalfin circulation (12240 s}?

which sorely hamper its application in PTT. Within this work, we explored the pdtefita covalent

dimeric form of ICG (dICG) as PTT agent. dICG which could be efficiently prepared by light ard oxygen
promoted ICG dimerization in water was studied in terms of optical and photothermal properties. dICG
shows drastically reduced fluorescenproperties compared to ICG, due to intramolecular resonance
energy transfer. However, its photothermal conversion efficiency (PCE) is enhanced and its photobleaching
propensity is reduced. The thermal expansion produced during PTT also generates phsticagaves

which can be used for photoacoustic imaging (PAI), in a theranostic approach. Thus, the photoacoustic
amplitude of ICG and dICG in solution was studied, reporting a better photoacoustic performance for dICG.
In vitro, both molecules proved to be ndoxic in FaDu pharynx squamous cell carcinoma cells under dark
conditions. Hence, our results reveal dICG as a promising PTT/PAI agent. However, as a small molecule, it
biodistribution to tumour maybe be ineffective. Théoee, the nanoformulation of dICG was here
investigated as an additional mean to improve dICG bioavailability. Both ICG and dICG molecules, were
formulated in polyion complex (PIC) coacervates, using a double hydrophilic block copolymer built of a
poly(2alky)oxazoline (PAOx) chain linked to a positively charged-lpmlyithine (PLO) segment. The
electrostatic interaction between the PLO with the negatively charged ICG or dICG drove the formation of
nanosized PICs. PICs were stable over time in wateRBi8 presence of increasing salt concentration,

while maintaining the good performances in PTT.
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(1) Lu, GH.; Hsiao, K. Indocyanine Green: An Old Drug with Novel Applicatitms Chi Med. 2021, 33 (4), 317.
https://doi.org/10.4103/tcmj.tcmj_216_20.

(2) Mindt, S.; Karampinis, I.; John, M.; Neumaier, M.; Nowak, K. Stability and Degradation of Indocyanine Green in Plasma,
Agueous Solution and Whole Blodehotochem. Photobiol. S2018 17 (9), 118911%.
https://doi.org/10.1039/c8pp00064f.
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Testing rutheniumbased photoactivated chemotherapy on tumdsearing mice models as a new
treatment for uveal melanoma liver metastases

Ludovic Bretirt Yurii Husie¢,Sipeng ZhengSophie Gehardt,?> Serge ZandetrAlexander Kornienkd,

and Sylvestre Bonnét,

1 Leiden Institute of Chemistry, Leiden University, The Netherlands
2 Central Laboratory Animal Facility, Leiden University Medical Center, The Netherlands

3 Department of Chemistry and Biochemistry, Texas State University, United States

SignificanceTreatments approved for primary uveal melanoma (UM) are quite harmful to patients but
very effective. However, 50% of primary tumors will metastasize mainthediver without efficient
treatment yet, making this cancer quite deaflyNew clinical options are more than necessary.
Photoactivated chemotherapy (PACT) is a new-ighitvated technology combining low systemic toxicity
observed for photodynamiderapy, and the possibility of being activated in oxygeor tumord*® while

being useable for liver metastases through laparoscopy.
Approach:The relevance of rutheniurhased PACT compounds for anticancer therapies in the context of
UM liver metastases was investigated fmiaically using subcutaneous and orthotopic mice models.

Results:Altogether our results show promising apoptotic phottmtgxicity and high antitumor efficacy,

combined with rapid blood clearance and good biosafetyiva

ConclusionThese promising resulia vivohighlight the potential interest of this new PACT technology

for future clinical applications in UM liveratastases along with liveelated cancer in general.

Keywords photoactivated chemotherapy, microtubule inhibitors, uveal melanoma liver metastases,

tumor-bearing mice models, laparoscofassisted light irradiation
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A new photosensitizer nanoformulatin for enhanced photodynamic therapy of glioblastoma

John Andrew QuinldnHuang Chiao Hauhg

1 Fischell Department of Bioengineering, University of Maryland, College Park, MIX2®742

Verteporfin is a promising photosensitizer that currently requires liposomal carriers for injection in
glioblastoma patients. While liposome increases Verteporfin solubility, liposomes also significantly
reduce the uptake and phototoxicity of Verteporfimngancer cells. Here, we report a carfigge,

nanodrug of Verteporfin nanodrug (NanoVP) with a tunable size. The hightyuseithed NanoVP can

be dequenched in cancer cells for enhanced photochemical production of singlet oxygen. We also
showed that MinoVP doubles photosensitizer uptake in glioblastoma cells compared to liposomal VP,
enhancing tumor control and overall survival in mouse models. Lastly, we demonstrated NamNP

can safely open the bloebrain barrier, increasing drug accumulation & brains compared to using
5aminolevulinic acid. Overall, NanoVP is a new photosensitizer formulation and may facilitate treatment

strategies for glioblastoma and diseases protected by the blwagh barrier.
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Supramolecular assemblies of fluoresaddO photoreleasers with ultrasmall cyclodextrin nanogels

showing high photochemical performances

Tassia Joi MartinsCristina ParisiFrancesca Laneriyota Suzuld? Takeshi HashimotbAntonia

Nostro/ Giovanna GinestraTakashi HayashitSalvatoe Sortind

PhotoChemLab, Department of Drug and Health Sciences, University of Catania, Viale Andrea-@&ii266, |
Catania, Italy.

’Department of Materials and Life Sciences, Faculty of Science and Technology, Sophia University, Tokyo, Japan.
3Graduate School of Science and Engineering, Saitama University, Japan

“Department of Chemical, Biological, Pharmaceutical and Environmental Sciences, University of Messina, Polo
Annunziata,498166, Messina, Italy

Developing biocompatible NO photoreleasing hanoconstucts is of great interest in view of the large variety
of biological role NO plays in many diseases, including cancer and infection, and the great advantage light
offers in controlling NO release in spaaad time. In this contribution, we show that two recently
developed hydrophobic NO photodonors (NOPBBFNO and RDNO (Figure 1);?>can be effectively

encapsulated in a recently developed ultrasmall nanoggel Q0 nm in diameter) ofl-cyclodextrins -CD)

that is water soluble and shows superior inclusion affinity than ndti@D? Both compounds preserve in
the nanogel the nature of their photochemical properties individually and wheantmpped, showing

NO release regulated by blue and green light, v

NBF-NO

associated to activatable green and persistent =N, d { -
e

H]
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red fluorescence, respectively. The confinement
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Figure 1 Molecular structure oRBFNO, RDNOand theg-CD nanogel.
positive and-negative bacteria are also shown.
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Fluorescenceaguided drug delivery and light dosimetry for PDT of ovarian cancer
Sumiao PanlgRobert Perttild ChenHua Ma, Zoe Yloniemj Petteri Uusimaf HuangChiao Huantg®

1
Fischell Department of Bioengineering, University of Maryland, College Park, MD 20742, USA
2

Modulight Corp, Tampere, Finland
3

Marlene and Stewart Greenebaum Cancer Center, University of Maryland School of Medicine, Baltimore, MD
21201, USA

Peritoneal micrometastases from ovarian cancer are challenging to detect and manage. To combat drug
resistant micrometastases, new technggithat integrate targeted therapy, imaging, and treatment
response monitoring are required. Over the years, considerable progress has been made in developing
photodynamic therapy to treat peritoneal metastases. Still, it has yet to achieve complete s=spon
long-term tumor control. We have previously shown that combining fluorescended intervention,
targeted nanomedicine, and a clowdnnected medical laser platform (ML7710) improves the acute
treatment response and reliability of photodynamic tapy for the management of micrometastases. This
presentation will focus on a rdesigned targeted, mukagent nanoformulation for superior outcomes.

The medical laser system has also been modified to simultaneously capture multispectral fluorescence
emissions from the nanoconstruct compartments and perform fluoresceguided PDT using a single
optical fiber. We will also discuss the safety and animal survival results combining nanotechnology
assisted, fluoresceneguided PDT and standard of care chemo#py in peritoneal metastases mouse
models.
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Imageassisted Chemo/PTT combination therapy of Her2 (+) Breast Cancer utilizing Quantum dots: An
in vitro andin vivo study

Eda Celikbas, Mahshid Hashemkhaii Arzu TemizyurékDeniz Altunst) Ecem AyvdzMinahil
Khart, Alphan Sennarogid, Bulent Ahisalj Mehmet Kay&andHavva Funda Yagci A€ar
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2Department of Materials Science and Engineering, Graduate School of Materials Science and Engineering,
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3Kog University Research Center for Translational Medicine (KUTTAM), Turkiye

*These authorsontributed equally for this work.

Tumorspecific delivery of chemotherapeutic drugs via antibadpjugated nanoparticles have been
under heavy investigation to induce some locality to chemotherapy. Meanwhile, another highly local
treatment method, photothermal therapy (PTT), may offer tremendous benefits when combined with
chemotherapy. Integrating these two therapeutic approaches into one multifunctional nanopatrticle is
very attractive. Ags QDs are ideal for such purposes with strong opticabbkig the medical imaging
window and strong lighto-heat conversion efficiency. In this talk, | will talk about such QDs delivering a
Pt-drug and targeting HER2(+) SKBR3 cells in vitro and tumour xenografts in vivo, to induce
PTT/chemotherapy combinatiofor treating Her2(+) breast cancer. Selective accumulation of QDs in the
cells and tumor was confirmed by fluorescence microscopy and IVIS imaging systease@dDPTT was
induced with an 808 nm diclthiser at doses that did not cause even redness orskire of the nudemice.

The success of the combination therapy will be compared with PTT and chemotherapy alone.
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Ocular photochemistry: positive and negative effects
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Gene Replacement, Crispr, and Stem Cell Therapy for Retinal Damage

Joan E. Roberis

1 Fordham University, Department of Natural Sciences, New York, NY , United States

Loss of vision can be a result of genetic errors, age and/or environmental damage to the human
retina. There are innovative technologies, recently develo@ahe ReplacementCrispr, and
Stem Cell Therapyhat can modifyand possibly cure retinal damage.

Gene therapyis a techniqgue where the genes are delivered through a vector admmistered

by subretinal injection. This treatment has been used for improving retinal and visuginfdoct
treatment of patients with theRPE65mediated inherited retinal disordersutosomal recessive
retinitis pigmentosa or Leber congenital amaurosis Ligpe 2A. The treatment used

recombinant adenessociated virus serqgig 2 (rAAV2) vector, altered to carry the human RPEG5
gene (AAV-hRPE65v2

CRISPRsi a technology that precisely removes a mutant gene, while simultaneously adding the
appropriate functional gene. There is a Crispr study in Phase I/ll trials for improving vision loss in
patients with LCA.type 10 (LOAYS26). The mutation on the CEP290 gene that causes LCA.10
retinal degeneration is edited by subretinal injection of ED1T a gene editing product.

Patientderived Stem cell replacement therapy isurrently in clinicatrials for the treatment of

Age Related Macular (AMD). RPE is a monolayer of cells located posterior to the photoreceptor
layer and supports these rods and cones. Dry AMD at first damages RPE cells which
progressivelydestroys the photorector cells resulting in the loss of vision. RPE replacement stem
cells sheets are grown on biodegradable scaffold material. These stem cell patches are then
surgically transplanted subretinally into area alongside a border of geographic atrophy causing
central vision loss. The Stem cell derived RPE can also be used as supportive cells to provide
support for surviving rods and cones to slow down the progressioisiai loss.

The retina of the human eyie uniquely suited for these therapies. It is accessible, self
contained (protected by the bloo@cular barrier)and is immune privileged. Progress or failure
can be easily monitode with norinvasiveimaging studies, including optical coherence
tomography (OCT) and autofluorescence as welitasdard ophthalmological examinations
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Lutein and zeaxanthirg from retinal photoprotectants to photosensitizers

Malgorzata Rozanowska

1 Cardiff University, Cardiff, Wales, United Kingdom

Lutein and zeaxanthin are the only carotenoids of dietary origin which accumulate in the retina. They
reach particularly high concentrations in the area responsible for adsiewwhere they can efficiently
absorb incoming blue light, thereby protecting the outer segments (OS) of photoreceptive neurons and
retinal pigment epithelium (RPE) from lightduced injury. Lutein and zeaxanthin are present in OS
throughout the retina Exposure of OS to the visible light leads to the release-tvaab-retinal (AtRal)

from photoexcited visual pigments. AtRal is a potent photosensitizer, which upon photoexcitation in the
presence of oxygen generates singlet oxygen, superoxide raaichliyndergoes degradation into

products, which are more (photo)cytotoxic than the parent compound. Carotenoids aré&mnesiin

acceptors of energy from excited states of photosensitizers and singlet oxygen, and can also act as free
radical scavengers. Weabe evaluated the bimolecular rate of scavenging by lutein and zeaxanthin of
semioxidized AtRal and other retinoids present in OS and-Ré&tigol and retinyl palmitate. Lutein and
zeaxanthin effectively scavenge retinoid cation radicals with rate8.9f (.1)x13°Ms?, and

concomitantly form carotenoid cation radicals. OS are rich in polyunsaturated fatty acids, such as
docosahexaenoic acid (DHA), which are extremely susceptible to oxidation. Oxidized DHA (OxDHA)
includes potent photosensitizerghich, upon photoexcitation with blue light, form a triplet state, singlet
oxygen, and superoxide. We have shown that zeaxanthin is an efficient quencher of OxDHA triplet state
but when included in liposomes containing OXDHA, it exacerbates phototoxiatytured RPE cells
ARPEL9. Both lutein and zeaxanthin are susceptible to oxidation by light and/or iron ions. We have
shown that oxidation of lutein leads to the formation of photosensitizers, which upon excitation with
blue light generate a triplet sta, singlet oxygen, and superoxide. We have measured the action
spectrum of photooxidation of liposomes with degraded lutein and shown that the rates of oxygen
consumption strongly increase with decreasing irradiation wavelength from 480 down to 320 nm.
Exposure of ARRE9 cells to blue light in the presence of oxidized lutein or zeaxanthin leads to
cytotoxicity. This can explain why zeaxanthin on its own does not offer substantial protection from AtRal
or OxDHAmediated phototoxicity to ARPE cells buits protective effect strongly increases in the

presence of vitamin E which prevents its oxidation.
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Defining healthy daily light exposure for humans and animals

Timothy M. Browh

1 Centre for Biological Timing, University of Manchester, Manchester, UK

Ocular light exposure has important and widging influences on human and animal health, through
modulation of circadian rhythms, sleep, neuroendocrine and cognitive functions. The photoreceptive
mechanisms underlying such actions are distinct from ¢hespporting vision and hence established
LIK2G2YSUNRO YSFadaNBa R2 y20 FRSljdza G§St e lodayi X e
effects. Here | will discuss the development and validation of new approaches for quantifying light
according tots nonvisual effects, now codified as anc®mpliant international standard, and describe
expertconsensus recommendations of healthy daily light exposure in humans based upon that approach.
I will further discuss the development of a new wearable setmg@upport largescale tracking of real

world light exposure in relation to its nerisual effects. Finally | will cover ongoing efforts to extend these
new measurement approaches established in humans to other mammals where the widespread use of
(human)photometric measures neither appropriately captures visual nor nonvisual effects of ocular light
exposure. In sum, these activities are intended to provide a framework to inform current lighting design
and practice and to support future refinements in umstanding the impacts of environmental lighting on

human and animal health at both population and individual levels.
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The potential role of violet and blue light in eye growth.

Rigmor C. Barags\ickolai G. NilseénStuart J. Gilsdn

1 National Centre for Optics, Vision and Eye Care, Faculty of Health and Social Sciences, Universigast&auth

Norway, Kongsberg, Norway

The human eye is a complex organ. The eye of a newborn is about % of its adult size and is typically
hypermetropic (long sighted). Physiological eye growth and development continue postnatally until the
end of adolescence whereby the refractive state reaches its optimurf physiological eye growth fails,

the eye may grow too little and remain hypermetromc grow too much and become myopic (near
sighted). Neither is desirable, as either state requires prescription correction, and it can increase the risk
of secondary eye disease later in life. In some parts of the world, myopia is considered an epiddstic, w

in other parts the prevalence of myopia appears to be stable. An identified difference is that where myopia
prevalence is high, children are indoors during recess at school and spend little or no time outdoors in
daylight, whilst the reverse is repged where myopia prevalence is low and stajple These findings have
0SSy NBLXAOFGSR Ay OtAYyAOFt GNAIFfAT GKS Ay idNERRdzL
exposures to daylight appear to have successfully prevented myopia gaséaylight is broadband,
containing all visible wavelengths, including violet and blue in varying relative amounts. Eye growth is
regulated by retinal image processing and possibly circadian rhythmigcity affected by both the visual
environment and genéts[2¢6]. Thus, the intensity and spectral composition of daylight, combined with
betweenindividualdifferences in pigment (opsin) expression of cone photoreceptors and ipRGCs
contribute to variable retinal processing and ocular circadian rhythmicigpeaetively{4c7]. Physiological

eye growth is desirablgc4], and we will discuss the role of visible violet and blue light in this aspect.
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Protection against occupatioal ocular hazards from optical radiation sources

Terje Christensérand Ellen Bruzéll

1 University of Soutitastern Norway, Kongsberg, Norway

2 Nordic Institute of Dental Materials (NIOM), Oslo, Norway

The aim of using personal eye protection in environments where workers are exposed to optical
radiation, is to avoid damage to different tissues in the eye. In most cases the protective equipment
reduces the dose received by the eye to tolerable levals,below limit values. In European legislation

(EU directive (2006/25/EC)) the limit values are those recommended by the International Commission on
Non-ionizing Radiation Protection (1). However, ICNIRP guidelines can be overruled by national
legislation

Limit values are set to reduce or avoid a number of hazards, e.g. retinal thermal, retinal photochemical,
thermal damage of the cornea, thermal damage of the iris, thermal damage of the crystalline lens and,
for UV exposure, photokeratoconjunctivitiscnataract. For this purpose and for different wavelength
regions, the limit values are expressed by several radiometric units as well as units calculated by
weighting the spectral values of the radiometric units by various action spectra.

In this preseration we will give examples of standards for eye protection and analyse how standards for
eye protection can contribute to compliance with the limit values.

The degree of eye protection for filters against exposure to UV in indoor workplaces as wedbks to
radiation outdoors may depend on the luminous transmittance of the filters (2). Therefore, the time
before the limit value is reached will vary depending on the choice of eyewear and the UVwavelength
bands used in the indoor workplace or the timedaly and latitude in outdoor workplaces. We will

briefly present other standards than (2) for protection against optical radiation; assessment of doses and
risks in different workplaces. A special case, protection against blue light hazard, will beatisouss

greater detail in a separate presentation (3).
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Eyeprotection against blue light photochemical hazard

Ellen Bruzel| Bjgrn Johnseh Terje Christensén

1 Nordic Institute of Dental Materials (NIOM), Oslo, Norway
2 Norwegian Radiation and Nuclear Safety Authority, @sterds, Norway

3 University of SoutftasternrNorway, Kongsberg, Norway

The trend of wearing orange eyewear to filter out blue light may be caused by the awareness of how

circadian rhythms affect sleep regulation. Currently, no internationally accepted limit values exist for the
luminous exposurélxd 0 2 NJ Af f dzYAyl yOS 6t E0 F¥2N 6KAOK (KS Se.
RAANHZII A2y € d ¢Kdzas GKS 2 Ladsualdyé proiedtibnyiliers wiliie I v OS t SO ¢
unknown. Wearing orange eye protection filter glasses may increasesthef accidents due to

distortion of colour perception.

On the contrary, limit values exist for retinal photochemical damage, and a weighting function for blue
light hazard is established (1,2). Dental personnel frequently use blue light emittidoglsE®

polymerization devices. Based on the blue liglgighted radiance and the use frequency, workday
exposure to blue light can be exceeded (3), and we recommend using eyewear or shields to protect the
eyes. However, transmittance values of eyewear ideshfor blue light exposure can vary by five orders

of magnitude (4). Transmittance values can also vary for the same filter measured with different
instruments. Thus, determining the optimal transmission for filters to be used when light curing dental

materials as well as developing a reproducible method for transmittance measurement are warranted.
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Study of photoprotective biomolecules of the animal eye lenses

N.A. Osik? E.A. Zantsovd, Y.P. Tsentalovith

1 International Tomography Center SB RAS, Institutskaya 3a, 630090 Novosibirsk, Russia 2 Novosibirsk State

University, Pirogova 2, 630090 Novosibirsk, Russia

Lens is a component of the eye system conducting and focusing light on the retina. It is permanently
exposed to the UV light, which causes tissue damages through the ROS generation and the formation of
highly reactive triplet species. Since the lens tigswstly consists of enzymatically inert cells, lens
protection relies on metabolites. For example, human lens is protected by UV filters (kynurenine and its
derivatives) absorbing light in the LA/region, ascorbate quenching triplet species, and glutagio
scavenging photo induced radicals. However, the mechanisms of photoprotection in eye system of
animals remain largely unsearched. Here we report the study of two photoprotective metabolites in the

lenses of some birds and fishes revealed through quaintgé metabolic profiling of animal eye lens.

