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Light-triggered Metallodrugs for Phototherapy: from Concept to Clinical
Studies

Sherri A. McFarland*?
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Keywords: photodynamic therapy; TLD1433; ruthenium; excited states

Photodynamic therapy (PDT) is a special branch of photomedicine that employs a photosensitizer,
light, and oxygen to destroy cancer cells with spatiotemporal selectivity. The photosensitizers used
for PDT have historically been organic molecules, spediifiggorphyrins and other tetrapyrroele

related structures. Given the important role of metals in medicine, metallated analogs of these
traditional systems (as well as metal complexes of markedly different architectures) have attracted
considerable attentiom recent years. TLD1433, a metal complex designed in our laboratory, is an
example that is also the first ruthenibased photosensitizer for PDT to advance to clinical trials.

This presentation will provide an update on translational activities andmescand discuss some of

our current research efforts that were shaped by the design and development of TLD1433 as a bladder
cancer PDT agent.
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Light Sensing in Marine Diatoms: from molecular mechanisms to ecosystems
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Phytoplankton are aquatic microscopic photosynthetic organisms responsible for about half of the
photosynthetic activity on Earth. Over the past two decades, breakthroughs in genomics and
ecosystem biology have significantly expanded our understandihg ofucial role these microbes

play in global ecosystems. The life of phytoplankton is profoundly influenced by the underwater light
distribution, which diminishes in intensity and changes in spectrum with depth. Phytoplankton have
evolved effective systesn for optimizing light harvesting and energy generation through
photosynthesis. However, the role of light sensing in acclimation mechanisms, which control growth
and distribution of these phototrophs across different environments, remains poorly udderstoo

One of our major research interests is understanding the biology of diatoiheminant class of
phytoplankton that stand at the crossroads of several evolutionary lineages [1]. Diatoms represent the
most speciesich group of microalgae and are distributedridwide, from tropical to polar
ecosystems. Their diverse lifestyles and survival strategies likely stem from a remarkable ability to
adapt to highly variable light environments. recent years, functional studies in diatom model
species combined witBnvironmental investigations have led to the identification of new regulators

of photosynthesis, photoreceptor variants, and a-smught circadian clock controlling diatom
responses to periodic light/dark cyc]@s3]. Notably, sensors typically responsive to red andddr

light, such as the Diatom Phytochrome (DPH) have been described despite their presence seems
counterintuitive in the redbsorbing water column. Our recent research reveals that DPH indeed
mediategphotoreversible responses acrogsedhtire underwater light spectrum, acting as a sensitive
detector of optical depth. The observed regulation of photosynthesis acclimation by DPH links the
optical depth detection with relevant physiological respofde$hese findings provide new insights

into how lightdriven processes have evolved, diversified, and function in the marine environment.
They also highlight the central role of photoregulation in the functional biodiversity of phytoplankton
and the importare of integrated laboratory andw@tonmental studies for understanding life in
marine ecosystems.

References

[1] Falciatore A, Jaubert M, Bouly JP, Bailleul B, Mock T. Diatom Molecular Research Comes of Age: Model Species
for Studying Phytoplankton Biology and Diversity. Plant Cell. 2022, 32527

[2] Falciatore A et al., Lightiriven processes: key players of the functional biodiversity in microalgae. C R Biol. 2022
345(2):1538

[3] Manzotti A, Monteil R et al., Circadian regulation of key physiological processes by the RITMOL1 clock protein in
the marine diatonPhaeodactylum tricornutunNew Phytol. 2025 246(4):1724739.

[4] Duchéne C et al., Diatom phytochromes integrate the underwater light spectrum to sense depth. Nature. 2025
637(8046):691697.


mailto:firstauthorsname@aaaa.bbb

Photodermatologyi’ Quo Vadis?

Franz Trautinger®?

! Department of Dermatology and Venereology, University Hospital of St. Poelten, St. Poelten, Austria
2 Karl Landsteiner Institute of Dermatological Research, St. Poelten, Austria

franz.trautinger@kl.ac.at
Keywords: Phototherapy; Dermatology; Photoprotection; Skin Disease

The lecture begins with a brief overview of the history of photodermatology, starting with the
discoveries at the turn of the century that led to Nils Finsen being awarded the Nobel Prize.
Further milestones followed in parallel with the development of enodight sources such as
fluorescent tubes, lasers and LEDs as well as photosensitizers, which together revolutionized the
treatment of inflammatory skin diseases, especially psoriasis. With the introduction of topical
photodynamic therapy, a powerful tofor the treatment of superficial skin cancer became
available. At the same time, clinical and experimental research led to important advances in the
understanding of UVWnduced skin diseases, including acute and chronic photodamage and
photocarcinogenesi The progress made in the field of photoprotection in recent decades, in
particular the development of broagectrum sunscreens and systemic photoprotectors, is still
ongoing. In recent years, however, the development of effective pharmacologicaigbdtap
psoriasis and other inflammatory skin conditions has superseded dermatologic phototherapy. This
led to the reduced availability of light sources, associated expertise and to less associated
research. However, as solar radiation remains the mostlabtienvironmental factor that human

skin is exposed to, and given the impact of climate change on terrestrial solar radiation, research
into its beneficial and harmful effects on the skin will continue to play a central role in medicine
also in the futue.
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Plants and algae provide a natural example of how solar energy can be converted into chemical
energy in the presence of oxygen while preventing photodamage. It has now been established that
plants and algae prevent photooxidation by activating a rapidiipcible and reversible
photoprotective mechanism at the level of their lightvesting complexes. However, the precise
activation process of this photoprotective mechanism remains unknown. | will here introduce our
current understanding of how lightarvesting is regulated in plants and algae and, more
generally, in oxygenic photosynthetic organisms. | will then highlight the spectroscopic and
computational tools under development by our receestyblished group at ICFO, aimed at
unraveling the molecularmechanisms governing the activation of photoprotection in
photosynthetic organisnisin real time.

Understanding both the mechanism and the rate at which plants can activate or deactivate
photoprotection may provide answers to lestgnding open questions in the fields of biophysics
and physical chemistry. This knowledge will also be instrumental pirimg) new studies focused

on maximizing plant productivity through the optimization of photoprotective responses.
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Light exploitation as a source of selectivity in anticancer therapigairsng interest in the last
years.[1] The use of biocompatible wavelengths requires the administration of photoactive
chromophores that must be distributed into cancerous cells in sufficient concentration to trigger
clinically relevant photodamage upanadiation of the ill area. Therefore, efficient photophysical

and photochemical processes are a prerequisite for new photosensitizers to be candidates for
clinical development. Traditionally, lighihduced biological damage is exerted through the
classich O2 mediated type | and/or type Il photodynamic therapy (PDT) photoreactions.
However, the physiological conditions of solid tumors often imply low levels of molecular
dioxygen, limiting the outcome of the already clinically approved drugs.[1]

The present contribution will describe recent approaches to circumvent the hypoxia problem from
a multidisciplinary perspective, emphasizing however the contributions of computational
chemistry in the elucidation of the molecular and electronic mechaivshisd the photodamage.

The photoprocesses that will be considered are mediated by molecules based on heavy transition
metals[29] or metaifree agents.[10] The contribution will show recent results on how these non
canonical photosensitizers respond ugight absorption, and how this information reveals the
photochemical mechanisms responsible for the biological damage.
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Photodynamic therapy and immunogenic cell death
In cancer immunotherapy
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Immunogenic cell death (ICD) plays a pivotal role in triggering immune responses essential for effeetipcanti
therapies. A critical aspect of ICD is achieving a balanced combination of adjuvanticity and antigenicity.
Adjuvanticity involves the relese of damagassociated molecular patterns (DAMPS), primarily derived from dying
cancer cells. These DAMPs, along with cytokines and chemokines, act as adjuvants that facilitate the recruitme
and maturation of antigepresenting cells. However, the prese of these adjuvant DAMP signals alone is not
sufficient to elicit an effective immune response against cancer cells. The cancer cells must also possess stro
antigenic properties. Antigenicity is mediated by turassociated antigens, predominantlyserged by dendritic

cells (DCs), particularly through the generation of-epdopes. Many anticancer agents and strategies induce ICD,
but despite their robust effedtsvitro andin vivoin mice, clinical translation remains challenging.

In this presentation, | will first discuss the main principles of ICD modaligas,apoptosis and ferroptosis) and

their role in cancer immunotherapy. Next, | will explore the molecular mechanisms through which photodynamic
therapy (PDT) can induce different ICD modalities and will discuss the data on the therapeutic efficacy anc
underlyng molecular mechanisms responsible for the generation efuantrr immunity by DC vaccines loaded

with cancer cell lysates that have undergone ICD. In the finallpaitt,present data on temoporfimediated PDT

to induce ICD.Altogether, these findings highlight the potential of H¢iducing strategies, including PDT, to
advance the development of effective cancer immunotherapies.
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Enhancing photodynamic therapy and antitumor immunity: the critical role of drug
delivery
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Photodynamic therapy (PDT) combines a photosensitizer and light to generate reactive oxygen species (ROS) f
targeted tumor destruction. Beyond local effects, PDT can triggetuambr immunity, supporting lonrterm cancer
control.

Redaporfin, a tetraphenyl bacteriochlorin, showed limited efficacy in the orthotopic 4T1 breast cancer model, eve
when combined with immune checkpoint blockers (ICBs). This model, characterized by a fibrotic stroma and ar
immunosuppressive tumor microeromment, hampers drug delivery, and the large molecular size of both redaporfin
(~1000 Da) and ICBs further limited their tumor accumulation [1].

To overcome thiswe employed photoacoustic waves (PAV8s)60 bar compressive waves previously shown to
enhance tissue permeability [2]. In orthotopic 4T1 tumors, R&WWing improved delivery of redaporfand ICBs,
significantly extending overall survival [1,2]. However, no full tumor eradicatias achieved.

To further enhance tumor penetration, we developed a smaller derivative of redaporfin: adifiberyl
bacteriochlorin carboxamide, named LUZ51. This molecule, with a low molecular weight (595 g/mol) and high
amphiphilicity, is rapidly internalized by neer cells and, after just 30 minutes of incubation, effectively kills 4T1
cells at nanomol ar concentrations (IC = 28 nM; 1
In CT26 tumorbearing mice, PDT with LUZ51 (0.15 mg/kg; 20 or 40 J/cm?) induced pronounced edema and tumor
necrosis, curing ~ 60% of mice. The involvement of T cells was confirmed, as cured mice resisted subsequel
rechallenge with live cancer cells, armlgures were observed in nude migarly posttreatment 11-6 elevation and
neutrophil infiltration indicated acute inflammation.

In the 4T1 orthotopic model, biodistribution studies confirmed tumor accumulation of LUZ51, andcsiligle
analysis demonstrated its association with tumor cells. PDT with LUZ51 (0.15 mg/kg; 20 J/cm?) significantly
extended median survival. One mouse rieed tumorfree for 65 days and resisted rechallenge, indicating durable
immunity. Future plans include combining PDT with LUZ51 and ICBs, using PAW to further enhance drug delivery
to solid tumors.
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Enhancing CD8+ T-Cell Responses with PGBased Therapeutic Cancer Vaccination
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Photochemical internalisation (PCI) is a PDdsed drug delivery technology that uses light to release endocytosed
macromolecules by disrupting endosomal/lysosomal membranes. PCIl enhances the efficacy of cance
immunotherapies, including immunotoxins andppidebased vaccines, which often struggle with suboptimal
priming of antigerspecific CD8+ Tcells (CTLs). Normally, antigens captured by antigeesenting cells (APCs)

are degraded in lysosomes, leading to MHC class Il presentation and CD4+ T eatlagtiwith minimal MHC

class | presentation and CTL induction. The PCI method improves cytosolic release and MHC class | presentation
antigens on APCs, boosting CD8+ CTL activation. In a Phase | trialeRiZinced prophylactic vaccination was
safe ad elicited cellular immune responses. This talk will cover novel therapeutic cancer vaccines combining PCI
with tumourspecific antigens and adjuvants. Two administration methods were tested: subcutaneous an
intratumoural (24 hours before light activafioMice were immunized three times atay intervals. Fimaporfin
PClmediated vaccination with an HPbdased peptide and the Tike receptor 3 (TLR3) agonist poly(l:C) activated
antigenspecific CD8+ TFcells and induced strong afitimour responses ihé murine HPV16 cancer model 7IC

Both strategies were highly effective, with direct tumour injection being safer than subcutaneous vaccination. Thi
combination with an adjuvant was crucial to obtain complete responses. In conclusion, PCI hold sipottodial

for advancing therapeutic cancer vaccines, offering a promising way for more effective and safer cancer care.



Immunological effects after photodynamic therapy in blood and glioma tissue by
using orthotopic Fisher glioma rat model
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Glioblastoma is one of the most common and lethal brain tumors with a poor prognosis and a median survival c
around 14 months. This study investigates blood immune cell composition in photodynamic therapy (PDT) anc
photochemical internalization (P@Peated gliomaearing rats (from F98 glioma cells) alongside pathological
characterization of the tumors. The aim was to evaluate the impact of PDT andP8Lbh lymphocyte subset
distribution in blood and to assess if effects on blood immune cells aterneith histological findings on tumor
size/progression and immune cell presence/infiltration in tumor.

For PCI treatment, rats were injected with the photosensitizer ZiRE& bleomycin (BLM) followed by tumor
light exposure with a 652 nm diode laser (0.6 W). Blood and brain tissue samples were collected 6 days po
illumination. After sacrifice, aortic otlileeding was performed under anesthesia and the brains were geiserv
formalin (4%) for pathological examinations. To assess treatment effects on immune cell composition, blood sample
were stained with a viability dye (Fixable Viability Dye eFlus80) and fluorescent antibodies to identify
lymphocytes, CD4+ Tells, CD8+T-cells, Bcells, and NKcells. Flow cytometric analysis was performed on a BD
LSR Il flow cytometer. Sections form formaifixed and paraffirembedded tumor tissue were routinstained
with hematoxylin/eosin and Ibal antibody to assess tumor (size/localization/progression) and the distribution o
immune cells /macrophages.

Flow cytometry data revealed a decrease in most lymphocyte subsets am&@€DT treated groups, with a more
pronounced decrease in the PCI group. Notably, PCI differed markedly from bothaBdNPDFgroup and healthy
controls. Immunohistochemicahalysis of macrophage distribution in brain tissue showed a trend to lower number
of tumorassociated and tumatfiltrating macrophages in the brain of Ptdated rats, while PDT and BLM
treatment did not affect the number of macrophages recruitedtiotioe tissue. An overall assessment may indicate
that PCI treatment reduces immune cell numbers in blood and tumor compared to PDT and BLM treatment.



Utilizing Photoimmunotherapy to Combat Multidrug Resistance
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Ovarian cancer is the deadliest gynecologic disease witlyeabsurvival rate of ~30% for advanced stages
[1,2,3]. Development of chem@sistance is a major cause of this poor prognosis and is attributed to 90% of
ovarian cancer deaths [4]. ATlinding cassette (ABC) drug efflux transporters, particuladglfxcoprotein (P

gp, ABCB1), confer multidrug resistance and present a target for inhibition strategies [5]. Existing small
molecule inhibitors of Ryp often lack cancer selectivity and are thus asgediwith normal tissue toxicity [5].

Our team has demonstrated that traditional photodynamic therapy (PDT), employing thappied
photosensitizer benzoporphyrin derivative (BPD), can effectively inhibit ABC transporters in cancer cells
through both d@ect structural damage and ATP depletion [6,7,8]. PDT is a localized treatment that utilizes a
photosensitizéy a light-activated dru§ and light to generate cytotoxic reactive oxygen species. However, BPD
alone lacks cancer selectivity, making it less ahli¢ for addressing disseminated tumors, such as those found
in advanceestage ovarian cancer. To improve cancer selectivity, we conjugated BPD to apidetimal
growth factor receptor (EGFRargeting monoclonal antibody to form a photoimmunoconjugatel C) . Pl
ability to inhibit or evade Rp efflux was evaluated using an ovarian cancer cell pair of a clsemsitive
parental line and its chemesistant, Ryp-overexpressing subline. We demonstrate that PIC undergoes-less P
gp-mediated efflux thanréeform BPD. PIGPI T r et ai ns B P D& sgp éubction intaghetoo d e
resistant ovarian cancer cell line, demonstrated as an increasgpisubstrate accumulation and a decrease in
P-gp expression. These findings highlight the role of PICs, el importance of understanding their
interactions with ABC transporters, in combating multidrug resistance in advatage cancer.
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Enhancing BCG immunotherapy with photochemical treatment
Arno Bruel *2, Monika Hakeruél Anne Grete NedbetgAnders HagsétPal Selba
! Department of Radiation Biology, Institute for Cancer Research, ®BS|, Biotech AS.

Intravesical immunotherapy with Bacille Calme@&e&érin (BCG) is the standard of care for higgk nonmuscle
invasive bladder cancer. While its mechanism is not fully understood, BCG significantly delays tumour recurrence.
However, 2545% of patients daot respond, and up to 40% eventually relapse.

We hypothesise that combining BCG with TRESased photochemical treatment (PCT) enhances the efficacy and
durability of the antitumour response. TRES an amphiphilic photosensitiser that localises to the plasma
membrane and endosomes during endocytosis. Upon light activation, it generates reactive oxygen species,
particularly singlet oxygen, leading to dedependent membrane damage. This photoclemifect, used in
photodynamic therapy or photochemical internalisation, is immunogenic. Recertiaatdnat combining
TPCSsbased PCT with BCG enhances tuberculosis vaccine efficacy by increasing local inflammation and
CD4/CD8 T-cell responsés potentially translatable to bladder cancer.

We generated stable BCGPCSacomplexes and evaluated them in vitro using MB49 bladder carcinoma cells,
comparing against monotherapies (BCG or photoactivated ZR{O8&e). Cytotoxicity was assessed by MTS
assay, transcriptomic differences by RNA sequencing, and immunogenic cell death by DAMP release. In vivo,
MB49 tumours in immunocompetent mice were treated intratumourally withdightated BCGTPCS,,

repeated three times at eweek intervals. Tumour growth was monitored, and tissues were colfected
immunohistochemistry, flow cytometry, and splenocyte stimulation assays.

BCGI TPCSainduces concentratierand lightdosedependent cytotoxicity in vitro. RNAseq reveals distinct
treatment signatures. In vivo, combination therapy delays tumour growth and induces complete remisision in 20
40% of mice in the begested regime. Analysis tifimour and spleen tissues is ongoing.
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EXTENDED ABSTRACT

Chemoresistance remains a major obstacle in ovarian cancer therapy, @Qko38f cases recurrent within 6 months
exhibiting multidrug resistance [ 1]. A -¢lyeoprotanr(P v e r
gp/ABCB1), an efflux transpore r t hat reduces the intracellul ar a (
Although small molecule-Bp inhibitors have been investigated, their clinical use is limited by systemic toxicity and
adverse drug i nter act ifaoasafer|tatgetdd stratedryi Vdetpreviogsly iemangtrateditbat |
photodynamic therapy (PDT) using freeform photosensitizer (benzoporphyrin derivative) can moedygate P
function in vitro [6]. To i mprove t umaPRIC)sae bndbodyi v i t
photosensitizer conjugateand, for the first time, showed that intraperitoneal photoimmunotherapy (PIT) using PIC
can effectively target Hp in a mouse model of peritoneal carcinomatosis. The PIC was filter sterilized and
characterizedprior to being activated in vivo using intraperitoneal light exposuigp Rinction was evaluated by
isolating tumor cells podteatment and assessing Rhodamine 123 accumulation via flow cytometry. Compared to
controls, PIGPIT significantly increasechtracellular dye retention, indicating effective inhibition efj activity

without changes in protein expression. This work presents the first in vivo evidence that photoimmunotherapy ca
selectively inhibit Pgp function, offering a promising approachdvercome chemoresistance without the systemic
toxicity of conventional inhibitors. Ongoing studies aim to optimize treatment conditions and assess the durability o
transporter inhibition.
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Cancer remains one of the leading causes of death worldtjidéccording to the World Health Organization
(WHO), every 60 s, four women are diagnosed with breast cancer (BC), and one of them will die from the diseas
[2]. Although pancreatic cancer (PC) is less incident, they@ar survival rate is onl$2%][3]. Triple-negative BC
(TNBC) is particularly aggressive and has a poor prognosis due to the absence of hormone receptors, which lim|
treatment optionpd]. On the other hand, pancreatic ductal adenocarcinoma (PDAC) is among the deadliest forms o
cancer, primarily because of its lack of symptoms, high metastatic potential, and resistance to conventional therapi
[5]. These challenges highlight the urgent need for safer and more effective treatment strategies to improve patie
outcomes.

In this communication, we will present the potential of CD351, a natural chloreggryed molecule, as a
photoactive compound for photodynamic therapy (PDT) against BC and PDAC. The biological activity of CD351
was evaluated in various vitro 2D and 3D models, including BC cell lines (MEMB-231, MCF7, and MCF

7R), a PDAC cell line (PANQ), and nortumoral cells such as human mammary epithelial cells (HMEpC) and
human dermal fibroblasts (HDF). Additionally, tive vivo toxicity of CD351 was assesséu C57BL/6 mouse
model s. I'n 2D cel |l cul tures, CD351 exhibited potent
In 3D tumor models, CD351 showed high efficacy in TNBC spheroids at concentrations as low as 50 nM.
Furthermore, in a comgk PDAC heterotypic spheroid model (STAM), CD351 reduced tumor viability by
approximately 50%, indicating strong activity even in physiologically relevant microenvironments. Preliminary
vivotoxicity assessments in C57BL/6 mice revealed no observalesadeffects. The findings of this study will be
discussed in detail during the presentation.

Funding/Acknowledgements: This research work received financial support from the University of Aveiro and
FCT/MCTES to support the UID/5000d.aboratério Associado para a Quimica Verdeecnologias e Processos
Limpos research unit, the Institute for BiomedicingBiMED (UIDB/50011/2020 & UIDP/50011/2020) and
CICECO-Aveiro Institute of Materials (UIDB/50011/2020, UIDP/50011/2020 & LA/P/0006/2020) and LAQV
REQUIMTE (UIDB/50006/2020), financed by national funds through the FCT/MCTES (PIDDAC).
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Introduction

This work seeks to illuminate the role of the extracellular space (ECS) in neuronal signaling by leveraging the innovative

SuperResolution Shadow Imaging (SUSHi)technique alongside optogenetic tools. These cuttitup approaches

enable nanoscale mapping of the ECS across entire mouse brain hemispheres, offering a unique perspective on its

structure and dynamics. By rendering all cells as analyzable shadowsethisd generates detailed ECS maps that
complement existing cellular map<larifying the spatial and temporal patterns of ECS behavior and their connection to
extracellular matrix protein organization. More broadly, this research aims to advance owstandileg of brain
microarchitecture and its dynamic complexity. Central to my focus is uncovering how disruptions in this finely tuned
system may underlie the development and progression of neurological disorders.

Materials and methods

1 Animal PreparationOrganotypic brain slice cultures were prepared from postnatal idayF& P8) mouse pups.
Coronal brain slices (25 thick) were prepared usingamprestomemicrotome(VF 500 02 and then placed onto
coverslipsn rollerdrum tubes containing culture mediustices were incubated at 37°C in a humidified atmosphere
of 5% C@ wedkoto alldw stabilization and preservation of native tissue architecture, including the
extracellular space (ECS). Media was changed ewacg per week.

1 SuperResolution Shadow Imaging (SUSHI): SUSHI was employed to map the extracellular space (ECS) at nanoscale
resolution. This technique involves the use of fluorescent labeling of the extracellular fluid to render all cellular
components as dark "shadowafjainst a bright ECS background. Brain slices were stained with a membrane
impermeant fluorescent dye, which diffuses into the ECS. Imaging was conducted using abeiktsoper
resolution microscope, combining stimulated emission depletion (SZED)

1 Optogenetic Stimulation: To manipulate neuronal activity and probe dynamic ECS changes, slices were virally
transduced with AAV vectors carrying ChB2r cytoskeletal modulatorsndera neurorspecific promoterLight
stimulation (470 nm) was applied using a programmable LED system coupled to the imaging setup. Temporal
parameters of stimulation were optimized to mimic physiologically relevant activity patterns.

Results

Using the SupeResolution Shadow Imaging (SUSHI) technique on organotypic brain slices from neonatal mice, we

generated highesolution, threalimensional maps of the extracellular space (ECS) across large tissue volumes. The

SUSHI approach effectively melered all cellular components as optically negative shadows, enabling clear visualization

and quantification of ECS morphology with nanoscale preci€lom.data revealed that the ECS is highly heterogeneous

in both structure and dynamics, even within pkmlogically similar brain regions. Dynamic imaging in live slices showed

that ECS volume fraction and diffusion properties fluctuate over time, correlating with patterns of neuronal activity

induced through optogenetic stimulation. Notably, Hgtitucedactivation of excitatory neurons led to transient ECS

shrinkage and altered diffusion kinetics, suggesting a tight coupling between network activity and extracellular
microarchitectureFurther analysis demonstrated that areas with denser extracellutas pnatein labeling exhibited
reduced ECS volume and more restricted diffusion, indicating that ECM organization contributes to ECS
compartmentalization. These findings support the notion that ECS is not a passive medium but a structurally dynamic
envirorment that responds to and potentially regulates neuronal activity.

Conclusions

This study highlights the power of combining SUSHI and optogenetics to investigate the extracellular space in intact

brain tissue. Our results demonstrate that the ECS is a dynamic, structurally diverse compartment influenced by both

neuronal activity anéxtracellular matrix organization. These insights challenge traditional views of the ECS as a static
diffusion space and underscore its potential role in modulating neurophysiological processes.
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Background: Digitalization and the broad spectrum of potential applications have led to an
ongoing increase in the use of virtual reality (VR) technologies in recent years. Vigbaated
displays (HMDs) utilize lighemitting diodes (LEDs) and expose the eyes ofidegs to visible

light (400nm- 780nm) at extremely close range, often less thamfrb Furthermore, it is well
documented that acute exposure to kirgbhnsity blue light (400 nm500 nm) can lead to
photochemical damage in the lens artthee However, it remains unknown whether lgegnm
exposure to blue light from VARIMDs can trigger or contribute to photochemical effects in the eye.