We found ovothiol A (OSH), one of the strongest natural antioxidants, in fish lenses in surprisingly high
concentrations. The study of OSH redox properties demonstrates the effectiveness-gfSbEtbuple

with OSH neutralizing ROS and GSH maintaining ovothiol in reduced state. More importantly, OSH was
found to quench the photoinduced triplet state of kynurenic acid with an almost diffusiorolled

rate constant. Thus, OSH is not only an excellent protegiamst oxidative stress, but it can provide a

secondary photoprotection inhibiting the deleterious effect of solar UV irradiation on a lens tissue.

We also found for the first time that nicotinamide adenine dinucleotide reduced (NADH) is a molecular
U\Hilter of the bird eye lens. We discovered an unusually high NADH level in the lenses of some raptors
and waterfowl. Photochemical measurements showed the reliability of NADH as a UV filter with strong
absorption in the UM spectral region, high photostdiby, low yields of triplet state, fluorescence, and
radicals under irradiation. NADH in the bird eye system protects the retina and the lens from

photoinduced damages and improves the visual acuity by reducing chromatic aberrations.

Our findings, in adtibn to existing data, demonstrate the diversity of adaptations contribute to the eye
protection in the animal kingdom. The investigation of animal tissues metabolome makes it possible to
find such unigue molecules as OSH, previously undiscovered in raggspband to discover new facets

of the biological functionality of weknown molecules like NADH.

Supported by RSF (22-00021)
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Synthetic biology for enabling extracellular electron transfer in living microbes

Ardemis A. Boghossian

1 Institute of Chemical Sciences and Engineering, Ecole Polytechnique Fédérale de Lausanne (EPFL), Lausanne,
Switzerland

Advancements in synthetic biology have pushed the frontier of materials science into the realm of
engineering living materials. By @grating the tunability of nanomaterials with genetically modified living
cells, biology can transcend traditional disciplinary boundaries to effectively address previously
insurmountable challenges. This presentation highlights recent breakthroughs ifielideof "living
electronics," electronic devices that are based on living organisms that interface with nanoengineered
scaffolds. In particular, this presentation focuses on bioengineering approaches for understanding and

enabling biomolecular electromansfer mechanisms in ligitarvesting microbes.

Building on recent discoveries in the extracellular electron transfer mechanisr8s @fheidensjsour
research focuses on the heterologous expression of key cytochromes in a model facultative angerobe (
col) and a photoautotroph§ynechocystis sPCC6803). We employ a combination of colorimetric and
electrochemical techniques to characterize extracellular electron transfer in these engineered microbes.
Interestingly, the bioengineered strains exhibith@amcements in both mediated and nenediated
extracellular electron transfer, with the extent varying with the specific combinations of expressed
proteins. To optimize charge transfer in these cells, we have further developed novel approaches for
interfacing the engineered microbes with modified electrodes and nanopatrticles. Finally, we demonstrate
the application of these modifieH. coland Synechocystistrains in living fuel cells and living photovoltaic

systems for applications in wastewater treatmeantd lightharvesting energy, respectively.

Through a combination of synthetic biology and nanomaterials engineering, we have engineered microbes
with a newfound ability to effectively transfer charge across their outer membranes. The research
significanly broadens the range of exoelectrogenic microbes, unlocking new applications in microbial
electronics across various fields such as biotechnology, environmental science, chemical synthesis, and

even solar energy conversion.
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Improving light harvesting and electron transfer pathways in biomolecular systems for solar
conversion

Joanna Kargtl

1 Solar Fuels Laboratory, Centre of New Technologies, University of Warsaw, BanacHz9ZGVagsaw, Poland

To efficiently capture ta practically inexhaustible solar energy and convert it into green electricity and
KAIK SySNHe& RSyaAaide az2ftl N FdzS5t a LINR-GayRSitfuelbagedl { G NI
energy systems, especially in the context of egeawing glolal energy demand. This approach, dubbed
WENIAFAOALE LIK2G23a8yiKSEA4Q OFNNARSaA 3INBIFG LRGSY
decentralised systems for energy production.

In this lecture, | will show how the bottomp rational desin can yield the increased solar conversion
efficiency and stability in biomolecular systems. The biophotocatalyst in these devices is the robust
photosystem | (PSI) complex purified from extremophilic microalgae, then interfaced with various
transparent dectrode materials for production of green electricity and fuel. | will show that the
performance of PSdased devices can be greatly improved by tailoring the structure of the organic
conductive interface to ensure the generation of unidirectional eletfiow and minimisation of wasteful

back reactions. Specifically, incorporating transitional metal redox centres together with plasmonic
nanoparticles in the bi@rganic interface significantly improves not only the ligatvesting functionality

of the P$photoenzyme but also increases its photostability and the overall photoconversion performance
of the biomolecular devices. Such highly interdisciplinary and multifaceted rational design paves the way
for generation of viable and sustainable technolodfies solar energy conversion into fuel and other
carbonneutral chemicals.

AcknowledgementsSupport from the Polish National Science Centre (Solar driven chemistry 2 SUNCOCAT
grant no. 2022/04/Y/ST4/00107) and the European Horizon Europe Researchawndtion Programme
(SUNERC CSA, GA no. 101058481) is greatly acknowledged.
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In situ TimeResolved Spectroelectrochemistry Reveals Limitations of Biohybrid Photoelectrode
Performance

Wojciech J. Nawrocki® Michael R. JonésRaoul N. Fre$é Roberta Croc¥, Vincent M. Frieb&*5"

1 Biophysics of Photosynthesis, Department of Physics and Astronomy, Faculty of Science, VU Amsterdam, 1081 HV,
NL

2l aserLaB Amsterdam, Vrije Universiteit Amsterdam, 1081 HV Amsterdam, The Netherlands

:Current address: Laboratoire de Biologie du chloroplaste et perception de la lumiére chez les microalgues,
UMR7141, Sorbonne Université, Institut de Biologie Ph@iaoique, 13 rue Pierre et Marie Curie, 75005 Paris,
France

4School of Biochemistry, Biodieal Sciences Building, University of Bristol, University Walk, Bristol BS8 1TD, UK

s Campus Straubing for Biotechnology and Sustainability, Technical University Munich, Schulgasse 22, 94315 DE

Abstract: Photosynthetic reaction centres catalyse the migj@f solar energy conversion on Earth, and
achieve this goal with a neamity quantum efficiency. Capturing this high efficiency maade electrodes

is the goal of biohybrid technologies such as biophotovoltaics, biofuel cells, and biosensors. Htheever,
removal of reaction centres from their natural cellular environment and their integration into an abiotic
biohybrid architecture invariably introduces loss channels that compromise energy conversion efficiency.
Here, we combined spectroscopy and atiabl electrochemistry to identify electron transfer bottlenecks,
backreactions and shottircuits that affect the performance of a bacterial reaction cesiesed
biophotoelectrode. We determined that the system was over 90% efficient undetritemsitylight but
dropped to ~11% efficiency under intense continuous illumination. Limitations and loss processes included
bottlenecks in electron transfer that rendered 60% of reaction centres inactive, as well as-aistuiting

of 73% of the photochemicakoduct from active reaction centres. These findings will help shape rational
design strategies for improving the performance of biohybrid devices and extended to-doceptor

type photocatalysts.

pump probe fuels  electricity sensing

photosynthetic "
protein

productive solar energy conversion

porous electrode

Reference:

Nawrocki, W. J.; Jones, M. R.; Frese, R. N.; Croce, R.; Friebe, V. M. In $estiwesl Spectroelectrochemistry Reveals
Limitations of Biohybrid Photoelectrode Performandeule2023,7 (3), 52%544. https://doi.org/10.1016/j.joule.2023.02.015.
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The molecular origin of the OCG#ependent norphotochemical quenching mechanism in
cyanobacteria

Nicoletta Liguoti Ivo H.M. van StokkulnFernando Muzzopappalohn T. M. KenrisDiana KirilovsKy
Roberta Croce

1
Department of Physics and Astronomy and Institute for Lasers, Life and Biophotonics, Faculty of Sciences, Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands

2
Institute for Integrative Biology of the Cell (I12BC), CNRS, CEA, UniversiBu®aléversité ParisSaclay, Gif sur

Yvette, 91198, France

Cyanobacteria were the first microorganisms that released oxygen into the atmosphere billions of years
ago. To do it safely under intense sunlight, they developed strategies that prevent photibaxictathe
photosynthetic membrane. One of these strategies is accomplished by regulating thédigksting
activity of their antenna complexesthe phycobilisomeg via the orangecarotenoid protein (OCP). This
water-soluble protein encapsulates atkearotenoid and is photoactive. Under strong irradiance, OCP
interacts with the phycobilisomes and triggers Ramotochemical quenching (NPQ), a mechanism that
safely dissipates overexcitation in the membrane. To date, the mechanism of action of Oig&eiringy

NPQ is unknown. We here applied ultrafast spectroscopy on the active domain of OCP bound to the
phycobilisome core. Our results demonstrate that the binding to the phycobilisomes modifies the
structure of the ketocarotenoid. We show that this moldar switch activates NPQ, by enabling energy

transfer from the antenna pigments to the ketocarotenbid

[1] Liguori, N., van Stokkum, I., Muzzopappa, F., Kennis, J., Kirilovsky, D., & Croce, R. (2022). The molecular @i of the

dependent norphotochemical quenching mechanism in cyanobacteria. ChemRxiv
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Improving biohybrid technologies using diazoniutrased covalent molecular wiring strategy
Margot Jacquét, Miriam Izzd, Ersan Harputhiz . | ND F, Ridtr Wrébet)Madicin Strawskj Ewa K.
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6 Laboratory of NMR Spectroscopy, Centre of New Technologies, University of Warsaw, Banact@2&V/&3aw,
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10 Department of Biomedical Engineering, Pamukkale Universit0UR0 Denizli, Turkey.

11 Institute of Physical Chemistry, Polish Academy of Scien@240Warsaw, Poland.

12 Faculty of Cherstry, University of Warsaw, Pasteura 1;@23 Warsaw, Poland.

13 Institute for Physical Chemical Processes, National Research Council, E. Orabona 4, 70125 Bari, Italy

The design of robust and cestfective biohybrid materials requires rational chemical nanoengineering to
afford a viable final device covering a wild range of applications including artificial photosynthesis,
biophotovoltaic, and biosensing. A key facfor the optimal performance of biohybrid devices is to ensure
efficient electronic communication between the biocatalysts and the electrode surface together with the
appropriate orientation of the (photo)electroactive protein towards the electrode to adhithe highest
possible charge transfer efficiency and minimize wasteful back reactions.

Here, we present the development of covalently linked metalorganic wires on two transparent and cheap
electrode materials: fluoringloped tin oxide (FTO) and FTO{g@layer graphene (FTO/SLG). The wires are
terminated with nitrilotriacetic acid (NTA) metal complexes which serve as universal molecular anchors to
immobilize in an oriented manner Hitagged proteins, such as biophotocatalysts and other types of
redoxactive proteins of great interest. We show that the covalent functionalization of the two different
electronrich surfaces leads to the formation of the molecular wires that promotepHti®ping resulting in a
significantly enhanced unidirectional cathodihotocurrent up to 1 pA-cri Density functional theory
modeling reveals that the high photocurrent values are due to two distinct mechanisms of electron transfer
originating from different orbitals/bands of the diazoniuterived wires depending on the nat of the
chelating metal redox center (Ewor N?*). We further employed these novel metalorganic interfaces for the
construction of biophotovoltaic systems incorporatingsHaégged cytochrome (a natural electron relay) and
photosystem |. We identi#d an additional doping effect in thus constructed metalorganic interfaces essential
for achieving more effective vectorial electron transfer. The doped nanoarchitectures depict-higher
photocurrent outputs compared to the undoped analogs, and fastestg-induced electron transfer kinetics
compared to those obtained for the systems in the presence of fréifflysive redox mediators. These results
open the way for the development of bettgrerforming and sustainable biohybrid technologies by removing
the critical bottleneck of using toxic and diffusive redox mediators.

Jacquet M.*et al., Chem. Mater, 2022 34, 37443758 ; Jacquet M.&t al., in preparation

Acknowledgements. This work was supported by the National Science Centre of Poland (Q@Passlso.
UMO2017/27/B/ST5/00472) granted to JK and by the Excellence Initiative Research University program of the University of
Warsaw (New Ideas 2A POgrant no. BOBDUB622-202/2022) granted to MJ.

202



Protein-promoted chromophore exciteestate de@y modulation
Sara H Mejids Morkos Henefy Beat Vogelj Daniel Kocksand Starla Glovey
1 IMDEA Nanoscience. C/Faraday,9. 28028, Madrid (Spain)

2 University of Colorado at Denver. East'¥#enue Colorado 80045, Denver (USA)

3 Uppsala UniversityLagerhyddsvagen 1, 752 37 Uppsala, Suecia

In natural photosynthesis, sunlight harvested energy transfers through a dynamic pobir®imophore
network with a remarkable neaunity quantum efficiency. Local fluctuations in the protein structures and
conformational changes are essential for naturefficient light conversion, but their design principles
remain to be elucidated.

In our lab, we develop simplified hybrid systems linking chromophores to engineered pratégsrategy

allows us to rationally modify the proteichromophore interactia's nature and strength, evaluated as f@grciton
coupling. In particular, in this workye link pyrene chromophore to modified alpha helix proteins by specific
linkers. We study pyrene excited state dynamics using-tieselved spectroscopy and correlat&cited

decay kinetics with protein’s structural changes using NMR and molecular dynamics. In the protein, pyrene
show multiple decay channels, which are not observed when pyrene is in solution (Figure 1). Interestingly,
changes in the protein’s backboneduced by specific amino acids make pyrene excitation follow a
preferential decay pathway. Our study aims to develop prot&sed biehybrids which use controlled
protein dynamics to improve light energy conversion in biomimetic systems.

A Pyrene molecule B a5-pyrene hybrid
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Figure 1. Lef pyrene Sexcited 81
state decay scheme via
fluorescence and intersystem
crossing (ISC) promoted
phosphorescence. Right, pyrene
S1 excited state decay scheme
embeeded in the protein via
fluorescence, excimer emission,
phosophorescence and radical
recombindion promoted by
exciton dimerization (ED),
intersystem crossing and
electron transfer reactions inside
the protein.
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Anoxygenic Photosynthetic Bacteraased Biocathodes for Green Hydrogen Production

Dario Lacalamita PaoloStufand, Jefferson Honorio FrantdGiacomo Mandriota Alessandra Tacéa

Massimo Trottd, Matteo Grattiert®, Gianluca Maria Farindla

1 Dipartimento di Chimica, Universita degli Studi di Bari Aldo Moro, Bari, 70125, Italy
2 CNRNANOTEC, Consiglio Nawile delle Ricerche, Bari, 70125, Italy
3IPCKCNR, Consiglio Nazionale delle Ricerche, Bari, 70125, Italy

4-ENI Novara Laboratories (NOLAB), Novara, 28100, Italy

Photosynthetic purple nosulfur bacteria (PNSB) have a particularly versatile metabdfiahihas inspired

their implementation in a wide range of biohybrid electrochemical systemkich can be applied for
several purpose (i.e. biosensihglectrochemical wastewater remediaticrenergy generation, and the
production of chemical commoditi®é Various artificial approaches were utilized to facilitate the
extracellular photeinduced electron transfer, however, the cathodic process has been consistently less
explored compared to the anodic counterpdi this work, we report a sustainable@pach to obtain a
biohybrid photocathode for green hydrogen production using a henazle carbon based electrode
modified with polydopamine. Specifically, a blend of paygroxybutyrate (PHB) and carbon nanofibers
(CF) were utilized to obtain a biocompaé electrode, which was modified by means of a reddkesive
polydopaminePNSB matriXThe biohybrid system has been characterized by means of cyclic voltammetry
and chronoamperometry, revealing the role of PNSB in the obtained cathodic photocurremt. Th
developed system was compared with biohybrid electrodes obtained utilizing commercial glassy carbon
as support, showing a 386 fold enhanced photocurrent production. The possible future application of
such system for green hydrogen production utilizvastewater as substrate will be discussed in view of

preliminary experiments performed utilizing various substrates.

Reference

Q) Grattieri, M. et alACS Catalys&)18,9 (2), 867.

2) Grattieri, M. et alACS Ser018,3 (1), 44.

3) Chandrasekhar, K. et &#invironmental Technology & Innovati®®20,19.
4) Kadier, A. et aBiofuel Research Jourr2020,7 (1), 1128.

(5) Torquato, L. D. d. M. et aurrent Opinion in Electrochemisg§22,34.
(6) Buscemi, G. et aACS Appl Mater Interfas022,14 (23), 26631.
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The role of eDNA in extracellular electron transport.

Mary H. Wood, R. J. L. Welboutand J. Zharlg

YYusuf Hamied Department of Chemistry, Lens eld Road, Cambridge, CB2 1EW, UK.

2SIS Neutron & MuoS8ource, Rutherford Appleton Laboratory, UK.

Bioelectronic devices in which bio Ims of photosynthetic bacteria are grown onto electrodes and used to
harvest solar energy represent a highly promising and rapidly developing eld of renewable energy
technology However, these devices are currently limited by slow electron transfer between the bio Im
and electrode surface; the mechanisms of electron transport through the extracellular matrix (ECM) that
separates the two remain poorly understoétt.has beemnrecently been suggested that extracellular DNA
(eDNA) present in bio Ims of Pseudomonas aeruginosa may play a role in extracellular electron transport
(EET), possibly via the binding of redative mediator molecules such as pyocya(figure 1). We have

used a combination of surfaestudy techniques such as neutron re ectometry and quartz crystal
microbalance in combination with (photo)electrochemistry to better understand the role of DNA both as
a conductive nanowire in the ECM, and in its interactisith such redox molecules. We compare both
simple DNA oligomers and the more complexdbddruplex structures, that we hypothesise may have
augmented electron transport abilities.

polysaccharides
» DNA-binding eDNA
redox species

Figure 1: Schematic showing possible mechanisms for extracellular DNAAjeBdlitating electron transport through the extracellular matrix
at the bio Im/electrode interface.

1 .2Y0SttAZT toT { I @BFLyGKE ! ®T {OFNIYLAZI ! ®T w28RSYzI {d V
Marriott, M. F.; Trasatti, S. P.; Qz&.; Howe, C. J. Powering a microprocessor by photosynthesis.
Energy Environ. Sci. 2022, 15, 2529 2536.

(2) McCormick, A. J.; Bombelli, P.; Bradley, R. W.; Thorne, R.; Wenzel, T.; Howe, C. J. Biophotovoltaics:
oxygenic photosynthetic organisms in the worltdbioelectrochemical system&nergy Environ. Sci. 2015, 8, 1092
11009.

(3) Saunders, S. H.; Tse, E. C. M.; Yates, M. D.; Otero, F. J.; Trammell, S. A.; Stemp, E. D. A.; Barton, J. K.; Tender, L. M.
Newman, D. K. Extracellular DNA Promotes E &eatracellular Electron Transfer by Pyocyanin in Pseudomonas
aeruginosa Bio Ims. Cell 2020, 182, 919 932.
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Simulations of the Nucleosomal DNA : Mapping the Radical Cation Guanine

Maxime KERMARREC, Elise DUMONZ Natacha GILLET

1 Université de LyQrENS de Lyon, CNRS UMR 5182, Université Claude Bernard Lyon 1, Laboratoire de
Chimie, F69342, Lyon, France

2 Université Cote d'Azur, CNRS, Institut de Chimie de Nice, UMR Q&8 Nice, France

3 Institut Universitaire de France, 5 rue Descartes, 75008 ,Haance

Presenting author-enail address: maxime.kermarrec@dgen.fr

An overexposure of DNA to an oxidative stress may results to various diseases related to mutations,
especially cancetsTherefore, understanding the behavior of the DNA oxidadiamages is of medical

and pharmaceutical interest. Guanine has the lowest ionization potential among the 4 DNA nucléobases
thus it is the most likely to be oxidized. However, the guanine redox properties can be impacted by the
biomolecular environment aund the nucleobases, which modulates the charge transfer ability of the
DNA double strand. Then, the specific environment of the nucleosome, the fundamental unit of the
chromatin, must be considered to understand DNA oxidative damages in cell. The ooweds
composed of doublstranded DNA wrapped around four histone dimers rich in positively charged
residues, which leads to a wide landscape of BpiAein interaction.

Here, we investigate the factors and effects that can modulate the ionization pata@ftguanines in the
nucleosome with a focus on their interactions with histone flexibkemhinal tails by means of a
multiscale approach. We combine classical molecular dynamics simulation at the ps scale and QM/MM
calculations based on the FOFTB/MM*approach. This method allows us to determine the ionization
potential of a large number of nucleobases and the electronic coupling between them.

According to our results, the proximity of positive charges from histone tails or sodium cations seems to
be the most predominant cause of variation of the ionization potential. Sequence and orientation
towards the nucleosome core have little impact on this redox property. The electronic coupling values
mostly depend on the geometry of the considered guaninie, it the strongest ones are compatible

with subnanosecond charge transfers (tens of meV). Our understanding of the combinatorial impacts of
the structure and dynamics of nucleosome on the DNA charge transfer parameter is currently limited by
our sampling but also by our use of conventional approach. Consequently, we want develop machine
learning algorithms to improve our analysis and predictive power of hucleosomal guanine redox
properties.