Methods:We conducted a | iterature search with the

Avirtual realityo, Alight emitting diodeo,
combinations. Our goal was to identify, analyze and summarize both review and original articles
examining the effects of blue light exposure from LEDs on the retina

Results: As demonstrated by a substantial body of research, exposure tnteigsity blue light

from LEDs has been shown to induce a humber of biological responses, including oxidative stress,
apoptosis and necroptosis, disruption of mitochondrial fission amnohfprocesses, and

inflammation in bothn vitro andin vivo. However, existing research cannot be reliably used to
estimate the effects of blue light exposure fromMRDs for a multitude of reasons. I vitro
biological models in which human retinal pigment epithelial cells are directly irradiated, do not
adequately mimic the structures of theman eye and retina. B) vivo studies with rodents do not
take anatomical differences between the rodent and human retina into account. 3) Considerable
variations are observed in the emission spectra and photomeiiticggiions of used light sources
and exposure scenarios vary considerably between studies. This discrepancy in experimental
conditions renders a systematic comparison of study results virtually unfeasible. 4) Exposure
studies with blue light irradiancevels similar to the exposure conditions occurring with the use of
VR-HMDs have not yet been conducted.

Conclusions:Given the increasing use of RMDs and the premise that these devices could be
worn for eight or more hours daily, the question arises as to whether the prolonged use of VR
HMDs may contribute to or cause photochemical damage to the retina. As aitsisied

answering this question, we propose to investigate, whether previously described photochemical
effects of blue light in the retina can also occur under exposure conditions like those when using
VR-HMDs. The overarching goal of the mstigation should be to develop a feasible and
reproducible biological model of the human retina and to implement a standardized exposure
system for assessing the photochemical and photobiological effects on the retina of emerging light
based technologies.
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Development of skin cancer is strongly associated with mutations caused by ultraviolet radiation
(UVR). Exposure to UVR induces the formation of DNA damage such as cyclobutane pyrimidine
dimers (CPDs) that must be repaired by the nucleotide excision peypiaivay. We have previously
shown that the predominant type of CPDs, thymidine dimers (T<>T), can be detected in human urine
using liquid chromatography coupled to mass spectrometryMBE [1,2]. We report that T<>Ts

can also be detected in urine fronirlegs mice exposed to UVR [3]. The study set out to characterise
the urinary excretion of T<>Ts in hairless mice by determining the-gksp®nse and excretion
kinetics, the impact of different UVR sources and delivery durations, and the effect of acute
immunosuppressant treatment on T<>T excretion. Hairless mice were exposed to increasing doses of
UVR (0.1253.5 standard erythema doses (SEDs)), and urine was collected fdiSL&halysis.
T<>Ts could be detected in mi 8EDsresuledisayhenao O
A linear correlation was found between UVR dose and T<>T concentration on the day afte? UVR (r
=0.9952;p < 0.01). Excretion of T<>T was detected already 80 minutes after UVR with an increase
in concentration over time. Exposure to pure UVA irradiation (2 SEDs at 365 nm) also induced the
excretion of T<>Ts but significantly less compared to a LAdB UVR souce { < 0.01).
Furthermore, the duration of exposure impacted T<>T excretion with 2 SEDs given over 1 hour
resulting ina higher concentration compared to 6 hoprs 0.01). Application of sunscreen (SPF

30) to hairless mice prevented the excretion of T<>T following 3.5 SEDY/R. In mice treated

with immunosuppressants for two weeks, excretion of T<>T following UVR was reduced in the
majority of treatment groups (< 0.05). Overall, our data point to the use of thymidine dimer
excretion as a new, nanvasive biomarker in the screening and evaluation of new preventative
therapies or photocarcinogens.
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Photoactive MDMZ2 inhibitors: light related strategies to tackle hard to treat
cancers
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Tumoral cases among the population have been steadily increasing, and the treatment of cancer remains a
major challenge. Due to the large number of chemotherapeutic agents employed and the frequent occurrence
of relapses, patient life expectancy is oftemesely compromised. [1]

Targeting proteinprotein interactions (PPIs) with high spatiotemporal precision remains a major challenge in
drug discovery and chemical biology. The oncoprotein MDM2, a key negative regulator of the tumor
suppressor p53, is an especially attractive tatge to its central role in cancer progression and its structurally
well-defined binding pocket. Conventional MDM2 inhibitors, which aim to restore the tsuppressive
function of p53, show promise but suffer from systemic toxicity due to p53 activatiwalthy tissues. To
overcome this limitation, we explolight-activated pharmacological approaches such as photoprotective
groups or photoswitchesfor achieving spatiotemporal control over the MDN383 interaction. [1] In this
approach, the inhibitors remain inactive in the absence of light and only become functionally active as
anticancer agents upon exposure to visible light [Fig 1.]. To impiaveat relevance, we have designed and
synthesized novel compounds that gfeotoactive in the visiblelight range, enabling deeper tissue
penetration and reduced phototoxicity. Through the-timéng of the compounds the activation occurs at
different light sources such as blue, green and red light. We will show our most recent results on blocking
MDM2-p53 interacthn with visible lightactivated small molecules.
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The effects of quantum dots (QDs), including CulnZnSA30OH (Cubased) QDs, on microalgae

are a subject of growing scientific interest, primarily due to the increasing presence of nanomaterials
in aquatic environments. In essence, whileb@sed quantumiots may present a less toxic alternative
compared to some other quantum dot types, they still pose potential risks to aquatic organisms and
their impact on microalgae still warrants careful consideration and further research. Microalgae, as
bioindicators,play a crucial role in assessing water quality and detecting pollutants due to their
sensitivity to environmental changes and rapid physiological responses. The interaction of some types
of nanoparticles with microalgae can disrupt vital cellular prosessech as photosynthesis [1].
PulseAmplitude modulated (PAM) fluorometry offers a reliable, fAiomasive method for
monitoring changes in microalgae autofluorescence and photosynthetic parameters. Combining
Fluorescence (FL) and Coherent ABtokes Rama Scattering (CARS) [2] microscopy techniques
provide very detailed information, for example, the distribution of natural chemicals within the
microalgae, and how those distributions are effected by the quantum dots. However, there is limited
understandingof how the different types of QDs vary depending on algae species and how
environmental conditions influence these effects.

The aim of this studyis to evaluate the interaction of CulnZnS/Z890H QDs withDesmodesmus

sp. andScenedesmus.spomparing specific Qiinduced responses on photosynthetic efficiency and
overall physiology at different environment conditio®rbasedQDs in Scenedesmusp. and
Desmodesmus salgae disrupt the photoadaptation process: however, the specific changes detected
depend on the growth conditions to which the algaee beeradapted.Cu-basedQDs cause a
decrease in ETR and Y(Il) oBcenedesmus splgae, but the change in nphotochemical
coefficients depends on the algae's adaptation to environmenthii@en Cu-basedquantum dots

induce cell death dbesmodesmus salgae: in the initial stage, decreasainofluorescence arnte

CARS signal from carotenasdvasregisteredafter 24 h the; and after 48 h fluorescence signal of
chlorophyll released from the algaeredetermined.

The knowledge of the ecotoxicity of different types of quantum dots on a wider range of microalgae
species would not only help to predict and mitigate the extent of possible damage, caused by QDs
when entering the ecosystem, but would also help in thdageaent and improvement of QDs use

in industry and medicine.
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In many places, ambient available UV is more abundant than human skin can sustain. Therefore, we
seek shade, put on clothes and use sunscreen. The bottle of the latter promises to reduce skin rednes:
which is predominantly a UVB effect. On the other hamel,advise the use of sunscreen to prevent

skin cancer, which is not an effect claimed by the producers, and for decades now, UVA has been
recognized to contribute to human skin carcinogenesis [1,2,3,4].

Still the EU only suggests to protect UVA with a factor 1/3 of the UVB protection. Discriminating
information for the quality of the UVA filter is not available on the label and consumers cannot make

an informed choice in the shop. Why is this? Does itarsnse? Where do the cells at risk for skin
cancer actually reside [5,6,7,8,9,10]? What consequences does this information have? In fact, from
all health effects, the best sunscreen should offer the least protection against erythema, whereas today
itisopti mi zed for this endpoint. Erythema is yol
what is known about this issue today and translate this updated knowledge into an updated advise for
sunscreen formulation, labelling and EU regulations.
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Melanogenesis is a complex enzymatic process in which Tyrosinase (TYR, EC 1.14.18.1) catalyzes the
conversion of EDOPA into dopaquinone, which is in turn converted in several steps into melanin.[1] This
process is involved in various skin diseases, incgdvitiligo (hypopigmentation), melasma
(hyperpigmentation) [2] and in the onset of melanomas as well as in neurodegenerative diseases such as
Parkinson and AlzheimeB] The approaches used to inhibit melanogenesis are different: enzymatic
regulation, gee regulation through transcription factors or signaling.[1] In general, the control of TYR
level represents the most followed approach, also because it is strictly related to the onset of these
pathologies and can be considered an important biomarkerefbihe, the detection of TYR with high
sensitivity is of great importance to study its activity in biological processes as well as in clinical
diagnosis.[3] Finallythe possibility of inhibiting TYR is useful in the medical field to treat disorders and
diseases associated with melanin accumulation. Synthetic and natural TYR inhibitors have been identified
in last yearg4] but the clinical application of these substances is often limited for their degradation and
consequently poor bioavailability, and in some cases for problems of toxicity or side effiecisg the
synthetic inhibitors, we focused our attention 4(l-piperazinyl)phenoberivatives p] that showedn

silico andin vitro inhibitory activity towards the TYR oAgaricus bisporugAbTyr). In this work, we
developed a novel series of luminescent derivative4-@f-piperazinyl)phenglobtained by covalently
linking key chromophores such as BODIPY, Curcumin, and Porphyrin to the core scaffold. These
modifications were designed to combine biological activity with tailored photophysical properties. The
compounds were evaluated through a multidisciplinary appraaabiving in silico modeling,in vitro

assays, anth vivo testing. We will present the most relevant results, focusing on compounds showing
dual functionality, as potential bioimaging probes and as depigmenting agents, highlighting their
innovative role athe interface between medicinal chemistry and molecular imaging.
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Dasatinib (DAS) is an anticancer drug used to treat hematological malignancies, such as chronic myeloid
leukemia and Philadelphia chromosomesitive acute lymphoblastic leukemia [1,2]. While initially
developed for oral administration, DAS has recently garnered interest in topical application. However,
topical drugs may induce photosensitivity, an adverse effect not currently listed for DAS3Ren its

UVA absorbing chromophore, DAS may trigger phototoxic reactions via Type | mechanisms mediated by
free radicals and Type Il mechanisms mediated by singlet oxygen. This study investigated DAS induced
phototoxicity in solution and reconstructed human epidermis, mimicking topical expd$poa UVA
irradiation, DAS generates a triplet excited staBAS*) that leads to the production of reactive oxygen
species (ROS) and organic radicatsvitro assays, including NRU, comet assay, lipid peroxidation {C11
BODIPY), protein carbonylation, and DNA oxidation, confirmed photo(geno)toxicity to célese

resuls suggest that various cellular compartments are potential targets of oxidative damage mediated by
DAS. Significant phototoxicity was also observed in reconstructed epideNoisbly, this effect was
significantly reduced when DAS was combined with a UVA filter (Tinosorb S), indicating an effective
photoprotection strategy for the safe development of topical DAS formulafiins.

Dasatinib |[DAS]|
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Figure. A schematic illustration showing that DAS phototoxicity may be prevented by including
sunscreen in its topical formulation.
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In recent years, there has been growing concern about the harmful effects on the skin of not only UV
radiation, but also blue light, also known as h&gtergy visible light (HEVL) with wavelengths in the
400500 nm range. This light penetrates deep intoddrmis, causing oxidative stress, hyperpigmentation,

and accelerated photoaging. Today, more and more consumers are looking for sunscreens not only with a
high SPF level, but also with additional protection against blue light. However, since most meiwwathe

UV filters have limited effectiveness within this wavelength range, this necessitates the development of
new functional materials to reliably protect the skin from blue liglarbon quantum dots (CQDs) are a

new class of materials with a particle size of less than 10 nm, characterized by high photocatalytic properties,
biocompatibility, and low toxicity, and can be considered as promising candidates for research on skin
protecton against blue light.
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' ight.

Materials &£&Qdsmevtereeds.ynt hesi zed by the microwave
USA) in a ratio of 8:6, respectivel y. The optical
mul tifunctional plate afhéylzieghi{ TheamoamiSssieon i by c(
at concentrations of 5, -41500, namm dw als5 % tiund itehde usspien

1,
1000 Ultraviol et Transmittance Analyze+# mbodahseph
( HeSciiorence BaBeanoea) t he obtained transmittance spe:«

under the transmittance curves in a given range

model sunscreen baseRF o0 cthemacsaads d itlheirrs ovorthr iSb
t he -46M0 nm range. The antioxidant progder tivviesr oc
spectrophootno ngepterciocradl 1200 Pl us ( Ameadsoyds it le mdoexri ad,a &t @ enrni
of adrenaline.

ResuC@®Bs have been synthesized, which under UV ir
and the maxi mum optical absorption is observed at
of the fluorescence af fhandynhhest hedm&@QDmumi £ mia
wavelength of 478 nm under excitation at 280 nm.

high value indicating theilrt ewds cf eluogn aibmdrl eavedst ee
concentration of CQDs in a glycerin soluti-dB0 the

nm decreases significandly.) ffroom HtONW@OBGm d¢i. wi om @&l
3266 c.u. for 5% CQDs, 2774 c¢c.u. for 10% CQDs, anc
of 5% green CQDs to a sunscreen with SPF30 signifi

of -490n,n which is mani f easrteead umd ear dtehcer etarsaen simmi stshieo
2867 c. u. There is also an increase in the critiec
at a final concentratioqoxofdalbomghl mi 6 owdtde we

st
accordingly, the generation Jp&( BupeNbdsta il Keadsi cal
mgm 6 1. 17N6sL03)dslttead, when the concentration of CC
1.46 times, and at Thycanéé8ntiamesgdrpetdddat mghlt aodbd
in thi sy sabSstEdngh 06 NOSI!DRI(IHBD s (1194 N0sL05) T 10
ConcluBuenso their pronounced optical characteri
fluorescence ¢ anc dsemsetfrnfseqn e a/med tymsruosteedc ti nt he skin fr

B
Sk
r

d


mailto:v.lyzhniuk@kyivpharma.eu

hNFt O2YYdzyAOle2yad 2y LIK2(G2O0K:
[ K AN)Y al daiyz

Predicting SingletOxygen Quantum Yield in Porphyrinic and Non-
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Reliable in silico predictiono f singl et X Yy g enis pivota fot deweloping e | d
next generation phot ot herapeutics and phot
mul tiple |linear regRe687(SDn0.1D0 0 &ln olueng trainedamdi e v e
internally wvalidated on 95 structurally divel

with and without heavy atomsJhis accuracy, coupled with consistent crfidd stability, surpasses
prior model$? in both predictive performance and chemical gdimataility while retaining full
physicochemical interpretability.

Six descriptors are newly formulated here for the first time. Two of them quantify the key energetic

and spin orbital i ngredients of i ntersystem ¢
5 5 )
EIGTS = ¢ '/IFri—Fsil, LCSOC:In(ZZ|(]}|HSO|SS)D,
r=1s5s=0

here Frand star e adi abatic tripl edistlersgiorbitiHargiltodan. e n e |
EIGTSprovi des an exponentially weighteldSOGeasur

condenses the cumulative sippnr bi t coupl i ng | andscape into a ¢
These metrics integrate with (i) a frontier
transforms and (i) a compact topoldgplarity signature that merges size, polarity and
charge dispersion effects. Teorgelthye r bettvinee nd ees:

dynamics and solvent mediated charge redistri

Stepwise analysis identifi&GTS andLCSOC as dominant positive contributors, confirming that

an optimised TlAS1 gap and a robust cumul ative SC pr
With a prediction uncertaintgf £12 %3 within experimental reproducibility this model delivers

higher accuracy, broader scaffold coverage, and clearer mechanistic insight than any prgvious
correlation, enabling confident psynthetic prioritization of photosensitizeihe fully automated

Python workflowscalessed essl y to high throughput virtual
these previously unreported quantum chemical
singlet oxygen generators.
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Porphyrins are macrocyclic compounds with high chemical and photophysical versatility, making them
particularly suitable for applications in bioimaging, photodynamic therapy, and chemosensing for selective
metal ion recognitio? The presence of basic nitrogen atoms in the core enables efficient coordination of
metal cations, while functionalization with side groups allows for specific interactions, thereby expanding
their potential applications in biological contexts. Anothenpsing candidate for thesbiological

applications is Graphene Quantum Dots (GQDs), which are notable for their high fluorescence intensity and
stability 2 Within this framework, novel organic/inorganic nanohybrid systems have been refgorted.

In this work, a new series of cationic porphyrins functionalized atsoposition with

triphenylphosphonium units, linked by alkyl chains of varying lengths, was synthesized to evaluate the
structural influence of these substituents on electronic properties and the ability to form supramolecular
assemblies.

The aim is to form nanohybrid systems through electrostatic interactions with negatively charged quantum
dots (GQDs) derived from glutamic acid. The supramolecular porpl@D interactions were investigated

by UV/Vis spectroscopy, fluorescence (statid @ynamic), and dynamic light scattering, to assess self
assembly behavior, colloidal stability, and photoactive properties of the resulting systems. In this
communication, the synthesis and structural characterization of supramolecular interactions betwee
triphenylphosphoniunrfunctionalized cationic porphyrins and quantum dots will be presented and discussed.
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Cyanobacteria have long playea@nd continue topladya pi vot al role in Ear:t
ecological systems. In recent decades, however, certain 8tyaamscularly those producing taste

and odour (T&O) metabolites and toxinsave become a growingecern for human health and
drinking water safety. Current monitoring strategies focus primarily on chemical (e.g., nitrogen,
phosphorus) and environmental (e.g., temperature, dissolved oxygen) parameters, or indirect
biological proxies such as chlorophgll These methods, however, lack the capacity fortireal

detection and early warning.

In this talk, | present a novel approach to cyanobacteria sensing by demonstrating that cohorts of the
problematic specigdscillatoriasp. exhibit electrical excitability, governed largely by mass diffusion
processes. This bioelectric actidtynediated by paracrine signallidgappears to facilitate rapid
collective stress acclimation [1]. The underlying measurements are enabled byaaansltive
electrophysiology platform based on porous polyurethane (PU) foams coated with PEDOT:PSS,
leveraging ultrdargearea electrodes to maximize douldger capacitance and signal sensitivity [2].
Microbial viability and growth are tracked in re@he via Electrochemical Impedance Spectroscopy
(EIS) and compared with standard analytical methods for cell counting and equivalent circuit
modelling [3]. The cumulative signal scales with electrode area, indicating a correlation with biomass
and productr i t y . Further mor e, we interpret cooper a
fluorescence imaging, and suppressed using gadolinium chloride, a specific ion channel inhibitor.

This work suggests that decoding the electrogenic dialogue of cyanobacteria offers a path toward
more efficient and preventative water quality monitoring, and illustrates the potential of biohybrid
electronics in environmental sensing.
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Photosynthetic bacteria are of great interest for the development of biohybrid systems thanks to their
capability to convert solar energy into electrical and chemical energy. By coupling intact cells of
photosynthetic microorganisms to electrodes it isids to obtain photbioelectrocatalysts that can

be employed to perform the sensing of environmental pollutants, the localized generation of
photocurrent, or the synthesis of solar fy#&|2]

Anoxygenic purple bacteria have been explored for all the aforementioned applications as they
can utilize organic contaminants present in a solution as carbon sources while using sunlight as
energy source, thus enabling complex reactions to take placeglegant fashiof3]

A critical challenge affecting these biohybrid is the limited current density resulting from the
hindered photanduced electron transfer, which in turn limits sensitivity of the sensors, current
densities, and product yields. The talk will present thetmesent approaches that we have
undertaken to tackle this challenge, with the implementation of biocompatible polymers and
inorganic nanomaterials towards facilitating the extracellular electron transfer pfdcegs.
Future research needs and remaining challenges will also be discussed.

References

[1] L.D.d.M. Torquato, M. Grattieri, Photobioelectrochemistry of intact photosynthetic bacteria: Advances
and future outlook, Curr. Opin. Electrochem., 34 (2022) 101018.

[2] E.l. Wroe, R.M. Egan, S.J. Willyam, L. Shang, J.Z. Zhang, Harvesting photocurrents from cyanobacteria
and algae, Curr. Opin. Electrochem., 46 (2024) 101535.

[3] D. Gupta, M.S. Guzman, A. Bose, Extracellular electron uptake by autotrophic microbes: physiological,
ecological, and evolutionary implications, Journal of Industrial Microbiology and Biotechnology, 47 (2020)
863-876.

[4] G. Buscemi, D. Vona, P. Stufano, R. Labarile, P. Cosma, A. Agostiano, M. Trotta, G.M. Farinola, M.
Grattieri, Biolnspired RedoxAdhesive Polydopamine Matrix for Intact Bacteria Biohybrid Photoanodes,

ACS Appl. Mater. Interfaces, 14 (2022) 26633641.

[5] P. Lasala, R.M. Matteucci, S.R. Volpicella, J. Honorio Franco, D. Debellis, F. Catalano, A. Milella, R.
Grisorio, G.P. Suranna, A. Agostiano, M.L. Curri, E. Fanizza, M. Grattieri, Deciphering the Role of

I norganic Nanopar t i cohenBidhyBidMidrobial Photbelectrodes, ACS Appl. z at |
Mater. Interfaces, 16 (2024) 58598608.


mailto:firstauthorsname@aaaa.bbb

t K2i2a8yikKSa0O 0A
/| KIANY al gS2 D]
Combining microbe and electrode modifications for improved biophotovoltaic
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Whole-cell biophotovoltaic (BPV) devices utilize photoautotrophic microorganisms like
cyanobacteria for clean bioelectricity production, making them valuable assets in the energy
transition. However, their performance remains limited by a key bottleneeknéefficient charge
transfer at the bioanode interface. Various strategies are currently being explored to overcome this
challenge.

This study investigated the integration of separately engineered polypyrroled@®sdl graphite
electrodes [1, 2] with polydopamine (PBAjodified Synechocystisp. PCC68033ynechocystjg1,

3] and aimed at enhancing photocurrent output through their complementary properties [1, 4].
Raman spectroscopy and atomic force microscopy were employed to characterize the PPy coating,
while zeta potential and scanning electron microscopy provided insights into thsudalte
interactions. These findings were correlated with bioanode perfeamasmssessed via
chronoamperometry.

The PPy coating on graphite was shown to effectively increase photocurrent when interfaced with
Synechocystisinder mediated conditions, indicating its potential as a support forrRaxified
microorganisms. The PD#&oated cells exhibited similar surface charge and adhesion to the PPy
substrate as their uncoated counterparts, with an additive enhancement cupbotef ca. 40 %

for the PDAcoated cells. These findings align with previous hypotheses suggesting that electrostatic
interactions play a cruai role in cell adhesion to PPy [1, 2], with the increased photocurrent for
PDA-decorated cells largely resulting from enhanced cell adherence on unmodified graphite
electrodes [1, 3].

Overall, this work underscores the importance of estidge compatibility assessments between
biotic and abiotic elements in the development of BPV bioanedes essential step toward the
effective deployment of fulscale BPV devices [1, 4].
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Microbial electrochemical systems (MES) have emerged as promising platforms for sustainable
energy production and sgibwered biosensing technologies by exploiting the metabolic activity of
living microorganisms to generate electrical signals[1][2]. Owvipus work demonstrated that
modification of the photosynthetic bacteriurRhodobacter capsulatusith cysteinecoated gold
nanoparticles (Au@cys) enhanced extracellular electron transfer (EET), resulting in increased
photocurrent generation[3]. Howevehis improvement was transient, with significant drops in
current density observed over time, likely due to intracellular accumulation of reactive oxygen species
(ROS), which compromises cell integrity and leiegm system performance.

Tomitigagte ROS nduced stress, we investigated the wus
well-known for their redoyactive surfacesand R&Sc avengi ng capabilities]
aspartate (CeO @asp), and =) coebénasedntoffth

nanoparticles. Low molecular weight hydrophilic ligands are chosen to enhance colloidal stability
and improve interactions with the bacterial membranes where the photosynthetic apparatus is located.
The antioxidant actity of the functionalized nanomaterials was quantified by two different radical
scavenging assays, confirming their potential to reduce oxidative stress.

We systematically evaluated the impact of increasing nanoparticle concentrationd@salization

of CeO and Au@cys nanoparticles on photocur
illumination. Our results compare differently functionalized CeOnanoparticl es i
microbial viability and sustaining photocurrent generation, offering a strategic approach to improve
the longevity and reliability of seffowered bioelectrochemical devices.
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The Reaction Center is an extremely efficient protein used by photosynthetic organisms, such as the
Rhodobacter sphaeroidé¥6 bacterium, to convert solar energy and fuel their metabolism [1]. RC
represents the sole photoenzyme in the biosphere employing sunlight to generate charge separatec
states with almost unitary conversion efficiency. Hence, it represents an ideahdsbitatk for

artificial biomimetic systems exploiting visible light to produce electrical signals. However, the
applicability of RCin bioelectronic devices is related to employing chemical strategies to enhance
the protein visible light absorption [2]. In fathe RC light harvesting ability in the visible range is

quite limited. Here we report our results showing that covalent bioconjugatiRin ephaeroideRC
photoenzymewith tailored organic light harvesting molecules leads to biohybrid systems that not
only retain the functionalities of the natural protein but also have enhanced photoconversion
efficiency in the visible range, where the native RC is normally inactivg. [8/e also demonstrate

that, by properly tailoring the chemical structure of organic antenna molecules, it is also possible to
modulate their light harvesting capabilities depending on various parameters such as pH, thus
allowing photoadaptation of biobyid systems to their working environmental conditions.
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Photosynthetic microorganisms are promising candidates for sustainable energy production in
photobioelectrochemical systems. However, integrating them with electrodes is challenging due to
the compartmentalized nature of photosynthetic organelles. Miamalgparticular, have a complex

cell structure, leading to low electron transfer rates and compromising electrochemical
communication. Despite this challenge, microalgae are still considered a promising microorganism
for such applications due to seveadvantages (photosynthetic efficiency, growth rate, mechanism
against oxidative stress, ngnoduction of toxic substances) [1]. In this study, we propose a hybrid
biophotoelectrode that integrates intact microalgae cells with as&®@iconductor electrode using
polydopamine for cell entrapment and charge transfer enhancement. The biophotoelectrode delivers
photocurrents of up to 24 OA cm | under vVvisib
bel ow 6. 0 mW etearode perfofnaece ant tbetorgin of electron flow are investigated,
confirming a substantial contribution of immobilized microalgae to the overall photocurrent. In
addition, we present a preof-concept application of the microalghased hybrid eleside in
combination with a formate dehydrogenase biocathode for the implementation of a
biophotoelectrochemical cell for the conversion of.QG® formate assisted by light. The system
demonstrates the potential for coupling photosynthetic processes with bioelectrochemical conversion,
achieving efficient and sustainable production of va@dded chemicals. These findings advance our
understandingf photosynthetic cekelectrode interactions in hybrid systems, offering insights for

developing photobioelectcbemical devices and innovative conversion strategies for waste products.
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validates orientation-driven enhancement of photocatalytic performance
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UVC light source to prevent airborne infection transmission
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The pandemic outbreak and the antimicrobial resistance question have underscored the urgent need for
innovative, effective strategies to mitigate airborne infections and overcome limitations of traditional
preventive measures. Here we presenitro andin vivoresults of an innovative UVC light source acting

as an invisible barrier against the spread of airborne viruses and bacteria. Although tkaowell
sterilizing properties of UVC, its use has always been limited to environmental applications due t
mutagenic risks. Recently, UVC sources emitting at a waveldng2B80 nm havettracted interest due

to their very short penetration in tissue, which limits their interaction to the superficial stratum corneum
(for the skin) or the first cornea layers for the eye. At the same time, RNA/DNA absorptibr<faB0

nm is still considerable to elicit phoiaduced damage in the pathogen genetic material. This spectral
range has thus been investigated in view of a possible application for environmental sterilization in the
presence of humans.

Materials and Methods. Excimer KrCl lamps emitting 2&82 radiation were employed in a threefold
experiment aimed at testing and validating the sterilization capacity ch@2#ght barriers against
airborne infection. More than 30 relevant viruses antdréa (wildtype reference strains and strains of
clinical origin harbouring relevant antibiotic resistance mechanisms) were incubated and irradiated in both
the liquid and the aerosol phase. Additionally jrarivo experiment was conducted on mice, wdiarthe

airflow was forced to move from a cage containing SARS/-2 infected mice toward a second cage
containing healthy ones, passing through a conduit equipped with-ar@2@yht barrier, in controlled
temperature and humidity conditions.

Results and Discussiom vitro experiments showed al8g CFU reduction in CFU counts with light

doses of 1680 mJ/cm for most bacterial strains tested (among which P. aeruginosa, S. aureus, and S.
pneumoniae). S. pyogenes, H. influenzae, E. coli, and K. pneumoniae required a higher dose for the same
efficacy. For viruses (among which SARRV-2, Herpes Simplex, A/H1LNInore than dog reduction

was achieved with-40 mJ/cm. Our approach was validated by in vivo experiments, where an@22

light barrierinside the conduit connecting the infected and healthy mice cages was able to completely
prevent the healthy mice from contracting the infection.

Conclusions. The reported results point out a high antimicrobial efficacy eh@2ght against all the
tested viruses and bacteria strains. A-RP?2 light barrier prototype was successfully tested to prevent

in vivo airborne infections, suggesting a prigsing new approach in applications against human airborne
infections.
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Photodynamic materials for the prevention and treatment of multidrug
resistant bacterial infections in humans and animals
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Efforts to control hospital acquired infections (HAIs) have been hampered by the emergencaesidtagt
pathogens, necessitating the pursuit of advanced functional materials that are capable edidiefeetion

of such microbes in hospital envinments. To that end, we have explored antimicrobial photodynamic
inactivation (aPDI) as an approach for pathogen reduchioritro aPDI studies were performed against
bacteria and viruses employing photosensittrebedded or conjugated nanofibrillatectlldose,
polyacrylonitrile or nylon nanofibers, dudlyed wool/acrylic blended fibers, olefinic block copolymers, and
spray coatings. As a recent example [1], we demonstrate thdbpgad TiQ particles can successfully
inactivate a wide range of pathogens with exposure to light for 90 min, including bacteria ranging from

methicillin-resistantS. aureug99.9999%,D6 | og K.npneurmonia€a9.63%,D3 . 3 | og uni ts
viruses including feline calicivirus (99.94®%3 . 4 | og u n-229E(P9.98680p4 .HEColVog uni t s

the particles demonstrating excellent robustness toward photobleaching. Furthermorecaagpdhgolymer

film, loaded with the synthesized @ioped TiQ particles, ahieved inactivation of methicillinesistants.
aureusupto99.998%mM4 . 8 | og units). Building upon this wor
ligandfunctionalized InFbased quantum dots (QDs) as an innovative class of nontoxic photosensitizer
suitable for antimicrobial applications [2]. A hot injection metHollowed by functionalization via ligand
exchange with @nthracene carboxylic acid (ACA) yielded the desired core/shell INP/ZnSe/ZnS QDs that were
subsequently applied to cellulogia dip coating, with the resultant material exhibiting inactivation of MRSA
(99.999%), as well as detection limit inactivation of human coronavirus 229E (12€89&) and feline
calicivirus (FCV).Finally, we will present more recent work [3] on a Rose Bengal {&Bbedded
poly(AEMA-TEGDMA) hydrogel as a novel photodynamic antimicrobial wound dressing for combating
multidrug-resistant (MDR) infections. Fabricated via tiduced photopolymerizationhe hydrogel is
composed of aminoethyl methacrylate hydrbloride (AEMA) and tetraethylene glycol dimethacrylate
(TEGDMA). Under portable LED illumination (400 0 0  Rak¥,445aam; 48 + 2 mW/cA for 15 and

30 minutes, the hydrogel demonstrated potent antimicrobial efficacy against both-pG@séive
[methicillin-resistant S. aureus (MRSA; ATCC-44) and multidrugesistant Staphylococcus
pseudintermediu§MRSP)] and Grammegative [multidrugresistantA. baumannii(MDRAB; ATCC-

1605) and NDML1 positive K. pneumoniag(KP; ATCC-2146)] bacteria, routinely achieving up to
99.9999% (elog) inactivation within 30 minutes. Antiviral studies against HE229E, adenovirus, and
rhinovirus also resulted in detigon limit inactivation within 15 minutes.
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Rose Bengal (RB) is an old photosensitizer, with the first results of its photodynamic effect against bacteria
and yeasts dating from the late 70s, which already indicated its possible role as a singlet oxygen[dgnerator
Since then, RB has been recognized as an efficient and safe photosensitizer, with the additional advantage of
being soluble in water. Several formulations are already found in the literature, which increase RB stability
and delivery rate against microargsms of different typeg].

In this work we present a comparison of different cellulose particles loaded with RB (RB@CNC), showing
that the covalent bond between the particles and RB defines the possible amount of RB charged into the
particles, thus, defining their ROS rate produttimd their potential photoactivity. Furthermore, we explored

the relation between fluence rate and concentration to achieve an effective antifungal disinfézziodiced
albicansATCC 10231, comparing the effect with free RB and revealing that the gajboibutor in this case

is the RB loading rate.

Given that our prepared particles have sizes in the range of micrometres, it was unlikely that the nanoparticles
would be able to penetrate inside the cells. Thus, we explored the mechanistic of the delivery of RB, using
reaktime monitoring with epifluorecence microscopy. We were able to observe that RB |&belkicans

cells when placed in proximity to the particles, in the presence or absence of a permeable barrier, with this
effect not being timeelated, as independent experiments show the stadilitye nanoparticles in the range

of days. The latest fact implies that the something in the environment of the particles and the cells favour the
cleavage of the bonds, allowing RB to leak into the cells, with this additional factor being eitherghe cell
secretome or the ROS produced upon light irradiation.

Interestingly, this also showed a detail that seems to have been ignored for some years: RB is unable to
penetrate into the cytoplasm of a heal@yalbicanscell, but irradiation and the cascade of ROS produced
since the membrane or the periplasm of the cell are enough to trigger the cells death, which was marked by
ROS production, RB permeabilization, a decrease on size of the cell and apparent organelleith

together could indicate an apoptotic process when the death event was not imfBediain, although RB

is a molecule that has been widely used as a photosensitizer for half a century, it still has secrets waiting to be
revealed.
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Bacteria, fungi, and pest insects present significant challenges to growers, as they cause plant diseases or spoi
of crops, thereby reducing yields. The use of pesticides, including antibiotics, in agriculture has a detrimental
effect on the environmenhd contributes to the development of resistance. This presentation aims at providing
a 2025 update on the application of Photodyndnactivation (PDI) in agriculture. Formulations of sodium
magnesium chlorophyllin (Chl, food additive E140) are utilisedcasteffective and environmentally
sustainable photoactive agents, and illumination is performed with either LED light (395 nm) or sunlight in
the range of 26.6 to 3Qcn?. One hundred micromolar Chl induces a clear photoantimicrobial effect against
the streptomyciresistant bacterial phytopathogérwinia amylovord1], and the funguBotrytis cinereds
effectively controlled by PDI based on a formulation containing 224 uM[Zhleven if resistant against
conventional treatmenito fight the insect pefrosophilasuzukiiChl can be provided as food in 3% sucrose

or sprayed onto insects. After feeding omBl Chl (drug to light interval 9 h) and illumination with 78.9 Jfcm

(LED 395 nm) 98.4% of all spotted wilgrosophilacan be killed. Increased radiant exposure (LED 395 nm,
315.6J/cn¥) allows for usage of lower Chl concentrationsr(il, 97.5% kill). If using sunlight (294.5 J/&n

for Chl (5 mM) activation all fliesareerasedwo days after il 1l uminati on. Fl
Chl accumul at i on [BlnForinllagionspoi @ht can dlso beeespldyad €dos postharvest
photodecontamination of fruits, as proven by using an orange peel mod&icdlium digitatumas fungal

model organisnj4]. In conclusion, PDI based on formulations of Chl is applicable in agriculture to combat
bacterial and fungal plant diseases and pest insects.
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Agricultural production is crucial for global food security, yet the control of phytopathogenic fungi such as
Botrytis cinereaand Penicillium digitatumremains a major challenge. The widespread use of synthetic
fungicides is increasingly restricted due to environmental and health concerns, emphasizing the need for
sustainable alternatives. In this study, we investigated the photophysical and photdcperpardies of a
chitosanriboflavin conjugate (CHRF) as a lightactivated biofungicide.

A key aspect of this work was the replacement of pyridine as a solvent in the acylation of riboflavin with a
mechanochemical approach, reducing the environmental impact while maintaining reaction efficiency. The
resulting CHRF conjugate exhibited signifiat antifungal activity under light irradiation. In vitro and in vivo
assays demonstrated its efficacy agaistigitatum[1l] andB. cinerea[2], inhibiting fungal growth and
reducing disease severity in fruit models. Notably,-RIH outperformed commercial biofungicides in
postharvest grape and citrus preservation.

These results highlight the potential of & as an ecériendly, photodynamically active biofungicide. Its
light-driven antifungal mechanism, combined with a sustainable synthetic approach, aligns with green
chemistry principles and presents a promigiligrnative for agricultural applications.

References

[1] Ipinza-Concha, B. M.: 'Effect of ChitoséRiboflavin Bioconjugate on Green Mold CausedRsnicillium

digitatumin Lemon Fruit', Polymers, 2024.

[2] HerreraDéfaz M., et al.: '‘Biocontrol oBotrytis cinereaon Grape Berries in Chile: Use of Registered Biofungicides
and a New ChitosaBased FungicideKlorticulturae 2023, 9.

Acknowledgements APQ thanks SACRU for a Research Mobility fellowship



OYDPANRYYSY(llt I yaYA
| KFANBRY YNR&adGaly ttFSal

Sunlight-Powered Fungicide Conjugates: Fighting Fungal Resistance

Alberto NunezBendinelliv?*, Kristjan Plaetze} Santi Nonef andBurkhardKonigt

'University Regensburg, Faculty of Chemistry and Pharmacy, 93051 Regensburg
2Ramon Llull University, IQS School of Engineering, 08017 Barcelona
3paris-Lodron University of Salzburg, 5020 Salzburg

Keywords: pest resistance, fungicides, photodynamic effect, photodynamic conjugates, azoxystrobin.

Through our work, we want to remind the scientific and industrial communities that photodynamic pest
control is an effective, yet forgotten approach, which carries interesting advantages, such as being effective
against resistant organisms, a major probéémmany synthetic pesticides. In the 1970s and 80s there was

a considerable academic interest in the use of photosensitizers in crop protection. Many field studies showed
that many different sensitizers were effective pesticides against mangar@agingorganisms, such as

fungi, bacteria or insects, leaving the plant largely undamaged. As photodynamic pest control became a
popular topic, a large part of the Agrochemicals section of the 1986 and 1995 ACS symposia was devoted
to such photodynamic pestic&leSince that time, however, the topic has lost relevance in the scientific and
industrial community. This is largely due to the highly competitive nature of the pesticide market at the
time, with highly effective and selective synthetic pesticides baimduged at cheap costs. This picture has
changed in recent years. The use of synthetic pesticides in recent decades has come at a high environmental
cost due to bioaccumulation problems, #arget toxicity and pest resistance. For these reasons, the
agriaultural market is being depleted of effective crop protection products at an alarming rate. Photodynamic
compounds could be extremely useful in some scenarios where standard pesticides are ineffective, or if
applied with modern precision application tecjugs that lower their risk profile. In our work, we present

a novel design of photodynamic fungicides, which consists in the covalent binding of a photodynamic
sensitiser to the molecular structure afoanmercial fungicide. In our examples, we observed a synergistic
effect between the two expected biocidal modes of action of these conjugates: the biochemical toxicity,
intrinsic to the fungicide structure, and the photodynamic effect under light. Invélyiswe upgraded
classical fungicides, such as azdxgbin, by giving it a new mode of action while retaining their
biochemical toxicity. We also demonstrated that such conjugates were able to kill under light two resistant
strains of Botrytis cinerea, a fungus affecting strawberry plants and wine grdpels, were otherwise
immune to azoxystrobin.
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Based on a theory, the ye&ndidaauris arose from Indian wetlands through climate change and human
input to be a nosocomial threat and thus is a perfect example for the relevance of the One Health concept [1].
Existing in these harsh conditior,auris gained thermoand halotolerance amdlocated to human habitats,

where it is believed to have picked up resistance genes to common antifungal agents. The colonization of
healthy human skin brought the yeast into hospitals, where it became resiatgigeptics, selecting it to be

a massive threat to fragile patients [@andidaaurisis extremely persistent on all kinds of surfaces, as it can
grow into a robust biofilm, which enables repeated reinfection or colonialization of patiettst[8% study,

we established for the first time a dynamic biofilm protocol f&.auris type strain and subjected both,
suspension cultures and the biofilm to Photodynamic Inactivation. As photosensitizers the biocompatible
and economic sodiummagnesiurrchloroptyllin and the sembynthetic chlorin e6 derivative with
cationic moieties B10024 were used. After a drug to light interval of 15 min, samples were illuminated
using blue (39%1m, 25J cm) or red (600" 700nm, 100J cm?) light. The antimicrobial effect of a 99.9%
reduction ofC. auris was exceeded with 50M Chl and B170024 plus red light and with 4J0M B17i

0024 plus blue light. Complete eradication of Geauris dynamic biofilm was achieved if phototreated

with 100puM Chl and blue light or 10@M B17i10024 and red light.These results indicate that
Photodynamic Inactivation using chlorophyllin based photosensitizers may serve as a simple, fast, and
effective approach to disinfect surés from newly emerging pathogens, even if resistant to conventional
treatments.
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Vibrio anguillarumis a pathogenic bacterium responsible for high mortality rates and severe financial losses
in the aquaculture industry [IThis bacterium is often found Artemianauplii (brine shrimp), a common fish

live feed, making it a primary vector fot. anguillarumtransmission to farmed fish [2The aim of this study

was to assess the potential of antimicrobial Photodynamic Inactivation (PDI) for prewénginguillarum
infections in aquaculture. To this purpose, the efficiency of PDI was evaluated initd@jnatetivatingV.
anguillarumin seawater; ii) preventing infections in turb&sétta maximpgpreviously challenged with.
anguillarum and iii) decontaminating\rtemia franciscanaauplii contaminated witN. anguillarum.These
assays were performed using the tetracationic porphyrin 5,10;tE8dRis(tmethylpyridinium4-
yl)porphyrin (TMPyP; 5.0 uM), combined with the wé&ihown PDI adjuvant potassium iodide (Kl,-100

mM), under white light irradiation (46800 nm, 100mW.cm?). The results showed that PDI mediated by
TMPyP + Kl was efficient to reducé. anguillarumconcentration in seawater to the detection limit of the
method (7 log CFU mt) in less than 10 min. Additionally, preliminary toxicity assays identifiadratoxic
concentration for then vivo studies orP. maximaand brine shrimp: TMPyP (5.0 uM) + KI (10 mM). This
combination significantly reduced thé anguillarumconcentration irA. franciscananauplii by over 3 log

CFU mL? after 30 min of irradiation. Furthermore, in tRe maximaexperiments, the application of this
treatment for only 5 min prevented severe symptoms but did not reduce fish mortality.

In this communication, a detailed discussion of these findings will be presented, showing that PDI can be an
effective approach for preventing anguillaruminfections in aquaculture by disinfecting water and fish live
feed; however, further studies are required to address fish mortality once the infection process has begun.
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Blue Light (BL) has recently gained attention for its potential as atimenmal, chemicalree antimicrobial
strategy. Similar to nearltraviolet A (UVA), its inactivation mechanism involves the intracellular generation

of reactive oxygen species (RO®ading to microbial damage.

This study aimed to explore the effect of two close wavelengths, 365 nm (UVA) and 405 nm (BL) to understand
a possible relationship between microbial inactivation and ROS production and lipid peroxidation and
membrane damage bf monocytogenes dangerous food pathogdn, [2], [3].

L. monocytogenesamples were exposed to both wavelengths and analyzed using cell viability assays, DCFH
DA fluorescence (for ROS quantification), TBARS assay (for lipid peroxidation), andTirealPCR with

PMAXxx (to assess membrane damage).

Both wavelengths achieved a similar microbial reductionl¢g2CFU), accompanied by substantial ROS
production (~14,000 RFU). ROS levels were slightly lower under 365 nm exposure.

Interestingly, lipid peroxidation showed an opposite trend: UVA (365 nm) induced significantly higher levels
(~2 nmol/well) compared to 405 nm (~1 nmol/well), suggesting differential oxidative damage at the membrane
level. RealTime PCR with PMAXxx revealedliscrepancies with traditional viable cell counts, possibly
indicating the presence of viable but ramturable (VBNC) cells or waveleng8pecific differences in
oxidative stress responses.

These findings provide insights into the photoinactivation mechanisms of UV and BL technologies and support
their potential application as esostainable antimicrobial interventions in the food indugkyy
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Listeria monocytogeness a foodborne bacterium of concern. It commonly leads torestfiving
gastroenteritis, nevertheless, it presents a high risk to immunocompromised individuals and, in the case of
pregnancy, can cause miscarriage [1]. Numerous outbreaks have beewl tbpough readyo-eat foods [2].
Although heat treatment is widely used for food decontamination, it is unsuitable for fresh produce such as
fruits and vegetables. Other physical (e.g., UV, gamma irradiation) and chemical (e.g., ozone) methods may
alter aganoleptic properties or face limited consumer acceptance [3]. Photodynamic Inactivation of
microorganisms (PDI) represents a promising alternative, especially if based on natural photosensitizers [4].
In this study we assess the effectiveness ofiRBitu using three food model systems with different surface
properties: apples (smooth surface), strawberries (uneven surface), and kiwis (fuzzy and hairy surface).
Additionally, the impact of contamination sequence on decontamination efficacy was evaboatienis
magnesiurrchlorophyllin (NaMg-Chl) is used as photosensitizer since it is approved as food additive E140
[5]. Fruits were cut into 1 cm2 squares and inoculated kithonocytogeneg\ 100uM Na-Mg-Chl solution

was applied either before or after bacterial inoculation. All samples were then illuminated using a 395 nm LED
array at a radiant exposure of A/m2. WherL. monocytogenewas applied to various fruit surfaces via
sequential deposition, first of the bacteria followed byN\gChl coatinga 5.96log reduction was observed

on apples, a 5.7bg reduction on strawberries, and a 6l6@ reduction on kiwis. When Nislg-Chl coating

was applied prior to bacterial deposition decontamination rates were very comparable, ranging flom 5.61

to 6.74log. These findings demonstrate that PDI is a highly effective approach for decontaminating a variety
of fruit surfaces, regardless of the sequence of contamination, by this reducing public health risks and economic
losses in the food industry while maiitting consumer trust.
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Photopheresis (extracorporeal photochemotherapy) was invented more than 40 years ago to expose
leukocytes from the peripheral blood of patients with leukemic variants of cutane@alidyinphomas

(Sézary syndrome) to photochemotherapy witheé8hoxypsoran. Special equipment was developed and
refined to isolate leukocytes from the peripheral blood, treat the isolate with photoactivated 8
methoxypsoralen and-iafuse it to the patients. The concept behind this treatment was the hypothesis of T
cell immmunization, i.e. the experimental observation that exposure of the immune system to physically
altered T cells can cause specific inhibition of T-oedldiated autoimmunity. Since its introduction,
photopheresis has been tried in a variety of diseases abddrashown to be clinically effective, in

cutaneous Tell lymphoma, grafizersushost disease, systemic sclerosis and solid organ transplant
rejection. Although the mechanisms of action are not yet fully understood, it appears that changes in antigen
preentation and the generation of regulatory T cells may be related to the observed clinical effects. After
more than 40 years of clinical and experimental research, photopheresis has found its place in clinical
practice, alone or in combination with otheettéipies, as a safe and effective option for many patients.
Further research will help to refine the clinical indications and fill the gaps that still exist in our knowledge
of when, how and why photopheresis works.
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Cutaneous Tell lymphomas (CTCLsare a group of rare nadodgkin lymphomas (NHLs}haracterizedy
proliferation of malignant Iymphocytes clones in the skin.

Mycosis fungoides (MFs the most prevalent form of CTCL, characterized by a chronic disease course,
clinically presenting with erythematous patches and plaques in early stages, potentially progressing to
cutaneous tumors and involvement of other orgaresarly stages, skidirected therapies (SDT) are primarily
employed to provide effective palliative care. Treatments like phototherapy with ultraviolet A (PUVA) in
combination with 8methoxypsoralen, or ultraviolet B (UVB) radiation, have proven effidacinducing
remissions. Phototherapy can be safely combined with systemic agents, especially irdpfexroand
retinoids. Updated treatment guidelines now offer eviddrased algorithms for stagpecific treatment.
PUVA and narrowband UVB (NBUVB) are recommended as firbhe therapies for earlgtage MF, while
combination treatments are reserved for advanced or refractory lcaslesf evidence remains regarditig
optimal dosing, maintenance strategies, and the role of newer phototherapjadt(aujplet Al radiation,
excimer lasers, photodynamic therapy) in treating MF.
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Modification of extracorporeal photopheresis with 5aminolevulinic acid
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Extracorporeal photopheresis (ECP), a modality that exposes isolated white blood cells to photoactivatable
8-methoxypsoralen and UVA light ex vivo followed by returning the treated leukocytes to the body, is used
for the treatment of cutaneous T celinghoma, graft versus host disease and some otbell-thediated
diseases. However, the disadvantages of this therapy include the destruction of both diseased and normal T
cells with little selectivity, and clinically, lontasting, expensive and only pattresponse in the majority of
treated patients. Furthermore, the mechanism of action is not fully understood, so that it makes difficult to
broaden application to additional types efdll-mediated diseases. Selective, short duration, cheap and
more efective alternatives are thus needed. Our previous studies ovgrear3feriod have established a
broad biological basis for introducing a new concept of ECP technology with the potent photosensitizer
protoporphyrin IX derived from its precursoraiinokvulinic acid (ALA) (Gliolan, photonamic, GmbH &

Co. KG, Germany). The use of ALA for ECP may cause selective and effective immunogenic cell death of
proliferative malignant or activated-dells without compromising functions of the normatélls to indue
systemic antdisease immunity. Our ongoing preclinical and clinical studies will be presented.
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Erythrodermic leukemic cutaneouscéll lymphoma (LCTCL) comprises progressive erythrodermic
mycosis fungoides (MF) with infiltration of blood and Sézary syndrome (SS). Clinically established
diagnostic procedures do not always allow sufficient distinatioL-CTCL and erythrodermic conditions of
other origin. Diagnosis of {CTCL might be supported by identification of clones via TORr&pertoire
analysis.

In the time span between March 2017 and April 2024 blood samples were collected from 63 patients with
erythroderma (female/male: 22%/78%; mean agel84ears). Patients included had a diagnosis of L

CTCL in 17 cases (7 patients with SS, 10 patients with erythrodermic leukemic MF), whereas 46 patients
presented with erythroderma due to another origin (23 patients witlenk@mic MF, 13 patients with

atopic dermatitis, 10 patients with other conditions). Whole peripheral blood mononuclear cells (PBMCs)
were isolated from blood samples and examined foelTclones by applying a multiparametric analysis tool
designed for quantitative determination of fiCR \b repertoire of Hymphocytes via flow cytometry
(Beckman Coulter #PN IM3497, USA).

As significant Fcell clones were detected in blood samples of all 17 patients with diagn@3e@L, TCR

Vb repertoire analysis showed a 100% sensitivity in identification@TICL and thereby presented
superior to FACS with conventionatcell panels (sensitivity of 70.6% [12 of 17 patients]). Intriguingly, T
cell clones were also found in 5 of 23 patients 72) with norleukemic MF and 5 of 23 patients (21.7%)
with benign erythrodermic conditions such as atopic dermatitis (n=3), GvHD (nh=1) andipq0r43,
indicating a 78.3% ICTCL specificity of the method (p<0.0001). A further significant difference between
L-CTCL and neL-CTCL group could be revealed, when comparing percentages of clonaV TiCR
repertoire (medigQR in patients with ECTCL (n=17): 68.4%25.9%; mediahlQR in patients with other
conditions (n=10): 43.3923.6%; [p<0.0001]).