Reference

1 Greenberg, M. M. In Vitro and in Vivo Effects of Oxidative Damage to Deoxyguanosine. Biochem. Soc. Tr8291208@50

2R. Chakraborty and D. Ghosh, The effect of sequence on the ionization of guanine in DNA, Physical Chemistry Chemical Physics,
2016, 18, 65266533

3Kubar, T., Woiczikowski, P. B., Cuniberti, G., & Elstner, M. (2008). Efficient calctlaliarge transfer matrix elements for
hole transfer in DNAThe Journal of Physical Chemistr{ BX26), 79377947

4Kubar, T., & Elstner, M. (2008). What governs the charge transfer in DNA? The role of DNA conformation and envite@ment.
Journal of Phsical Chemistry,B12(29), 87883798
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Brand new delivery approaches for PDT
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Tracking lighttriggered phototoxicity in photoactive nanomaterials

Anzhela Galstyah

1 Faculty of Chemistry, Center for Nanointegration Duishtsgen (CENIDE) and Centre for Water and
Environmental Research (ZWU), University of Duiskissen, 45141 Essen, Germany,

E-mail: anzhela.qalstyan@uwiue.de

Selfassembly is a very efficient approach for the development of a variety of advanced functional materials
with nano or microscopi structures based on necovalent interactions between moleculésAlthough the
mechanism of photogenerated ROS in such systems is well studied, there are very limited studies investigating
the influence of intricate environmental factors, including $kecoccurring in the cellular environment, on the
selfassembly and thus the activity of the system. Synthesis and selfassembly properties of structurally closely
related lowssymmetry phthalocyanine derivatives will be presented showing how the lifetirtexion can

help elucidate the mechanism of action to become a useful tool for quantitative analysis.

ADAPTIVE SYSTEM NON-ADAPTIVE SYSTEM

Figure. lllustration of adaptive and nadaptive systems for aPDT.

The combination of sunlight and a reusable photocatalytic material capable of generating ROS from dissolved
molecular oxygen is a promising concept for the development of sustainable systems for the disinfection and
decontamination of natural or industriafaters. The design and synthesis of photoactive compounds that can
be used as structural components of hanoscale materials and the struattirgty relationship of such

systems will also be present&t

Reference

1. a) A. Galstyan, A. Ricker, H. Nuss&lingauf, U. Dobrindt. ACS Appl. Bio Mater. 2020, 844@0b) A. Galstyan, R.
Schiller,

U. Dobrindt, 2017, Angew Chem Int Ed. 56, 10B8266.

2. K. StrokovA. Galstyan, Eur. J. Org. Chem. 2020, 47,-7332; b) K. Stroko®. H. Schéafer, U. Dobdf) A. Galstyan, ACS
Appl. Bio Mater. 2020, 3(6), 3763760; c) A. Galstyan, H. Majiya, U. Dobrindt, 2022, Nanoscale Adv-21@00) A. Galstyan,
K. StrokovPhotochem Photobiol Sci, 20221, 138¢1398.
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Nanolipid platforms:enablers of photodynamic tumor manipulation

Girgis Obaitl
1 University of Texas at Dallas, Richardson TX, 75080, United States
Nanolipid platforms were the first nanoscale photosensitizer agents to be approved for photodynamic
therapy (PDT)Due to thei versatility, various iterations have since been developed, which integrate
multiple functionalities. These include muitiodal image guidance and combination therapies. Our work
has focused on firkuning an array of nanolipid platforms as enablers adtoldlynamic tumor
manipulation at multiple length scales: 1) manipulation at the nanoscale to reroute photosensitizers to

different organelle$s* 2) multireceptor targeting of heterogeneityf/ 3) stromal remodeling to promote
PDT Enhances Delivery of Cetuximab

d Cetuximab .CeFu.Xim,ab b .
i.v. injection i.v.injection
M4 +PDT

chemotherapy respons&§ 4) improving tumor

o
3

o
o

o
=

T delivery and penetration, and 5) manipulation of

the tumor immune landscape. An example of

at 1 h (Tumor-Skin)

Corrected Tumor Fluoresence
o
o

how PDT using nanolipid platforms can promote

o
o

PDT  noPDT

tumor delivery and penetration is presented in

PDT Enhances Dglivgw PDT EnhanFes Self-Delivery
c E Ofanipf;f:,:ﬁ?:_; d e O;}?%L;L;.STPALS Figure 1. This work will be discussed in the
ég i %g o1 =1 context d pancreatic cancer and head and neck
gz Z’E g - cancer, and how our strategies are enabling less
3% ] - i = \\g toxic and more efficacious combination
° ?mei%) * ! 1%me (h1)6° " regimens.

Fig. 1. PDT using nanolipid formulations of benzoporphyrin derivative improves bulk tumor delivery of Cetuximab in
orthotopic FaDu HNSCC tumors (a) and-BBtL1 antibodies in orthotopic syngeneic-@HNSCC tumors (b). PDT
using a single, integrated and targeted photoactivable liposori®AL) construct enhances sifivery in solid

pancreatic tumors by 2:#bld (d).
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Delivery strategies of photosensitizing phthalocyaninesttonours
Fabienne Dumoulin
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Phthalocyanines have an intense absorption atréat wavelengths, which is extremely advantageous for
PDT [1]. Taking phthalocyanines to tumours for-aaticer PDT request either to make waseduble
derivatives [2] or to use delivery techniques. Weéddesigned fluorinated phthalocyanines [3] for specific
integration into liposomes [4] and other carriers such as PVP [5], fhoraionalized phthalocyanines for
grafting onto biecompatible polymers [6], and we have prepared phthalocyatiased silesqoixane
nanoparticles out of propargyl phthalocyanines [7]. The respective advantages and drawbacks of these
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Photon is not only an actuator but an integral part of the delivery system.
Tayyaba Hasan
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There is an ineasing understanding of disease mechanisms and their regulation. Simultaneously there is
general acceptance that disabling single pathways, when they are believed to be the dominating pathway
or targets, will not provide effective longterm cures for disealnhibition of a given pathway leads the
cancer cell or the pathogen to commandeer compensatory mechanisms for its survival resulting in drug
resistance. Combination of therapeutics addressing multiple mechanisms has therefore emerged as a
desirable moé of disease management, but in that case pharmacokinetics and dosing now become
complex and crucial. While the concept of combination treatment is by no means new, there are some
newer emerging approaches to administering combination therapeutics tleaeatiting. These include

the use of nanotechnology and light as a switch, which can provide cytotoxicity while at the same time
priming the microenvironment and helping deliver molecules at the right time to the right place. Results
from the literature and our own studies in the context of the potential of FiB3pired combination

therapeutics for cancer and microbiology using nanotechnology will be presented.
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Intracellular insghts into a novel EDT-Anediated nanoparticle delivery strategy for enhanced
porphyrin delivery and photodynamicherapy
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Porphysomes (PS) are liposotite lipid nanoparticles engineered for porphyrin delivery, comprising
>80,000 porphyridipids per particle which enable their application for photodynamic therapy (PDT) and
imagirg®. One of the vital factors that can affect the extent of PDT efficacy is the effective intracellular
delivery of photosensitizers in cancer cells. Recently, we have designed a new generation of PS
nanoparticles (nexgeneration porphysomes; NPS), whidhize an EDTAipid mediated strategy to

increase the uptake of porphyrin nanoparticles in cancer cells Bpld5and improve PDT efficacy

compared to the original PS platfofnHerein, we report the characterization of a new formulation of

NPS, which psessed high fluorescence quenching (>99%) and stability in serum (>85% quenching
efficiency) and at various pH conditions (pH-8.0; >98% quenching efficiency) over a period of 24

hours. We also demonstrate the ability of EBipids in this NPS nanogane structure for improving

the cellular uptake of NPS by fluidizing the cell membrane in a detefifgferntanner. NPS was also

found to partially colocalize with endosomes in KB cervical cancer cells, whereas PS fluorescence signal
was found dispersechtoughout the cytosol. After a-Bour KB cell incubation with NPS, significant
photocytotoxicity (>50% cell killing) was observed after irradiation (photon density of 1.68 kvifin?)

with a 660 nm BioTable light box compared to the original PS (<b%llosd). This work aims to identify

the intracellular factors and mechanism involved in the enhanced PDT efficacy of NPS. Overall, the NPS
nanoplatform encourages the adoption of this EEWédiated nanoparticle strategy to improve
photosensitizer delivey and enhance phototherapeutic efficacy.
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Nanostructures combining scintillating Ce&nd photoactive ZnO for-Xay Photodynamic Therapy of
deep tumours

Davide ORSIMarco VACCARINd Luigi CRISTOFOLINI
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X-ray Photodynamic Therapy (XPDT) is a nanostrudiased evolution of standard PDT, whose
applicability to deep tumors is limited by the penetration depth of NIR/visible light. XPDT uses
nanostructures that under Radiotherapy (RT) irradiation generate Reactive Oxygen Species (ROS) and
singlet oxygen'(3,) [1]; the resulting oxidative stress neces the viability of cancer cells, thus enhancing
the efficacy of RT.

A XPDT nanostructure combine scintillating nanostructures and photosensitizers [2,3]. The
scintillating part is excited by-0dy photons and by secondary particles produced as thenbeanetrates
the tissue; it then transfers energy to the photosensitizers, which in turn generate RGS:aWtk present
here nanostructures that combine scintillating @@gnoparticles and photoactive ZnO [2,4] following
different synthesis strategieghe morphology, composition and optical properties of the resulting
nanostructures have been characterized by Dynamic Light Scattering, -EBEM SEM
Cathodoluminescence, TEM, Fluorescence ani¥idgpectroscopies.

Direct detection offO; generated undeiXray irradiation was performed by measuring its feeble
fluorescence emission at 1270nm, using a portable NIR fluorimeter based on a modern InGaAs SPAD
detector coupled to a custormade integrating sphere (Fig. 1) [5]. This novel experimental approach
allowed us to determine the amount of generaté, per unit RT dose and unit nanostructure
concentration, paving the way for further testing on cell cultures and animal models.
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Figure 1.left) Direct detection of singlet oxygen generated by an XPDT nanostructure using NIR
fluorimetry. right)*O, NIR fluorescence signal measured in presence of-Z®&P XPDT nanostructures
irradiated by 6MeV photons (cyan) compared to pure water (gray).
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New outlook on photodynamic therapy for glioblastoma cell lines.
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Although total gross resection of glioblastoma (GBM) followed by chemotherapy and fractioned
radiotherapy prolongs the overall stval of patients with malignant glioma, medical treatment does not
result in a complete recovery from the disease(1). Photodynamic therapy is not a novel method that has
been utilised in neurosurgery because it affects tumour cells by causing cell Heatbver, the molecular
mechanisms underlying glioma cell death remain unclear(2). This study aimed to elucidate the
mechanism(s) by which PDTALA induces cell death in GBM cell lines.-taleimaging using IncuSyte
Software detected significant cell di in the primary G7 glioblastoma cell line by adding Sytox Green.
55% dead G7 primary GBM cells were detected 1h after exposure to the irradiance of 36D/ #15
nm/5-ALA100uM. The cell death rate increased proportionally to the irradiance raténgafigm 25 J/m

to 390 J/n?. Western blotting experiments revealed a caspasiependent cell death pathway with
PARP1 cleavage. Therefore, the developed PARP inhibitors ehchBietics in combination with PDF5

ALA are novel and promising tools in gtandard of care for glioblastoma patients which may prolong the
overall survival rate.
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Peptide Targeted Systems for Photodynamic Therapy
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Photodyhamic therapy (PDT) is a minimally invasive approach for the treatment of cancer and various
other human disorders, based on the selective activation of photosensitizers (PSs) with light. At present,
one of the most promising strategies for PDT and alsoréiscence photodiagnosis (PDD) is to use
5aminolevulinic acid (ALA) as a prodrug to increase intracellular levels of the endogenous PS,
protoporphyrin IX (PplX). Although ABBT has been shown to be a very promising clinical approach, the
physicochemicaproperties and chemical reactivity of ALA present some challenges. These may be
addressed by incorporation of ALA units into a variety of prodrug systamswe have previously shown

that peptidebased prodrugs are an attractive way to improve the dsfivé ALA, leading to enhanced
PpIX accumulation and PDT effetta. this study, we present a novel and easy approach to assemble
prodrug systems to enhance the delivery of ALA to specific cell types by targeting with thoroung
peptides. Our approadis based on a molecular core to which multiple ALA units (ALA dendron derivatives)
are attached as the effector units, and with ALA itself connected by an ester bond. The core structure is
also linked to a targeting peptide that is prepared by solid phsygghesis, with selective peptide
attachment to the core being achieved via-€talysed click chemistry. This combines the concept of ALA
dendrimers and Al-fdeptide prodrugs’.As proof of concept of this particular approach, we have prepared
systems cordining a bombeskuerived peptide that allows selective targeting of the GRP receptor (GRPR)
which is overexpressed in a variety of tumouksnew generation of peptidgargeted ALA dendritic
prodrugs was successfully synthesized, and the structure wémiapd with respect to the
peptide attachment and dendron units to obtain secegeheration prodrugsTargeted ALA
delivery and

PplIX production with these prodrugs in GREXRressing PC3 cells have been investigated by fluorescence
spectroscopy and conéal microscopy, and red and blue ligdattivated cell killings were evaluated using

cell viability (MTT) assays.

References

1: Tewari K M, Eggleston | M. Chemical approaches for the enhancemeatrofiélevulinic acicbased photodynamic therapy
and phdodiagnosisPhotochemical & Photobiological Scien@8,17(11),15531572.

2: Giuntini F, Bourré L, MacRobert A J, et al. Improved peptide prodrughlok for PDT: rationalization of cellular accumulation
and protoporphyrin IX production by direct determination of cellular prodrug uptake and prodrug metabolizitiomal of
Medicinal Chemistry2009 52(13) 40264037.

3: Tewari K M, Dondi R, Yaghini E, et al. Petideeted dendrimeric prodrugs of&minolevulinic acid: A novel approach
towards enhanced accumulation of protoporphyrin 1X for photodynamic thefmorganicChemistry2021, 109, 104667.

216



Impact of UV radiation in Human inflammatory health disorders

Invited speakers:

IL80 Kirsty Rutter (Manchester, UK)

UVRinduced skin inflammatory events in solar urticaria

IL81 Peter Wolf (GraAustria)

Microbiome modulation of UVR impact on skin

IL82 Richard Weller (Edinburgh, UK)

Sunlight and altause mortality

IL83 Prue Hart (Perth, Australia)

What we have learnt about UMBduced immunomodulation from the PhoCIS trial

Oral communicatins:

O®0 Gareth Hazell:Upregulation of nitric oxide in vitro after lodose artificial and natural sunlight
exposure

O@®@1 Sarah JelleschitzAdduction of senescence associated aldehydophospholipids to a collagen matrix
affects the responses of residing immune cells

O®@2 Marina Venturini: Field validation of a satellitbased dosimeter of personal solar exposure

217



UVRinduced skininflammatory events in solar urticarial
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Solar urticaria (SU) is a rare inducible chronic urticaria characterised by raptdbbnstcarial signs and
symptoms on exposure to ultraviolet and/or visible radiation. Symptoms can be extremely disabling, with
high negative impact on quality of life. It has been assumed thanigdiated mast cell degranulation

drives the disease, biihe evolution and resolution of the SU response and the immune cells, molecules
and mechanisms involved are not well understood.

We investigated cutaneous molecular and cellular responses to solar simulated UVR (SSR) in patients
with SU, with comparison to healthy controls (HC), using immunofluorescence and transcriptomic
techniques. Patients with diagnosed SU and HC participares exgosed to a low (physiological) dose

of SSR to photoprotected upper buttock skin. A series of biopsies were taken from adjacent unexposed
skin and at 30 minutes, 3 hours and 24 hours after SSR exposure. Biopsies were assessed by
immunohistochemistry ath bulk RNAsequencing analysis.

Urticarial responses in SU were accompanied by enrichment of immune pathways relating to innate
inflammatory cell recruitment and activation, notably involving neutrophils and eosinophils, which was

not observed in HC. Piinoflammatory cytokine and chemokine genes were upregulated (includ2,

IL6and CXCL8or identified as upstream regulators (including TNFR, drid IFN) in SU but not HC. Mast

cell numbers did not change following SSR exposure, but free dermalgeyptas observed in SU. IgE,

Fe¢R1 and STAT3 were identified as upstream regulators following SSR exposure, and there was an
increase in the number of mast cells expressing phosphorylated STAT3, suggesting a mechanism of mast
cell activation in SU. Resolti of clinical features in SU by 24 hours was accompanied by resolution of
inflammatory gene signature profiles.

Greater understanding of pathophysiological processes in SU highlighted by this first transcriptomic study
of SU may help to suggest potentiberapeutic targets.
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Microbiome modulation of UVR impact on skin

Peter Wolf
Department of Dermatology, Medical University of Graz, Graz, Austria

The human body hosts innumerable microorganisms on the skin, together namedttreous

microbiome, maintaining homeostasis with the immune system. Ultraviolet radiation (UVR) hits first the
microbiome on the surface of the human body before it reaches any cell of the human organism. Thus, it
comes with no surprise that UVR with litactericidal effects may affect homeostasis in health and
disease. However, UVR may also have indirect effects on the microbiome of the skin and beyond (by
induction of antimicrobial peptides (AMPs),-ti®canic acid (UCA), and vitamin D, and other mdé=s).

For instance, UNhduced cisUCA has been shown to affect the growth and diversity of microbiome.
Notably, certain bacteria metabolize (IdCA and thus their elimination may affect the immune

response to exposure to UVR. Furthermore, UVR cardaksctly induce the production and release of
AMPs by microorganisms or human cells, interfering with the response to its exposure. Experimental
studies with gerrdree or disinfected wildtype mice have indicated that an intact microbiome (of the
skin) hasmmune protective properties. Together, a healthy microbiome of the skin may help protecting
from UV carcinogenesis. On the other hand, the effects of UVR on the skin in diseases such as atopic
dermatitis and cutaneous T cell ymphoma may be beneficiatliiminishing the growth of certain

bacteria such aStaphylococcus aurelm restoring homeostasis, and in turn reducing inflammation in

diseased skin.
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Sunlight and alcause mortality
Richard Weller
Centre for Inflammation Research, University of Edinburgh.

Excess ultraviolet radiation is a risk factor for skin cancers in white skinned populations. Several UV
driven beneficial mechanisms for human health have been identified. These include, \itayrhesis,
nitric oxide release and effects on immune homeostasis. Skin colour modulates biological responses to
UV.

All-cause mortality is a ready indicator of the balance between beneficial and deleterious effects of an
environmental exposure. Bmfrom several groups in Sweden correlate increased sun exposure with
reduced alcause mortality. We have examined the effects of UV exposure on population health using

the UK Biobank, a large prospective cohort study in the UK. 376,279 participahtBjtapatrick 13

skin on whom complete data was available were studied. Median faljptime was 12.7 years. Two
measures of UV exposure were identified. Sun seeking behavior is associated with sun bed users. 4.87%
of the cohort who used sunbeds weidentified as surseekers. Higher latitude correlates with reduced

UV exposure and a northerliness variable was used to mark UV exposure in the second analysis.
Corrections were made for the confounders: age, gender, BMI, Deprivation, smoking, exercise,
employment, education. Serum Vitamin D is a biomarker for UV and correlated linearly with latitude and

sunseeking behavior: 67.2 (66.9, 67.5)in sgekers and 48.9 (48.9, 49i@)nonsunseekers.

All-cause (HR 0.86, 6B93), Cardiovascular (0.8168-0.95), Cancer (0.86, 0.-0/95) and non
cancer/nonrCVD (0.86, 0.73.95) mortality were all reduced in staeekers. For each 300km southerly
increment of home domicile, atlause (HR 0.94, 0.9296), Cardiovascular (0.91, 0-8®5), Cancer

(0.93, 09-0.96) and norcancer/non CVD (0.97, 0.4201) mortality were reduced. This study confirms
Scandinavian data. For high latitude European populations, the benefits of sunlight exposure outweigh

the risks

Reference : Insufficient Sun Exposure Has Be@Real Public Health Problem doi.org/10.3390/ijerph17145014
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What we have learnt about UVdhduced immunomodulation from the PhoCIS trial
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In the PhoCIS trial (Phototherapy for Clinically Isolated Syndrome), participants with CIS, the earliest
form of multiple sclerosis (MS), were randomised into a treatment arm with exposure to suberythemal
narrowband UVB (311 nm) to the full body 3 times week for 8 weeks, or to standard care. This
phototherapy protocol is used frequently for patients with psoriasis. All participants were followed
clinically and immunologically for 12 months. After 12 months, all the control participants had converted
from CIS to MS. In contrast, 70% of those who received phototherapy had converted to MS, with 30%
showing no new lesions after 12 months on magnetic resonance imaging.