In summary, TCR ¥ repertoire analysis represents a highly sensitive method regarding detection of
malignant clones in the blood of patients wit€©I CL. Moreover, the methodology might support
therapeutic decisions, as it allows screening for molecules such as CCR4 GJD3R4 and CD52.
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Introduction: Wound healing is a complex process involving coordinated inflammatory and reparative
phases. Photobiomodulation (PBM) enhances tissue repair by modulating cell activity and cytokine
expression [1], and its effectiveness is highly dependepamameters such as wavelength and energy dose.
Thus, this study evaluated the effects of different laser wavelengths (red, green, blue, violet}dn FBIF L
IL-1 b, alf ekprésdion in a rat wound model.

Materials and Methods: Wistar rats (n = 12/group) received two excisional wounds on the dorsal cervical
region. Only the cranial wound was treated daily with PBM for five days using custom diode lasers (9

J/cn?): red (660 nm), green (532 nm), blue (470 nm) and violet (405 nm). The caudal wound served as
internal control. A custom tip prevented light dispersion. A separate control group received no PBM.

Samples were collected on days 3, 7, and 14 for Edd&gfedquantification of cytokines. Data were

analyzel bytwoway ANOVA with Bonferroni post hoc test (U

Results and Discussion: PBM altered cytokine expression in a wavelandttimedependent manner. 4L

1b | evel s wer @radiedjcorgrol groumat day Iconmpared to all Pidhted groups (p <

0.05), with undetectable levels in the redugdy day 14. IL6 was lower in the red group than in the blue

and violet groups at day 3 (p < 0.05), while blue light induced sustairé@alkvation across all time points.
IL-10 increased in all PBM groups, especially red and green, with RC and GQ3-gepresenting nen

irradiated woundsshowing the highest levels at all time points (p < 0.05), suggesting distant effectsl TNF
levels did not differ significantly among groups (p > 0.05), but were undetectable or near zero in the red,
blue, and violegroups by days 7 and 14. This reduction may support healing, as reported in previeus LED
based studies [2,3]. Our findings demonstrate that red and green PBM promoted a favorable anti
inflammatory profile, characterized by early suppression €f I~ d 16 dnd bustained upregulation of IL

10. In contrast, blue light appeared to prolong the inflammatory phase. These results highlight the therapeutic
potential of red and green laser wavelengths, applied at a dosimetry of 9 J/cm?, in modulating inflammation
and enhancing tissue repair.
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While therapeutic blockade of the RIIPD-L1 immune checkpoint has shown promise, only a limited subset
of patients with advanced malignancies benefit from this approach. Many solid tumors evade immune
detection through alternative, nonerlapping immunagopressive mechanisms. Among these, the CD73
adenosine pathway has emerged as a key immunosuppressive axis within the tumor microenvironment.
CD73 catalyzes the stepwise dephosphorylation efrgfammatory extracellular AT® released by cancer
cellsd into immunosuppressive adenosine, one of the most potent modulators of immune suppression.[1]
However, current CD73 inhibitors suffer from a lack of tumor selectivity, and systemic inhibition may
trigger serious immuneelated adverse effects.

To overcome this challenge, we introduce a photoprotective group (PPG) strategy to achieeatighéed
activation of smaimolecule inhibitors.[2] Here, we report the development of a gigbtiactivated,
photocaged CD73 inhibitor that enables pedpatial and temporal regulation of its immunosuppressive
activity. The caged compound remains inactive andtogit in the absence of light, offering a promising
strategy for localized, lightiggered immune checkpoint inhibition. This study presargsoofof-concept

for achieving precise spatial and temporal control of CD73 blockade, with the potential to minimize off
tumor toxicity and enhance the therapeutic window of immune checkpoint inhibitors.
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Figure 1. Light induced activation of CD73 receptor
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Introduction: The induction of immunogenic cell death (ICD) has emerged as a promising strategy in cancer
immunotherapy. ICD is a regulated form of cell death that not only eliminates the tumor cells but also activates
an antitumor immune response and establishes imglimmunological memory. One effective approach for
triggering ICD is the use of photodynamic therapy (PDT). PDT employsdightated photosensitizers (PSs)

to generate reactive oxygen species, causing oxidative damage and tumor leelllteakidative stress and
cellular damage induced by PDT can initiate ICD through the release of dassggated molecular patterns
(DAMPSs) (adjuvanticity) and the exposure of tumor antigens (antigenicity). While conventional PDT has
shown potential,ts clinical application remains limited due to the superficial tissue penetration depth of
commonly used PSs, which are typically activated by light in the/60@dm range. This restricts treatment to
easily accessible tumors. To overcome this limitatiod expand the therapeutic capacity of PDT, PSs are
developed that can be activated by rAefnared (NIR) light, which offers a deeper tissue penetration and
enables the activation of PSs in larger and more deeply located tumors. Hence, the objecsiyeapethis

to evaluate the antiancer and immunogenic properties of novel NIR sensitive compounds, provided by Agfa
Gevaert NV (located in Mortsel, Belgium), with the aim of advancing -BBSed strategies for de@psue

cancer treatment through theduction of ICD.Materials and Methods: In this study, we performed a
screening of 92 NIRxctivated PS molecules and identified one promising molecule forifdited ICD.

The absorbance spectra of the PSs were measured with a multimode microplate reader anéhthecéght
cytotoxicity following irradiation at 780nm was assessed using the MTS assay and flow cytometry. In addition,
cellular uptake of the PSs and (sub)cellular localization were analyzed by confocal microscopy. Lastly,
exposure of phosphdiflserine, which is a phospholipid that translocated to the outer leaflet of the cell
membrane in early cell dematbth ssigageés aad mMeases ed
associated with regulated (and immunogenic) forms of cell death,asuapoptosisResults: The results
demonstrate that out of the 92 screened PS molecules, only one compound, called C86, was able to induce
significant cell death upon NHrght irradiation and exhibited minimal dark toxicityg., when not exposed

to NIR light). Significant cell death induction by C86 was confirmed across multiple murine cancer cell lines,
including MCA205 fibrosarcoma, CT26 colon carcinoma, B16 melanoma and GL261 glioma cells. Moreover,
confocal images revealedagnulation of C86 in the cytoplasm of the cells, and, upon light irradiation, the
presence of apoptotic blebbing was observed. Furthermore, analysis of phosphatidylserine externalization
showed an increase in exposure in approximately 10% of the ceitgtind apoptosis, while the majority of

dying cells exhibited features of necrotic cell death modalities. These results suggest that C86 induces a
combination of different cell death pathways, potentially with immunogenic properties. Further research will
focus on characterizing the induced cell death modalities and investigating the potential of C86 to induce ICD
and antitumor immune responseé3onclusion: In conclusion, we identified C86 as a promising NiRivated

PS capable of inducing significantrer cell death. The observed combination of apoptotic and necrotic
features suggests the potential for @nthor immunogenic effects.
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nitration and nitrosation mediated by nitric ox{@O) derivatives play a crucial yet not fully elucidated role

in modulating both aggregation and toxicity.[2,3] This study explores the effects of a nitric oxide photodonor
(NOPD) that sequentially releases two NO molecules under visible blue lighttiwad/a marked

i nhi bi tii&ggregatibn isfobserved when a substantial amount of NO (approximately 120 uM) is
photoreleased during the initial phases of the aggregation process. Conversely, a comparable release of NO
over prolonged periods fails to exert the same effect. Intriguitigt NOPD kept in the dark promotes
aggregation, underscoring the importance of tiggmtrolled activation. The stable organofluorinated
photoproducts generated along with the release of the first and second NO esaésmiexhibit inhibitory

e f f e c tisaggregatidnbboth when tested individually and in combination. Complementary molecular
dynamics simulations provide further insight into the binding interactions of the NOPD and its
photoproducts wit hopkptde. r esi dues of the ADb
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Antimicrobial therapy is widely used in modern medicine and has contributed to longer lifespans [1].
However, its increasing and often indiscriminate use, along with rising microbial resistance,
highlights the need for alternative approaches [2].

Tetrapyrrolic macrocycles, including porphyrins, have garnered significant interest from the scientific
community owing to their distinct characteristics, rendering them one of the most extensively
researched compound families. Their suitability for ardiobial photodynamic therapy (aPDT) is
underscored by several specific properties. These include their absorption features within the visible
region of the electromagnetic spectrum, their capability in generating reactive oxygen species (ROS),
minimal cytdoxicity in the absence of light, stability, and compatibility with biological systems [3,4].

In particular, metalloporphyrin derivatives exhibit enhanced photodynamic efficacy compared to
their corresponding frebase derivatives. This improvement is oftdtributed to their superior ROS
production [5].

In this context, the main objective of this work was to evaluate the influence of metal ions on the
photochemical and photophysical properties of three cationic porpinyirenylphosphonium
conjugates. In this communication will be discussed these piegef a series of metalloporphyrins
prepared through the coordination of the metal ions Zn(ll), Co(ll) and Pd(Il) within the porphyrin
triphenylphosphonium core and assessed their photosensitizer efficacy dgeanspositive
methicillin-resistantS. aweus(MRSA) and GrarmegativeEscherichia coli
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Despite the increasing interest in photodynamic therapy (PDT) as a minimally invasive cancer
treatment, its clinical efficacy remains limited by two persistent challenges: the lack of
photosensitizers that absorb in the red/setared (NIR) range [1],1ad the reduced effectiveness of
ROS generation in hypoxic tumor environments [2].

In this work, we present a novel Ir(Hphthalocyanine conjugate {#nPc), the first of its kind,
engineered to overcome both limitations through a-ifjlciency synergistic PDT treatment [3]. By
integrating the optical advantages of the phthalocyanore with the potent phototoxicity of
cyclometalated Ir(lll) complexes, and encapsulating the conjugate into smartresgoxsive
nanocapsules, we achieve a platform with enhanced solubility, cellular uptake, and therapeutic
precision.

Our results show promising behavior under conditions that typically hinder PDT perfofmance
including oxygerdeprived 3D tumor models. The unique photochemical features and biological
effects of this system will be discussed, revealing a new strategyadckuhk full potential of PDT

in challenging tumor microenvironments.
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Photobiomodulations a promising technique aimed at slowing down neurodegeneration by
illuminating specific brain regions depending on the neurodegenerative disease. Clinatec is
currently conducting the first clinicahantri al
intracerebral optical fiber emitting light at 670n wavelength [1].

In this context, a RadioLuminescent (RL) device based on luminescent materials excited by the
tritium betadecay is of high interest. This approach could be less invasive, may offer more
efficient light delivery to tissue due to its compactness and difiliismination, and extended
energy autonomy, all contributing to enhanced patient comfort and treatment efficacy.

Several strategies for coupling tritium with luminescent materials are documented, including the
use of tritium gas, tritiated water or a solid tritiated matrix [2].

In this presentation, we will show quantitative results on the development of a milliseter

RL device in which tritium betalecay excites luminescent materials. The adopted strategy is
based on an organic matrix serving as both tritium and luminestaetial reservoir. Cylindrical
samples made of either silica or cellulose aerogels have been fabricated. For light emission, red
emitting phosphors and quantum dots such #3:XEW**, YVO4Eu*, CulnS and AgInS have

been selected and their optical properties characterized using cathodoluminescence, synchrotron
X-ray tomography and BET surface area analysis. Samples were placed within an integrating
sphere and exposed to tritium gas atmosphere (from 0.2 to ),2abbawing us to quantify their

optical performance while varying the tritium pressure. Our findings suggest a direct dependence
between the radiance and tritium pressure as well as a potential mechanism for trapping tritium
atoms in micrometesized luninescent materials. On top of that, we could correlate the
brightness to the concentration and material composition.

The aerogel showing the best optical performance has been exposed to tritium gas and then sealed
in a borosilicate capsule containing 0.6 bar of tritium gas. This RL capsule is now under study to
evaluate its longerm aging that will be shown here.

This ongoing work has led to a scientific publication [3] and it holds promise fops®liéred
luminescent devices, potentially optimizing photobiomodulation in clinical applications.
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Photodynamic Therapy (PDT) is based on the administration of a photosensitizer (PS) which accumulates into
tumor cells and activated using specific light sources. This result into the production of ROS and singlet oxygen
(2Oy), responsible for cell deafh]. Since it is well known in literature the interplay between ROS af{fila

we are wondering about the ability of PS to induce the production?d&igaals upon light activation. Since

our laboratory has already worked on the synthesis and characterization of Polymethine Dyes (PMD) applied
in the PDT field[3], [4], in the present work we proposed88-C4[5] as a promising PS. This absorbs light

at 650nm, and for this reason, can be applied for the treatment of tumors with dense stroma, such as PDAC
(Pancreatic Ductal AdenoCarcinoma). This is also characterized by a strongly acidic core, which selects
aggreswe and chemotherapy resistant cell clones, as we already demon&}ateld

In this work we used PDAC cell lines: PANCCT (maintained at pH7.4), and PANEL pH selected
(maintained for 1 month at pH6.6, mimicking the internal tumor corg}], to observe the intracellular
dynamics, using real time imaging with fluorescent probes for ROS affdsi@aals. In particular, we
demonstrated that the PANCpH selected are more sensitive than PANCT to BFSQ-C4 phototoxicity,

which produces ROS ¢ and C&' signals upon irradiationusing REDEDs (8 mi nutes of i r
nm; Fluency: 3.84 J/chin both the cell lines even if with different dynamics. Moreover, we are working to
demonstrate the existence of an interplay between thesalsigis we already did in MEFcell lines
(adenocarcinoma of human mammary glands) (work in submission).

Since some Cachannels display a RG&pendent regulation, we wonder if any of these could be involved

in Br-SQ-C4 phototoxicity, which would be a further validation of their interplay. We took into consideration
the role of Orail, involved in the SOCE (Store Operdleti Entry), which opens when the endoplasmic
reticulum (ER) C# levels drop. Since BBQ-C4 localizes mainly in the ER we are particularly interested in

this mechanism. Using Synta66, specific inhibitor of Orail, in combination wviB(®BC4, we are assessing

the cell viability, ROS and Cadynamics of both PANCQ CT, PANG1 pH selected and MGF, to better
understand the intracellular signal transduction, which can be crucial to find a possible target for the
enhancement of BEQ-C4 phototoxicity.
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Oral squamous cell carcinoma (OSCC) is one of the most common and aggressive subtypes of
head and neck cancer, characterized by its invasive nature and potential for metastasis.
Components of tumor microenvironment, particularly carasociated fibroblas (CAFs), play

a pivotal role. These fibroblasts interact dynamically with tumor cells, promoting progression and
resistance to therapies, including photodynamic therapy (PDT), which can be used in OSCC
treatment.

The objective of this study was to develop thdimensionalin vitro models (spheroids) that
accurately mimic bothn situ and invasive OSCC to better understand tumor progression and
responses to treatment. The models incorporated SCC cell lines from tongue carcinomas (SCC
9, HN-5, and SC&25) and CAFs isolated from patient biopsies. CAFs were characterized by the
expressionof key markers (GALL, endoglin, USMA, vimentin, fibronectin). Confocal
microscopy confirmed that the spatial organization of tuicalts and CAFs in the generated
models reflected bothn situ and invasive carcinoma structures. Migration and therapeutic
response assays were performed to evaluate the impact of CAF presence on tumor cell behavior
and resistance to PDT with Temoporfin.

The results demonstrated that CAFs significantly increased migration 16 &Nl SCE25 cells,

both of which express epitheliatlesenchymal transition (EMT) markers such as vimentin and
N-cadherin, compared to SEZcells, which displayed minimal EMT mankexpression and high
b-catenin localization at the membrane [1]. This migration enhancement was more pronounced
in the invasive model, with CAFs isolated from aggressive tongue tumors promoting the greatest
migration levels. Additionally, CAFs conferredlsstantial resistance to PDT, especially in the
invasive model, aligning with previous evidence of GAlediated therapy resistance [2].

In conclusion, the developed spheroids models successfully replicate the heterogeneity and
therapeutic resistance observed in OSCC, underscoring the critical role of-t@#bs cell
interaction in promoting cell migration and resistance to PDT. Futurdestighould aim to
identify the specific signaling pathways that contribute to these processes, as understanding them
could provide insights into novel therapeutic approaches.
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Pre-treatment with topical 5-fluorouracil increases the efficacy of daylight
photodynamic therapy for actinic keratosesi a randomized controlled trial
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Each year, more than 1 million people die from pancreatic and liver cancer worldWidhile surgery
remain the only curative option, fewer than 30% of patients are eligible for these procij8te$o
improve outcomes, new treatments are urgently needed to convert inoppagigietsinto surgical
candidatesPhotodynamic therapy (PDT) is an emerging approach for treating locally advanced pancreatic
and liver cancers. However, current photosensitizer drdgjévered intravenously or orallpften hare
poor intra-tumoral accumulation, with only a small fraction of the dose reaching the target tifeue.
address this limitation, wéave developed LASEIT (LighfActivatable, Sustaine@xposure Ethanol
Injection Technology), a novel formulation designed to improve both the efficacy and safety 6oiPDT
unresectable tumofd]. LASEIT increases photosensitizer delivery to tumors by up tfolt) enhances
light propagation through tumor tissue, and redugesceduretime. In preclinical models of
hepatocellular carcinoma and pancreatic ductal adenocarcinoma, LASEIT has demonstrated
significant tumor burden reduction and prolonged surviShlIn this presentation, we will introduce the
nextgeneration imagguided LASEIT formulationwhich can be tracked in real time using standard
clinical imaging modalities This advancenrd is intendedto accelerate the clinical translation of
LASEIT-PDT for treating locally advancezshdunresectable tumors.
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Tetrapyrrolic Photosensitizers in Cancer Radiotherapy: Dual Roles as
Radiosensitizers and Radioprotective Agentd Current Insights and Future
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Tetrapyrrolic compounds represent one of the earliest classes of photosensitizers (PSs) utilized to induce
oxidative stress in cancer cells upon light exposure and thus enable targeted cytotoxicity while minimizing off
target effects. However, the clinicalility of PSs is constrained by the limited optical penetration of light
through biological tissues. lonizing radiation (IR), which does not have this drawback, is also used to inactivate
cancer cells, but the damage it causes is not selective.

Radiosensitizers are substances that enhance the effectiveness of radiation therapy by making cancer cells
more susceptible to radiation damage, either directly or through indirect action leading to cellular inactivation.
On the other hand, radioprotectare compounds that protect normal, healthy tissues from the harmful effects

of radiation. One of the main acute effects of IR in living systems is oxidative stress [1]. The increased overall
activity of photosensitizers is also attributable to elevatédatixe stress; however, the resultant biological
effect depends on a complex interplay of the act
photochemical behaviors as well as its biodistribution and accumulation properties. Thus, although the
radiosensitizing effect of some tetrapyrrolic compounds has been studied for decades and even clinical trials
have been conducted [2], the mechanism responsible for the observed enhancement of response or lack thereo
is not fully understood. This is prdue to differences in the experimental protocols used, but also due to the
heterogeneity of cancer tumors and differences in their oxygenation levels, which is an important factor
determining cellular radiosensitivity and therapeutic outcome.

This review will examine the studies on the possible dual role of porptyyréncompounds as radiosensitizers

and radioprotectors, revealing a versatile approach to optimize cancer radiotherapy. It will focus on the use of
5-ALA, which results in intramitichondrial accumulation of protoporphyrin IX, providing an exceptional
opportunity to overcome cancer cell defense mechanisms that play an important role in treatment outcome [3].
Current challenges in combined therapy will be outlined and several pgissilidr improving its efficacy

will be discussed.
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A Blueprint for Far -UVC Use in Airborne Pathogen Control
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FarUVC (200235 nm) is a promising candidate for inactivating airborne and aerosolized
pathogens in occupied indoor spaces. Unlike conventional germicidal UV (254 ni),Gais
strongly absorbed by proteins in the outermost layers of skin and eye tis§agng a high margin

of safety while retaining virucidal and bactericidal activity. This wavelength range may therefore
enable continuous disinfection in occupied spadéphotobiological safety, air chemistry impacts,
and realworld efficacy can beobustly understood and managed.

We present a multidisciplinary synthesis of experimental and modeling results that evaluates far
UVC across five domains: disinfection efficacy, photobiological safety, materials compatibility,
indoor air chemistry, and expostgaideline alignment. FadV C inactivates a broad spectrum of
bacteria and viruses with limited tissue penetration. However, susceptibility estimates for airborne
pathogens vary by orders of magnitude across studies, partly due to differences in aerosol medium
and particle structuréikewise, key questions remain about chronic-ldese exposure effects, air
chemistry byproducts (e.g. ozone, formaldehyde), and effects on common materials in the built
environment.

We describe how dosesponse models and CHiased dose distribution estimates can be used to
bridge benckscale results with rooracale applications, and how faivC compares to other air
cleaning technologies in terms of Clean Air Delivery Rate (CADRgrgy efficiency, and

suitability for sensitive environments.

Our analysis highlights key priorities for the photobiology and public health communities: (1)
refining action spectra and exposure limits with populasicale safety in mind, (2) developing
standards for efficacy measurement in realistic aerosol comglitamd (3) supporting translational
research to responsibly scale-tC for pathogen control while earning public trust.
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phototherapies
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Temoporfin-mediated photodynamic therapy induces immunogenic cell death
on head and neck cancer
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Colorectal carcinoma (CRC) is the second most common cancer in Europe and the U.S., with high mortality
due to metastasis to the peritoneum, liver, and [tfigPeritoneal metastasis (PM) marks a terminal stage,

with median survival of 16 months despite chemotherapy. Advanced treatments include cytoreductive surgery
with hyperthermic intraperitoneal chemotherapy (HIPEC) and pressurized intraperitoneal aerosol
chemotherapy (PIPAC) for unresectable PM. HIPEC faces major limitations: (a) short drug eXposioe

min), (b) passive diffusion, and (c) poor tumor selectivity, leading to toxidi#,10 mortality, and 2060%
morbidity>%l. Therefore, improved detection and targetedddBed therapies are critical.
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Photodynamic therapy (PDT) is a treatment modality that utilizes adiMated photosensitizer, in
combination with molecular oxygen, to generate cytotoxic reactive oxygen species for localized tumor
destruction. In 2004, our laboratory introduced ¢bhacept of activatable photosensitizers, in which
singlet oxygen generation remains quenched until disgassgfic molecular interactions activate the
photosensitizer, thereby significantly enhancing treatment selectivity and minimizirigrguet
effects!). In pursuit of nanoparticlbased activatable systems, we discovered porphysomes i 2011
liposomelike nanostructures seffssembled from porphyiitipid conjugates. The densely packed
porphyrins in the porphysome bilayer enable efficient light absorptidrthermal conversion, making
them highly effective for photothermal therapy and photoacoustic imaging. Upon cellular uptake and
disassembly, the porphyrin monomers regain their fluorescence and PDT EctiMtyreover,
porphysomes can be chelateitihwmetal ions, extending their utility to PET and MRI imadind\fter

more than a decade of development, porphysomes are now poised-forHingtan clinical translation.

We have subsequently developed rgameration porphysomes with enhanced biocompatibility and
expanded theranostic functionality, including apgiions in radionuclide therapy and photochemically
induced immune stimulation. In a syngeneic-Z4 colorectal tumor mouse model, we demonstrated
that porphysomenediated PDT not only achies effective tumor ablation but also elicits systemic anti
tumor immune responses. These advancements establish a new paradigm for porphysome
application® extending beyond light and beyond local treatment.
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New prevention and control strategies combined with innovative resorbable antimicrobial
biomaterials development are urgent to fight emerging infection in the treatment of joint
arthroplasty complications or surgical wounds by overcoming the multidrisgerese (MDR).

One of the approaches points to the design of smart supramolecular photosensitisers with
antimicrobial photodynamic therapy (aPDT) action. Due to depleted photostability of free
photosensitiser (PS), the development of novel supramolecutestrgots are currently
necessary to avoid PS photodegradation, thus improving the-ahtibacterial efficacy.
Within our ongoing research on naramd micre photosensitisers [1], here we will discuss our
recent advances on hydrogels incorporating cuneaids, to prevent and control joint
infection, or porphyrinoids for treatment of traumatic wounds. In particular Curcumin | (Cur)
and Vancomycin (Van) etwaded hydrogels were prepared and fully characterized [2]. The
drug association demonstrated thestbactivity against MRSA with respect to the same
hydrogel loaded with high amounts of Van, used during the surgery, due to the photo
antibacterial activity of Cur combined with the antibiotic action of the low dose of Van. On the
other hand, hydrogels ctaining nanocomplexes made of the zinc(ll) derivative of 5,10,15,20
Tetrakis(Emethylpyridinium4-yl)porphine tetrakis(goluenesulfonate) (ZnTMPyP) and the
trade sulfobutyletheb-cyclodextrin (CAPTISOL®) were formulated for the treatment of
wound infectons. These systems exhibited phbsxtericidal activity against Grapositive

and Gramnegative bacteria by revealing their aPDT properties. Altogether the proposed
photosensitizing hydrogels are experienced as promising candidates for the treatment of th
periprostetic joint and surgical wounds infections.
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Photodynamic therapy (PDT) is a promising approach for treating solid tumors, yet its
effectiveness is often limited by hypoxia within the tumor microenvironment (TME). The
efficiency of PDT under hypoxic conditions critically depends on the generaticractive
oxygen species (ROS), which is governed by the triplet state lifetime of the photosensitizer
(PS)! In this context, triplet state engineering emerges as a vital strategy. Traditionally,
incorporation of heavy metal ions (e.g., Zn(ll), Pd(Il),IPt(into porphyrin macrocycles is
employed to enhance intersystem crossing (ISC) and triplet state quantum yields. However,
increasing atomic number generally leads to shorter triplet lifetimes, potentially reducing
singlet oxygen quantum vyield and ovéDT efficacy in low oxygen environments. Our
results emphasize that mefede porphyrins functionalized with multiple halogen atoms (F,
Cl,) may offer a superior alternative. These halogenated PSs display prolonged triplet lifetimes,
enhanced ROS genéin capacity, and the potential to engage in alternative photochemical
mechanisms such as photoinduced electron transfer. In our studies, bacteriochiB@ts, (F
F.BMet, CbBHep, EBPrc) with varying lipophilicity were evaluated in BALB/c mice bearing
CT26 tumors under vasculaendothelial, and cellulattargeted PDT protocols (DT, E

PDT, GPDT). RBOH and EBMet showed >80% cure rate inRDT, while CkBHep achieved

100% survival in @DT with a low light dose of 45 J/cnidflammatory profiling revealed W

6 as a key mediator of PBfiduced immune respon$e.