We have been using a biobank of frozen cells and sera from the participants to iatetig

mechanisms by which narrowband UVB may alter immune cell networks. This may give clues to the
mechanism by which narrowband UVB may be immunomodulatory and alter the course of MS
progression. Alternatively, biomarkers associated with exposureinftgkarrowband UVB may be
uncovered. There was a significant decreased prevalence of switched memory B cells, and a
complementary increase in prevalence of naive B cells after 2 and 3 months in those receiving
phototherapy, compared with those not recéig phototherapy (Trend et al., Sci Rep 2019). There was
also a decreased ability after 2 months of blood B cells to produce the inflammatory mediator TNF upon
polyclonal activation (Trend et al., Clin Trans Immunol 2020). This result suggested a priming o
epigenetic effect of UV exposure.

To identify products from UVBradiated skin that may be immunologically active and aid in the
communication between UVBradiated skin and internal tissues, both the proteome and the
metabolome have been analysedsera taken longitudinally from the participants receiving narrowband
UVB, compared with the control CIS participants. Nistety (92) proteins were assessed by OLRaHd

1353 analytes by General Metabolonficafter 1 week, 1 month, 2 months, 3 monthanénths and 12
months, there were 24, 12, 3, 22, 18 and 5 significant proteomic changes from baseline (time 0) in the
sera from those receiving narrowband UVB phototherapy. In contrast, there were no significant
proteomic changes from baseline (time 0) e tsera from the control CIS participants over the 12

months of the trial. Changes were predominantly a decrease in analytes associated with inflammation
(CASPS8, SIRT2, 4EBP1, CXCL6, CXCL11, ADA). After 1 month, there were significant metabolome changes
in those receiving phototherapy with no significant changes detected in the serum from the control CIS
participants. Significant changes reflected altered tryptophan metabolism and lysine degradation. Many
of these changes (decreased 4EBP1, SIRT2, CASiF8eddor 6 months after UVB therapy.

In conclusion, suberythemal narrowband UVB delivered to the skin caused significant changes to the
cells, proteins and analytes in the blood, many lasting months. We propose these changes may be
important to an imprawed understanding of cedlell communication and immunological networks
associated with a disease such as MS.
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Upregulation of nitric oxide in vitro after londose artificial and natural sunlight exposure
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Hypertension is a chronic elevation of blood pressure, implicated in the risk of future cardiovascular
events. Nitric oxid (NO) is an endogenous molecule that acts to reduce blood pressure through a clear
vasodilatory effect, with production diminishing as we age (Shannon et al, 2022). This not only
contributes to the rise in hypertension among the elderly but may potegtéhiilve other disorders.
Mitigation of hypertension, for example by an upregulation of NO, could have an enormous impact on
health and personal wellbeing.

It has been shown that NO may be produced via the breakdown of metabolites such as nitrates or
nitrites held at high yields within the skin by atrtificial sunlight (Holliman et al, 2017). In our work, we
have verified this effect using primairy vitro skin cell lines demonstrating not only that within all skin

cells nitrite is readily broken down bywdevel ultravioletA (UVA) irradiation, but that this effect

persists for up to at least 48 hours after exposure (Hazell et al, 2022). We highlight that this secondary
upregulation in nitric oxide via UX is biphasic, occurring not only from salts witttie skin but via

complex crosgalk with upregulation of calcium dependent nitric oxide synthase enzyme isoforms (eNOS
and nNOS) and to a lesser extent reaicium driven iINOS at low dose.

Further, we utilise natural UK summers day sunlight exposuiia witro skin cells to assess this response
against direct DNA damage. Here we highlight that sunlight exposure as le@ 8ED can readily

induce NO upregulation from dermal skin cells with minimal negative effect. These results highlight that
there isa potential cardioprotective effect from lowose sunlight exposure, while avoiding damage to

the skin. Further development in this area could hold beneficial outcomes with regards to hypertension
and cardiovascular function especially for the elderly dapon
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Adduction of senescence associated aldehydophospholipids to a collagen matrix affects the responses
of residing immune cells

S JelleschitZ, C Kremslehné?, IM Nagelreitet?, M Sochorov&?, M Salek? A Sandgren Forg N
Nol2 M Fedorovg Z Ni, G Gendronnedtf, Sandra Forestiéfand F Grubér

1 Dermatology, Medizinische Universitat Wien, Vienna, Austria, 2 CDL SKINMAGINE, Vienna, Austria, 3 Zentrum fr
Membranbiochemie und Lipidforschung (ZML), Technische Universitat Dresden, Germany and 4 CHANEL PB, Pantin,
France

Previously, we found spé#ic chemically reactive lipids that accumulate in oxidatively stressed dermal
fibroblasts!? In UV exposed but also prematurely senescent fibroblasts we had idertifiadimitoy}2-
(5-oxovaleroyl}snglycera3-phosphocholine (POVPC) angalmitoyl2-(9'-oxononanoybsnglycere3-
phosphocholine (PONPGnd lipids present in oxidized -dalmitoyl2arachidonyisn-glycerc3-
phosphorylcholine (OxPAPC). Some of these lipids contain a carbonyl group which have the potential to
bind covalently to proteins. dlagen adducts of 4HydroxynonenatH¥NE), PONPC and other aldehydic
compounds have been identified using

HPLaa | 8a { LISOGNRYSGNE® 2SS &dGdZRASR AF (G(KSasS tALARA
proteins and investigated whether this would affethe function of cells residing within this modified
matrix. We identified that collagens I, Il and IV were prone to adduct formation with reactive lipids. Bone
marrow derived monocytes were cultured on a matrix modified with lipids and gene expre$singes

induced by matrix modification have been investigated. The cells showed an early senescent phenotype
(reduced LaminB1 and increased p2l expression) as well as low grade synthesis of IL1a and IL8
chemokines. After an additional stimulus with LPSamil an unmodified matrix showed a transcriptomic
response in a pattern specific for the type of aldehydolipid modification whereas cells culturetiNE 4
modified matrix showed broad inhibition of LPS induced inflammatory genes. The gene expressiisn of ce
grown on the aldehydophoshpolipids matrix induced TKkpression. These findings could contribute to
explain how senescent cell derived factors can modulate inflammation and facilitate the evasion of
clearance by phagocytic cells.

1
Narzt, Marieophieetald 9 LA f ALJAWR2YAOa 2F {SyS$§
N K

Syd 5SNXNIf CAONRBOfIl &ada LF
Pleiotropic Senescended a2 OA 1 SR { SONB{i 2N t 2

ao
Sy2Ge1J5 o{!{t0 ClIOl2NR®E ¢K
(2021): 9931006.e15. doi:10.1016/j.jid.2020.11.020

Gruber et al. A simplified procedure for seraigeted lipidomic analysis afxidized phosphatidylcholines induced by UVA
irradiation, Journal of Lipid Research, Volume 53, Issue 6, 2012, Pages-124232 ISSN 0022275,
https://doi.org/10.1194/jlr.D025270
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Field validation of a satellitdhased dosimeter of personal solar exposure

Marina Venturint, Rowan Tempfe Marco Morell, Piergiacomo CalzavaRintont

1
Department of Dermatology, University of Brescia, Italy
2 siHealth Ltd, Harwell Campus, Didcot, Oxfordshire, UK

The results of a field study validating a novel satebised digital solution for personal solar exposure
R2ZAAYSGONE O&GAEBRGAKSEGRE ! YO 6Aft 0SS LINBaASY(ISRO
and satellite data processing are used for providingasdate personal solar dosimetry data for any action
spectrum (e.g., erythema, vitamin D synthesis, DNA damage) andediffeody sites via a dedicated
webportal. The app is autonomous and requires no external sensors neither direct exposure of the
smartphone to sunlight since solar radiation is monitored from satellite (i.e. smartphone can be keptin a
pocket).

This digtal solution is enabled by the HappySsatellite-based technology for near retime monitoring

of solar irradiance worldwide (already scientifically validated in multiple studies [1, 2, 3, 4]) and by an
automatic outdoor position detection technologgsed on Al models applied to smartphone sensors data.
These two technologies combined allow the remote monitoring of solar dose with 1 minute resolution for
any number of users, multiple action spectra and multiple body sites simultaneously.

Data collected with the ExpoDose system were compared to 10-duglity wearable UV electronic
dosimeters

(Scienterra Ltd, New Zealand) measuring irradiance on 10 measurement planes oriented over a range of 4
different zenith angles and 8 compass psinthe wearable dosimeters were calibrated with a research
standard UWerythemal radiometer (Kipp & Zonen, Netherlands) installed horizontally. Data were collected
during spring and summer in Harwell Campus (Oxfordshire, UK) and in Brescia (ltaly).

Preiminary results show a high accuracy of the satebigsed solar dosimetry system, yielding an R
correlation coefficient of 0.90 and a mean absolute error (MAE) of 21% on the horizontal plane. Moreover,
the automatic outdoor detection component has bedested in a broad range of scenarios on
smartphones running both Android and iOS operating systems. Usingvaia$ation techniques over
multiple smartphone models, detection accuracies resulted over 92% on Android and 84% on iOS.

A remote personal sal monitoring system has great promise for use in rrpgtiticipatory studies that

need to account for personal solar exposure levels of study subjects. Carefully calibrated and maintained
high-quality solar dosimeters have been demonstrated to have amedgéed error of 12% [5]. Compared

to remote personal dosimetry, they are costly, require expertise to maintain and calibrate and require high
levels of attention and compliancy from experiment subjects.

So, the ExpoDose system can be effectively usetefmarch and clinical studies, replacing the need for
costly and timeconsuming physical dosimeters in mydtrticipatory longitudinal solar exposure studies.

[1] Young A et al. (2022), Photochem. Photolsai. 21, 1853

[2] Morelli M et al. (2016), Photochem. Photobiol. Sci. 15, 1170

[3] Morelli M et al. (2021), Journal of Atmospheric and Sdlarrestrial Physics 215, 105529
[4] McLellan LJ et al. (2020), Photodiagnosis and Photodynamic Therapy 31, 101914

[5] Grobner M et al. (205), Photochem. Photobiol. Sci., 14, 352
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Photoperception and acclimation to changing light and @@nicroalgae
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Photoperiodism in cosmopolitan picophytoplankton

FrancoisYves Bougét Louis Dennly Cédric Mariac Janaina RigonatoJearClaude LozaripValérie
Vergé, Angela FalciatofeOlivier Jaillof) FrancoisSabot and Martine Devit

1 Laboratory of Microbial Oceanography UMR7621 CNRS Sorbonne Université, Observatoire Océanologique de
Banyuls sur Mer. 666650 Banyuls sur Mer, France 2 Diversité, adaptation et développement des plantes (DIADE),
UMR 232 IRD/UMMRAD, 11 Centre IRD de Montpellier, 911 avenue Agropolis, BP 604501, 34394, Montpellier Cedex
5, 12 France. &énomique Métabolique, Genoscope, Institut de Biologie Frangois Jacob, Commissariat & I'Energie
Atomique (CEA), CNRS, Université Evry, UniveaitéSaclay, 91057 Evry, FrandelLaboratoire de Biologie du
Chloroplaste et Perception de la Lumiere chez les Microalgues, UMR 7141, CNRS, Sorbonne Université, Institut de
Biologie Physic€himique, Paris, France.

Marine Phytoplankton accounts ftwalf of the primary production of our planet, phytoplankton growth
often occurring as seasonal blooms. By studyingyaaf time series on a coastal Mediterranean site
(Banyuls Bay, France), we showed highly reproducible seasonal patterns of phytoplacdtomence,
particularly of abundant green picoeukaryot&athycocce, Micromonas andOstreococcugenera)
belonging to the class of Mamiellophyceae [1,2]. Metagenomics surveys in the World ocean revealed
that the specie®athycoccus prasindgms a cosmpolitan distribution from poles to temperate regions in
both northern and southern hemispheres. We isolated and genotyquarasinostrains from various
geographic locations (arctic, temperate and austral Ocean) and during seasonal blooms in the Bay of
Banyuls [3]. The genomes of 44 strains corresponding to the most diverse haplotypes were fully
sequenced by Oxford Nanopore Technology and/or lllumina Sequencing. Several genetic variants
associated to specific latitude or seasons display distinct respanggstoperiod/temperature in

culture. The role of genetic structural variations and of the circadian clock in adaptation of

phytoplankton to photoperiod (latitude and seasons) will be discussed.

References

Q) Lambert S, Tragin M, Lozano JC, Ghiglione JF, Vaulot D, Bouget FY*, Galand PE* (2019). Rhythmicity of coastal
marine picoeukaryotes, bacteria and archaea despite irregular environmental perturba®mE Journal, 13: 368

401.

(2) Lambert S, Lozano JC, BeugY*, Galand P*. Seasonal marine microorganisms change neighbors under
remarkable weather conditionsEnvironmental Microbiology (5):2592604. doi: 10.1111/1462920.1548.y (*
Corresponding authors).

3) Devic M*, Mariac C, Vergé V, Schatt P, Dennu4arioJC, Bouget FY*, Sabot Fdpulation dynamics of

the cosmopolitan eukaryotic picophytoplankt@athycoccusluring seasonal blooms in the bay of Banyuls sur Mer

(North Western Mediterranean sea). Bioarchiv. doi: https://doi.org/10.1101/2023.02.095P79
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Blue light perception via PHOTOTROPIN controls photosynthetic carbon partitioning in green
microalgae.
Yizhong YudnAnthony A lannetta Marius Arenéd“, Angeliki TsichtaAguila Ruiz Sdla
Nooshin Omraniatf, ZoranNikoloski, Leslie HicKsDimitris Petroutsos®

L Univ. Grenoble Alpes, CNRS, CEA, INRA€,PRIG 38000 Grenoble, France

2Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NCingi8Ate of
Biochemistry and Biology, University of Potsdam, Potsdam, Germany.

4 Systems Biology and Mathematical Modeling, Max Planck Institute of Molecular Plant Physiology,
Potsdam, Germany

5> Department of Organismal Biology, Uppsala University, Uppsala, Sweden.

While in leaf cells of higher plants sucrose and starch are the primary sinks for carbon fixed by
photosynthesis, sucrose appears to be an insignificant metabolihiamydomonasells, where starch

is the dominant carbon sink. Starch synthesis occurs during the day, using global outputs of photosynthesis
and its degradation starts as night falls to sustain enelgyanding cellular functions. Light perception

and starch metabolisthave been associated #rabidopsisut such a link has not been established in

microalgae.

We have unveiled a complex PHOTOTR@BHendent signalling cascade, linking blue light perception
with starch accumulation inChlamydomonas.Briefly, PHOTOTROP (PHOT) represses GAP1
(glyceraldehyde3-phosphate dehydrogenase) that acts as enhancer of starch accumulation. This PHOT
dependent regulation of starch metabolism takes place via the Ser/Thr protein kinase PMSK1
(PhototropinMediated Signaling Kinas&erine 94 (S94) of PMSK1 is phosphorylated in the dark and gets
de-phosphorylated upon exposure to bllight in the WildType (WT) while PMSK1 S94 remains
phosphorylated at both dark and light conditions in tphot mutant. Intriguingly, overexpression of
PMSK%%C mimicking a phosphorylated S94, in WT cells leads to GigRl1and starch levels and
conversely, overexpression of PMS¥4 mimicking a dephosphorylated S94,phot cells leads to low
GAPIland starch levels. Our data strongly suggest thaSRW acts as a novel regulator that drives PHOT
signaling pathways through pestnslational modifications, controlling carbon metabolism. These
findings have significant implications for our understanding of the intricate interplay between
photoreceptor ggnaling and metabolism in photosynthetic organisms, and may potentially pave the way

for the development of novel biotechnological applications.
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Underwater light sensing : activity of a diatom phytochrome photoreceptor in theg@ns

Carole Duchérle JearPierre Bouly;, Juan José Pierella Karludjchulien SellésBenjamin Baillet Chris
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Chloroplast biology and liglgensing in microalgae, Institut de Biologie Phy&ibamique, Paris, France
2

Plant and algal genomics, Département de Biologie, Ecole Normale Supérieure, Paris, France

3

Stazione Zoologica Anton Dohrn, Naples, Italy

Marine microalgae are considered responsible for about half of the primary productivity on Earth. Hence,
light plays an essential role as source of energy through photosynthesis for these unicellular organisms.
But light is also an important environmental ¢usccurately detected by photoreceptor proteins and
triggering adjustment of cell physiology accordingly. In addition to the daily and seasonal variations of
sunlight intensity, duration and spectrum, underwater light field is structured with depth, wétnceg
attenuation of long wavelengths such as red (R) andddr(FR). Surprisingly, diatoms, predominant
marine microalgae, have phytochromes photoreceptors, which are R/FR sensors in land plants. We have
shown that diatom phytochromes (DPH) do exhi®iER absorption spectra and induce expression of a set

of genes upon FR light exposure. This absorption spectrum appears widely shared among the DPH we have
characterized from different diatom species. However, how a R/FR receptor is activated in {heored
marine environment is a puzzle. By measuring the responses triggered by DPH photoréceptar

thanks to a reporter system set in the model diatom spePieaeodactylum tricornutuprwe showed that

DPH activity is not solely dependent on the ratidamg R/FR wavebands, but extends to the entire visible
light spectra. Modelized in an oceanic context, DPH activity changes with light fields that reflect depth
variations and the presence of other photosynthetic organisms. This analysis revealingerspektives

about phytochrome sensing abilities opens up new insights into the role of phytochnoedéated light

sensing in the oceans.
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Transcriptional regulation of NofPhotochemical Quenching in response to different light intensities
and wavelengths in the microalg&hlamydomonaseinhardtii

Emanuel Sanzuqué, Petra Redekdp Dimitris Petroutso$ Arthur R. Grossman

1 Department of Biochemistry and Molecular Biology, University of Cordoba, 14014, Cordoba, Spain.

2 Department of Plant Biology, The Carnegie Institution for Science, 260 Panama St, Stanford, CA 94305, USA.
3 Université Grenoble Alpes, CNRS, CEA, INRAERIRIG38000 Grenoble, France.

4 Department of Biology, Stanford University, Stanford, CA 94305, USA.

Photosynthetic organisms have evolved in highly dynamic light environments, with variations in sunlight
intensity and quality depending on the time of tbay, atmospheric conditions, and canopy effect. These
organisms have developed mechanisms to optimize the capture and utilization of light energy when the
intensity is low and to quench excitation energy when absorbed light exceeds cellular demands for CO
fixation. In the latter condition, the first line of defense entails energy dissipation as heat within the
photosynthetic antenna complexes (gE). @mlamydomongsthree members of the lighbharvesting
protein family (LHCSR1, LHCSR3, and PSBS) havasbabad to this function. High light intensities
dramatically induce the expression of the genes encoding these préteitmvever, cells need to
accumulate these genes before exposure to high light, anticipating the stress and avoiding the generation
of reactive oxygen species. We have studied the RNA accumulatisfG8R1HCSRandPSBSih dark

to-light transitions at different light intensities and wavelengths. Our data indicate that very low light is
enough to lead to a marked increase in thelCBsand PSBSranscript levels, and this tdlicited
accumulation is strongly dependent on blue light phpterception by PHOT1 and only partially controlled

by photosynthetic electron flow. Our results also show that theBJphotoreceptor (UVR8) mediates the
induction of these genes even in the absence of PAR light. Overall, our data shed light on the complex
transcriptional regulation of the photoprotective genes, allowidglamydomonasells to modulate the

transcript levels and pracclimate to changing light coitigns.

1. Maruyama, S., Tokutsu, R. & Minagawa, J. Transcriptional Regulation of theR&spssisive Light Harvesting
Complex Genes in Chlamydomonas Reinhaflaint Cell Physi&b, 13041310 (2014).

2. Redekop, Pet al. Transcriptional regulation gfhotoprotection in darkto-light transitionMore than just a matter of
excess light energygci Ad8, eabn1832 (2022).
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Non-canonical DNA structures: from biological targets to (opto)electronic materials
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Nucleic acid quadruplexes: not just structural oddities?
JeanLouis Mergny 1

1 : Laboratoire d'Optique et Biosciences, Ecole Polytechnique, France

Glj dzI R NHzLJ S E SBNA aréubusgabnucleiy aid dtructures which can find applications in biology,
medicine, as well as biotechnd nanetechnologies. G4 can be formed iatolecularly by Grich DNA or

RNA sequences. We are developping biophysical and biochemical tools to understand their folding and
polymorphism, bothin vitroand in cells, as well as the influence of external parameters such as pH, ionic
conditions or crowihg. Absorbance, Fluorescence and Circular Dichroism provide interesting information

on these structures.