Furthermore, hypoxia dynamics were evaluated in a Lewis lung carcinoma (LLC) model
using EBMet (redaporfin). Short DLI (15 min) ¥?DT protocol significantly decreased tumor
oxygenation and blood flow, leading to durable antitumor effects in 67% of animalgirReal
p O and perfusion monitoring demoanmdximiaee ed t h
therapeutic outcomes, even under hypoxia.

Collectively, these findings highlight that rational design of PSs with-lwmed triplet
states can sustain Type | and Il photochemistry under hypoxic conditions. Halogenated
porphyrinoids emerge as safe and effective candidates, challenging the antivantieavy
metals are essential for PS optimization in PDT. This paradigm shift supports the development
of clinically viable, metafree PSs tailored for use in hypoxic tumors.
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Phthalocyanines have strong maximum absorption that can be adjusted between 660 and 800
nm (and even up to longer wavelengths for peculiar derivatives). This matches perfectly the
phototherapeutic window. Many challenges remain however to produce perfect
phthalocyaninébased photosensitisers: biocompatibility and tumour targeting being the most
crucial nowadays.

Our latest works aiming at improving the overall efficiency of phthalocyamased nano
photosensitisers will be presented, with either-eetfapsulation in phthalocyanisentered
polycaprolactone stgyolymers[1], formulation with various micellar agerigs3], or inclusion

into biopolymerg4-5].
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The ability to repair cracks on concrete surfaces plays a vital role in extending the longevity of
concrete structures, reducing the maintenance costs and carbon footprint of built environment.

Recently, biomineralizaticbased techniques attracted interests as a Neuspeed solution

to generate selfiealing building materials. Biomineralization relies on the ability of bacterial

to deposit calcium carbonate and seal mmmacks on concretsurfaces. This phenomenon,
called microbiallyinduced calcite precipitation (MICP), has been shown to prevent the
expansion of the crack, thereby delaying the degradation that leads to structure failure [1,2].
Progress of biomineralizatidpased technologgtepends on the availability of analytical tools

to monitor the viability of MICPcapable bacteria expeditiously and in real time.

In this work, we report new optical oxygen sensing agents based on metalloparphyrin
containing metal organic frameworks (MOFs) to monitor the levels of oxyg8hewanella
oneidensidiofilms.

Four oxygen sensing porphyrins were obtained from the platinum complex of tetrakis
5,10,15,26pentafluorphenylporphyrin - by thidluoride or oxygerfluoride aromatic
nucleophilic displacement [3]. The resulting species were incorporated into MOFs ssucture
as the sole ligand or in conjunction to-b@nzenedicarboxylic acid to generate doped species.
We will discuss the oxygen sensing potential of these species in solution and as tools to monitor
oxygen consumption in MIGRapable bacteria colonies.
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Bioluminescence resonance energy transfer (BRET) can be used to excite suitable acceptors such as
photosensitizers leading to the generation of singlet oxyf@s), (Which is cytotoxic with a short
lifetime of ~30.01es™ and, therefore, a limited diffusion range (maximum of 134mwivo ). This
selfilluminating approach is independent of external excitation, which reduces heat conversion and
photobleaching, enabling longer homogeneous measurerBREI-based singlet oxygen generation

can either be utilized for the specific inactivation of biomolecules, the mapping of biopolymer
interactions or even lead to cell death, which e.g. extends the scope of photodynamic therapy (PDT).
Based on a split version of the semisynthetic luciferase NanoBIT, i.e., the LgBiT protein andrtee 11
HiBIiT peptide, we report two selfluminating systems that aim at producingO..

On the one hand, the NanoBIT substrate coelenterazine was conjugated to halogenated BODIPY
moieties with different linker lengths. Michaeldenten constant determination demonstrated that our
long linker compound could be oxidized by the NanoBiT and, uim,temit light. Although
bioluminescence emission was lower thas tne from the unmodified substrate, the BRET was
successfully measurédl. BRET-based generation ofO. could only be detectedn vitro using
Si-DMAB, but notin cellulo. On the other hand, we are currently working on a different approach based
on HiBiT modification that overcomes the previous limitations in cellular setups.
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Photoreactivity of retinal pigment epithelium melanin increases with age of the donors
(Olchawa et al., 2021), and we have demonstrated that in vitro photoaging of synthetic melanins
dramatically enhances their efficiency to photogenerate singlet oxygeto(£t al., 2019;
Mokrzynski et al., 2024). In this work, we analyzed the effects of reversible and degradative
oxidation of synthetic pheomelanin and eumelanin on selected parameters of their excited triplet
states responsible for photogeneration of Isingxygen. Water soluble melanins obtained by
autooxidation of dopa and enzymatic oxidation €8-8ysteinyldopa were used as synthetic
models of eumelanin and pheomelanin, respectively. Reversible oxidation of the melanins were
obtained by their titratio of potassium ferricyanide while oxidative degradation was achieved

by aerobic photolysis of the melanin with intense violet light. Triplet excited states of the
melanins were monitored indirectly by measuring the degree of quenching of singlet oxygen
phaogenerated by control and photobleached melanins, induced by potassium sorbate, sorbic
alcohol and benzoic acid used as selective triplet state probes of melanin. The obtained data
indicate that photoexcitation of melanin with near UV and short wavelergitie light leads

to the formation of a population of excited triplet states, which are only partially quenched by
the employed probes, suggesting that energies of the quenchable triplet excited states are higher
than 200 kJ/mol, while the remainingpliet states that could not be quenched by the probes,
have lower energies. Based on a simple kinetic model, sorbic alcohol quenched the excited
triples states of melanin with bimolecular rate constant10»1¢ M s'. Reversible
oxidation of eumelanin and pheomelanin resulted in a reduction of the melanin ability to
photogenerate singlet oxygen. Therefore the enhanced efficiency of photodegraded melanin to
photogenerate this reactive oxygen species must be due tficspadative modifications of

the melanin monomers and fragmentation of the melanin aggregates. Stronger reduction of the
efficiency of photodegraded melanins to photogenerate singlet oxygen, induced by the
employed triplet probes, suggests an increasedessibility of the photodegraded melanin
triplet sites to the probe molecules and formation of excited triples states with higher energies.
It can be concluded that efficient protection against elevated photoreactivity of aged melanins
may involve apptation of appropriate quenchers of the melanin triplet excited states.
Supported by National Science Centre (project ORRB3021/43/B/ST4/03255).

References

[1] Olchawa M et al.: The effect of aging and antioxidants on photoreactivity and phototoxicity of human
melanosomes: An in vitro study', Pigment Cell & Melanoma Research, 2021

[ 2] A Ntk ®hotobleaching of pheomelanin increases its phototoxic potential: Physicochemical studies
of synthetic pheomelanin subjected to aerobic photoly&mment Cell & Melanoma Research, 2019

[ 3] Mo k r e 3l.(Ekekeifect Kf.oxidative degradation of Dapalanin on its basic physicochemical
properties anBigment Cell & VMiedaaoma Researthy2024


mailto:tadeusz.sarna@uj.edu.pl

OYDBANRYYSYGlrFt yR adzaidlAyroftS | LILX AOI
/| KF ANARY w2aasSttl [0l
The Purple Power in Europe: Purple Phototrophic Bacteria for Resource
Recovery from Organic Waste Sources

Daniel Puyol*!

! Department of Chemical and Environmental Engineering & Instituto de Tecnologias para la
Sostenibilidad, Universidad Rey Juan Carlos, Mostoles, Madrid, Spain

*daniel.puyol@urjc.es

Keywords: Photabiorefineries, purple photosynthetic bacteria, circular bioeconomy

The transition toward a circular bioeconomy demands the development of novel, sustainable
biorefineries capable of recovering valuable resources from organic waste streams. Within this
context,Purple Phototrophic Bacteria (PPB) have emerged as versatile biocatalysts, capable
of transforming diverse organic substrates into figlue products under liglariven
conditions.

At Universidad Rey Juan Carlos(URJC), we are actively advancing the concepptajto-
biorefinery through applied research that demonstrates the technical and environmental
potential of PPBbased processes. Our recent developments include:
- A photoelectroautotrophic system for integrated nitrogen recovery from pig slurry,
biogas upgrading, and microbial protein production.
- The bioconversion of oily sludge from petrochemical industries into edible bacterial
biomass.
- The upcycling of PET plastic waste into bioplastics (polyhydroxyalkanoates).
- Novel approaches to bioelectrochemical valorization of wastewater, leveraging the
electroactivity of PPB.

These systems reflect our ongoing efforts to deliver scalable and decentralized solutions for
waste valorization. A milestone in this direction is the development of demonssatin
facilities, particularly the one implemented in Linares (Jaén) urtieDEEP PURPLE
project, which is now being replicated and expanded in Badajoz. These facilities integrate PPB
based photobioreactors into municipal waste and wastewater treatment infrastructure, offering
a blueprint for neamarket applications.

While Europe has a rich legacy of innovation in this fi@ldncluding foundational projects
such as MELISSA and other initiatives that have successfully condudenv projects are
paving the way forward. Notably, current Euhded efforts focus on:
- The production of PPB biomass as a functional ingredient for food and feed
applications.
- The development of decentralized watensitive technologies and new governance
models using PPBased systems.
These Iinitiatives are aligned with broader efforts to industrialize PPB technologies and unlock
their full potential in susrich regions.
Finally, theCOST Action PurpleGain plays a key role in connecting stakeholders across 36
countries, promoting scientific exchange and technological harmonization throughout the PPB
value chain, and supporting the advancement of pbiot@finery concepts from research to
realworld deploynent.
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Introduction: Phototrophic Purple Bacteria (PPB) are very promising organisms for the
development of resource recovery strategies and circular biobased economy. Indeed, their very
versatile metabolism make them capable of using a very large varistybstrate suchas

carbon, nitrogen and electron sources. When growing phototrophically, these organisms reach
the maximum nutrient conversion yield of one, allowing for very efficient waste stream
treatment and resource recovery.

Context: In our laboratory, we are studying the production of PPB as innovative -health
promoting ingredient for feed and food applications. In this case, waste stream have to be
properly selected in order to ensure fapdde quality. Agrfood industry producesevy large
amount of food grade waste or-pyoduct which are today very poorly valorized [1]. Indeed,
most of the today existing valorization strategy consist in energy or fertilizer production which
represent a decrease of the intrinsic valuehoét pr oduct . We -opyr celfiermrg ot o
valorization scheme in which the value of the product is increased. It is notably the case with
the use of sugdveet factory molasses for the production of PPB. Hence, molasses contains
essentially sucrose buai be used to produce biomass of PPB which is not only protein rich
but also contains anitoxydant and vitamins.

Results:We have recently optimized the useRsfodospirillum rubrunfor the valorization of
sucrose containing agibod waste. The strain has been adapted to the assimilation of glucose
which is impossible in the WT strains. A cultivation process has been developed which use low
cost photobioreactor in order to decreagmificantly capital expenses. Today the cultivation
process is being optimize to tune the metabolism of PPB to maximum carbon conversion yield
and the production of heaffromoting component.

Conclusion The use of low cost production facilities for production of biomass of PPB to

be used as innovative and heghtomoting feed and food ingredients today appears as a
sustainable and economically viable resource recovery strategy foifoagriwaste
vaorization.
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Microbial protein (MP), particularly from renewable feedstocks, provides a sustainable solution
to conventional energintensive food production systems. Purple-satiur bacteria (PNSB)
emerge as a promising microbial platform due to their exceptiortabwie versatility. They

can grow phototrophically on wastierived organic compounds and gaseous substrates such
as H and CQ, enabling their integration into ghsased biorefineries. PNSB also possess the
ability to fix N2> when soluble N sources in theedium are scarce. Their high biomass yields,
up to 1 g CORomassg CODonsumedt, and the favorable essential amino acid profile of PNSB
biomass make them a valuable source of MP, suitable for animal feed with potential for human
nutrition [1]. Unfortunately, photoautotrophic and diazotrophic metabolisms of PNSB remain
largely undereglored regarding their application in resource recovery. The capability of PNSB
consortia to grow on Hand CQ, as well as under diazotrophic conditions was explored.

MP production by an enriched PNSB consortium fropaktd CQ was investigated, assessing
the influence of environmental parameters (p8i%, temperature 350°C and light 660 W-m

2). Optimal bioconversion conditions of pH 7, 25 °C and light intensities >303\Vware
identified. At these favorable parameters, high biomass yields (~1 @gi&&E) COD:onsumed

1y and protein yields (~4 g protein-g 8 were achieved. The resulting biomass consistently
exhibited high protein content (84% wiw') and adequate amino acid profile, confirming its
suitability as feed [2]. Additionally, Nixation by enriched PNSB cultures was evaluated under
heterotrophic conditions using volatile fatty acids and under autotrophic conditions with CO
and H. Enrichments yielded cultures with efficient Nptake, achieving neamomplete N
recovery into biomass. COD biomass yields averaged 0.88 gi&@5g CODionsumed, lower
compared to those obtained using ammonium. Notablyixiition with acetate showed high
substrate uptake rates and produced biomass with over 44% crude protein [3].

These studies highlight the potential of enriched PNSB consortia for sustainable protein
production. Their ability to grow on diverse feedstock, supports alternative food and feed
systems, reducing dependence on intensive agriculture and synthetiefertiliz
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Microbial metabolisms offer large reaction networks that can be exploited for both energy and
chemical production in bielectrochemical devices. These systems rely on extracellular
electron exchange between microbes and electrodes. Catabolic procesfies etectron
transfer from microbes to electrodes for bioelectricity generation, while anabolic processes can
benefit from an electron influx for intracellular regeneration of reducing equivalents. This
versatility enables a wide range of applicatiomgluding bioremediation, biosensing, and
chemical production. However, electron transfer between electrodes and microbes is often
limiting, thus negatively impacting device performances [1].

We address this bottleneck from both biological and electrode engineering perspectives. Our
work focuses on engineering microbes and electrodes using nanopatrticles [2,3], biosynthetic
and conductive polymers{@], as well as the heterologous expressioaxtfacellular electron
transfer pathways [9]. These advances in improving the electroderobe interactions led to
increased electricity generation in microbial fuel cells for wastewater treatment and in bio
photovoltaics for solar energy conversionheT combination of these credsciplinary
advances thus pushes forward the development of efficient microbial bioelectronic
technologies.
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Dario Lacalamita*®, Paolo Stufan® Jefferson Honorio FrangaRossella Labarife Massimo Trottg
Alessandra TacéaMatteo Grattiefi®, Gianluca Maria Farinola

'Department of Chemistry, Universid e g | i Studi di Bar i iAl do Mor oo,
CNRNANOTEC, National Research Council, Bari, Italy

3CNRIPCF, National Research Council, Bari, Italy

“ENI Novara Laboratories (NOLAB), Novara, Italy

*dario.lacalamita@uniba.it

Keywords: Anoxygenic Photosynthetic Bacteria; Phdiocathode; Microbial Electrolysis;
Green Hydrogen;

Photosynthetic purple nesulfur bacteria (PNSB) exhibit a versatile metabolism, making them
valuable biocatalyst in biohybrid electrochemical systems for diverse applications like biosensing,
wastewater remediation, energy generation, and chemical prodiitt Of particular interest is

their use as bioelectrocatalysts for green hydrogen production with concomitant wastewater
treatment, contributing to the decarbonization of the energy sector.[2] Herein, we report the
development and characterization ofphotobiocathode based on polyhydroxybutyragrbon
nanofibers, coated with a biofilm of polydopamine and purple bacterial deliedobacter
capsulatus for the photedriven production of K[3] Characterization techniques, including
scanning electron microscopy, cyclic voltammetry, and chronoamperometry, revealed the
significant contribution of PNSB to the observed cathodic photocurrent. Further, the possibility of
modulating H production by means of applied electrode potential is also discussedighhe |
enhanced catalytic activity of the biohybrid photocathode is herein discussed together with the
future research directions for paving the way for its applications in water remediation and hydrogen
production.

Figure 1. Left) abiotic polyhydroxybutyratarbon nanofibers cathode. RigRf{SBmodified
photocathode during hydrogen evolution.
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Photosynthetic microalgae, especially diatoms, offer a promising ansusgdfining solution

to climate and pollution challenges due to their natural ability to fix atmosphetovBi@®
producing valuable biomass.

Our work focuses on the bioinspired chemical engineering of living cell surfaces to develop
versatile and responsive biohybrid systénWe use melanitike polymer$ specifically
polydopamine (PDA), a politydroxyindole compouril to achieve spontaneous and versatile
surface functionalization in mild, agueous conditions. This coating preserves cell viability and
proliferation while increasig resistance to environmental stréss.

The PDAcoated cells present highly reactive surfaces that can undergo further
functionalization through selective reactions with various groups. We have shown that
copolymerization of dopamine with boronic acidntaining compounds leads to coatings
capalte of recognizing saccharide structures, opening possibilities for applications wetell
recognition and biosensirig.

Our approach is particularly focused on diatbased systems for environmental remediation.
As a case study, diatom biofilms grown on boronic-fgitttionalized glass substrates exhibit
improved adhesion and can remove heavy metal ions from contamirettd demonstrating
potential for reusable bioremediation platforims.

In this context, we also aim to modify the surface chemistry of naturallyfii@g diatoms,

to develop advanced systems that combine carbon capture with selective pollutant removal.
This work highlights how the integration of bioinspired materials with phototrophic organisms
can contribute to innovative biotechnological solutitorseenvironmental challenges.
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Multicellular organisms have evolved remarkable tisspecific functional specializations that promote

the survival, sometimes at the expense of specific tissues. While DNA damage repair is considered a
fundamental cellular function across all cell typess not known whether cells which are normally
exposed to high levels of DNdamaging agents (such as those in the skin) have evolved lkneage
specific mechanisms to enhance organismal survival.

The Melanocyte Inducing Transcription Factor (MITF) is essential for melanocyte development and
regulated expression of melanin synthesis, which protect the skin froimdiided DNA damage.
Reinforcing its role in UV protection, MITF also transcriptionaihgulates DNA damage repair genes,
helping to explain why dedifferentiated MITPE melanoma exhibit increased tumour mutation burden
(TMB).

Unexpectedly, analysis of melanoma samples from the International Cancer Genome Consortium
revealed that tumors in the highest quintile of MITF expression harbored the highest TMB. Using laser
micro-irradiation, we demonstrated that DNA doubteand brel-inducing agents trigger ATM
dependent phosphorylation of MITF at S325. This phosphorylation competitively displaces MRE11
from the MRE11RADS50INBS1 (MRN) complex at DNA damage sites, impairing homologous
recombination repair (HRR) in a transcriptimiegoendent manner. This mechanism explains the
paradoxical increase in genomic instability in tumors with very high MITF expression. Notably, the
SUMOylationdefective MITFE318K mutation mimics the effect of S325 phosphorylation, providing

a mechanistic basifor its role in melanoma predisposition.

Away from DNA damaged sites, UV irradiation leads to MITF degradation, resulting in transient
melanocyte dedifferentiation and proliferation, as has been seen both in human skin and in zebrafish
models. The potential penalty imposed by delayed HRR cayseelduiced MRN complex function

would be offset by increased melanocyte proliferation and subsequent differentiation. This process is
driven by activation of MC1R on melanocytes byd&tivated keratinocytes, leading to elevated MITF
expression and activityat protects against future DNA damage.

In summary, our findings provide a key insight into how a tises#icted transcription factor and
lineage survival oncogene, MITF, can shape the response to DNA damage. These results also provide
a mechanistic explanation for the role of the E318K nmriah melanoma predisposition.
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The presence of sex inequalities in cancer has been documented, yet our understanding of the
fundamental processes involved remains restricted, impeding the development of precision
medicine and the exploration of novel therapies. Here we show that wbatemen puberty

and menopause, are more prone than men to develop cancer, including melanoma. Importantly,
we identified the celtell adhesion molecule,-&adherin, as a central node of the estrogen
response in multiple cancers. Using an original mousamma model, we identify a
previously unknown estrogesensitizing signaling pathway linking-&adherin/bcatenin to
Estrogen Receptor (ESRa) and Gastrin Releasing Peptide Receptor (GRPR) that promotes
melanoma aggressiveness in females. Inhibition o #xis by targeting ESRa or GRPR
suppresses metastasis in mice and represents promising therapeutic approaches. Our results
demonstrate that-Eadherin prevents the sensitivity of melanoma, and carcinoma, to estrogens,
and identify a new therapeutic avenwetreat women with multiple £adherindependent
cancers.
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Molecular Mechanisms of Hair Graying: Role of Dicer
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Hair graying results, among other factors, from the depletion of melanocyte stem cells (McSCs)
in hair follicle®d a process accelerated by stress, whether genetic or environmental. Although
the precise link between stress and the loss of McSCs remaing poddrstood, molecular
mechanisms are beginning to emerge to explain this phenomenon. In this presentation, we will
show thab-catenin is regulated by UV light and that one of its direct tarBétsy, plays a key

role in the graying process of hair and skin appendages.

Dicer is an essential enzyme in the maturation of microRNAs (miRNAs), which are crucial
regulators of gene expression, acting on the stability and translation of messenger RNAs. We
have shown that the inactivation of Dicer, both in vitro and in vivo, piisrihe migration and
localization of melanocytes within the hair follicle. This disruption first prevents the transfer of
melanin to the developing hair shaft and subsequently leads to a gradual depletion of the McSC
reservoir. Among the molecular mechams involved, theniR-92b/ItgaV axiplays a decisive

role.

In conclusion, these findings open promising avenues for better understanding hair aging and
for developing strategies aimed at preserving or restoring hair pigmentation by targeting the
identified molecular pathways.
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UVA exposure elicits immediate and persistent pigment darkening on the skin that are
thought to result from oxidation, polymerization of existing melanin and/or precursors.
Nevertheless, these structural modifications have never been characterized inskiiman
The aim of this study was to characterize the changes in melanin composition and skin color
following UVA1 irradiation, exploring the mechanisms underlying immediate and
persistent pigment darkening.

Ex vivoskin samples were exposed to increasing UVAL {380 nm) doses. Colorimetric
changes were assessed before, immediately after, and two how®sxpostire using a
spectrophotometer to measure L* (luminance), b* (yellwwe component), and Individual
Typology Angle (ITA°). Melanin content and composition were analyzed by
spectrophotometry and higierformance liquid chromatography (HPLC) following
epidermaldermal separation. Specific degradation products of eumelanin (PTCA, PDCA,
Free PTCA, PTeCAand pheomelanin (TTCA,-AHP) were quantified to assess photo
oxidation, crosdinking, and degradation {4].

UVAL exposure resulted in visible skin darkening, evidenced by a decrease in L*, b*, and
ITA° immediately and two hours pestadiation. HPLC analysis revealed a dose
dependent decrease in the PTCA/A500 ratio and an increase in Free/Total PTCA and
PTeCA/PTCA, suggesting both photdegradation and crodmking of eumelanin. An
increase in the TTCAMHP ratio indicated photoxidation of pheomelanin.

These findings provide the first direct evidence of UViatluced melanin modifications
associated with pigment darkening occurring in human skin. The observed changes in
melanin markers suggest that both degradation and oxidative processes contribete to th
immediate and persistent pigmentation response following UVA1 exposure.
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Although melanin is commonly viewed as a natural sunscreen that protects pigmented cells
against the adverse effects of solar radiation, recent studies have demonstrated that, under
certain conditions, the pigment can actually contribute to-ligthiced aidative damage of the

cells by exhibiting elevated photoreactivity. Photoreactivity of melanoma has become a major
focus of research due to the postulated involvement of the pigment in-indéged
melanomagenesis. In this research, we have examineddyothiaphotoeactivity and the free
radical scavenging efficiency of synthetic models efaewd pheomelanin and human melanins
from different sources, including induced pluripotent stemamiived melanocytes. The effect

of the experimental oxidative ptumlegradation of selected melanins was also studied. Samples
were characterized using EPR, WAs spectrometry, DLS spectrometry and HPLC
determination of the melanin degradation products. To examine the photophysical and
phoyochemical reactivity of the hamins, EPR oxymetry, EPR spirapping and time
resolved singlet oxygen phosphorescence were employed. Antioxidant potential of the
pigments was determined by E®Rsed DPPH assay and quenching of singlet oxygen
photogenerated by Rose Bengal. The obthdeta indicate the conditions that could contribute

to enhanced photoreactivity of melanin shedding light on the phenomenon of photoxicity of
this photprotective pigment.The research was supported by grants from the National Science
Centre of Poland (NE): Sonata2015/19/D/ST4/01964, Preludiu&020/37/N/NZ1/01054,

Opus2017/27/B/ST5/02631 and Opde21/43/B/ST4/03255.
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Amphiphilic porphyrins, whose hydrophobic part increases cellular uptakéydrophilic part
enables water solubility, have aroused great interest among scientists for use as photosensitisers
(PS) in photodynamic therapy (PDT)[1,2]. However, hydroptiiiophilic balance of
amphiphilic porphyrins, required to avoid all olzdés of highly hydrophobic or hydrophilic

PSs, is somewhat less discussed.

Therefore, the aim of this work is to investigate the hydrophpmphilic balance of four
groups of asymmetric ABpyridylporphyrins. Porphyrins were prepared by conjugation with
alkyl chains of different lengths and by quaternization of the nitrogen on the pyridyl ring. The
spectroscopic properties of newly synthesised porphyrins in the ground and excited states, the
production of singlet oxygen'@.) by photodegradation of DPBF and ABMDMA and their
lipophilicity were investigatedn vitro studies inaided the determination of cellular uptake,
localisation and (photo)cytotoxicity towards normal and tumour cell lines.