In parallel, we propose a new algorithm for the prediction of G4 propensity and apply it to the analysis of
a number of organisms. We are interestiedguadruplexprone regions conserved in the genomes of a
number of Archaea, pathogens such as bacteria, helminths, viruses (HIV, HCV, Ebalan\@AR%s and

in "G4 poor" model organism such aBlasmodium falciparunto confirm the importance of G
guadruplexes in biology. In addition, we are investigating new families of G4 ligands (G4L), either as

fluorescent lightup probes or as antiral or antiparasitic drugs.
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Silver lonsDriven Folding of Polyguanine Strands into Dier and QuadrupleHelical Structures

Liat Katrivas Danny Porath Anna MakarovskyAlexander Kotlyar

DTel Aviv University, Tel Aviv, Israel
2Hebrew University of Jerusalem, Jerusalem, Israel

Silver ions (A are known to tightly and selectively bind to cytosine and guanine bases composing DNA.
Binding of the ions to the bases of long (hundreds and thousands of nucleotides) poly(dG) at 1 to 2 (Ag to
base) molar ratio leads to considerable changes in the lairclichroism (CD) spectrum of the molecule
(Fig. 1A) indicating for conformational rearrangement of the DNA. Indeed, formation of circular structures,

similar to those of DNA plasmids, was detected by AFM (Fig. 1B).
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Figure 1. Folding of-&rand inthe presence of silver ions: @D spectra of a-&rand (red curve) conjugated with
silver ions at 2 to 1 base to ion ratio (black curved.AM images and schematic drawings of structures formed
during folding of a conjugate between 1488se Gstrandand silver ions (at 2 to 1 base to ion ratio). Inset shows
ring-shaped molecule folding into a compact ssltaped molecule. Two partly folded molecules (on the right and the
left side of the image) are seen as stitlaped structures with a loop at one thieir ends. @& Scheme depicting
conjugation of a &trand (red curve) with silver ions (grey spheres) followed by folding of the conjugate into a circular
ring-shaped structure, @ng (reaction 2). The structure is stabilized by-egdiated GG pairing.

The measured average contour length of the rings is about half that of the parent pepdt/@JC)
molecules used for preparation of the homoguanidine strand suggesting that the strand is folded on itself
such that the two halves are running in oppesitliirections. The halves are hybridized through
Ag'mediated GG pairing to form a stable leftanded helix (Fig. 1C, reaction 1). The edges of the helix
approach each other probably due to mechanical tension caused by the helical spin resulting in ah opene
ring-shaped structure (Fig.1C, reaction 2). Further twisting of thisgiragped structure in a screlike

fashion resulted in a compact and stiff restlaped molecule (inset in Fig.1B).
The poly(dGAgbased conjugates (both ringnd rodshaped) aretdf and very stable under ambient and
St SOFGSR (SYLISNI (i dANT Hightstaiglitg endl theépfeSeNde &F Sedok dctivepsilver ions

make these new conjugates promissing candidates nanobioelectronic devices and nanobiosensors.
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NMR insightanto 3D structure of Grich DNA
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The typical doublestranded DNA conformation is the-lBNA form. However, certain sequences
promote the formation of other structures under certain environmental conditions. During important
cellular processes, DNA unwinds into a sirggtanded form that an adopt multiple 3D structures that
differ from the canonical Watson and Crick double helix. Secondary structures suafuadrGplex and
i-motifs are associated with many different biological functions of DNA. The best studiechnonical
DNA structues are Gquadruplexes. In recent years, experimental evidence has accumulated that these
structures formin vivo and play essential biological roles, including regulation of gene expression,
replication, and telomere maintenance.

Nuclear Magnetic Resone®, NMR, is a wedlstablished technique for studying a wide range of topics
related to the structure, dynamics, and function of biomolecules. Our laboratory uses NMR spectroscopy
in combination with complementary methods to reveal structural details afr-&iranded DNA
architectures in terms of sequence details, presence of cosolutes and inorganic salts, pH, interaction with
(heterocyclic) ligands, and folding pathwdyswe have recently described a new family of tetrahelical
structures that are distirtty different from Gquadruplexes, although they contain the Gquadruplex
folding motif (i.e., d[(GGGNnN)3GGG]). These sequences with Nn=AGCGA exhibit topologies characterized
by a tetrahelical core of AGCGA repeats connected by-kiigéoops of differentengths stabilized by-G
G base pairs in Ndarbonyl geometry.

Different DNA structures open up a variety of targeting possibilities due to their local and dynamic
properties. Due to their biological relevancegGadruplexes are attractive targets forudy development.
Human telomeric @uadruplex structures are attractive targets for anticancer drug development, but
polymorphism of the targets complicates their development. Different ligands prefer different folds, and
very few complexes have been solved high resolution. Phe®C3, bisquinoliniumderivatized
phenanthroline dicarboxamide, one of the bdstown Gquadruplex ligands characterized by high binding
affinity and selectivity, causes dTAGGG(TTAG®&Gcpmpletely change fold in KCI solution, lwthe
ligand intercalating between two-Guartets’
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Photophysics and photochemistry of DNA quadruple helices anabtifs: insights from Quantum
Mechanical calculations.

Roberto Improta

Consiglio Nazionale delle Ricerche, Istituto Biostrutture e Bioimmagini Via De Amicis 95, 80146 Napoli.
roberto.improta@cnr.it;robimp@unina.it

In the last decade Quantum Mechanical calculations, together with-Resolved spectroscopy, allowed
crucialadvances in our understanding of the processes triggered in Nucleic Acids by Absorption of UV
light,[13] which can have many pathological consequences (damage of the genetic code, apoptosis,
carcinogenesis). [4] In our contribution, we concisely reviewntlost significant results obtained in the
study of Guaningich DNA sequences arranged in quadruple helice@{&druplexes) [8], showing that

the experimental steady state absorption and circular dichroism spectra of different topologies can be
reprodued and assigned and that the most important decay pathways involve localization of the
excitation over a single base or on two stacked guanines, excimers with different degrees of charge
transfer character. We also report the first results obtained in #iady of imotifs, the peculiar
'intercalated’ structure that can be adopted by NA sequences rich in cytosine, stabilized-psosmniated
(CHC)pairs, i.e. two bas@aired cytidines, 'sharing' one proton between the N3 atoms. Finally, we discuss
some d the chemical physical effects ruling the photoactivated processes in NA, and the related
methodological challenges, {B1] which are common to many other mutthromophore assemblies of
biological and technological interest.[3]

1) R. Improta et alChan. Rev116, 3540 (2016).
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6) L. MartinezFernandez, et all. Phys. Chem. Let0, 6873 (2019)

7 L. MartinezFernandez, et aPhotochem. Photobiol. S&B, 436 (2020)

8) H. Asha, et alnt. J. Biol. Macromol94, 882 (2022)
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Naphthalene diimides as versatile platforms for biomedical applications focusing equ&druplex
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Naphthalene diimides (NDIs) are extremely versatile platforms explored for the development of different
applications. Thanks to their chemical accessibility and large plan@csuNDIs have been explored as
appealing platform to design RNA and DNAuadruplex (G4) ligands that are able to interfere with
metabolic pathways involving this naranonical form of DNA/RNA. Additionally, their optoelectronic
properties can be tunely substituents on the aromatic core, thus giving origin to absorption and emission
in the visible wavelength range, which makes them appealing also for fluorescence imaging and
photodynamic therapy (PDT). We have published a series of NDI monomers, arahdNBIDI/core
extended NDI dyads having excellent water solubility merged with very promising features for biomedical
applications.[12] The NDI optical properties were used to study their affinity for G4 and double stranded
DNA. The NDI dyads displayeirgsting fluorescence turon behavior upon recognition of the G4 target

in solution.[2] We were able to identify the binding site of these dyads in multiple telomeric G4 by means
of a indepth fluorescence lifetime and circular dichroism study. The NDrdbcence was further
exploited to study cellular localization and interaction with-i@&h nucleoli by means of a confocal
fluorescence lifetime imaging. These studies were completed with biological assays to determine the IC50
values of the monomers andyads and to asses intracellular DNA damage. One monomeric tetra
substituted NDI compound induced photocytotoxicity.[2] Some of the NDI dyads have excellent IC50
values in the nM range on several tumor cell lines and are able to induce a DNA damagseeazpbe
telomeric level [2]. A dyad composed of one NDI unit and one extended NDI unit has higher IC50 values
but its toxicity is markedly higher for tumor cells compared to healthy cell models making it a more suitable
candidate for therapeutic applicains. Overall, these prpmising features stimulate further research on the
NDI versatile platform.
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Cartoon of the interaction of a NDI dyad with telomeric DNA with 1 or 2 G4 units
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Lipid Peroxidation and DNA Damage: Photoreactivity of Cytodexived Etheno Adducts

Carlos MontereGalan, Paloma Lizondéranda, Miguel A. Miranda Alonso and Virginie Lhiai\sitet

1 Instituto de Tecnologia Quimica, Universitat Politécnica de Val&migejo Superior de Investigaciones
Cientificas (UREZSIC), Avd. de los Naranjos s/n, 46022 Valencia, Spain.

Lipid peroxidation is a biochemical process that involves the oxidafipalyunsaturated fatty acids, the components

of cell membranes. In this process, highly reactive species, suth -assaturated aldehydes, are generated and

react with DNA bases, forming the-salled etheno adducts These DNA lesions exhibilutagenic propertieg".

Indeed, the increase of lipid peroxidation in inflammatory procedsess been related to the high levels of etheno

I RRdzOGa Ay RAaSIasSa GKIFIG OFy tSIR (20U CongeueMy theyda®K | a
excdlent bio-markers for different types of cancer (lung, colon or prostate cancer). Although their mutagenic

properties have been clearly established, their photoreactivity has not been studied yet.

Here, the attention is centered on the cytosine ethenoidative (eC). Recently, the increase of its singlet excited
state lifetime compared to that of cytosine was reportédyhich points toward gotentially increased reactivity

A model compound containing two eC covalently linked by a trimethylene bridgesynthesized and irradiated to
evaluate its photoreactivity undetirect irradiation or through aphotosensitizationprocess. Especially, cyclobutane
pyrimidine dimer formation, the most common lesion caused by UV light in DNA, was considered takéug dotot

the possibility of §2+2] photocycloadditioninvolving the double bond at 5,6 of the cytosine moiety or that of the

etheno ring.

Formation of edC already means a damage by itself, but its harmfulness could be increased if it can fottypae CPD
photoproduct. Thus, the aim of this study is to evaluate the photoreactivity of these etheno adducts, considering

especially the formation of new CHiRe lesions.
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Figure 1: Synthesis and potential photoreactivity of the eC model

[1] U. Nair, H. Bartsch, J. Ndiree Radic Biol Me@007, 43(8), 1109.120.
2] ' & 2 Ay Ol dzNI T 5Rpee Ratlivadl ReB0]12146(4), 842458zR S | @
[3] P. LizondeAranda, L. MartinezFernandez M.A. Miranda, R. ImprotaT. GustavssqiV. Lhiaubedvallet J. Phys. Chem.
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Excited state processes in naranonical DNA structures: insights from quantum mechanical

calculations.

Lara MartinezZFernande?

1 Departamento de Quimica, Facultad de Ciencias and Institute for Advanced Research in Chemical Science
(IADCHEM), Universidad Auténoma de Madrid, Campus de Excelenci@®I8MCantoblanco, 28049 Madrid,
Spain.

The combination of DNA and UV light has potential beneficial applications for humans as in phototherapies
2NJ 2LJ02St SOGNRYAOadP LYRSSRI aAyOS Ay (GKS ynQa b
structures using DNA, the field of DMAnotedinology has grown exponentially. (2) DN#&sed devices

usually rely on fluorescence and /or energy transfer mechanisms. However, canonical nucleobases, the
building blocks of DNA, are almost nonfluorescent and not involved in energy transfer processgs. The

the design of an ideal non canonical DNA structure with optimal optical properties has become in the

recent years a hot topic.

With this aim in mind, we have characterized the main excited state processes driven by light absorption
in non canonical DA structures @motifs, guanine quadruplex (G4) or metalddNA, see Figure 1) using
guantum chemical calculations. In detail, some of these structures present stable and characteristic charge
transfer excited states (3) that could be the precursors of ghdransport mechanisms, whereas in other

cases very reactive triplet states are populatét).
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Figure 1. Examples fomotifs and Gquadruplex structures.

(1) Seeman, N.C. (1982) Nucleic acid junctions and latticd$eor. Biol., 99, 237.
(2)Dong, Y., Yao, C., Zhu, Y., Yang, L., Luo, D. and Yang, D. (2020) DNA Functional Materials Assembled from Branched DNA:
Design, Synthesis, and ApplicatioBsem. Rev., 120, 9420.
(3) MartinezFernandez, L., Changenet, P., Banyasz, A., Gustavsson, T., teiafkoand Improta, R. (2019) Comprehensive
Study of Guanine Excited State Relaxation and Photoreactivitgira@uplexesJ. Phys. Chem. Lett., 10, 6873.
(4)MartinezFernandez, L., Kohl, F.R., Zhang, Y., Ghosh, S., Saks, A.J., Kohler, B. (submitted)
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Photobehavior of anticancer drugs: from solution to the cells

Inmaculada Andre?

1 Departamento de Quimieknstituto de Tecnologia Quimica UBSIC, Universitat Politécnica de Valéncia, Valencia,
Spain
2 Unidad Mixta de Investigacion UP\S La Fe, Hospital Universitari i Politecnic La Fe, Valencia, Spain

Anticancer drugs, also knowas chemotherapy agents, treat cancer by targeting and destroying cancer
cells or inhibiting their growth. In this context, targeted therapies constitute a specific category designed
to specifically target molecules or pathways that play a crucial rolesigtowth and progression of cancer
cells. Two examples of these are tyrosine kinase inhibitors {Tadid) Poly(AD#bose) polymerase
inhibitors (PARPI) Thus, the mechanism of TKIs involves the inhibition of specific tyrosine kinases,
disrupting the signaling pathways that facilitate the growth of cancer cells. Conversely, PARPIs operate by
blocking the activity of PARP enzymes, hindering the repailN# Binglestrand breaks. Both TKls and
PARPIs are illustrations of precision medicine in cancer treatment, providing more personalized and
potentially more effective therapies than traditional chemotherapy; however, they are not devoid of
adverse reactionsConcerning this, cutaneous reactions are common in drugs containing chromophores
capable of absorbing in the UVA region, as they are intensified with sunlight exposure. Therefore, these
side effects could be attributed, in part, to the damage to cellbiamolecules mediated by radicals or
reactive oxygen species generated from excited states.

Here, the photobehavior of some TKIs (such as gefijiaihd PARPIs (such as rucagdaaiid talazoparib)
has been investigated, including photophysical andiro photobiological studies. Moreover, we have
also explored the drug biotransformation procgswhich is generally associated to decrease toxicity.
However, in some cases, the metabolites may exhibit higher phototoxicity than the parent drug.
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Figure 1 Photosensitization to cellular biomolecules by anticancer drugs
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Red lightphotosensitized NO release and its monitoring in cancer cells with biodegradable polymeric
nanoparticles

Cristina Parisi Aurore FraixX,Giuseppe LongobardiClaudia Conté Arianna Pastoré Mariano
Stornaiuolo? Adriana C. E. Graziah®arta E. Albertd Antonio Francédonerris; Fabiana Quaglia and

Salvatore Sortinb

1

PhotoChemLab, Department of Drug and Health Sciences, Unie¢Giyania, 95125 Catania, Italy.
2

Department of Pharmacy, University of Napoli Federice80181, Napoli, Italy
3

Dipartimento di Chimica e Tecnologie Chimiche, Universita della Calabria, Arcavacata di-Rg086, Italy
4

Institut de Ciéncia Molecular, Universitat de Valéncia, 46071 Valéncia, Spain

The multiple role NO plays in a variety of physiological and pathophysiological processes has made the
development of precursors and strategies to activate NO release byataniin the therapeutic window
highly desirable and challenging. Herein, we demonstrate that red light excitation of the photosensitizer
Verteporfin (VTP) activates NO release from an otherwise-lijhe activatable NO photodonor (NBFNO)
with an improvenent of about 300 nm towards more biocompatible wavelengths. NO photorelease is
photosensitized by the lowest triplet state of the PS, more likely by a catalytic photoinduced electron
transfer. This process occurs effectively and almost independently bgrésence of oxygen when the
water insoluble VTP and NBFO are ceentrapped within waterdispersible, biodegradable polymeric
nanoparticles (NPs) of mPHEEL. Moreover, the ideal spectroscopic prerequisites and the restricted
environment of the NPs permithe greenfluorescent ceproduct formed concomitantly to NO
photorelease (NBF) to communicate with Wi Forster Resonance Energy Transfer. This leads to an
enhancement of the typical red emission of the PS offeringnthehanismpossibility of a doubleol-our

optical reporter useful for the reatime monitoring of the NO release through fluorescence techniques.
The suitability of this strategy applied to the polymeric NPs as potential nanotherapeutics was evaluated
through biological tests performely using HepG2 hepatocarcinoma and A375 melanoma cancer cell
lines. Fluorescence investigation in cells and cell viighéixperiments demonstrate the occurrence of the

NO release under onphoton red light illumination also in the biological environméFhis confirms that

the adopted strategy provides a valuable tool for generating NO from an already available NOPD,
otherwise activatable with the poorly biocompatible blue light, without requiring any chemical
modification and the use of sophisticatedadiation sources
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Photostability of therapeutic monoclonal antibodies in formulation and in saline or glucose solutions
for parenteral administration: is theiactivity compromised by light?

Elisabetta De DiatfaMarina Coppof4 Luca Menilli Patrizia Polverino de Laurét&GiorgiaMiolo*

IDepartment of Pharmaceutical and Pharmacological Sciences, Via F. Marzolo 5, Padova, University of Padova, Italy;
2Veneto Institute of Oncology IRCCS, Via Gattamelata 64, Padova, Italy

Monoclonal antibodies (mAbs) have rapidly escalated as biopharmaceuticals into cancer treatments in
these last years, mainly for their target specificity and stimulation of reliabtetumoral responses [1].
During their realife, they are potentially unstable macromolecules under shaking, temperature
fluctuations, humidity, and indoor and outdoor light exposure. All these stressors can occur throughout all
stages of mAbs producti, transport, storage, handling, and administration. It is important to highlight
that the physical and chemical modification of mAbs can lead not only to the loss of their bioactivity, but
also to the enhancement of their immunogenicity with increasiegs of severe hypersensitivity reactions

[2]. Additionally, mAbs administered intravenously are diluted in 0.9% NacCl or in 5% glucose solutions and
consequently the excipients are diluted too decreasing their specific role of protection, i.e., against lig
modifications. The physicochemical properties and the rate of formation ofnadive aggregates are
therefore possibly influenced [3]. The photostability of various therapeutic mAbs has been studied. The
physicochemical modifications and the biologiaalivity after the light stressor are here reported, with

particular attention on the diluting solutions used for its administration to patients.

[1]1 @ Yl dzNE a{dlFloAfAGe GSadAay3a Ay Yzy20f2yIcil4RO2IIAG2RASA

[2] Nabhan M, Pallardy M and Turbica | (2020) Immunogenicity of Bioproducts: Cellular Models to Evaluate the
Impact of Therapeutic Antibody Aggyates.Front. Immunol. 11:725
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The chemical nature of the photosensitizer and the lipid composition as key factothen
photoinduced damage to biomembranes

Mariana Vignorli José Luis Fonség¢daria José SosaMaria Noel Urrutiy Gonzalo Co$aRosangela

Itri#, Mauricio S. BaptistaAndrés H. Thomas

1INIFTA, Universidad Nacional de La Plata, CONICET, La Plata, Argentina.
2 Department of Chemistry, Quebec Center for Advanced Materials (QCAM), McGill University, Montreal, Canada.

3 Departamento de Bioquimica, Instituto de Quimica, Universidade de Séq $anilBaulo, Brazil.

4 Departamento de Fisica Aplicada, Instituto de Fisica, Universidade de S&o Paulo, S&r&%ililo,

All unsaturated lipids are targets of oxidative damage, which can occur by photosensitized oxidation. In
the case of vesicles dispersions, if the photosensitizer is lipophilic, an association with a biomembrane is
expected and the oxidation might be muddsfer than that caused by hydrophilic photosensitizers that
remain in the aqueous phase. Pterins, lumazines and flavins are natural hydrophilic compounds that
efficiently photosensitize the oxidation of DNA, proteins and other biomolecules in agueou®sslut
These photosensitizers do not bind to phospholipid membranes. In the search of hew compounds that
retain the photosensitizing properties of the hydrophilic precursors and, at the same time, are able to bind
to biomembranes, a set of deegierivativeswere synthesized and studied. Pterin (Ptr), lumazine (Lum)
and riboflavin (Rf) were chosen as model compounds. Conjugation of a decyl chain to the photosensitizer
moiety enables its facile intercalation in phospholipid vesicles. Upon UVA irradiatiorsiofegein the
presence of a photosensitizer, lipid oxidation takes place, leading to the formation of many oxidized
products. The rate of photooxidation depends on the lipophilicity of the photosensitizer, but the
relationship is not straightforward. Thaitial oxidation photoproducts undergo conversion into short
chain secondary products most likely due to further photosensitized processes. Theselsinrxidized

lipids are responsible for destabilizing the phospholipid bilayer and promoting memkezakage. The
efficiency of photoinduced permeabilization depends on the composition of the membrane more than on

the photosensitizer.

Reference
M. J. Sosat al. Biochim. Biophys. Acta865 184155 (2023).
A. Vignonket al. Dyes Pigm187, 109131 (R21).
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Photobiological evaluation of FICZ and ICZ
Lopes, L. E.Martins, L. M. O. 8.Palomino, C. M. ¥.Wondrak, G Baptista, M. S.