The work is divided into three parts. In the first part, two series of porphitingthylated
(pyridinium-3-yl) porphyrins and Zn(ll) analogues with alkyl chains of different lengtis7(7

C atoms) were compared. Pyridiniumporphyrins with a 488ddn long alkyl chain, especially

the Zn(ll}chelated analogue, showed the highest cytoitgx@nd selectivity towards the
melanoma cell lines (MeWo and A375) when irradiated with orange Bgh607 nm)[2]. The
second part comprises the comparison of amphgolibxidised pyrid3-ylporphyrins with 9,

13 and 17 C atoms of alkyl chain. (Oxido)pyridylporphyrins with an alkyl chain with 13 and
17 C atoms proved to be promising PSs, diminishing the melanin obstacle and showing higher
selectivity for pigmented melanonia.the last part, amphiphilic (pyridiniw®-yl) porphyrins

with alkyl chains of 9, 13 and 17 carbon atoms were chelated®¥@ti(111) and"*Ga(lll) to

obtain the PET/PDT agents, and their distribution was analysed wCHESEan. It was found

that te hydrophilielipophilic balance is important both at timevitro level, affecting selectivity

and cytotoxicity towards tumour cell line, and at thevivo level, where the impact of the
hydrophiliclipophilic balance affects the biodistribution of the PS.
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Antiseptics were introduced in clinical practice soon after Pasteur developed the germ theory and it
application to wound putrefaction. Lister hypothesized that the presence of microorganisms in air was th
cause of wound infection and introduced pheschia antiseptic. However, phenol, and the currently used
antiseptics such as chlorhexidine, povidiodine (Betadine®) or hydrogen peroxide, show toxicity to
humantissues at the concentrations required to eradicate bacteria. Antibiotics revolutioairegtiment

of bacterial infections because they offered selectivity indexes (SI) larger than 100. However, the selectivit
of antibiotics became thekc hi | | es 6 heel : as antibiotics becct
increasingly dependent on a specific target, and bacteria more easily adapt to avoid the expression of tt
target. Bacteria adaptation to antibiotics exposure is at the origie ofithent pandemic of antimicrobial
resistance.

PDT employs a photosensitizer that absorbs light and interacts with oxygen to generate reactive oxyge
species (ROS). The low penetration of light in tissues is often cited as a limitation for PDT, but bacteria ir
skin infections is not normally seen atlepth more than 1.5 mm from the surface of the wound, and the
optical penetration depth of skin for wavelengths at@®@ nm is higher than 1.5 mm. A more serious
limitation of aPDT is selectivity towards bacteria. The ROS generated by PDT also triggevafremcell

death, and it is challenging to develop a treatment regime where aPDT inactivates >99.9% of prokaryot
cells in biofilms while sparing >70% of eukaryotic cells [1].

We report our efforts to develop photosensitizers and protocols to increase the selectivity of aPDT ti
microorganisms [2]. For the same light dose (5 3fcand [KI]=50 mM, the concentration of
photosensitizer that reduces by 99.99% the number of planktonic bacteriafwtaing units (minimum
bactericidal concentration [3]) is 50 nM, whereas the EC50 of HaCaT is >1 M, i.e., SI>20 [4]. This is
especially elevant because one of tle coli strains tested is resistant to ciprofloxacin. In the same
conditions, SI>2 was found even for hygaofiilms producing clinical isolates from diabetic foot
infections.
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Photogeneration of Reactive Oxygen and lodine Species by Modified Porphyrinoids:
From Molecular Mechanisms to Advanced Preclinical Models in aPDT
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The global threat of multidrugesistant (MDR) bacteria has catalyzed the development of alternative
therapeutic strategies. Antimicrobial photodynamic therapy (aPDT), which combines photosensitizers (PS
light, and oxygen, is emerging as a promising §

In this study, we report the synthesis and evaluation of a series of porphgad photosensitizers,
including halogenated and imidazolyl derivatives, designed to enhance photogeneration of both reactiv
oxygen species (ROS) and reactive iodine speRiE}) (Photophysical characterization confirmed efficient
singlet oxygen production and, in some cases, iagiddiated generation of cytotoxic iodine radicals. The
most potent compounds demonstrated selective bacterial uptake and natevebkmtivity gainst MDR
strains under low light doses. Fluorescence Confocal and Scanning Electron Microscopy revealed extensi
structural damage to bacterial envelopes-p84dT, especially when PS were combined with membrane
disruptive agents such as verapamil amamaldehyde. Advanced 3D keratinocyte infection models
showed reduced bacterial colonization, winlezivo murine wound infection studies confirmed bacterial
eradication and accelerated heaffifg.

Importantly, the optimized porphyrinoids displayed minimal toxicity towards mammalian tissues
and high selectivity for pathogens. The dual ROS/RIS mechanism, validated by selective probe assays a
histological analysis, offers a synergistic antimicrobifct. These results support the use of structurally
tailored porphyrinoids in the fight against drtgsistant infections and lay the groundwork for translational
applications of aPDT in clinical contexts.
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Antibiotic resistance is one of the most serious challenges we are facing in the treatment of infections
Using basic mechanisms such as efflux pumps, enzyme production, membrane alteration, etc., antibio
molecules become refractory. Webntrolled phtodynamic effects allow the destruction of these
molecules and return of susceptibility to the antibiotic. This demonstration will be presented in this
presentation, as well as the various consequences that this has led to. Once resistance is broken, we n
devise ways to combine photooxidation with the use of antibiotics. This will be demonstrated by the recer
disinfection program for pharyngotonsillitis and by the present research for the treatment of antibiotic
resistant pneumonias.

Main references can be foundhdins://scholar.google.com/citations?user=bERNAAAAIENI=pt-BR
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Photodynamic therapy of acne and hidradenitis suppurativa
Piergiacomo CalzavaraPinton

Universita degli Studi di Brescia, IT

Acne and hidradenitis suppurativa (HS) are chronic inflammatory disorders of the sebaceous glands an
pilosebaceous units.

Topical conventional treatments are often ineffective and systemic treatments have several controindication:
problems of toxicity and, again, may be no or only partially effective.

Topical treatment with aminolevulinic acid or methylaminolevulinic acid was found effective although pain was a
major problem. In addition the need of & Zours occlusive medication was often a problem with young patients.
In the case of HS, intralesidregpplication of an ALA solution was reported as effective in the treatment of sinuses
and cysts of severe HS, where topical PDT was not effective.

We have investigated efficacy, tolerability and safety of PDT with topical applicati®iLB068/Cl, a second
generation zinc(lFphthalocyanine dye (Molteni Farma, Fi, 1) followed after 30 minutes byightapplication in
the treatment of severe papydastular acne of the face and Hurley 2 and 3 HS of the groins and axillae.

In both pilot studiesRLPO68/CIPDT was a safe, welblerated, and effective treatment option with a significative
reduction of severity scores and no SAE.
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The emergence of multidrugsistant (MDR) bacteria poses a global threat, as treating many infections has become
increasingly difficult. This situation requires an immediate implementation of novel effective stratdoye20&®,

deaths from drugesistant infections are projected to surpass the annual number of-cdatst deaths recorded
nowadays. Undoubtedly, antimicrobial photodynamic inactivation (aPDI) and antimicrobial peptides (AMPs) offer
promising alternativesseful against MDR pathogens. The aPDI employs-kgihivated photosensitizer to generate
reactive oxygen species (ROS), that damage microbial cells, while AMPs, natural components of innate immunity
disrupt cell membranes. Notably, combining aPDI witiPs has been shown to enhance the photoinactivation of
MDR pathogens, such &seudomonas aerugingday increasing photosensitizer uptake and promoting membrane
disruption[1]. Pexiganan, a 2&sidues analog of a magainin derived from the African clawed frog, exhibits broad
spectrum antimicrobial activity and remains a focus of many clinical [#hls

The aim of this study was to evaluate the efficacy of aPDI using protoporphyrin IX (PplX) as a photosensitizer
conjugated to the antimicrobial peptide PexigaranaeruginosaATCC® 10145 was utilized as a model Gram
negative bacterial pathogen. Pexiganan was synthesized bykalid method using standard Fmoc chemistry on a
polystyrene resin with a Rink Amide linker. Conjugation of PplX to Pexiganan was achieved through didéog coup
with N-terminal amino group, as well as through tetraglyci@®SGG) linker. Photodynamic treatment was carried
out usi ng max4bOlnm)ewith iiragidtion flferees of 5, 10, and 15 3/@nd the constant irradiance of 15
mW/cn?. Cytotoxicity and phototoxicity assays performed on mammalian cells indicated that the conjugates
exhibited a toxicity profile comparable to that of PpIX alone, suggesting minimal added cytotoxicity from the AMP
component. The results demonstrated thajugation of porphyrirbased PS to selected AMPs can significantly
potentiate the eifacy of aPDI, likely due to enhanced intracellular accumulation of the photosensitizer within
bacterial cells. Among the tested constructs, the RpGGGPexiganan conjugate emerged as the most potent
compound with superior antimicrobial performance.
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Shedding Light on Biofilms: Antimicrobial Efficacy of Low Irradiance Violet -Blue
Light Exposure
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Background: Low irradiance violetblue light (406420 nm) has demonstrated application for safe, continuous,
decontamination of occupied healthcare environments. The ability of low irradianeeV#dn?) violet-blue

light to reduce bacterial contaminants on clinical surfaces isdadumented; however antimicrobial efficacy
of these low irradiance levels against biofilinsvhich have been detected on ~83% of hospital surfaces and
represent a significamisk of pathogen transmission [2]s broadly unknown, with mostudies utilising higher
irradiance levels (>10 mW/cth Aims: The present study establishes the efficacy of low irradiance 405
nm violet-blue light for inactivation of bacterial biofilms of varying maturity attached to common clinical
surfacesMethods: To facilitate biofilm growth, 15 mcoupons (PVC, stainless steel, glass and vinyl) were
immersed in 19CFU mL* Staphylococcus auressispensions for 1 h, before incubating in 3 mL sterile tryptone
soya broth for either 4 h (monolayer biofilm) or 24 h (mature biofilm) at room temperatureinBalsation,
coupons were removed, washed in PBS, dried and exposed td/d3tXiolet-blue light (~0.5 mW/crfy 24 h);

with identical control coupons exposed to ambient lighting. Surviving bacterial colonies were recovered and
enumerated from the exposed side of coupons using a swabbing me#sudts: Successful inactivation of
both monolayer ath mature biofilms was demonstrated (Figure 1), with reductions of-D.BR logo
CFU/coupon (66.86.7% inactivation) and 0.4Z.41 logo CFU/coupon (61.289.4% inactivation) recorded,
respectively; and trends across different surfaces establisGedclusions This study successfully
demonstrates the ability of vioksiue light, employed at levels safe for environmental decontamination, to
inactivate bacterial biofilms of varying maturity, providing further evidence of the efficacy ohdD®iolet
bluelight as a complementary decontamination technology for clinical infection prevention and control.

L

20+

__l4h
25 24 h

Biofilm Reduction (Log,, CFU/ coupon)

1
PVC Stainless steel Glass Vinyl

Material

Figure 1. Reduction ofS. aureusiofiims developed for 4 or 24 h on PVC, stainless steel, glass and vinyl coupons 15 mm
and exposed to 43Hcn? 405nm light (~0.5 mW/crfy 24 h). (mean + SEM; n=6). Biofilm counts on all 40& light exposed

coupons were significantly |lower (POO.05) than on ambier
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The growing threat of antibiotic resistance and biofdssociated infections highlights the need for
alternative antimicrobial strategies. This work explores the use of octahedral molybdenum clusters as
photosensitizers in antimicrobial photodynamic tpgréaPDT).

These reeemitting luminophores and singlet oxygen photosensitizers can be efficiently excited across a
broad spectral rangefrom UV to green lighth to generate longjved triplet excited states. The modular
nature of their apical ligands allows for taildnehysicechemical properties to suit specific applications.

In contrast to conventional organic dyes such as porphyrins, these complexes maintain strong
luminescence in the solid state and show enhanced photostability due to their metallic core. These
attributes make them promising candidates for the development of robusperfighmance luminescent
materials.

Theazidebased cluster Na [Mo | (N ) ] expbsithei ts str
pathogens (S. aureus, E. faecalis), including biofilm disruption and inhibition. It remains active in
nutrientrich media without inducing resistance. Moreg\saveral experiments exploring the induction of
possible resistance have proven no change in the susceptibility to this compound.

Applications extend to wastewater treatment ut
electron transfer enhances ROS generation under daldaghing to the efficient destruction of

pathogenic species. Additionally, hydrophobic liganddified clusters embedded in dermal emulsions
showed selective phototoxicity against skin pathog8naifreus, C. acngwhile preserving commensal
microbiota and demonstrating safety for topical use.

These findings position molybdenum clusters as promising tools for further resarch @cligated
antimicrobial therapies across medical and environmental domains.

This work was supported by grant no. A2_FPBT_2025_050 given by UCT Prague
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Photochemistry of fluorescent proteins: from mechanistic studies to new
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Fluorescent proteins (FPs) are extensively used in biological imaging as geneticalied fluorescent
probes. However, FPs are not simple molecular beacons: they exhibit a variety of photoreactions who:t
mechanisms are only partially understood. Thesatqreactions are harmful when they compete with
fluorescence, but they can also inspire the development of innovative imaging methods, as demonstrat
for example by the emergence of supesolution imaging. A better understanding of the photochemistry
of FPs is essential to improve the performance of biological imaging.

Using the example of our work on Reversibly Switchable Fluorescent Proteins (RS&Rs)on light
induced Reverse Intersystem Crossing (RISC) in EGFRyill show how detailed studies of the
mechanisms of FP photoreactions, based in particular orrd¢isodved spectroscopy from the femtosecond
to the millisecond scale, can lead to the proposal of new biological imaging methods.
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Chloé Grazon*!

! Institut des Sciences Moléculaires, Univerdgrdeaux, CNRS, Bordeaux INP, UMR 5255300 Talence,
France

*chloe.grazon@ordeaux.fr

Keywords: fluorescence, biosensors, biomarkers, bioimaging, FRET

The in situ and redime detection of analytes in complex biological media demands robust, sensitive, and
stable biosensors capable of signal amplification. Fluorescent nanoparticles (NPs) are promisin
candidates, offering exceptional brightness and qstability compared to traditional dy&sThese
luminescent NPs fall into two main categories: intrinsically luminescent NPs, such as Quantum Dots (QDs
and doped NPs, which encapsulate dyes (e.g., lanthanides or organic fluorophores) within a matrix. F
imaging and sensing applications, these NPs aim to achieve excellent brightness, enhanced photostabil
and strong colloidal stability in water, outperforming conventional organic dyes.

Classical FRET (Forster resonance energy transfer) nanosensors typically involve a donor NP conjugat
with bioreceptors that bind to a ligand labeled with an acceptor dye. While bioreceptors optimization ha:
advanced detection limits and dynamic rangks, rbles of dye type and spatial configuration in these
systems remain underexplored. This presentation addresses this gap by comparing organic fluorophot
(e.g., Cy5, Texas Red) and inorganic NPs (QDs) as FRET donors or acceptors, identifying keyamolecul
parameters that enhance sensor performance, and providing design guidelines ftiaE&Eassays and
diagnosticg:® Additionally, Fluorescent Organic Nanoparticles (dFONs) are introduced as-freetal
alternatives to QDs, offering comparable brightness per volume. Obtained via nanoprecipitation o
hydrophobic dyes, dFONs remain underutilized as biosensors due tal lfonitgtionalization strategiés.

We demonstrate an innovative maleimttdel surface functionalization approach, enabling applications
such as intracellular thiol sensing in the uM range5 and biotinylation for biomarker development. These
advancements position dFONs as versatile, -bitight, and metafree tools for nexgeneration
diagnostics.
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Sense and Switch across the scale6FP-like and Bacteriophytochromes in optical
imaging from mice to cells
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Photoswitchingproteins of the green fluorescent protein (GHR family have found application in super
resolution fluorescence imaging and beyond. Next to those, native photoswitching Bacteriophytochrome
(BPhPs) have gained attention as labels in pHadptoacoutic imaging in recent years. In both classes,
photoswitching relies on an interplay of chromophore and protein matrix. Conversely, chimeric fluorescen
sensors have long exploited the reversible influence of the protein matrix on the chromophore te genera
fluorescence responses upon ligand binding. Combining switching and sensing might enable ne\
applications for optical imaging. Beyond that such proteins integrating the influence of light control and
ligand binding on chromophore photophysics can add pewpectives to the fascinating class of
photoswitching proteins.
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Fluorescent proteins (FPs) are genetically encoded probes that play a pivotal role in bioscience:
enabling the visualization and analysis of biological processes in living cells at the molecular scale
However, their utility is limited by photobleachidghe lightinduced, irreversible loss of
fluorescencé which constrains both the temporal and spatial resolution of imaging experiments.
Various consequences of photobleaching have been obser2gdid several underlying mechanisms
have been reported{8]. However, despite its significance, no systematic study of photobleaching has
been conducted under comparable irradiation power and experimental conditions. This lack of
standardization has made it difficult to directly compare photostability acrosreattf fluorescent
proteins and to draw general conclusions about their photobleaching pathways.

In this study, we present a quantitative investigation of the photobleaching processes across a panel
FPs. Using in vitro approaches, we tracked spectroscopic chiamgesding absorption, steaestate
fluorescence, and timeesolved fluorescenéeunder well-defined irradiation conditions.
Photobleaching kinetics were assessed alongside the identification of photoproducts at the molecul:
level via mass spectrometry. Our results reveal multiple photophysical degradation pathways, clarify
their relative catributions to photobleaching for each FP, and delineate their impact on fluorescence
intensity and lifetime measurements. These insights advance our understanding of FP photostabilit
and highlight the implications of photobleaching for fluorescence intagpplications.

References

[1] Erard et alMinimum set of mutations needed to optimize cyan fluorescent proteins for live cell imaging (2013) Molecular
BioSystems, DOI 10.1039/C2MB25303H

[2] Walther et al, Precise measurement of protein interacting fractions with fluorescence lifetime imaging microscopy (2011)
Molecular BioSystems, DOI 10.1039/cOmb00132e

[3] Tramier et al,Sensitivity of CFP/YFP and GFP/mCherry pairs to donor photobleaching on FRET determination by
fluorescence lifetime imaging microscopy in living cells (2006) Microscopy Research and Technique, DOI 10.1002/jemt.2037C
[4] Acharya et al, Photoinduced Chemistry in Fluorescent Proteins: Curse or Blessing? (2017) Chemical Reviews, DO
10.1021/acs.chemrev.6b00238

[5] Duan et al, Structural evidence for a tnagime photobleaching mechanism in a reversibly switchable fluorescent protein
(2013) J Am Chen Soc, DOI 10.1021/ja406860e


mailto:marie.erard@universite-paris-saclay.fr

t K202 LEKeaAKAANBaOSYy i LINRPoSa T2
/ KFANBY ! 3F0KS 9aLl:

Dye-based Fluorescent Nanoparticles for Optogenetics
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Dye-based fluorescent organic nanoparticles are a specific class of nanoparticles obtained b
nanoprecipitation in water of pure dyes ohlywhile the photophysical and colloidal properties of the
nanoparticles strongly depend on the nature of the aggregated dyes, their excellent brightness in the visil
and in the near infrared make these nanoparticles a unique and versatile platformivimmajoplication.

These surfactantmetal and polymeifree fluorescent organic nanoparticles are bright andeséatmugh

to be imaged at the single particle level in brain sl@es.
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Keeping this in mind, we evaluated the potential of these nanoparticles as promising nanotools fc
in vivo optogenetics applicatiofsand the results are shown in this presentation. Their photophysical
properties as well as their biocompatibility and their capacity to activate Chrimson opsin in vivo through
fluorescence reabsorption process are demonstrated. Additionally, an illesegtimple of employing
these nanoparticles in fear reduction in mice through clms®a stimulation is presented. Thrdugn
optogenetic methodology, the nanoparticles demonstrate an ability to selectively manipulate neuror
implicated in the fear response and diminish the latter.-iaged fluorescent organic nanoparticles
represent a promising and innovative strategyfiogenetic applications, holding substantial potential in
the domain of translational neuroscience. This work paves the way for novel therapeutic modalities fo
neurological and neuropsychiatric disorders.
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Fluorescent proteins (FPs) have revolutionized biology as labels and sensors. Notably, only a few yea
after the cloning and engineering of GFP began, FPs successfully transitioned to synthetic materials f
their characterization or for novel applicatbA This trend has only accelerated since terDespite

these advances, FPs face limitations in-hmogical environments and lack resilience under unnatural
stress conditions. To address this, we introduced a genetically encodeebiigmrerizaion strategy that
enhances FP protejirotein interactions through electrostatic control, applicable across variodtls FPs
These macrmligomers remain stable for months in organic solvents and harsh conditions, making them
suitable for integration into neaqueous polymebased materials (Fig 1). Our comptib&sed engineering
approach also produced highly supercharged ¥P2) that retain photoluminescence and thermal stability
comparable to their native counterparts, forming-asfembled FRpoferritinco-crystals within silicon®

75 r r
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Figure 1, leftt overtime of LEGFPmacro |l i gomer s in pure Acetonitrile (ACcCN),

emission spectra of LEGFP maeasbigomers in MQ water and after 2160 h in AcN

Additionally, we demonstrated that all FP classes can emit circularly polarized light (CPL), achieving
unprecedented CPL brightness among or gan-barele mi

FPs is inherently | i nrkyedidgreesoof fteddem, antl exoitanocpuplioQure 6 s
findings suggest that CPL can be genetically controlled in the future.
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Delocalized lipophilic cations (DLCs) are widely employed as mitochondrial targeting vectors, with
triphenyl phosphonium (TPP ) being one of the m
In this study, we introduce TAPYs, triarylpyryliubased cations, as a synthetically accessible and

versatile alternative to TPP for mitochmpmadr i a
substituted aryl groups were synthesized, from commercially available aldehydes and ketones using
previously reported synthetic strategyd2 To enabl e i ntracell ul ar vi s

core was conjugated to a bordipyrromethene (BDIPY) fluorophore, generating fluorescent TAPY
BDP dyads.

Our results demonstrate that the TAPY moi ety
Confocal Laser Scanning Microscopy (CLSM)il0OHi gl
were observed with Mitotracker Deep Red in camed lines (MCF7, A549, and H129), whereas normal

and healthy cells (HER93and HMEGL ) s howed signi fi cani0.T).Workowene r
TAPY-BDP exhibited superior mitochondrial selectivity and fluorescence intensity compared to the
classcal TPRBDP reference.[4] In addition to confirming the mitochondrial specificity of TAFDP in

human cancer cells, we evaluated their performance in pathogenic yeasts, inCamtidp albicangand

Pichia kudriavzevii High mitochondrial colocalization was observed by CLSM, and flow cytometry
confirmed efficient cellular uptake and mitochondrial accumulation. These results were benchmarke
against traditional mi tochondrial vectors such
I n summary, we propose TAPY cations as promis
Their synthetic flexibility and enhanced targeting capacity in both human cancer cells and pathogenic fung
make them attractive candidates for appligation mitochondrial bioimaging and targeted therapies.
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Ultrafast Spectroscopy of HighLight Induced Proteins
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High-light induced proteins (Hligsare small membrane proteins evolutionary related to the
LHC antennae of algae and plants. Hlips are found in cyanobacteria, but similar proteins, such
as lightharvestinglike (LIL) or early lightinduced proteins (ELIPs) occur also in plants. All
theseproteins play an important role in photoprotection as the chlorophylls bound to these
proteins are efficiently quenched as evidenced by a significant decrease of chlorophyll
fluorescence. Ultrafast spectroscopy identified the quenching mechanism boisifiHhnd
LIL/ELIPs [2] as efficient energy transfer between excited-&land the Sstate of the
carotenoid. The energy transfer occurs on a time scale of a few picoseconds, making these
proteins ideal quenchers. Recently, we have expanded our studies to other Hlips binding
different carotenoids. An interesting member of the Hlip fanlyHliZ5 protein from
Legtolyngbyawhich, in contrast to other Hlips, is a thiteaix protein. HIiZ5 binds the keto
carotenoid echinenone in a 2:1 &@hCar ratio. Ultrafast spectroscopy data show that excitation

of Chl-a generates the S1 state of echore within a few picoseconds, identifying the HIiZ5

as efficient quencher employing quenching mechanism identical to those reported for other
Hlips and LIL/ELIP proteins. Data analysis demonstrated that in HliZ5 the 5.6 ps lifetime of
the quencher (the;State of echinenone) is shorter than the&td echinenone energy transfer

time (8 ps). Our data provides evidence that quenching in Hlips is a robust process which
operates in very similar way regardless of the bound carotenoid and/or protein stiiCture
these quenching proteins exhibit significantly -sufted carotenoid absorption, which is a
marker of the quenching condition and a necessary condition to observe efficient quenching.
Comparison of cry«eM structural data on Hlips in complex withlatophyll synthase with
known structures of other LHCGtype proteins indicates that the key structural feature leading

to the efficient quenching is likely a specific configuration of the terminal ring of the carotenoid
guencher. This carotenoid configticen decreases the energy of the energy acceptor state
(carotenoid o state), making the energy transfer from -@hto carotenoid energetically
favorable.

References

l
dzZ

[ 1] Staleva, H., Komenda, J., Shukla, M., K., Glouf,

287-291, 2015.
[2] Skotnicova, P., Stalewvislusto, H., Kuznetsova, V., Bina, D., Konert, M.M., Lu, S., Polivka, T., Sobotka, R.
Nat. Commun. 12, 6890, 2021.


mailto:tpolivka

Pf OGN FFEad alLISOGNRaO2LRe YSGK2RAa Ay |
/| KIFANBY bAO2tSglt [ A3

Development Multiscale of TimeResolved Circular Dichroism for
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Circular dichroism (CD) spectroscopy, which measures the differential absorbance andefight

hand circularly polarized light, is a powerful tool for analyzing biomolecular secondary structures in
solution at equilibrium. By combining purgrobe methds with CD spectroscopy, it becomes possible

to track conformational and electronic changes in proteins and DNA over a wide range of time scales.
However, timeresolved CD measurements remain difficult, particularly at fepitosecond
timescales, due tweak signals prone to punripduced artifactgl]. In recent years, we have developed
several experimental saps for measuring ligihduced CD changes ranging from a few hundred
femtoseconds to seconds3]. This presentation will discuss their principles and applications, focusing

on our recent research on the photoinduced conformational dynamics in particular DNA structures, the
G-quadruplexef].
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Electronic excitation transport lies at the core of photosystem functionality. Tracking the
excitation through a complex spateergetic landscape, at femtosecond to nanosecond
timescales over nanometer to micrometer distances is a challenging taskytygtiempted by

a combination of ultrafast spectroscopy techniques. Bridging the ultrafast local relaxation with
long-range diffusion remains an open challenge both for theory and experiment [1].