1Department of Biochemistry, Institute of Chemistry, University of Séo Paulo, SdoBPazilo
’Departament of Pharmacology and Toxicology, RK Coit College of Pharmacy, The University of Arizona, USA

INTRODUCTIOMENdogenous photosensitizers (EP) are responsible to absorb solar photons and to cause
oxidative stress in the excess of sun exposur€][1Among the EP present in the skin, the
tryptophanderived photoproduct @ormylindole [3,2b] carbazole (FICZ) (Figure 1A) has recently been
shown to be a potent EP, besides being an agonist of the aryl hydrocarbon receptor (RhR)d2,
understand the possible synergistic roles played by the activation of AhR and by photosensitized oxidation,
we examined the consequences of irradiating keratinocytes (HaCaT cells) previously incubated with FICZ
and with the indole [3,D] carbazolelCZ), which is not a typical EP and does not efficiently form triplet
species and singlet oxygen (figure 1BRJECTIVE3nderstanding the relationship between the AhR and

the photosensizationMETHODOLOGYhe quantum yield of absolute fluorescence emisgu f) was
obtained with excitation source at 390nm and 410nm for FICZ and ICZ, respectively. The quantum vyield of
singlet oxygeny j) was determined using a NIR fluorometer (SHB) with a 400 nm LED as the excitation
source. FLIM was performed using aoRiaant time 200. Biological assays included cell viability of the
FICZ/UVA ctreatment by MTT assay and immunofluorescence to visualize AhR activREGULTSor

FICZ, thes nwas 0.53 and the absolutef was 26.3%, while for ICZ the valuessafand u f were 0.05

and 24.4%, respectively. The fluorescence lifetime is 4.97ns and 7.74ns for FICZ and ICZ, respectively.
Biological effects on the tested cell line (HaCaT) include phototoxicity at nanomolar concentration in
addition to activation and sustainiraf AhR translocation upon FICZ/UVAteatment (figure 1C).

C---

Figure 1 Molecular structure of FICZ (A) and ICZ (B). Activatiotranslocation of AhR after emeatment FICZ/UVA or ICZ/UVA

in Hacat cells. PSs incubation time was 4 hours and irradiation time 30min. Cells were fixed, permeabilized and stained with
Recombinant Alexa Fluor® 647 Ahtyl hydrocarbon Receptor antibodyhbur after PS/UVA etreatment. The white arrows
indicate high marking delimitation in the cell nucleus

. Justiniano, R.; de Faria Lopes, L.; Perer, J.; Hua, A.; Park, S.L.; Jandova, J.; Baptista, M.S.; Wondrak, G.T.@Ehérizpupdamrberived
Photoproduct 6Formylindolo[3,2b]Carbazole (FICZ) Is a NanomolastBsensitizer That Can Be Harnessed for the Photodynamic Elimination of
Skin Cancer Cells in Vitro and in VRisotochem Photobi@021, 97, 180;191, doi:10.1111/php.13321

2. Park, S.L.; Justiniano, R.; Williams, J.D.; Cabello, C.M.; Qiao, S.; Wondrak, G.T. The TDgrteptidindogenous Aryl Hydrocarbon Receptor
Ligand eFormylindolo[3,2 b]Carbazole Is a Nanomolar UVA Photosensitizer in Epidermal Keratindogesalof Investigative Dermatology
2015 135, 16491658, doi:10.1038/jid.2014.503

3. RANNUG, A.; RANNUG, U. The tryptophan derivafiwerfylindolo[3,2b]carbazole, FICZ, a dynamic mediator of endogenous aryl hydrocarbon
receptor signaling, balances cell gttwand differentiation. Critical Reviews in Toxicology, v. 48, n. 7, g55452018
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EPR spectroscopy and photochemical processas enlightening experience

Thilo Hetzke, Manuela Libe8ylwia Kacprzak

Bruker Biospin

Electron paramagnetic resonance spectroscopy (EPR or ESR) isyaasire technique for direct

detection of unpaired electron spins. Species that are typically observed with EPR spectroscopy are
organic radicals, photoexcited tripleddical states, reactive oxygen species (ROS), and transition metals.
In this oral presentation, a brief introduction to the basics of EPR spectroscopy will be given, followed by
examples showing how EPR and its unique properties can contribute to unadirgigphotochemical
reactions. Applications covered in this presentation will include effects of transition metals on
photosystem 2, how the phytotoxic air pollutant ozone affects the photosynthetic apparatus of plants,

and spintrapping of ROS generated Iphototoxicityinducing agents.
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Action spectrum for cyclobutane pyrimidine dimer formation in @svo human skin irradiated with
UV-LEDs and measured by quantitative HPMS/MS

PA Philipseh TN Gillings T Dould, Y O8, PMPetersen, J JakobsénCM Lerche®

1 Department of Dermatology, Copenhagen University HospB#pebjerg, Denmark |2 Univ. Grenoble Alpes,

CEA, CNRS, IRIG, SYMMES, France | 3 Department of Photonics Engineering, Technical University of Denmark,
Denmak. [4 National Food Institute, Technical University of Denmark, Denmark. |5 Department of Pharmacy,
University of Copenhagen, Denmark.

Ultraviolet (UV) radiation of human skin causes DNA damage. The most common are cyclobutane

pyrimidine dimers (CPDs).dhmount of CPDs after UV is dependent on wavelength and we aimed to
accurately quantify the CPD formation. We have obtained excess waistband skin after it was surgically
NEBY2OPSR FTNRBY o LISNBE2YAaAdP CNRY SI OK LIS Mé@ndrgdiated 31 Ay
control and 40 irradiated with one of 10 LNEDs with wavelengths: 280, 285, 290, 295, 300, 305, 310,

315, 320 or 335 nm. For each wavelength, 4 doses with linear increments were given, with a total of 40
irradiated biopsies per skin tissu@uantification of CPDs in the skin (n=123 in total) was done by

HPLCMS/MS (15or each wavelength, a linear dose response was calculated, and the regression slopes

are presented in the figure as a CPD action spectrum. The action spectra have peakrat\Ziéi a

yield of 24 CPDs per qbases per J/ihand have a close resemblance to the CIE erythema action spectra
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(2)Douki, T. PhotochemhBtobiol Sci 1201286;1302, 2013. https://doi.org/10.1039/c3pp25451h
(2)CIE: Erythema Reference Action Spectrum and Standard ErythemallteS807/4999. CIE, Austria.
(3)Young A, etal. JID 111:9888, 1998. https://doi.org/10.1046/].1523747.1998.00436.x

246



Photobiological evaluation of DO15 in deuterated reinforced membranes

Franco Freire, M. S Donatto, M2 Lépez M.A.H.Caldeira Cltri, R; Shchepinow. S3; Baptista, M. 3.

1 Department of Biochemistry, Institute of Chemistry, University of Sdo Paulo, Sdo Paulo, Brazil
2 Department of Applied Physics, Institute of Physics, The University of Sdo Paulo, Sdo Paulo, Brazil
3 Retrotope InG.4300 El Camino Real, Suite 201, Los Altos, CA 94022

Introduction: PUFAs are the main constituents of membrane bilayers however, because of their multiple conjugated
double bonds, they are highly susceptible to lipid peroxidation (LPO). [1;2]l¥is hydrogen abstractions trigger
radical chain reactions, leading tearrangements and scissions and resulting in carbonyl compounds and toxic
aLISOASE 3da20AF0SR 6A0GK RA&SH aSsSa -degeaéations, aypettdndich &nda 2 y Qa
cancer.[36] The isotopic substitution of ballylic hydrogens to deuteria gives rise the fPUFAs, slowing down the
cleavage of the CD bond, as compared tbH €leavageObjective: To evaluate the lipid membrane protection by
deuterium reinforced PUFAs, we investigated the photooxidative damage induced by the photoactiv@ioa®min
membrane mimics and HaCaT cells previously incubated wiRkJPA [8]Methods: Biological assays included cell
viability (MTT, AquaBluer and Neutral red), mitochondrial function/dysfunction (measured by mitochondrial oxygen
consumption rate (OCR}ing Seahorse Extracellular Flux system) of HaCaT cells previously incubated with DO15 and
membrane leakage assays in Giant Unilamellar Vesicles (GUVS), assessed by optieabnptzaseintensity
observationsResults:The viability of deuterium reinfaed cells were significantly higher than that of control cells
(incubated with DO15 and irradiated in DMEM¥PDFAsupplemented cells shown the same proton leak as control,

but they have significantly higher production of ATP. GUVs madelLa#PIC werestained with DO15 at>3M and

were followed in the microscopy under irradiation with red light. In the presence of 20%LofHPC the increase in

the membrane area ( A#)\ which is proportional to the accumulation of lipid hydroperoxides, was substintial
delayed as well as the membrane leakage, which was evaluated by the membrane contrast (Figbrecliigion:

The introduction of EPUFA into membrane constitute a promising tool against LPO, presenting a protective
mechanism from both type | and Il ptosensitized oxidation mechanisms.[9]
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Figure 1 Profiles of contrast decay and area change 4fitHPC A, CandD) and HLin-PC + BLin-PC. B, CandD).
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Photochemical internalization (PC¢)a photodynamic combination therapyor improved drug delivery
to solid tumors

KristianBerg Anette Weyergang, and Pal Kristian Selbo

Department of Radiation Biology, Institute for Cancer Research, Comprehensive Cancer Center, Oslo
University Hospital Radium Hospital, Oslo, Norway

Photochemical internalisation (PCI) is a nhovel technology for release of endocytosed macromolecules into
the cytosol. The technology is based on the use of photosensitizers located in endocytic vesicles that upon
activation by light induce rupture of thendocytic vesicles and thereby release of the macromolecules into
the cytosol. PCI has been shown to enhance the biological activity of a large variety of macromolecules
and other molecules that do not readily penetrate the plasma membrane, including type |
ribosomeinactivating proteins (RIPs), gesrecoding plasmids, adenovirus, oligonucleotides and some
chemotherapeutic agent, such as bleomycin. Novel recombinant protein toxins have been developed for
activation by PCI. The PCI treatment has been foumnttiiece vascular shutdown and strong inflammatory
effects that may be utilized to stimulate asitimor immunity and cancer vaccination. An update on the
development of the PCI technology towards preclinical evaluation and clinical implementation will be
presented.

Chemotherapeutics Oligonucleotides

3 Other nanoparticles
(bleomycin)

Gene delivery

immunotoxin
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Nanoscintillators for Xray induced photodynamic therapynew insights on this complex mechanism

Annelaure Bulih

1 University Grenoble Alpes, Inserm U 1209, CNRS UMR 5309, Team Cancer Targets and Experimental Therapeutics,

Institute for Advanced Biosciences, 38 000 Grenoble, France

Photodynamic therapy (PDT) is intrinsically restricted by the shallow penetration of light in tissue and can
therefore not be induced in deep tissue without invasive strateyjids elegant nofinvasive approach to
overcome this limitation consists in gogating the photosensitizers to radioluminescent nanomaterials
also called nanoscintillators, that behave as light sources upon irradiation byrthes Xf radiotherapy.

UponXNJ @ ANNI RAFGA2Yy I yIy2a0AyiAtf InsdubskGuentyddBitethéd ¢ A G O
photosensitizer and induce PBTAs Xrays penetrate deeply in tissues, radioluminescence can activate

PDT nornvasively at depth and without being restricted by large tumor volumes and optical shielding by
blood vessels. The dsibility of exciting photosensitizers using nanoscintillators has been demonstrated

by us and others®. However, there is a mismatch between a low theoretically expected efficacy of
radioluminescencénduced PDT and the experimentally measured effithay is much higher. Thus, it

appears critical to understand the origin of the observed efficacy that may stem from several therapeutic
contributions.

In this presentation, | will discuss various radiotherapeutic effects that can be induced by naraswistil
when used to induce deefissue photodynamic therapy uponray irradiation®. These effects may
strongly contribute to the overall treatment efficacy and therefore need to be considered when designing
future nanomaterials for Xay induced PDT.
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Bioresponsive Pheophorbide A and Paclitaxel prodrug nanoparticlesdoyeted cancer treatment

Luca Menilfi, Francesca Morét Celeste Miladj Andrea Guerridj Daniele TedesépClaudia Ferrofi

Greta VarcHi
1 Department of Biology, University of Padova, 35100 Padova, Italy

2 Institute of Organic Synthesis and Photoredttj ISOFCNR, 40129 Bologna, Italy

Chemotherapy remains a crucial approach in cancer treatment, but its efficacy is hindered by significant
side effects. Challenges, including the inadequate delivery of chemotherapeutic drugs to the tumor site
and the emergence of drug resistance, highlighe need for innovative therapeutic strategies.
Combination therapy has proven to be highly promising in fighting cancer, and the recent advances in
nanotechnology have enabled the development of nanosystems capable of precisely regulate the ratio of
multiple therapeutic agents together with their selective transport to target sites. However, despite the
use of delivery systems, the premature release of drugs still leads to the occurrence of adverse effects. In
recent years, the development of chemotherajpie prodrugs allowed a better spatial control of their
activity, in response to specific stimuli (ROS, high GSH concentration, pH, etc.).

In this study, the in vitro antitumoral efficacy of tumor microenvironment (TME) responsive nanopatrticles
exclusivey composed of a paclitaxel prodrug (PS)Xand the photosensitizer pheophorbide A (PheoA) is
reported on two different cancer cell lines (MBMAB-231 and SO\+3) for chemePDT application. The
increased toxicity observed in MEMB-231 cells exposed to ansillated TME (10 mM glutathione, GSH)

and then treated with PT:% indicatedhat a more reductive environment promotes a greater extent

of PTX release and consequently cell death. The same scenario was observed when cells exposed
to reductive microenvironmet were irradiated with red light, thus indicating that ROS further
promotes prodrug disassemblyhe combination of PEX and PheoA into a single nanosystem allowed

a 30fold PTX dose reduction and d8d dose reduction of PheoA.

Subsequently, a secdrgeneration of nanoparticles was developed, incorporating a paclitaxel prodrug
that binds to human serum albumin (HSA), e.g., NMAK2S, and PheoA. These nanoparticles
demonstrated increased uptake in MEMB-231 and MCF7 breast cancer cell lines, as aslh more
potent inhibition of cell viability in both cell monolayers and 3D spheroids upon irradiation. Overall, these
findings highlight the ability of HS#nding nanocarriers to selectively internalize drugs in cancer cells,
thus presenting a promisirgpproach for targeted drug delivery.
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New Developments on PhotoChemical Internalization using Porphyrin derivatives

A. Sofia M. Joaguinith Cristina J. Did€, Carlos J. P. MonteifpKristian Berd, Anette
Weyergand, Pal Kristian SelbpM. Amparo F. Faustinb

ILAQVREQUIMTE, Department of Chemistry, University of Aveiro,-883@®veiro, Portugal
2iBiIMED, Department of Medical Sciences, University of Aveiro,-B82@®\veiro, Portugal
3Department of Radiation Biology Institute for Cancer Research, Oslo University Hpspital

Radiumhospitalet, 0379 Oslo, Norway

Cancer is one of the leading causes of death worldwide, with breast cancer as the second most
common cancer in the world [1].

Photochemical internalization (PCI) is as a noveHB3€d technology for cytosolic delivery of
endocytosed macromolecules. The irradiation of light allows for the rupture of the membrane of endocytic
vesicles and release of the drug to the cytosol T2jis allows for the use of a lower dose of PS which acts
synergistically with the drug to produce an effective tumor cell toxicity. Macromolecules, such as type |
ribosomeinactivating proteins (RIP), are being tested as -eaticer agents, however onef dhe
disadvantages is their lack of capacity to penetrate cellular membranes [3].

The molecular characteristics of the PS are of utmost importance for the success of PCI. Both
porphyrins, chlorins and phthalocyanines have been tested for PCI, but reveeldeen approved for
clinical use [5,6].

For this purpose, a novel PS was synthesized, characterized and tested for PDT and PCltreatment
of breast cancer cell line using recombinant gelonin as the type | RHeaacer drug. The prepared
compounds showe great efficiency in acting as PS in both PDT and PCI treatments. In this communication,
the main results of PDT and PCI in breast tumor cells will be presented and discussed.
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Unraveling the effects of photochemical internaktion of oxaliplatin by Xray fluorescencebased

elemental imaging

Nazareth Milagros Carigga Gutierreidlalika Dakit, Lucie Gardeh Tristan Le ClainchgSylvain Bohic

23 JeanLuc Cél|[Mans Broekgaardeh

1 Institute for Advanced Biosciences, BRM U1209, CNRS UMR 5309, Grerndlples University, Grenoble, France.
2 Synchrotron Radiation for Biomedicine, INSERM UAQ7, Grehlplele University, Grenoble, France.

3 European Synchrotron Radiation Facility, Grenoble, France.

Oxaliplatin is widely used in treatment of pancreatic cancer (PDAC), but its high toxicity gives value to new
strategies that enhance its efficacy and saféf As oxaliplatin is highly hydrophilic, its efficacy may be
enhanced by Photochemical intedimation (PCI), which can facilitate the endolysosomal release and
increased efficacy of various hydrophilic/ macromolecular chemotherapeiititedeed, photodynamic
therapy enhances oxaliplatin efficaéy yet whether this occurs via PCI has nevesrbmvestigated. This

work aims to investigate the effects of ledose PDT on the intracellular oxaliplatin distribution patterns.

In both 2D cell cultures and 3D cultures of MIA Pa@ad PANQ cell lines, the efficacy of oxaliplatin
exhibited >4fold reduction in presence of endocytosis inhibitors. kanse PDT (0.5 J/cm2), using a
PEGylated liposome formulation of verteporfin, significantly increased oxaliplatin efficacies in all models.
Elemental Xay fluorescence imaging revealed lysosomal desion by lowdose PDT (0.5 J/&n with
elevated intracellular Pt concentrations (Figure 1), with Fe being a potential therapeutic cofactor.

In conclusion, we present for the first time, that PDT/PCI can induce lysosomal release of oxaliplatin, which

holds promise to increase the safety and efficacy of this widely used chemotherapeutic.

Figure 1. Calibrated heatmaps (ng/mL) obtained Wgyxfluorescence elemental imaging on PAN¢IIs shows the

intracellular Pt distribution before (A), and affe€l (B). Zn images are included as a physiological marker for nuclei.
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Stimulated Raman scattering microscopy to induce and image cell death usingatiiin
photodynamic and photothermal phthalocyanine photosensitizers

C. C. RennieW. J. TippingG. Q. WallacéK. Fauld$andR. M. Edkin's

1. Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow, UK.

Phthalocyanines (Pcs) are efficient photosensitizers of singlet oxygen and are therefore promising
candidates for use in photodynamic tlz@y (PDT).More recently Pcs have also been shown to be
applicable in photothermal therapy (PTT), wherein photoinduced heating occurs following efficient

nonradiative decay PTT is a useful alternative for the treatment of hypoxic (log) [f@mors.

We have synthesized a series of zinc and copper Pcs using a method that overcomes the common trade
off in Pc synthesis of regioisomer purity or desired functionalization to give seled@ivealymmetric
Pcs*#Irradiation of these Pcs in an aggregatedestasing near infrared light (785 nm) induces a
photothermal temperature rise of +25 °C in bulk agueous solution with photothermal efficiencies >30%,
and in the case of the zinc Pcs, additional singigtgen photosensitization by residual monomer. These

photosensitizers are therefore potentially useful
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Using nanoscintillators to improve the efficacy of radiotherapy in pancreatic cancer
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Pancreatic cancer is associated with a poor prognosis despite multimodal treatments consisting in surgery,
chemotherapy and radiotherapy. Photodynamic therapy (PDT) is a prontisiaignent that aims to
activate photosensitizers with light in order to induce local cell damage. However, its use for treating deep
tumors, including pancreatic tumors, is limited because of the low penetration depth of light in tissues. To
overcome thidimitation, it has been proposed to use nanoscintillators (NS) that dowvivert ionizing
radiation such as-¥ays used in radiotherapy, into UNsible photons. These nanoparticles could improve

the efficacy of radiotherapy through at least three effetts radiation doseenhancement effectthat is

due to the accumulation of heavy elements in the vicinity of tumors, the emission-& phbtons that
increase direct DNA damage, and the activation of photodynamic therapyrdysXXPDT). The aim of

our project is to conjugate NS with appropriate photosensitizers to achieve PDT during radiotherapy.

When developing nanoscintillators for biological applications, the choice of the coating is of prime
importance as it can modify both the NS toxicity andalget in cells and microtumors, and thus impact

their therapeutic efficacy. Here, we present our results obtained with lanthanum fluoride nanoscintillators
doped with cerium (LaFCe), coated with either polyethylene glycol (PEG) or tripolyphosphate (TBP). W
studied the properties of NS on both 2D and 3D culture models of pancreatic tumors, grown in suspension
or as adherent microtumors. LaEe nanoparticles could not be observed with a conventional confocal
microscope, as they can only be excited byysor UV photons. Therefore, we useday fluorescence
microscopy (ID16, ESRF, European synchrotron) and transmission electron microscopy (IBS, Institut de
Biologie Structurale) to analyze their distribution within the cells, andayX fluorescence
microtomography (P06, DESY, German synchrotron) to study their accumulation in tumor spheroids.

We observed that NS coating induced significant differences in their aggregation and accumulation in cells
and tumor spheroids. We also obtained promising prelimyrrasults regarding their therapeutic efficacy,

and are currently investigating the role of the coating on pharmacokinetics and biodistributioninsing
vivo models of pancreatic tumors. Finally, their conjugation with photosensitizers will be investigated
evaluate XPDT efficacy.
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Photo-generated diazonia for an anticancer therapy using light

Marine Lalo?, Laure Gu¥; Cyrille Monnereat
102N G2ANB RS / KAYAS RS tQ9b{ RS [&2yX [é&2y> CNIyOS

Recently, a photdriggered intramolecular double nucleophilic aromatic substitutioRA{p has
been discovered allowing the straightforward synthesis of the new compdadirsiiitable for the
development of a new antiancer treatment. Indeed, diazorsselectively stabilizes-Guadruplexes (G4)
structures and generates singlet oxygen (Fig).2./ addition, thanks to the fluorescence of the
photocyclized produc?, its generation and localization may be followedingellulo(Fig 1.B).

Therefore, we are developing an innovative therapeutic strategy inspired by both photodynamic
therapy andphotopharmacology? After injection of bisquinoleinel to the patient (Fig 1.A), the inactive
drug 1 will spread in the whole body and will accumulate specifically in tumor tissues thanks to tumor
targeting groups decorating (Fig 2.B). Then, a locatadiation of the tumoral cells will generate the
photoreaction (Fig 1). Consequently, a combined therapeutic effect is triggered with the local generation
of 1) diazoni& that causes apoptose by-Guadruplexes stabilization, 2) two pheteleased counteions
chosen as additional chemotherapeutic drugs and 3) singlet oxygen (Fig 1.B).
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Figure 1:Pro-drug 1 mode of action as an anticancer therapeutic agent.

Consequently, we are improving our fiaggneration predrug to increase its biocompatibilitynd
efficiency regarding the photoreaction. Thus, we have developed a family of derivatiVbsaifing motifs
that will improve watersolubility and shift the absorption spectra to the biological window. In addition,
we have identified the best phottabie arms and added tumetargeting groups or chemotherapeutic
agents to combine the therapeutic effects.

2.A First-generation prodrug Inactive 2.B New generations pro-drugs
chemothera-
peutic agent

chemotherapeutic agent

Hydrosolubilizing

group L

Push-pull groups

Figure 2:Design optimisation of prdrug 1.
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Promising anticarcinoma effects of ATRA + PDT
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The vitamin A metabolite altans retinoic acid (ATRA, tretinoin) has anticancer potential. However, lack

of clinical success has prevented its approval for solid tumours. Herein, we propose combining short

term low-dose ATRA with fimaporfinased photodgpamic therapy (ATRA+PDT) for the improved

treatment of solid cancers. Compared to monotherapies, ATRA+PDT induced synergistic cytotoxic
responses including promotion of apoptosis in colon and breast carcinoma cell lines. Neither enhanced
activity of alkale phosphatase (ALP) nor increased expression of CD133 was detected after ATRA
treatment indicating that the improved therapeutic effect of ATRA+PDT is independent of the
differentiation state of the cancer cells. In the human colorectal adenocarcinorhmineesHT29, the

effect of ATRA+PDT on gene expression was evaluated by RNA sequencing (RNAseq). We identified 1129
differentially expressed genes (DEGS) after ATRA+PDT compared to PDT. Ingenuity Pathway Analysis
(IPA) predicted the unfolded protein respee (UPR), interferon (IFN) signaling and retinoic-acid

mediated apoptosis signaling as strongly activated canonical pathways after ATRA+PDT compared to
PDT. A validation of the RM&c data by RGPCR revealed that ATRA+PDT elevated mRNA expression of
eary growth response 1 (EGR1) and strongly the stressinduced activating transcription factor 3 (ATF3), of
which was confirmed on the protein level. In addition, ATRA+PDT abolished mRNA expression of
regenerating isletlerived protein 4 (REG4). During thesffi20 days posATRA+PDT, we obtained

significant anttumour responses in HZ9 xenografts, including complete responses in 2/5 mice. In
conclusion, ATRA+PDT represent a novel combination therapy for solid tumours that should be further

tested in immunocmpetent preclinical models.

Published work: Wong JJW, Lorenz S and Selbo Rtanaltetinoic acid enhances the attimour effects
of fimaporfinrbased photodynamic therapy, Biomedicine & Pharmacotherapy, 155, 113678,
2022.https://doi.org/10.1016/].biopha.2022.113678
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BODIPYBased Photothermal Agents with Unprecedented Phototoxic Indexes under Noimard
Hypoxic Conditions

Bernhard Spinglér Lukas SchneideMartina Kaft, Samuel Ko¢hShanmugi Sithamparanathian

Veronika Villigey Johann Mattiat, Flavia Kradolféy Ekaterina SlyshkihaSandra Lubéy Mathias

Bonmarirt, Caroline Maakle

1 University of Zurich, Zurich, Switzerland; 2 Zurich University of Applied Sciences, Winterthur, Switzerland

We will report about novel, easily accessible BODIPY photosensitizer (see Figure) for cancer ttatment.

In contrast to established photodynamic therapy (PDT) agértsthese BODIRWYased compounds

show photothermal activity and their cytotoxicity is independent of reactive oxygen species (ROS). The
agents show high toxicity upon light irradiation anavidark toxicity in different cancer cell lines in 2D

culture as well as in 3D multicellular tumour spheroids (MCTSs). The ratio of dark to light toxicity

(phototoxic index, P¥I0 2 F G KS&S F3Syda SEOSSRa yon dosesm | F( SN
of light at 630 nm. Under hypoxic conditions (0.2% @hich are known to limit the efficiency of

conventional photosensitizers (PSs) insolidtuméds 'y SEOSt t Sy i LK2:G20G2EAO
observed, indicating a photothermal mechanisfraction (MOA). Both phototoxic values are the highest

reported to date (compare witRY). CHs

We thank the University of Zurich and the R'Equip programme of the
Swiss National Science Foundation (project number 206021 164018) for

financial support.
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Visible light and the skin redoxome
Mauricio S. Baptista

1 Biochemistry Department, Chemistry Institute, Universidade de S&o Paulo, Brazil

Redoxome is the network of redox reactions and redox active species that affect the homeostasis of cells
and tissues. Due to the intense and constant interaction with external agents, the human skin evolved to
host a robust redox signaling framework eTlack of redox regulation causes the accumulation of oxidation
end-products being correlated with several skin disorders, including photoaging and skin cancer.(Schalka,
Silva et al. 2021) Protection of human skin against sun exposition is a complexhigsuevolves
ambivalent aspects of the interaction of light with tissues. One misconception that has persisted in our
society is that visible light is safe to the skin, even though recent data indicate that at least part of the
visible spectrum decreasdise epidermal barrier function, induces pigmentation in individuals with type

IV and V skins and induces inflammatory response.(de Assis, Tonolli et al. 2021) Endogenous molecules
absorb UVA and visible light (VL) inducing several photosensitized oxide#iotions, which endp
deregulating the redox homeostasis and causing oxidative distress in skin cells and tissues, inducing the
accumulation of glycation and lipid peroxidation end products, which are usually more effective
photosensitizers than theirespective their precursor molecules.(Chiarblito, Pavani et al. 2011,
ChiarelliNeto, Ferreira et al. 2014, Tonolli, Chiarsliito et al. 2017, Tonolli, Martins et al. 2020, Tonolli,
Baptista et al. 2021) In this lecture, | will analyze the main médeaetworks of redox regulation present

on the human skin, explain the mechanisms by which endogenous molecules (absorbing either UVA
radiation or visible light) cause a dysregulation of the skin redoxome and analyze the consequences to
human skin, aimintp propose more comprehensive mechanisms of sun care. The recently released action
spectra of VL on keratinocytes (Tonolli, Palomino et al. 2023), showing that the level of phototoxicity
follows the order: violet>blue >green>>red light, will be preseratad discussed.
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Visiblelight induced hyperpigmentation
Sérgio SchalkaviD, Prof
S&o Paulo UniversitySPq Brazil
Head of the Brazilian Consensus on Photoprotection

Chariman of Latin American Consensus on Photoprotection

The presentation will review the effects of visible light on the skin, the relation between visible light and
hyperpigmentation and the evidence of the sunscreen use in the prevention of visible light

hyperpigmentation.
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Blue light, electronic devicegnd the skin

Indermeet Kohli, PhD

The Henry W Lim, MD, Division of Photobiology and Photomedicine, Department of Dermatology, 3031 W.
Grand Blvd., Suite 700, Detroit, Ml 48202

The biologic effects of solar visible light, particularly blue light (BL), on the skin have been established.
However, it is unclear if this can be generalized to the impact of BL from electronic screen devices. This
presentation will discuss availablecliaiture regarding clinical effects of BL emitted from electronic

devices on human skin. Objective evaluation of the data using the framework established by the Office of
Health Assessment and Translation (OHAT) will also be presented.
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Perspectives ad controversies in suncaréational Academies report on environmental and health
impact of UV filters

Tasneem F. Mohammad, MID

!Photomedicine and Photobiology Unit, Department of Dermatology, Henry Ford Health, 3031 W. Grand
Blvd, Suite 700, Detroit, Ml 48202

Sunscreen is used worldwide for the prevention of cutaneous malignancy, photoaging, and the

management of photodermatoses and pigmentary disorders. However, concerns have been raised

regarding the potentially deleterious effects of sunscreen filters on dwimealth and the environment.

The purpose of this talk is to comprehensively discuss the National Academies of Science, Engineering,
YR aSRAOAYSQa NBOASH 2y (KS STTSOGa 2F adzyadONBS)

implications for humarealth.
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Determining the efficacy of a natural hommade sunscreen promoted by wellness bloggers on social
media.
Katie M. Dixoh Alicia L. Won Julianne C. NayaRebecca S. MasHarvey Sterf) Andrew Hollan]
Myriam AtboucP and Furkan A. Inée
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Clinical School, Faculty of Med&imnd Health, The University of Sydney, NSW 2006, Australia

Department of Health, Zayed University, Abu Dhabi P.O. Box 144534, United Arab Emirates

Topical sunscreens remain an important tool for protection against the damaging effects of ultraviolet
radiation (UV). Concomitantly, consumers are increasingly exposed to online information suggesting
sunscreen ingredients such as oxybenzone have harmful side effects as well as detrimental effects on coral
reefs. This has generated interest in alternativatural homemade sunscreens, most of which lack
scientific evidence supporting their efficacy. Natural sunscreen recipes have been published widely by
wellness bloggers on social media platforms and are growing in popularity. In this study, we investigate
the efficacy of a natural hommade sunscreen (NHSS) promoted by a wellness blogger with over one
million followers across multiple social media platforms, comparing it to a commercially available SPF50+
sunscreen. The sunscreen contained (v/v) almoh8%P6, coconut oil 19 %, shea butter 10%, beeswax 19

%, red raspberry seed oil 1.6 %, carrot seed oil 1.6 % and zinc oxid&®chuman skin explants were
obtained with consent from both male and female patients undergoing elective surgery. Bage MitSS

or commercially available SPF50+ sunscreen (2 nijivas applied to skin explants 20 minutes prior to

solar simulated UV irradiation (20 J/mMNHSS was prepared either three weeks (NHSS3W) or one day
(NHSS1D) prior to UV exposure and storedoatn temperature in an opague container. Skin samples
were fixed and processed histologically to determine levels ofridiced DNA damage in the form of
cyclobutane pyrimidine dimers (CPDs) anax8H -@eoxyguanosine (8oxodG) at 3 h pabfY by
immunohigochemistry and image analysis, as well as sunburn cells (SBCs; apoptotic keratinocytes) and
epidermal thickness at 24 h post UV. As anticipated, SPF50+ sunscreen significantly (p<0.0001) reduced
UVtinduced DNA damage in the form of CPDs. Both NHSS3WHB81® formulations also significantly
(p<0.001) reduced CPDs though to a slightly lesser extent than SPF50+. Interestingly, all three sunscreen
formulations provided similar levels of protection against 8oxodG. Indeed, many of the NHSS ingredients
have knavn antioxidant effects. Cells harbouring extensive-ildiced DNA damage may undergo
apoptosis and are visualized as SBCs with haematoxylin and eosin staining. Only SPF50+ significantly
reduced SBCs, while both NHSS formulations did not protect against BB NHSS and SPF50+
sunscreens significantly (p<0.0001) reduced epidermal thickness compared with base lotion following UV.
With increased consumer reliance on readily available health information on social media and online
platforms, the potential forconveying nonfactual advice affecting sun protection behaviours is a real
concern. While the NHSS provided protection againstindiced DNA damage under our controlled
conditions, further studies are required to determine shelf life and water resistaanoe to determine
accuracy of formulation with different household measurement utensils and by different consumers.
Effective natural sunscreens that actually protect against the harmful effects of UV are likely to become
increasingly popular given the rat drive to avoid chemicals that are perceived to cause harmfut side
effects and bleaching of coral reefs. It is therefore important to determine the efficacy of such sunscreens
to ensure consumers are making informed decisions regarding their sun postdethaviours to avoid

skin carcinogenesis.
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Nuclear and urinary measurements show the efficacy of a SPF50+ sunscreen against DNA
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3 Service Recherche Pharmagiinique, Département Recherche Appliquée, Centre R&D Pierre Fabre, Toulouse,

France

Sunscreens have been shown to protect against ultraviolet radidgtidnced DNA damage in human skin

dzy RSNJ € F 02NF G2NE O2yRAGA2y&ad 2SS LINBESYy (i02y BElSY RS
volunteers following their ordinary exposure habits during summer holidays. Volunteers were randomly
FdaA3JySR dARPHZIH O2Y&RNRBY aSRdzOIF 6GSR 3IANPBdzLIE &dzLILX A SR
instructions of use. A guestionnaire was used to determine the extent of exposure. No difference in

average solar UVR exposure was found between the two groups. DNA photopmoteets first assessed

by a novel noAnvasive assay based on the quantification of pyrimidine dimers released by DNA repair in
urine. Damage were also quantified in the nuclear DNA extracted from the roof of suction blisters

collected after recreational ggosure. The urinary concentration of photoproducts was significantly

higher in the control compared to the educated group. The same trend was observed for the level of
photoproducts in the DNA from suction blisters. The unambiguous observation of aargffici
LIK232LINRGSOGA2Y F3AFLAyald 5b! RIYAHBSE GFPRRER2 BE AN
support for the efficiency of the sunscreens. In addition, the results validate the use urinary DNA

photoproducts as a neinvasive assay applicable photoprotection.
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Safety valves on the photoproduction of vitamin D: new insights

Arjan van Dijk Ann R. Webh

1 RIVM, Bilthoven, The Netherlands

2 Department of Earth and Environmental Sciences, University of Manchester, Manchester, UK

It is commorknowledge that the photoproduction of vitamin D, that is associated with prolongued
exposure to Uvadiation, does not lead to intoxication (Webb et al, 2021). Experimental evidence has
shown that sidereactions in the complex reaction scheme limit the giwotion of the chemical

previtamin D. This is often rolled into public health advice to limit sun exposure to less than 1 Minimum
Erythema Dose, both to prevent sunburn, and on the premise that further exposure will not benefit
vitamin D production. In i8 presentation, we trace back the evidence behind this statement, which is a
set of measurements taken in a quartz vessel. We will show in a model analysis that while
photoproduction of vitamin D in human skin is most efficient at-etjdhemal exposurest is only
appreciably attenuated after more extreme, ngihysiological exposures, and therefore digffitation

of the photoproduction plays little role in modern everday practice. Evidence for other mechanisms that
protect people against hyperitaminosis D is given.

T'ype-II skin exposure [MED]
0 1 2 3 Rl 9 6 7 8

Quartz

Outer fore-arm
Lower back, upper leg
Ball of thumt

)

0 0.5 1 L5 2 25 3
Time [hour]

Relative efficiency of photoproduction of previtamin D in the course of exposure, when compared with initial
photoproduction. Different skin sites (modelled) and a solution of 7DHC in a quartz vessel (measured) are

represented.
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A systematic approach to assess sunscreen use andiltéys in the Norwegian population
Bruzell £ Caspersen fHDenison &, Devold T&', Granum B* Mathisen GH Pran ER Rasinger JB,
Rohloff J, Svendsen®, Husgy ¥

1 Nordic Institute of Dental Materials, Oslo, Norway

2 Norwegian Institu¢ of Public Health, Oslo, Norway

3 Norwegian University of Life Sciences, As, Norway

4 Norwegian Scientific Committee for Food and Environment, Oslo, Norway
5 Norwegian Institute for Air Research, Kjeller, Norway

6 Institute of Marine Research, Bergen, Norway

7 Norwegian University of Science and Technology, Trondheim, Norway

Norway is among the countries with the highest incidence and mortality of skin cancer worldwide. The
safety of sunscreen ingredients and use are frequently debated both from human health

environmental perspectives. On this background we performed a systematic assessment of the
following: 1) the hazard of and dermal exposure (partly systematic) to the six most frequently used UV
filters in sunscreens in Norway: kthyl-hexyloxyphenomethoxyphenyl triazine; butyl

methoxydibenzoyl methane;-8thylhexyl salicylate; ethylhexyl triazone; octocrylene; and titanium

dioxide in nanoform 2) the hazard of sunscreen use, and 3) the protection of sunscreen use against
UVinduced adverse effectsci€ntific publications and reports up to 2020 were retrieved to assess

adverse and protective effects of sunscreen and adverse effects of UV filters. Specific searches were
made for data on concentrations and dermal absorption of UV filters and individealamounts of
sunscreens. We developed a method for systematic evaluation of the quality of studies on analysis of UV
filter concentrations. Probabilistic methods were used to estimate exposure to each UV filter. Risk of bias
in eligible studies and levef evidence for health outcomes were assessed using validity tools (1).
Following the publication of the report (2), a new literature search was made. Little to no hazard was
associated with exposure to the UV filters. Their concentrations were belolintite set in the EU

cosmetics regulative. Thus, the risks related to the evaluated UV filters were considered negligible.
Determining the hazards (and thereby risks) associated with sunscreen use were precluded by
insufficient evidence. Based on the estiite found that sunscreens protect against certain skin cancers,

we concluded that for the general Norwegian population, sunscreen use is beneficial.

Reference
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Skin damage by combined UV and ozone exposure

Giuseppe Valacchi

Plants for Human Health Institute Animal Science Dept., NC Research Campus Kannapolis, NC, 28081, United States;
Department of Life Sciences and Biotechnology, University of Ferrara, Ferrara, Italy; Kyung Hee University,
Department of Food and Nutrition, South Korea. Electronic addressicc@ncsu.edu

Air pollution represents one of the main risks for both somment and human health. The rapid
urbanization has been leading to a continuous release of harmful manmade substances into the
atmosphere which are associated to the exacerbation of several pathologies. The skin is the main barrier
of our body againstite external environment and it is the main target for the outdoor stressors. Among
the pollutants, Ozone (§pis one of the most toxic, able to initiate oxidative reactions and activate
inflammatory response, leading to the onset of several skin conditidieseover, skin is daily subjected
to the activity of Ultraviolet Radiation which are well known to induce harmful cutaneous effects
including skin aging and sunburn. Even though both UV aak@ble to affect the skin homeostasis,
very few studies havimvestigated their possible additive effect. Therefore, in this study we evaluated
the effect of the combined exposure ot @nd UV in inducing skin damage, by exposing human skin
explants to UV alone or in combination with for 4-days. Markers relatetb inflammation, redox
homeostasis and tissue structure were analyzed. Our results demonstrated isaalle to amplify the

UV induced skin oxinflammation markers.
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UV irradiation, Photepollution, Exposome and the human skirealth: what Else?
Walid Rachidi

Univ. Grenoble Alpes, CEA, INSERM;BRESUA13, 38000 Grenoble, France

The regeneration of the epidermis is enabled by the activities of interfollicular stem cells and their
progenitor cells.
These cells are a diretarget of UV radiation which will induce inflammation and DNA damage. The

accumulation of DNA damage and the lack of DNA repair (exacerbated by ageing), will result in premature
ageing and consequently a decrease in epidermal regeneration. In additeoskitm, as an interface with

the external environment, will come into contact with other pollutants which will act in synergy to induce
skin anomalies. Therefore, | will talk about the effect of agposure of the skin to UV and a pollutant

that is widey answered (Benzo(a)Pyrene). We have very recently shown that teigosure significantly
decreases the induction of autophagy, a very important cellular process to regenerate cells and oppose
the phenomenon of senescence. Knowing the molecular mesireniesponsible for skin ageing due to

the exposome is essential for finding preventive or curative strategies against skin ageing.
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Figure Synergistic effect of UV abs OAH

Sun's
ultraviolet
radiation

increased
oxidation

o

Autophagy Augmenting L
Blockage Alteration in Disruption of jhflammatory =
critical epidermal signaling w =

metabolites maturation pathways g 2

like GSH and barrier 2 =

linked to an function >

=1

Q.