In this contribution, | will discuss a straightforward modification of ultrafast spectroscopy such
as transient absorption that systematically disentangles dynamics of single, two and more
excitations by decomposition of the signal into increasingly neatigontributions (see Figure
below) [2,3]. Analyzed together, the medtxciton signals allow to track the excitation
dynamics continuously from the initial wavelike dynamics of individual excitations to the long
range diffusive transport visualized by mntparticle interaction. The method is universal,
applicable to different ultrafast spectroscopy techniques and any samples including
photosynthetic complexes [2,4].

Figure Using a sequence of defined pulse intensities, our approach can decompose transient spectroscopy signals
into those tracking increasing number of excitations (here shown in LHCII photosynthetic complex of plants).
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Spatio-Temporal Imaging of Exciton Energy Transfer below Sunlight Level

Niek F. van HulstZ Guillermo Brinatti VazqueZ Giulia Lo Gerfo Morgantj Luca
Bolzonelld

LICFO1 the Institute of Photonic Sciences, Castelldefels (Barcelona), Spain
Z|CREAI Institucié Catalana de Recerca i Estudis Avancats, Barcelona, Spain

* Niek.vanHulst@ICFO.eu

We can learn of lot of the light harvesting design of nature: how does nature dynamicatipmize
the membrane architecture, its packing, order, diffusion, on light stress?; which pathways are taken to
charge separation?; what is the role of fluctustj@oherences, colour and vibrations?

| will present advances in the development of nanoscale ultrafast imaging t@)spfrticularly a

novel spatiotemporal microscopy technique that exploits structured excitation in order to dramatically
decrease the excitation intensity, up to 108 when compared with previously reported
spatiotemporal photoluminescence microscopy experiments. Indeed, narsrattaznergy transport

was directly observed for the first time in both space and time in a printed monolayer of the light
harvesting comple2 from purple bacteria.

Secondly, | will expand into spatiemporaispectroscopic methods detecting charges, essentially
photocurrent microscopy, to resolve the transfer from the-lightesting antenna complexes towards
the reaction centres, applied to plant PSI|[5

This work is part of the project ERC Advanced Grant 101054848Track
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Excited-state dynamics of neorhodopsin, an bistable microbial
rhodopsin: retinal to retinal energy transfer and nonlinear effects
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Neor hoddNeoiRn i s a newly di scovered fungal
photoswitcheanbehRaabhstdVbi ng staegred BMeaRted
respectiaerleyp.r eeecdRs a deprotonated reobi nal
represents a pfEM snatdeesRIB.diCrayte that NeoR
i cetngaemter di stance between the restshaléschr

place to an opticalslyynneltirowe dvh$ 3 hstratpgididy TR
optically for bgfsgylremmetSrly sitrat 29 offs 2Af ol | owed b
to the grounldO®tpast et iome stcheel el. A t heoretical |l
get popul ated in any appreciabl-statraeansebkbaka
cascatVe obsedvmeanreninal to retinal excitat
from t heSINeotRat @90t d NnNeomRipet i tion with phot
guantitatively asmeandthatEET weeehkapreri ment al
the EET processszetheedzdphoboggquigl NeoRum condi ti
the EET r alt e Tate;s@I20Rt psp shows a weak sti mul
ne-aR around 700 nm, which may r esul-ttr amsofne rmi
(1 CcT) stat e, enhancing the-SO0ramaintsiiean odi @aald
facilitatnogegdshe WeETspggest that EET may bea
of bi st amalvee | rewnlgttih r hodopsin oligomers.

The NeoRgsoto NeoRs7 photoreaction is known to exhibit a very low quantum vyield of
approximately 0.1%. We characterized the inefficient photochemistry of fdgmRmeans of

highly sensitive multtimescale TA spectroscopy. At high excitation conditions, we observed

a singletsinglet annihilation process ascribed to EET among RSB chromophores within the
NeoR dimer at 5 ps and 60 ps timescales. We find that undéatam-free conditions the
excited state decays by a single lifetime of 1.3 ns. Under high power conditibvaspprpduct

P700 is formed at a yield of 1%. P700 evolves to a secondary product P750 at a yield of 10%,
resulting in a net product yield of 0.1%. Despite the matching quantum yield, we suggest that
P700 and P750 do not correspond to genuine be@Rotoproducts and instead result from
ionized species due to excessive excitation energy.
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This work delves into the realm of energy transfer within natural photosynthetic systems,
aiming to address the growing 2t&ntury demand for sustainable bioenergetics solutions.
Understanding how energy is transported efficiently in nature over lotandes is a critical
factor for enhancing lighénergy conversion in artificial systems. While considerable progress

has been made in elucidating energy transfer within individual photosynthetic antenna proteins,

the dynamics of inteprotein transfer renia poorly understood due to the complex three
dimensional organization of these networks.

Here, | present the first direct measurements of exciton diffusion in photosynthetic systems,
demonstrating the critical role of intermolecular distance in regulating transport by
systematically varying the packing density. Crucially, these transport reezsuts are
conducted under stdplar excitation intensities using a novel technique developed in our group
in 2024 [1]6 StrEET (Structured Excitation Energy Transfér)which enables high signal
to-noise measurements at excitation fluences up to 10i0@3 tower than any previously
reported method [2].

This study focuses on two model systems: the LH2 antenna compleRfrodobacter (Rba.)
sphaeroidepurple bacteria, and porphyrin molecules, which serve as a model focB@imd

in green sulfur bacteria. Densely packed porphyrin films exhibit diffusion coefficients (D =
0.012 cm?/s) comparable to statiethe-art organic photovoltaics, with diffusiolengths
extending to 55 nm. Similarly, LH2 networks at natural packing densities achieve even higher
diffusion coefficients (D = 0.019 cm?/s), enablingiken transport across 24 nm and spanning
approximately 42 complexés values consistent with native membrane architectures.

These findings offer new insights into the relationship between molecular organization and
excitonic transport, showing that increased packing density enhances diffusion coefficients
while reducing exciton lifetimes. As a resuhig optimal diffusiorlength emerges as a trade

off between these competing effects, offering guiding principles for designing artificial light
harvesting systems inspired by natural processes and advancing our understanding of nature.

References

[1] Brinatti Vazquez, G. D., Lo Gerfo Morganti, G., Vasilev, C., Hunter, N., van Hulst, N. F., Structured
Excitation Energy Transfer: Tracking Exciton Diffusion below Sunlight Intensity. ACS Photonics, 11, 3,
13181326 (2024).

[2] Brinatti Vazquez*, G. D., Lo Gerfo Morganti*, G., Block, A., van Hulst, N. F., Liebel, M., & Tielrooij, K. J.,
Spatiotemporal Microscopy: Shining Light on Transport Phenomena. Advanced Electronic Materials, 10,
2300584 (2024). *Equal contribution.

A

l


mailto:giulia.lo.gerfo95@gmail.com

Pf OGN FFEad alLISOGNRaO2LRe YSGK2RAa Ay |
/| KIFANBY bAO2tSglt [ A3

Reaktime tracking of ground- and excitedstate responses of photoactive
molecules to a change of microenvironment, from femtoseconds to
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Light triggers fundamental biological processes in nearly all living organisms, by promoting
(multi)chromophoric biomolecular systems to an excited state, which activates their function. The
ability of these photoactive systems to absorb and use solagyeisenften controlled by their
microenvironment, which modulates their structural and energetic landscape. Severatetipusive
photoactive materials are designed based on this principle.

Understanding how photoactive molecular systems respond to light and environment requires tracking
changes at both the electronically excitadd grounestate levels, with ultrafast resolution and across

a broad range of timescales. Indeed, while lighticed excitegstate dynamics involve processes as
rapid as a few femtoseconds, the structural and electrostatic responses to changes of microenvironment
occur at timescales orders of magnitude slower, up to the millisecond and beyond.

We demonstrate that this investigation can be enabled by a novel and universpllbeedtrafast
spectroscopy method that: (i) induces controlled changes of environment, specifically pH, and (ii)
probes photoactive systems' rapid responses in the dyranch excited state from femtoseconds to
milliseconds. Controlling changes of microenvironment argiimultaneously bridging the ultrafast
timescales of excitedtate dynamics with the slower ones of environmental and conformational changes,
is key to asgtancing our understanding of how living organisms and artificial materials regulate the
interplay between light, environment, and structure inJigtliced molecular processes.
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Living Materials for Solar Energy Conversion from Photosynthetic Microorganisms and
Biopolymers
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The combination of photosynthetic microorganisms with tailored molecules and polymers to engineer
biohybrid materials for solar energy conversion represents a promising and innovative fiatier.

have devised multiple strategies to improve light harvesting and carbon capture efficiency in
photosynthetic microorganismsjong with developing biopolymédrased interfaces that integrate
photosynthetic cells or active photoenzymes with electrodes for photocurrent geriération.

We have successfully interfaced metabolically versatile purple photosynthetic bacteria with electrodes
using polydopamine as a béalhesive layer. This configuration preserves cellular activity while
enabling efficient transfer of pheinduced electronsesulting in stable and sustained photocurrent
generatiort.In a complementary approach, we demonstrated that diatom microalgae can be directly
immobilized on ITO surfaces to fabricate living electrodes. These biohybrid systems exhibit
remarkable resiliere; enduring multiple desiccation cycles and maintaining photocurrent production
for up to 15 days in photoelectrochemical c&Néoreover, naturally nanostructured biosilica

extracted from these same microalgae can be used for the design of advanced smart materials; for
example, to create magnetic shuttles to bear and spatially transport living neurons inside a microchip
like device”

Overall, our biohybrid systems exhibit remarkable flexibility and sustainability, laying the foundation
for a new generation of living technologies aimed at clean energy production and environmental
remediation.
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Microscale imaging sheds light on speciespecific strategies for photeregulation and photo-
acclimation of microphytobenthic diatoms
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Intertidal microphytobenthic (MPB) biofilms are hotspots of coastal primary production [1], primarily

driven by pennate diatoms that regulate light stress througpmatochemical quenching (NPQ) and
vertical migration. In motile (epipelic) diatoms, mitica is the dominant photoregulatory mechanism
[2], enabling them to avoid high irradiance and display traits oflight acclimation, such as reduced
NPQ capacity compared to nomotile (epipsammic) forms [3]. However, many previous studies have
focusedon lowlight acclimated monocultures (e.g. [4]), which do not reflect the complex and

dynamic conditions of natural biofilms. In this study, we combined variable chlorophyll fluorescence

imaging, fluorescent cell labelling in sediment cores, and scantdagan microscopy to investigate
speciesspecific NPQ responses and migratory behaviours of four epipelic diatom species from a
natural MPB community. These species exhibited a broad range of NPQ capagitiater than

those previously reported for epgmmic diatomd suggesting functional diversity in their light
response strategies. This diversity may facilitate their coexistence within tightly packed, vertically
stratified light niches in MPB biofilms. Moreover, we demonstrate that diatom cell orgamteithin

the sediment matrix is ligltependent: under high irradiance, cells tend to align more perpendicularly

to the surface, while under low light, a parallel orientation is favoured. This behaviour suggests a
novel photoregulatory strategy based ardoiating the cellular light absorption cressction.
Together, these findings emphasise the need to consider spgetfic photebehaviour and spatial
orientation when investigating MPB community function and gée dynamics.

[1] - Underwood, G.J.C. & Kromkamp, J. (1999) Primary production by phytoplankton and
microphytobenthos in estuaries. Advances in Ecological Research,i2%$393

[2] - Perkins, R.G., Lavaud, J., Serddio, J., Mouget, J.L., Cartaxana, P., Rosa, P. et al. (2010) Vertical

cell movement is a primary response of intertidal benthic biofilms to increasing light dose. Marine
Ecology Progress Series, 4167 203.

[3] - Jesus, B., Brotas, V., Ribeiro, L., Mendes, C.R., Cartaxana, P. & Paterson, D.M. (2009)
Adaptations of microphytobenthos

assemblages to sediment type and tidal position. Continental Shelf Research, 29634624

[4] - Barnett, A., Méléder, V., Blommaert, L., Lepetit, B., Gaudin, P., Vyverman, W. et al. (2015)
Growth form defines physiological photoprotective capacity in intertidal benthic diatoms. The ISME
Journal, 9, 3P45.
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Photobiological Hydrogen Production Using Photosynthetic Microorganisms
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Hydrogen is widely regarded as the most promising green fuel among clean and renewable energy
sources, owing to its high energy density, conversion efficiency, and sustainability. Among various
production methods, biological hydrogen generation is the emviitonmentally friendly, with
photosynthetic microorganisms offering the greenest route [1]. These bacteria can convert organic
acids into biohydrogen, and their growth can be supported by biodegradable industrial byproducts rich
in carbohydrate$ such asrewery and coffee wastserving as lowcost, sustainable feedstocks.

The photosynthetic bacteriuRhodobacter sphaeroidess selected for its exceptional metabolic
flexibility and its ability to export electrons via extracellular electron transfer (EET). Both its growth
and photoinduced electron transfer procedsa®odic and cathodic can be fineuned to optimize

hydrogen poduction. To further enhance EET efficiency and system stalilitgphaeroidesells

were encapsulated with polydopamine (PDA) [2, 3], a bioinspired conductive polymer. PDA acts as an
interface mediatg improving contact between cells and the electrode surface while preserving cellular
viability and activity.

Finally, coupling this strategy with the use of wadégived substrates offers a novel and sustainable
approach to industrial waste valorization, enabling clean energy production through biohydrogen.

Fundings:

PCR ““u EETT This research was funded by the European UhiNiextGeneratioEU from the
Itallan Ministry of Environment and Energy Security POR H2 AdP MMES/ENEA with involvement
of CNR and RSE, PNRRMission.
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Upcycling agri-food by-product with phototrophic purple bacteria
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Introduction: Phototrophic Purple Bacteria (PPB) are very promising organisms for the development

of resource recovery strategies and circular biobased economy. Indeed, their very versatile metabolism
make them capable of using a very large variety of substrate amcaitbogen and electron sources.

When growing phototrophically, these organisms reach the maximum nutrient conversion yield of one,
allowing for very efficient waste stream treatment and resource recovery.

Context: In our laboratory, we are studying the production of PPB as innovative {peaittoting

ingredient for feed and food applications. In this case, waste stream have to be properly selected in
order to ensure foedrade quality. Agrfood industry producesevy large amount of food grade

waste or byproduct which are today very poorly valorized [1]. Indeed, most of the today existing
valorization strategy consist in energy or fertilizer production which represent a decrease of the
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of the product is increased. It is notably the case with the use oftsegfafiactory molasses for the
production of PPB. Hence, molasses contains essentially sucrosmthg ased to produce biomass
of PPB which is not only protein rich but also contains antioxidants and vitamins.

Results:We have recently optimized the useR¥fodospirillum rubrunior the valorization of sucrose
containing agrfood waste. The strain has been adapted to the assimilation of glucose which is
impossible in the WT strains. A cultivation process has been developed which use low cost
photobioreactor in order to decreadgnificantly capital expenses. Today the cultivation process is
being optimize to tune the metabolism of PPB to maximum carbon conversion yield and the
production of healtfpromoting component.

Conclusion The use of low cost production facilities for production of biomass of PPB to be used as
innovative and healtpromoting feed and food ingredients today appears as a sustainable and
economically viable resource recovery strategy for-fgril waste valaeation.

References
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Biocompatible Strategies for Microalgaebased Biephotoanode Fabrication and Electron
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Biophotovoltaic (BPV) devices are becoming a serious alternative to traditional 4ihsed

photovoltaic panels, thanks to several potential benefits like biodegradability, recyclability and
durability. The use of intact photosynthetic microorganisms isatated photoactive proteins carries
significant advantages, as demonstrated by the successful implementation of cyanobacteria, green and
even brown microalgae (diatoms) in BPV devit&sis last group has been largely underrepresented

in the field, with only some remarkable works repofBéatoms can provide significant photocurrent
intensities, while demonstrating resistance to stressors such as desiccation, which comes as an
advantage when it comes to processing them into a living biodmdde=over, diatoms hold the

unique characteristic of bearing nanostructured biosilica microscopic shells (frustule), that can be
functionalized with active molecules or polymers. With one of tagrohallenges in BPV design

being electrical communication between the micro
different strategies have been developed, based on direct electron transfer, or the use of soluble
electrochemical mediatofshe use of biocompatible, conductive polymers could increase the

electron flow, while providing a suitable scaffold to an electrogenic community of microorg&nisms.

This work aims to study the photocurrent extraction from different species of green miceoalgae
diatoms, starting with an evaluation of their electrogenicity and resistance to the extraction process;
followed by an exploration of several hiwspired mediators and organic polymers, to bridge the
photosynthetic apparatus and the BPV cell. Cyalitammetry and chronoamperometry

measurements have been performed inside a-#heetode cell. Their interaction with different

soluble mediators and polymers has been thoroughly studied. Up to this point, we have standardized a
method to produce robusticroalgaebased bigphotoanodes, resistant to desiccation and we have
identified promising biocompatible approaches to ease the transfer of electrons between the biotic and
abiotic components of a BPV cell.
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Bridging Diamond and Cyanobacteria: the Role of Polydopamine in Photocurrent Generation
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1000

Harnessindghe natural photosynthetic capabilities of — —L. Indica + PDA (1)
microorganisms through engineered biohybrid interface g L

offers an exciting avenue for green energy production f g 800 ~ PDAONY (2)
Earth andspace applicationsHowever, to operate = 700 r o
efficiently under the harsh conditions of space, materia @ oo |f L. Indicain
compatibility and resilience to ionizing radiation are 8 5y h‘ solution (%)
paramount. _ . _ S 400 \I —Bare diamond (4)
In this study, we introducersovel biohybrid electrode 5

integrating the radioresistant cyanobacterltimnospira & 3% ‘|“

indica PCC 8005(1,2) with boron-doped diamond § 200 “

(BDD), a chemical and radiatieolerant wide bandgap 100 .‘5‘

semiconductor. The interface between both materials it o ===

enhanced usingolydopamine (PDA), a biocompatible -10 10 30 50 70

and redoxactive polymer inspired by mussel adhesion Time (s)

proteins. Figure 2: Photocurrent densities of different systems

upon illumination with white light.

Short outline: the bidybrid electrode was fabricated by

electropolymerizing PDA directly onto BDD in the presence.dhdica,by cycling the applied

potential betweerD.5 and 0.5/ for 50 cycles, leading to the formation of a stable, ligisipponsive

layer. While neither PDA (2) nor L. indica in solution alone (3) produced significant

photocurrent upon illumination with white light, their combination (1) led to a four-fold

increase, reaching 0.7p1A/cm?2 (see figure). This photocurrent is attributedyoergistic direct and
mediated electron transfer (DET and MET) pathways, facilitated by the PDA network, as supported by
chronoamperometric measurements using a 3.5 kD dialysis membrane between the biological layer
and the diamond electrode to block DEEbnceptualization of the system and findings will be

discussed.
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Psoraleri UVA (PUVA) is a wellestablished, but sometimes forgotten, therapeutic option for a wide
range of skin diseases. It has undoubted efficacy in many conditions and whilst narrow band UVB
phototherapy would usually be the first phototherapeutioofior most skin diseases for whom
topical therapies do not suffice, the availability of PUVA is invaluable for patients who either fail to
respond or rapidly relapse after UVB photothetapydeed, it would be a first line phototherapeutic
option for paients with hand and foot dermatoses, pityriasis rubra pilaris, plague mycosis fungoides,
hypertrophic lichen planus or nodular prurigo. For psoriasis, studies have indicated >75% in psoriasis
severity in approximately 80% of patients, comparable to dwarecomes with biologic treatments. If
psoriatic arthritis is a factor, PUVA would not be suitable as a systemic approach is required.
Historically, the skin cancer risk of PUVA has instilled undue concerns for some, but risk is mainly
for those having had >150 PUVA treatment and keeping this in context, a course of PUVA may only
involve 1216 treatments, and with monitoring and avoidasfomaintenance treatment, most patients
will never reach such high cumulative treatment numbers. Furthermore, this must be balanced against
adverse effects with other therapies, including the biologics. PUVA may be preferred for patients with
localised dsease or those with an acute flaggbut may not need lorigrm treatment, such as with
biologics. In an established phototherapy unit, the practical aspects of PUVA delivery should not be
limiting. PUVA is typically more coseffective than biologics, dough biosimilars, insurance cover,
reimbursement and practicalities of service set ups will play a part.
In conclusion, PUVA remains an invaluable option for the management of a variety of skin diseases.
Individual factors will come into play when deciding on the most appropriate option for patients, such
as their diagnosis, disease severity, comorbiditidsgpatient and service preference. Retention of
PUVA services is an asset for dermatology, enhancing the availability of personalisedqestissd
care and effective therapeutic options.
Reference:
1. Ling et al., British Association of Dermatologists and Brif&diotodermatology Group
guidelines for the safe and effective use of psoralgraviolet A therapy 2018r J Dermatol
2016; 174: 2465. https://doi.org/10.1111/bjd.14317
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Phototherapy of atopic dermatitis
Mariateresa RosskRierGiacomo CalzavaraPinton
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Atopic dermatitis (AD) is a chronic, relapsing inflammatory skin disorder characterized by intense
pruritus and a significant impact on quality of life. While topical and systemic treatments remain the
cornerstone of management, phototherapy has emergedhsable, evidenekased therapeutic

option, particularly for moderatim-severe and refractory cases. This presentation will provide an
updated overview of the mechanisms, efficacy, and safety of various phototherapeutic modalities in
AD, including narowband UVB and UVAL. Special emphasis will be placed on patient selection,
treatment protocols, loAgrm outcomes, and integration into personalized therapeutic strategies.
Recent insights into the immunomodulatory effects of phototherapy and its téeéra of biologics

will also be discussed. Phototherapy continues to be a clinically relevartffeasive, and well

tolerated approach in the multidisciplinary management of atopic dermatitis.
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EXTENDED ABSTRACT

Background: Photosensitivity disorders are a diverse group of conditions triggered or worsened by
exposure to ultraviolet (UV) and visible light. These include immunologically mediated diseases (e.g.,
polymorphic light eruption, actinic prurigo), metabolic (e.grpbyrias), genodermatoses (e.g.,
xeroderma pigmentosum), and photoaggravated dermatoses such as lupus or eczema. Patients often
experience significant impairment in quality of life.

Objectives To review current strategies in the photoprotection and clinical management of
photosensitive disorders, with emphasis on the efficacy of different photoprotective approaches and
the role of emerging therapies.

Methods. Data from multiple in vitro and clinical studies were analyzed, evaluating sunscreens,
fabrics, hats, antioxidants, systemic agents (B@ypodium leucotomoafamelanotide), DNAepair
enzymes, and behavioral interventions. Protection was assessed in terms of UVR/isible/infrared
attenuation, clinical outcomes (e.g., PLE symptom reduction), and patient adherence.

Results High-UPF clothing and broagpectrum sunscreens with critical wavelength >380 nm are
essential. Some patients benefit from tinted formulations or products enriched with antioxidants or
DNA-repair enzymes. Agents such as ectoin, calcipotriol Paypodium leucotomashowed added
value in PLE. Dupilumab and omalizumab are promising systemic therapies for selected
photodermatoses. Psychological interventions (e.g., XPAND program) significantly improved
photoprotection behaviors in xeroderma pigmsatio. Infrared radiation may also play a key role in
photodermatosis pathogenesis, suggesting the need for broader protection strategies.

Conclusions Management of photosensitivity disorders requires a multifactorial approach: physical
protection, tailored topical formulations, systemic photoprotectors, and behavioral interventions.
Ongoing research on new filters, antioxidants, and biologics is dixpgatherapeutic options and
improving quality of life for affected patients.
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Introduction: Photodermatoses, including conditions such as Solar Urticaria and Chronic Actinic
Dermatitis, are characterized by heightened skin sensitivity to both outdoor and, occasionally, indoor
light. This sensitivity may stem from altered immune reactions, geflaetiars, side effects of

medications or ovethe-counter remedies, or from unknown causes [1]. The symptoms, which can
include intense pain, itching, and rashes lasting several days or more, can severely impact the quality
of life and mental health of defers, with rates of depression and anxiety approximately double that

of the general population [2]. Disease management typically involves sunlight avoidance and
photoprotection. However, there are few tools available that providémeainformation on

accumulated light exposure and its potential to trigger photosensitivity.

Method: Following discussions with photosensitive patients at the Scottish Photobiology Service, we
explored the potential of repurposing the research tool ExpoDose® (Figure 1,

www.expodose.com, siHealth Ltd) to assist in managing light sensitivity
conditions, as part of clinical service development. ExpoDose® monitorf
personal solar exposure via a smartphone app, utilizing GPS location aff .. ..
satellite data to calculate sunlight incident on the user. The project, nan
APPETISER AssistingPhotosensitivdPatientsExcel Through Erythemal dose
Information onSun Exposure: &Realism Study), aims to investigate the
technical, practical, and experiential aspects of this technology with a
group of lightsensitive patients. Patients will provide feedback on their
engagement with the technology, its impact on managing their
photosesitivity, and the perceived value of the tool.

Results: The main phase of the project commenced in April 2025 and w I Y
conclude in July 2025. Initial feedback indicates that 80% of patients |

the ExpoDose® app daily, with the same percentage finding the app igure 3 The ExpoDose®
to use. Earhstage feedback also shows that 40% of users are satisfieSTartehone app

with the app's performance, while 30% are dissatisfied, potentially due 1§ -
early technical issues, which affected 70% of users.