=

270



Chronic exposure to pollutants photoactivated by UVAL generates a specific skin response, clearly
distinct that those produced by each stsses applied separately.
Valérie Haydorit Olivia Zobitj Héléne ZucchiP PereZz Ariane Dimitrovand Laurent Marrot
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Benzea-pyrene (BaP) belongs to the polycyclic aromatic hydrocarbon family, and is classified as
carcinogenic. BaP is one of the pollutants that diffuse into the atmosphere as fine and ultrafine particles.
Its emission sources are mainly incomplete comimmstfumes (plant combustion, vehicle exhaust,
cigarette smoke, barbecue, etc.). Due to its chemical structure, BaP can beautiotated by the energy
emitted by UVAL (34@00nm). Its toxicity is then modified. At the interface between the body and the
environment, the skin can be affected by pollutants via two types of exposures: 1) topically, at the stratum
corneum level, 2) systemic, through the bloodstream. Two models were developed to analyze the
consequences of chronic exposure to BaP (plamtivated or not) at the cutaneous level. The first model
concerns the quality of epidermal reconstruction. The second model concerns the quality and the
organization of the dermal compartment. Experiments were designed to ensure realistic modelling urban
exposure Low BaP concentrations, comparable to those reported for plasmatic contamination, and an
UVAL irradiation corresponding to the UVAL dose received by the skin in 30 minutes of daylight exposure,
were chronically applied.

During epidermal reconstruction, combined exposure to UVAL and BaP exacerbated the impact of
UVAL exposure alone. A defective maturation of the epidermis was observed, objectified by a perturbed
expression of differentiation markers, including filaggrindaan increase in parakeratosis (1). After 3
weeks of exposure to low doses of BaP, with or without regular UVA1 exposures, papillary fibroblasts
showed phenotypic alterations, objectified by an alteration of their ability to organize an extracellular
matrix network.
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Mechanisms underlying the synergistic toxicity of blue light and indenopyrene to retinal cells

Corinne Zinfloband Patrick J Rochetté
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Tobacco smoking and higimergy visible blue (HEV; 4600 nm) light exposure are major environmental

risk factors for ageelated macular degeneration (AMD), the leading cause of blindness in industrialized
countries. Individually, they have been shown tause damage to the RPE. We have identified
indenopyrene (lcdP), an important organic combustitanived polycyclic aromatic hydrocarbon (PAH),
which can accumulate in the retina, as an exogenous HEV light photosensitizer. HEVlight absorption by
nanomolarconcentrations of IcdP present in retinal cells promotes degenerative changes comparable to
the ones observed in agelated macular degeneration (AMD). Using human retinal cells simultaneously
exposed to individually losoxic doses of lcdP and HEV liglatvelengths from solar simulator, we found

that, in spite of oxidative stress generation, ledBV light toxic impact on cells is not a direct consequence

of photosensitized oxidation reactions. Instead, their interaction results in loss of the tightimgup
required between the two metabolic phases ensuring IcdP efficient detoxification. Indeed, IcdP/HEV co
exposure induces an owvactivation of the aryl hydrocarbon receptor (AhR) signallindependent
transcription of CYP1 genes and an accumulationhef cytochrome P450 monooxygenase CYP1A2
involved in phase | of metabolism. In addition, IcdP/HEV interaction is associated with a loss of nuclear
factor erythroid?2 related factor2 (Nrf2) and of Nrf2controled maintenance of glutathione S transferase
(GST proteins, responsible for phase Il. Our data thus indicate a phase Il hindered in response to co
exposure and insufficient to sustain the enhanced phase | induction. This is reflected by an accelerated
endogenous reactive oxygen species (ROS) produatiohan increased accumulation of |ledffated

bulky DNA damage in retinal cells. Our work raises the prospect that lifestyle and environmental pollution

may be significant modulators of HEV light toxicity in the retina.
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Degradation of plastic nanoparticles exposed to UV light, toxicological consequences on human
intestinal cell models
Maeva Boulég Thierry Doukj Vérane Bary Marie Carriéré

1CEA Grenoble, SYMMES UMR 5819 CEA/CNRS/UGA, 38000 Grenoble, France

Plagics, which are synthetic polymers containing chemical additives, are an indispensable material in our
society because of their excellent properties (low cost, resistance, versatility). Their production has grown
considerably and has resulted in significanvironmental pollution due to inappropriate waste disposal
management. During their passage through the environment, plastics are degraded by physical, chemical
and biological agents, such as UV exposure or temperature, which lead to their fraction&tiemaller
particles, called micro and nanoplastics (MNPs). Unfortunately, currently available toxicity data on MNPs
are insufficient to assess their overall impact, for example following ingestion.

The present study aimed at characterizing the impafcenvironmental conditions, i.e. exposure to UV

light and high temperatures, on the physichemistry and toxicity of two plastic nanoparticles,
polystyrene (PS) and polycaprolactone (PCL), chosen as modelsfoibdegradable and biodegradable
plastics respectively. 100000 nm PS and PCL nanoparticles were artificially weathered i8@NXest
chamber, in conditions mimicking UV irradiation and temperature of a sunny day at noon in the equator
region. Their transformation were characterized using aigic light scattering, zeta potential
characterization, FTIR and Raman spectroscopy, transmission electron microscopy as welNaS/NFL.C

Their toxicity towards human intestinal cells was analyzed usiaguitores of Cac@ enterocytes and
HT29MTX muassecreting cells, representative of healthy people (wild type) or of people with
4dza OSLIGAOAT AGRE G2NODNEKY Qa RAASEFAS o/ O2

Our results show that physicochemical characteristics of PS and PCL NPs evolved during artificial
weathering, especily the agglomeration state and shape. In addition, PCL NPs were shown to release
some soluble low molecular weight substances while PS did not. Although PS and PCL NPs did accumulate
inside both cell lines, no overt toxic effects of PS and PCL partietesolyserved. Cell viability, epithelial
integrity, reactive oxygen species intracellular levels, inflammatory status and DNA integrity remained
unchanged. These results are in agreement with the current literature, showing that plastic particles only
showmild toxicity to intestinal cellsn vitro. The cell models and exposure conditions should be refined in
order to highlight more subtle effects of these particles.

This work received funding by the Agence Nationale de la Recherche (ANR), under the grahCERR

0028 (PLASTOX), from the Agence Nationale de Sécurité Sanitaire de I'Alimentation, de I'Environnement
et du Travail (ANSES) under the grantEBQJ77 (EXBIINA), and from the Agence de l'environnement et

de la maitrise de I'énergie (ADEME).
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Effects of CdSe/ZR6GOOH quantum dots on autofluorescence properties and proliferation of
Scenedesmus quadricaudhaicroalgae cells: dependence on growth medium composition

Agne Kalnaityte Danguole Montvydierfe Emilija JanuskaiteZivile JurgelerfeMindaugas KazlausKas
Nijole Kazlauskier@nd Saulius Bagdonas

1 Vilnius University, Biophotonics Group of LasseReh Centre, Sauletekio av. 1010223, Vilnius, Lithuania,

2 Nature of Research Centre, Institute of Ecology, Akademijos st0841LZ, Vilnius, Lithuania

Scenedesmus sare one of the most popular green freshwater microalgae species usedidityox

studies, because they often serve as model organisms for more complex plants in the studies to assess
the toxic effects of substances on ecosystems and global environmental processes. These days, various
pollutants can be detected in natural wateiscluding nanoparticles (NPs). Optical methods can be

useful for monitoring their fate,isce the change in the state of quantum dots (QDs) under the influence
of various environmental factors (solvent, light, biological materials) is sensitively reflaatbenges in

the photoluminescence (PL) intensity and a spectral shift of the PL band. Moreover, the studies of
autofluorescence of algae have revealed the ability of core QDs to retard the photoadaptation of wild
type algae under naturally varying illimation conditions [1]In this study, after evaluating the
photostability of negatively charged hydrophilic CdSefZa¥OH QDs in different aqueous media under
light exposure, methods of optical spectroscopy and microscopy were applied to investigaféetiie e

of these QDs on the growth, photosynthesis activity and population structure of @eequadricauda
microalgae in various water environments such as Balsys Lake water, deep well water, and MWC algal
growth medium. The ifferent composition of thegrowth medium has influence on both algae cells and
QDs. Not only it can affect the supply of nutrients to cells, moreover, the higher ionic strength in the
growth media than in distilled water promotes aggregation of the QDs, which does not suppress their
contacts with algae cells and leads to unpredictable interactions that have not been previously studied.
Algae play a key role in the aquatic food chain; therefore, the present study provides a useful
information on how nanomaterials can affect the bioaonment and how the complex environmental
conditions can affect NPs.

This work was funded by the Research Council of Lithuania, ProjectNB-28-22.

wSTFSNBYOSY wme | & Yimediated dffécts df CdTHISH quahtiiinRigts/on theautpflioBekcénce of

freshwater green microalgae: Spectroscopic studies, Journal of Photochemistry and Photobiology B: Biology, vol. 199 (2019)
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Photopollution on dermal fibroblasts: a synergistic toxicity effect

Eloise LarnacAlicia Montont, Sébastien Méthdt Laurent Marrot, Patrick J Rochetté

1 Centre de recherche du CHU de Qué&hdniversité Laval, Axe médecine régénératrice, Hopital du
SaintSacremnt

2 Advanced Research, L'OREAL Research & Innovation,-galis@Bpis, France 3 Département
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Problematic: Pollution and ultraviolets A (UVA) are two environmental factors implicated in premature
skin aging® When absorbed by chromophores, UVA lead to the formation of reactive oxygen species
(ROS), which can attack lipids, DNA and proteiBenzo[a]pyrene (BaP), an ubiquitous lipophilic
atmospheric pollutant is able to absorb U\VMoreover, BaP has beshown to have a strong affinity for
mitochondria, an organelle known to play an important role in premature skin agifhus, our
hypothesisis that ceexposure of BaP and UVA leads to skin fibroblasts alteration, which accelerates skin
aging. We aimetb (1) demonstrate the toxic synergy of BaP/UVA on skin fibroblasts (2) and to decipher
the effect of this synergistic toxicity on mitochondria.

Method: Dermal fibroblasts or isolated mitochondria were treated with BaP and UVA. Cell viability was
evaluaed using colorimetric assay. ROS production as well as lipid peroxidation were measured using
fluorescent probes. DNA adducts formation was measured using a novel gPCR method. The impact of
UVA/BaP on mitochondria was evaluated by microscopic techniquesrastern blot.

Results: The BaP/UVA synergy induces cell death along with an increase of ROS formation, lipid
peroxidation and DNA adducts. On isolated mitochondria, theexgmsure BaP/UVA disturbs
mitochondrial membranes and increases lipid peroxidation. In both models, dgrioidation can be
prevented using a lipophilic antioxidant but not its hydrophilic counterpart.

ConclusionThe BaP/UVA synergy sensitizes dermal fibroblasts through oxidative stress, which lead to lipid
peroxidation and the formation of DNA adducts. Lipid peroxidation can be prevented using a lipophilic
antioxidant. We also found that mitochondria are higténsitive to the toxic synergy BaP/UVA, suggesting
the implication of this organelle in phofaollution-induced premature skin aging. Our future works will
focus on investigating the implication of phepollution on skin integrity.
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Revisiting Methylene Blue: recent advances towards pathogenic microorganisms.

Adelaide Almeida CéatiaVieire?, Maria Bartolomeg, Daniela SiVaAna Gome? Cristina Dids Leandro Lourendo
Carlos Monteir8, Nuno M. M. Mour&, Maria G.P.M.S Nevedaria A.F. Faustifio

aDepartment of Biology & CESAM, University of Aveiro,-23830Aveiro, Portugal
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Antimicrobial photodynamic therapy (aPDT) is recognized to be an important strategy to deal with
antimicrobial resistanceyhich is considered nowadayseriousthreat to globalpublichealth. Although

aPDT seems to be a very promising alternative to conventional antimicrobials, there are still important
hurdles that currently prevent its implementation in practice. An important aspect to be considered is
related with he synthetic access to new ceeffective and efficient photosensitizers (PSs). In this context,
the exploitation of the widely available methylene blue (MB) can be a viable and economical option. This
dye use is already well established for diagnosistaig and also in blood decontamination, which is
considered safe. MB presents high binding affinity to multiple microbial targets, that together with its
hydrophilicity, rendering it a straightforward PS for aPDT. In this communication, the efficiend iaf M

the photoinactivation of bacteria, fungi and viruses will be discussed, first in phosphate buffer solution
(PBS)i vitro) and after in different settings, relevant to clinical and environmental areas: blood, urine,
kiwifruit pollen and wastewaterek vivg. The results show that MB was effective in the photoinactivation

of bacteria and viruses in less complex matrices, but not so effective against fungi, when compared with
porphyrin derivatives, such as the tetracationic TMPyP. Although the effectivened® déddeases with

the increase in samples complexity, our studies demonstrate that its photodynamic efficiency can be
improved with Kl used as adjuvant. The effective reduction of different microorganisms with MB,
associated to its safety, provided promigimdications towards its safe use, namely in scenarios in which
neither commercial PSs norimouse preparation are available or when large areas need to be treated, as

in some environmental applications.

AcknowledgementsThis work received support from PT national funds (FCT/MCTES) through the projects of CESAM
((UIDB/50017/2020 + UIDP/50017/2020) and LARBQUIMTE (UIDB/50006/2020 and UIDP/50006/2020) research units and to
the project PORP2PS(EXPL/QMIR/0586/2021).Furding: This work received financial support from PT national funds
(FCT/MCTES) through the projects UIDB/50006/2020 and UIDP/50006/2020, UIDB/50017/2020 and UIDP/50017/2020.
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The photochemical basis of bldght photodynamic inactivation of bacteria
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1 Institut Quimic de Sarria, Universitat Ramon Lull, Barcelona, Spain.

2 Light4Lungs group: S. Nonell, Institut Quimic de Sarria, Barcelona, SpRom&no, University of Florence,

Florence, Italy; N. Henry, Sorbonne Université, Paris, France; M. Palomares, Fundacio Privada Institut Catala
5QLY@SAa0GAIFOA2 vdZAYAOLFZ ¢FNNF3IA2YyIFZ {LIAYT Cod az2NBiIz !y
Scitigraphics Ltd, Cardiff, UK; A. Kadioglu, The University of Liverpool, Liverpool, UK

Recent concerns over antimicrobial resistance have prompted increased attention to photodynamic
therapy (PDT) as an approach to control bacterial infectiBingimicrobial resistance dtaphylococcus
aureusand Pseudomonas aeruginogecteria increases morbidity and mortality in patients with cystic
fibrosis and hospitahcquired lung infections [1]. Bldiht therapy takes advantage of bacterial
endogenous potosensitisers to eliminate pathogenic bacteria by an intracellular photodynamic effect [2].
This work aims at understanding the photochemical basis of-lighé antimicrobial therapy as a means

to develop strategies towards improved therapeutic outcom@sir results show thaB. aureusand P.
aeruginosayenerate intracellular singlet oxygen upon exposure to blue light and that singlet oxygen is the
main species responsible for bacterial photoinactivation. Thereforejrebation of the bacteria with-5

ALA and potassium iodide is an effective strategy to enhanceligliephotoinactivation ofs. aureusind

P. aeruginosa
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Photodynamic and PhotothermaWiaterials for Infection Prevention in Healthcare Environments
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Efforts to control hospital acquired infections (HAIs) have been hampered by the emergence of
drugresistant pathogens, necessitating the pursuit of advanced functional materials that are capable of
the selfdisinfection of such microbes in hospital envinoents. To that end, we have explored two
approaches for pathogen reduction: antimicrobial photodynamic inactivation (aPDI) and antimicrobial
photothermal inactivation (aPTI)n vitro aPDI studies were performed against bacteria and viruses
employing photsensitizerembedded or conjugated nanofibrillated cellulose, polyacrylonitrile or nylon
nanofibers, duatlyed wool/acrylic blended fibers, olefinic block copolymers, and spray coatings. For
natural polymer scaffolds [1], cellulog®rphyrin conjugates (nactrystals, nanofibers, or paper sheets)
were found to be highly effective against a broad spectrum of pathogens: our best results demonstrated
that S. aureusA. baumanniiP. aeruginosandK. pneumoniaeall exhibited photodynamic inactivation by
99.99+%,as well as inactivation of dengde virus (>99.995%), influenza A (~99.5%), and human
adenovirusb (~99%). As an alternative strategy, ramvalent approaches to photodynamic materials
using artificial polymers were also explored: i) using electrospinrgéatjonic porphyrin and BODIPY
photosensitizers were embedded into polyacrylonitrile and nylon nanofibers, and the resultant nonwoven
materials possessed both antibacterial and antiviral activities; ii) usingpressing [2], we developed a
photosensitterembedded olefinic block copolymer that exhibited excellent antimicrobial properties
against a range of microbes, including Graositive and Grasmegative drugresistant bacteria, as well

as against enveloped and n@mveloped viruses; and iii) we haegplored photodynamic coatings on
polymer microfibers for pathogen inactivation [3,4], and have demonstrated population reductions of
>99.9999 and 99.6% f&. aureusnd antibioticresistantE. colirespectively, after exposure to visible light

for 1 h.In response to the current COVID pandemic, we also confirmed that these coated fibers can
inactivate a human common cold coronavirus serving as a surrogate for theC8ARSvirus. As an
alternative strategy, we have embedded the photothermal photasgrer molybdenum disulfide (M@S

into bacterial cellulose (BC) by a faditesitugrowth followed by a dipcoating process to add a chitosan
layer (BC/Mo&SCS) [5]. When compared with the BC/MaB8embrane, which itself showed a 95%
reduction ofS. auresand 99.9% inactivation &. coli the addition of chitosan led to a synergistic effect,
improving inactivation to 99.998% agair&t aureusaand 99.988% versus. coli More recently, we have
developed duatoated fabrics employing photosensitizerluminous powder usingssien printing, and
demonstrated that this strategy is able to produce antimicrobial materials that function even when
illumination ceases. Togethethese results demonstrate that such materials may have widespread
applicability for norspecific pathogen disinfection, and further research may lead to their application in
hospitals and healthcareelated industries where novel materials with the capitéypof reducing the rates

of transmission of a wide range of bacteria, viruses, and fungi, particularly of antibiotic resistant strains,
are desired.
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Agricultural applications of Photodynamic Inactivation
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Access to healthy, safe and sufficient food represents a fundamental human right. Bacteria and fungi
trouble growers by inducing plant diseases, by limiting the shelf life of products or, if human pathogens
are involved, by contaminating foodpplication of pesticides including antibiotics in agriculture has a
negative impact on the environment and fires development of antimicrobial resistance. Photodynamic
Inactivation (PDI) is a powerful tool to kill microorganisni$e aim of this study i® tdemonstrate that

PDI is applicable to fight microbial pathogens at various stages of the agricultural food production chain.
Formulations of sodiusmagnesiurachlorophyllin (Chl, approved as EU food additive E140) serve as
economic and ecdriendly photoative substances and are tested to fight bacterial and fungal plant
pathogens as well as their application to imprquest harvest microbial food safety. Depending on the
application, concentrations of 100 uM to 2 mM of Chl followed by illumination witle BRIED light or
sunlight in the rage of about 50 to 100 J&mduces a clear antibacterial effect against plant pathogens
such asErwinia amylovoraor Botrytis cinerea irrespective of their resistance against conventional
treatment® without harming hostplants, as proven usingragaria vescas model systef The same
experimental approach is applicable for fighting mycelia and spord2enicilium digitatum Using an
orange peel model, we demonstrate that PDI also helps to minimize food spoilagediytatum and
therefore has the potential to improve shelf life of fruits. Furthermore, PDI based on 100 uM Chl reduces
the load ofListeria innocuamn mung bean and radish seeds by 99.9 % (radiant exposure 56.4 J/cm?2 and
28.2 J/icmz, respectively), and of thkwheat seeds by <90% (28.2 J/cm?) without affecting the germination
rate. Photodecontamination of seeds partially propagates to germinated sprouts: the bacterial load on
mung bean sprouts is reduced by more than 99.9% after phototreatment of seeds VlithMGCH. As
conclusion, PDI based on formulations of Chl can be applied in agriculture to fight plant disegsest, for
harvest treatment of crops and to improve microbial safety of food.
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For a few years, we are able to experience the dynamic development of optoelectronic
technologies such as the most known OLEDs and OPVs. Consequently, we are witnessing how the quality
of modern life is improving day by day. On the other hand, the devedmpraf modern optoelectronic
technologies is often inhibited by the large impact of wadiative transitions on the efficiency of
photoactive devices. The neadiative losses can be connected among all with a vibrationinduced
guenching, a concentrationugnching, other energy transfers, and last but not least, oxygen quenching.
In the rush for better and more efficient optoelectronic systems, -obrious applications of examined
organic compounds are often missing. Such an alternative may be the sirgtgtrophotogeneration by
photoactive, conjugated molecules typically designed for optoelectronic applications. Going further, such
molecules, capable of achieving high efficiency of e photogeneration process, can positively
influence the development of medical applications, by taking advantage of the photosensitizing tendency,

in various types of therapeutic treatment, including PDI (Photodynamic Inactivation).

The presented resultfocus on the overview of typical optoelectronic systems capable of
photogeneration of singlet oxygen EIB]. Results concern conjugated organic molecules such as fullerene
and porphyrin derivatives, typically applied as photoactive layers in organic ybita@ devices. The
photoactive compounds were deposited with various technigues such as -cepting,
electropolymerization and chemical grafting. The presented research highlights the multifunctionality of
photoactive materials and reveals great resdapotential at the border of the fields of photobiology and

organic optoelectronics.
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