Conclusions:Initial experiences of photosensitive patients with the
ExpoDose® app are varied. Technical difficulties have influenced
perceptions, but encouragingly, a significant percentage of users are satisfied with the app's
performance. Subsequent questionnaires will aim to determine whether ExpoDose® influences the
management of photosensitivity conditions and the value paties ph the technology.
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of pre-existing pigmented lesions

Marie Jurgens!, Carla Anderlé Kathrin Schelonke Viola Kuerter, Daniela BruckGerharz?, Peter
Olah', Bernhard Homey

! Department of Dermatology, University Hospital Disseldorf, Medical Faculty, Heikigdihe
University Duesseldorf, Duesseldorf, Germany

*correspondencedail: bernhard.homey@med.uduesseldorf.de

Keywords: Erythropoietic protoporphyria, afamelanotide, inflammation, pigmented lesions
EXTENDED ABSTRACT

Erythropoietic protoporphyria (EPP) is an inherited porphyria caused by the defective activity of
ferrochelatase (FECH), resulting in painful and debilitating phototoxicity In recent years,

afamelanotide, a syntheticalphee | anocyt e st i mMSHJahalogug hatbeenmone ( U
successfully used to alleviate sympuSHstmulaend i ncr
melanocytes through engagement of its cognate melanocortin 1 receptor (MC1R), we were interested

in the longterm dynamic change the frequency as well as distribution of demarcated pigmented

skin lesions including nevi. In the present study, we monitored the quality of life, time spent outside,
phototoxicity events and the number of demarcated pigmented lesions as well dsttitgitidn in

108 EPP patients over a period of 24 months. At baseline, the distribution of pigmented lesions was
significantly associated with subjects’ increased age, Fitzpatrick skin type and the measured body

sites, but not gender. An increase intlienber of demarcated pigmented lesions was apparent after

the first year of treatment, but plateaued during the second year, indicating a possible demasking effect
of pre-existing demarcated pigmented lesions such as nevi during afamelanotide treatahestteBo

specific increases were observed in-eMposed areas, as expected. Notably, no malignant pigmented

skin lesions were observed. Taken together, the present study underscores the benefit of afamelanotide
treatment in EPP patients and points towadésmasking effect of MC1R signaling for feisting

pigmented lesions but does not indicdéenovanevogenesis.
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We are currently facing the challenge of designing alternative photoprotective strategies adjusted to
cover the needs observed by the clinicians, while keeping in mind the optimization of the general
population’s adherence and saf¢ly. This has accelerated the search for new photoprotective
ingredients, and natural extracts represent the most promising and attractivgource

Aiming to identify, characterize, and develop new photoprotective ingredients, we present here Aspa
Fernblock, a novel botanical technology derived from the combination of two diffé&xspalathus
linearisextracts and a specific extract frétolypodium leucotomogirst, we employed a cellular model

to address fibroblast survival rates after UV exposition, observing a synergistic photoprotective effect
in treatments with a determined combination of bthinearisextracts[3]. Considering the presence

of UV-absorbing metabolites (flavonoi ds, pol ypheno
practical application of these extracts in photoprotection, we analyzed the UV filtering potential of the
A. linearisextracts when included in topical formulations (sunscreens, \atro assays following ISO
24443:2022. Interestingly, the extracts provided a booster effect in SPF and UVAPF when combined
with standard filters for UVB and UVA, increasing protection factors over 50% wirapared to the

results of the standard filters alone. Moreover, the photostability of avobenzone and octinoxate was
significantly increased when combined with. linearis extracts after a solar simulated dose
corresponding to 5.7 minimal erythemal doses for a phototype Il. Fidallimearis extracts were
included in a commercial sunscreen formulation, and the SPF was measurednuviderassays
following 1SO 24444:2021, showing an increase of 14,6% of SPF. Additionally, employing the
mentioned cellulamodel addressing fibroblast survival, a complementary photoprotective effect was
observed when testing these tvolinearisextracts in larger combinations with a specific extract from
Polypodium leucotomd8], supporting its jointed use as Asparnbloci.

Altogether, these results represent a solid scientific grounding for a natural photoprotective ingredient
that would facilitate the activity of the skin’s endogenous protective mechanisms, but also possesses
interesting filtering properties, being ablenorease the SPF values of complex formulations and their
photostability. This encourages the inclusion of ABpanblocK as a proper biological filter in future
alternative photoprotective strategies, addressing important concerns in the field.
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Introduction & Objectives:

Skin cancer, the most prevalent malignancy worldwide, is primarily caused by ultraviolet radiation
(UVR), which damages lipids, proteins, and DNA, leading to erythema, premature aging, and
consequently skin cancer. The rising incidence of keratinocytanoaras emphasizes the need for
improved photoprotective measures. Systemic photoprotection is increasingly utilized. This study
evaluates the photoprotective effects of nicotinamide (NAM) and polypodium leucotomas (PL).

Materials & Methods:

This intraindividual controlled trial included 50 healthy, skin phototypk participants, divided into
two groups receiving either NAM (2000 mg daily) or PL (480 mg daily) for 30 days. The
photoprotective effects of these substances were assessgd nsimowband UVB (TLO1) light
source. The minimal erythema dose (MED) was evaluated, along with cyclobutane pyrimidine dimers
(CPDs) in urine and in nuclear DNA of skin biopsies before and after treatment.

Results:

Of the 50 participants, 47 completed the study. The NAM group showed no significant change in
MED after treatment (p=0.533), with a median MED of 0.41 J/cmig##l and 0.47 J/cm2 post
NAM. Conversely, the PL group exhibited a significant increase in MED.00018), with a median
MED of 0.41 J/cm? p<L and 0.53 J/cm? pe§tL. No significant difference in CPDs was observed
between preand postreatment in urine sampleddAM (p=0.85) and PL (p=0.68) groups after
creatinine correction and likewise in tsldn biopsies for both grougp>0.05)

Conclusion:

PL reduced skin redness following UVB exposure but did not protect against DNA damage. NAM had
no effect on inflammation of the skin after UVB exposure and did not protect against DNA damage.
These findings suggest that while PL decreases redness upoexpdgBure, it does not prevent DNA
damage and, consequently, skin cancer. Further studies are necessary to investigate reproducibility and
with a light source with better resemblance to the solar UVR spectrum.


mailto:aheen@rn.dk

t K2G2aSyairs@Aaltes tK2U02RAF3AYy 243
I KFANY {Fffe& L¢

Independent assessment of DNA damage from high exposures to Ay C
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Background

FarUVC (200235nm) is a promising modality for indoor disinfection of airborne pathogens, causing
DNA and protein damage to pathogens rendering them inert, while purportedly remaining safe for
human skin and eye exposure [1]. A recent study (PIVUC) egdusalthy volunteers to high doses

of FarUVC to investigate possible upper limits of safe skin exposure. This study had two-d$tages
Stage 1 twelve volunteers were irradiated with 3000 and 6000 r2JofrRarUVC and a 2x NB

UVB MED positive control,m Stage 2 eight volunteers were irradiated with a chronic 12000 R2J cm
exposure (1500 mJ cthtwice daily for four days) and a 2x NBVB MED positive control. No

visible effects (e.g. erythema) after FdlvC exposure were noted in the PIVUC study.

Objectives

To determine DNA damage via assessment of o0H2AX
Methods

Skin sections were blinded during processing until all samples were analysed. Samples were stained

with o9H2AX antibody and DAPI, then analysed via
thickness was also measured.

Results

There are significant | evels of o92H2AX present in

a (nonsignificant) difference between 3000 and 6000 mPognoups indicating potential dose

response. While there was significant difference betweesinkiée 3000 mJ cr2 and NBUVB

exposures, there was no difference between the chronic 12000-ehdrmfNBUVB exposures,

indicating an accumulation of DNA damage in repeat exposures. There was an association between
increasing stratum corneum thicknesdand e cr ea s i ng -OW2¥pdsuréspbut nat forl Far
NB-UVB exposures.

Conclusions
Whereas previous assessment of DNA damage via detection of CPDs showed minimal damage only in
the uppermost | ayers of the skin [2], in this st

including the basal layer. Though these exposures far exceedtéet dGNIRP and the ACGIH skin
exposure limits (23 mJ ¢ and 479 mJ cr2 respectively, 222 nm unweighted), it is important to
determine a threshold limit wherein Rd¥C exposure may be expected to cause harm. As such, work
following on from this studwvill aim to replicate these responses in ex vivo tissue, and characterise a
dose response curve for DNA damage caused biWar exposure.
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Advancing Dental Care with Nonthermal Light-Based Technologies
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The field of dental care is undergoing a paradigm shift with the integration of nonthermablégiut
technologies, offering innovative and noninvasive solutions for diagnosis, treatment, and prevention.
This talk will explore key modalities such as ptaytoamic therapy (PDT), photobiomodulation

therapy (PBMt), and optical diagnostics such as fluorescence imaging.

These technologies employ proper wavelengths of light to elicit targeted biological responses without
generating heat, enabling safer and more precise interventions. PDT provides an effective
antimicrobial approach for managing periodontitis, endodonficiions, and contaminated mucosal
lesions. PBMt promotes tissue regeneration, reduces inflammation, and alleviates pain across a range
of oral conditions. Fluorescence imaging enhances diagnostic accuracy by enabliingereatection

of biofilm and edly oral cancer. Incorporating these nonthermal technologies into routine dental
practice not only improves patient outcomes but also supports the shift toward personalized and
preventive care.

This presentation will highlight clinical findings and emerging applications, emphasizing the
transformative potential of nonthermal photonic technologies to redefine therapeutic protocols and
advance longerm oral health.

Funding: FAPESP, CNEN and CNPq
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The oral microbiome plays a crucial role in both oral and systemic health. This complex community of
microorganisms contributes to immune homeostasis, metabolic regulation, and colonization resistance.
Oral microbiome dysbiosis has been implicated not onlgcal pathologies such as caries,

periodontitis, and peiimplantitis, but also in systemic diseases including cardiovascular disease,
diabetes, adverse pregnancy outcomes, and neurodegenerative disorders. As a result, therapeutic
strategies that pron® a balanced oral microbiome are of increasing interest.

Antimicrobial photodynamic therapy (aPDT) is a promising adjunctive treatment for oral infections. It
utilizes a photosensitizer, light, and oxygen to generate reactive oxygen species (ROS) that can
inactivate microorganisms, with the important advantdgebinducing antimicrobial resistance.

However, the susceptibility of oral microorganisms to photodynamic inactivation is sgepiesdent

and influenced by biofilm architecture and ecological interactions.

Emerging research on Atargeted aPDTO0 explores st
action toward pathogenic species within dysbiotic oral biofilms. Approaches such as the conjugation

of photosensitizers to specisgecific binding domaing.g., phagelerived cell wall binding

domains) may enable selective targeting of pathogens like Porphyromonas gingivalis or
Fusobacterium nucleatum, while minimizing disruption of beneficial commensal communities.

Although this concept remains experiméniteoffers a promising avenue for future precision

modulation of the oral microbiome.

Future research is needed to fully understand thetlenng ecological impacts of aPDT on the oral
microbiome and to refine these targeted strategies for clinical use.
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Candida albicansis a fungal organism that can shift from being a harmless commensal to a
pathogenic agent, particularly in immunocompromised individuals. It frequently forms biofilms that
increase its resistance to antifungal treatments. This study evaluates the abi@nétficacy of a

novel photosensitizer, Butyl Toluidine Blue O (BuTBO), for the photodynamic inactivatiGn of
albicans BUTBO, a phenothiazinleased photosensitizer, was tested for its ability to reduce fungal
viability under various light irradiatiooonditions.

Methods: Candida albicangATCC 90028) was cultured on Sabouraud Dextrose medium and
suspended in PBS to prepare an inoculum of 10
concentration of 100 uM and incubated with the yeast for 1 minute prior to irradiation with a 660 nm
diode laser. Samples were collected after 1, 2, 3, and 5 minutes of irradiation for analysis.

Results: BuTBO-mediated antimicrobial photodynamic therapy (aPDT) significantly reduced yeast
viability following laser irradiation. BUTBO uptake was confirmed through spectroscopy and
fluorescence microscopy. However, prolonged incubation times did not impfmeegf despite
increased photosensitizer uptake.

Statistical analysis was conducted usingasey ANOVA f ol l owed by Tukeyobs

Conclusion: BuTBO-mediated aPDT effectively reduc€&d albicansviability in a timedependent
manner. Its preferential accumulation in the cytoplasm highlights its potential as a therapeutic agent
against resistant fungal infections.
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Proof-of-concept for systemic photodynamic therapy with methylene blue
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irradiation

The global emergence Gfandida aurisas a multidrugesistant fungal pathogen has posed a significant
challenge to current antifungal therapies, particularly in the context of systemic infections affecting
immunocompromised patients. The ability@fauristo colonize the bloodstream and internal organs,

coupled with its high resistance to fitste antifungal agents, underscores the urgent need for alternative
treatment strategies [1, 2]. Photodynamic therapy (PDT), which involves the use of lightate ac
photosensitizer like methylene blue (MB) generating reactive oxygen species that kills microbial cells, has
been widely explored for superficial and localized infections, but its systemic use remains limited due to
challenges in light delivery amhotosensitizer biodistribution [3, 4].

In this study, we assessed the profitoncept for systemic PDT by evaluating its efficacy in a murine model

of disseminatedC. auris infection (CBS 10913 strain). Female BALB/c nude mice were assigned to three
groups (re 4/group): (1) Control, (2) Frek!B and (3) MB-stained. In the MBstained group, equal volumes

of a fungal suspension (2XIGFU/mL) and MB solution (Ing/kg) were mixed and incubated for 2,

resulting in a final suspension of 1#XOFU/mL and MB at 0.5ng/mL. A total of 206 L o mixtaréh e

was intravenously injected via tail vein. In the FKMB group, mice were first injected with 180L o f t he
yeast suspension (2X8L.GFU/mL), followed 20min later by 10&@ L M B mgniL. Cbntrol mice received

the same fungal inoculum, followed gin laterby 10&@ L o f st e rbuffered splihedPBH)hFarty e
minutes after the final injection, all animals underwent wAbady iradiation for 30min using the LEDbox

system (Biolambda, Brazil), delivering red light at 660 (50mW/cm?2, 90J/an2). Blood samples were
collected at baseline,Hand 24 posttreatment. Fungal burden was quantified by serial dilution and plating.

As shown irFigure 1, no significant differences were observed among groups atttiengpoint. However,

at 24h postPDT, both FreeviB and MB-stained groups showed significantly reduced fungal loads when
compared to the Controlgroupahl Al t hough vy eaessimilacimboth MBreated grodpd, h w
the MB-stained cohort showed a significant baseline reduction, implying that intracellular MB accumulation
potentiates PDT against systemic infections. Current studies are probing higher MB concentrations and

membrane per meabi l i zing adjuvants to further enhance u
10¢ _ Figure 1. Fungal burden in periphera
B = Baseline blood of mice at baseline, 1 and 24
10° == Control after PDT. A significant reduction in
= Free-MB fungal load was observed in the MB
102 = MB-labeled stained group at 24 h compared to

baseline (*p<0.05), and in both Free
MB and MB-stained groups compare
to the Control at h postPDT (#,
p<0.05). Bars represent mean + SD;
oneway ANOVA followed by
Tukey's post hoc test.

10

Fungal burden (Logs CFU/mL)

100

1 hafter PDT 24 h after PDT
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The oxidation of proteins and, in particular, of tryptophan (Trp) residuestteadsmical modifications

that can affect the structure and function. The oxidative damage to proteins in photochemical processes
is relevant in skin and eyes and is related to a series of pathologies triggered by the exposure to
electromagnetic radiatiotJV-A (320 400 nm) and visible radiation induce oxidation reactions through
photosensitized processefhotosensitization of Trp is also important because in its degradation
generates photosensitizers. This is a case in which products of a photosepsiicass can act as
photosensitizers themselves, leading to further photosensitized damage. In this chHhtext,
formylkynurenine (NFKyn), product of the photosensitized oxidation of Trp, is an efficient
photosensitizer able to be excited with UVA radiafidm.the oxidation of Trp by singlet oxygehQp)

it has been proposed the initial formation of an unstafbigdBoperoxytryptophan (Tk@OH) via ene
reaction, which then evolves to NFKyn in a complex series of competitive pathways.

In this work we studied the photosensitized formation of NFKyn from Trp in different reaction systems.
We used two substrates: free Trp and a peptide of nine amino acid residues, Trp being the only oxidizable
residue. Two different photosensitizers werg@hlayed: Rose Bengal (RB) and pterin (Ptr). The former

is a typical type Il photosensitizer (acts by produci®g), whereas Ptr is the parent compound of
oxidized or aromatic pterins, natural photosensitizers that accumulate in human skin under certain
pahological conditions and photosensitizes the oxidation of Trp mainly through type | mechanisms
(generation of radicald) Experimental data were collected in steady photolysis and the irradiated
solutions were analyzed by ] PR

chromatography (HPLC). Results indicate ~ (5) (oA A8 (s

that the reaction of Trp withO; initiates (s)7s)7 Y ) oon
the process leading to NFKyn, but different N w hd -,
competitive  pathways take place, NN Ncoom

depending on the photosensitizer and the cTrp-00H [cTrp-OOH] A+
substrate (Scheme). In Pt f.—> % 5 /«

photosensitization, type | mechanism is 0, 10, o
involved in  secondgr reactions 0 K oon 8 o &R
accelerating the formation of NFKyn when con Cj/\(““ ©5MNH
free Trp is the substrate. mz v " NNo
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Hyaluronic acid (HA), widely known for its hydrating capabilities, can penetrate deeper into the skin
in its low molecular weight form, promoting tissue repair and reducing inflammation [1]. Nitric oxide
(NO), a gaseous signaling molecule involved in ussiphysiological and pathological processes, is
expected to enhance HAOGs ef f eicflanEmatorymandt he s ki n
regenerative actions [2]. Here, we present a new class dfd3ad compounds functionalized with

NO photodonors (NOPD4gor light-triggered therapeutic use [3]. Upon blue light exposure, the
synthesized HA derivatives HNOPD1 and HANOPD?2 effectively released NO. In vitro assays on
HaCaT keratinocytes showed enhanced cell proliferation and migration under light stimulati
underscoring the therapeutic potential of NOPD1. The derivatives were formulated into
microemulsions (MES) to enable skin delivery. These photoresponsive MEs achieved efficient NO
release under irradiation, with higher quantum yields than the unfatead compounds. Skin
permeation studies on porcine and artificial membranes confirmed thBIRD?2 reached all skin
layers, including the dermis, and released NO in situ.
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Furocoumaring in particular psoralerisare herbal substances with a long pharmaceutical tradition
(for structure see Figure 1) [1]. In the PUVA treatment of skin diseases, psoralen derivatives are
administered and the affected skin region is expose/#v radiation [2]. Psoralens are known to
target DNA by intercalation ensued by phaiiddition to the DNA base thymine (see Figure 1) [3].
Angelicins are angular furocoumarins that also interact with DNA, yet have not found broad
pharmaceutical applicatisras psoralens [4]. Here, we summarize our efforts to scrutinize the
underlying molecular mechanisms of furocoumdINA interactions using timeesolved
spectroscopy and outline future directions.

m a)PET b)Photo-addition  c¢)Crosslinking

o 07 ~No
Psoralen

~

o 0 [s)

—

Angelicin
Figure 1. Structures of relevant furocoumarin parent compounds and-pithioed processes
investigated. (a) Photmduced electron transfer between guanine and excited psoralen. (b) Photo
addition of a psoralen to the DNA base thymine. (c) Crosslinking of DNA tajes.

Experiments on psoralens intercalated into guacomaining DNA revealed a phetoduced
electron transfer (PET) competing with the phattgition (Figure 1a) [5,6]. The actual pheatddition
to thymine was shown to proceeid the triplet state of psoralen in a stepwise fashion (Figure 1b) [7].
Preliminary experiments on the secondary photochemistry of psoralens in DNA, namely the
crosslinking (Figure 1c), suggest that this process also involves the triplet state. With the firs
experimental results aangelicins interacting with DNA the talk will end.
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Simulations

Autoimmune skin disorders are commonly treated with PUN@apy (psoralen + UVAight) [1].

The synthetic psoralen derivative amotosalen (AMO) is used in the inactivation process of pathogens

in blood products, capitalising on its strong photosensitieffect after excitation [2]. The mode of

action consists of two successive steps: AMO ent
into the base pairs of the helical regions of the DNA strands. Then, photoexcited AMO covalently

binds to thymineT) basesyia a biradical [3]. The resulting monoadduct (and interstrand -dirdss

if a second photon is applied) |l eads to photoind
apoptosis [1].
Psoralens, wuswually fAsuffero from a competing rea

energetically favourable photoinduced electron transfer reaction (PET) reduces the cytotoxic effect of
psoralens [4]. Several approaches to reduce the PET impaxj the psoralefdNA interaction have
been explored in the past [5], mainly focusing on the PET energetics.

“mixed” DNA strands

Ta-] Fec fac Intercalation Photoreaction
G H3N© Amotosalen @ ? h

AT CG— cG CG
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Figure4:l nt eracti on of amotosalen (AMO) Revergbledi f f er en
intercalation reaction. UVA-induced covalently linked interstrand crdiggks with thymine bases.

Here, the recently found unique capacity of AMO to intercalate preferentially into |ogNXT

strands, compared to short G@ands [6], is explored by means of Isothermal Titration Calorimetry

(ITC) in combination with Molecular Dynamics Simulations and Molecular Docking A

favourable free binding energy in Aftercalation sites might lead to a higher cytotoxicity of new

psoralen structures, evading the PET process [7]. Thus, quantification and optimization of the
thermodynamics of intercalation might yield more efficiBtVA agents.
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Photosensitization by topical retinoids: from photophysics to photobiology

Juan Antonio SoleOrenes, Gemma M. Rodriguez Mufiz, Matilde Ansiwbiz, Javier Hernandez
Gil, Inmaculada Andrewirginie LhiaubetVallet

Instituto Universitario Mixto de Tecnologia Quimica, Universitat Politecnica de ValénCilC,
Valencia, Spain

Corresponding author-enail: Ivirgini@itg.upv.es

Since their introduction in the 1980s, retinoids have been increasingly used for topical and systemic
treatment of skin conditions such as acslated dermatoses or psoriasis but also for therapy and/or
chemoprevention of skin cancer and other neoplasisag the yearsgchemical modifications have led

to more efficient and safer drugs. But, from a photobiological viewpoint, development &f the 3
generation of polyaromatic retinoids calls the attention on their potential photoactivity. In this context,
adapalene along with tazarotene and tretinoin are currently the three topical retinoids approved so far
by the Food and Drug Administration (FDA).

Therefore, a detailed study of their photophysical and photobiological properties is critical to evaluate
their photoreactivity toward biological components and their potential use as phototherapeutic agents.
In a first stage, the photophysical properties of these drugs are investigated to get more insight into
their excited states and their potential to trigger biomolecule damages. Then, retinoids phototoxicity is
establishedn vitro using the standard Balb/c 3T3 NRU assay, that reveals a photoirrfeatton

(PIF) higher than the threshold of 5 set by the guidelines for phototoxic compounds. The Type |
reactivity of these topical drugs is discussed together with their potential activity and use as
phototherapeutic agents.
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Chemico-physical and biological properties of two monoclonal antibodies,
Bevacizumab (Avastin®) and Durvalumab (Imfinzi®) under realtlife light
doses.
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INTRODUCTION. Monoclonal antibodies (mAbdave recently gained prominence as protein drugs

in the treatment of different kinds of cancer. Because of their protein nature, they can be unstable to
some stressors during manufacturing, transportation, storage, handling/dilution, and administration [
Light can induce chemiephysical changes which can be relevant when amino acids are in the CDRs,
as efficacy and safety could be compromised [ABJS. Chemicephysical stability of
BevacizumabkAvastin® and Durvalumaldimfinzi®, and their biologicahctivity were evaluated under

light doses close to the exposure of mAbs in theirliEal RESULTS. Exposure of the diluted mAbs

to a dose of sunlight experienced in their real life did not affect their conformation. On the other hand,
light was able to induce mAb aggregation, at a higher extent in Bevacizumab than in Durvalumab. The
chemical modificatins detected on both mAbs revealed low oxidative damage plus deamidations.
Chemicaephysical modifications on both Bevacizumab and Durvalumab had litdetefh their target
recognition (VEGF and PDL1, respectively). Furthermore, immunogenic potential in dendritic cells
from differentiated monocytes seems abs€@NCLUSIONS. The chemicephysical changes

induced by realife doses of light on the tested mAbs are not crucial for the overall protein structure
and very low chemical modifications involve amino acids located in the CDRs. Consequently, in vitro
target recognition &rely decreases. Moreover, the detected aggregation does not seem to induce
immunogenicity but to have a role on the decrease of the biological activity.

AKNOWLEDGEMENTS This project has received funding from the Innovative Medicines Initiative
2 Joint Undertaking (JU) under grant agreement N° 101007939 (RealHOPE).
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Uncovering Mutagenic Cascades: A UVIriggered Crosslink Between
Etheno-Cytosine and Thymine Drives Additional DNA Lesions
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Lipid peroxidation is a biochemical process that involves the oxidation of polyunsaturated fatty acids,
the components of cell membranes. In this process, highly reactive species, dbamaaturated
aldehydes, are generated and react with DNA bases, forming-tadlexbetheno adducts These

DNA lesions exhibimutagenic propertiest. Indeed, the increase of lipid peroxidation in

inflammatory process&shas been related to the high levels of etheno adducts in diseases that can lead
tocancer,such s Chr onés di s e d’@onsequentlytheyeare®tcelliee col i t i s
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 etheno derivative (eC). Recently, the increase of its
singlet excited state lifetime compared to that of cytosine was redmdtch points toward a

potentially higher reactivity. Two model compounds containing two eC or eC and thymine

covalently linked by a trimethylene bridge were synthesized and their photoreactivity was evaluated
underdirect irradiation or through ghotosensitizationprocess. Interestingly, under both

conditions, a sole photoproducharacterized as a cyclobutane pyrimidine diik& compound, was
evidenced for the first time. As in the case of its cyclobutane pyrimidine dimer (CPD) analogue,
formation of this lesion might arise fron{2+2] photocycloadditioninvolving the double bond at 5,6

of the thymine and eC. In addition, mechanistic insights were obtained from emission and transient
absorption experiments.

Formation of edC already means a damage by itself, but its harmfulness could be increased if it can
form a CPDtype photoproduct. Thus, the aim of this study is to evaluate the photoreactivity of these
etheno adducts, considering especially the formatiorew CPDlike lesions.
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Figure 1:

Graphical representation of the-@Gnodel and its CPD formation
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"From Reduced to Oxidized: How Eumelanin Oxidation State Modulates
Excited States and Photoprotective Efficacy”
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Human retina is at elevated risk of oxidative stress due to exposure to light (above 3 eV) from focused
irradiation and high oxygen tensi¢h]. Carotenoids such as lutein and zeaxanthin, and melanin are
involed in photoprotection of the retirfd]. In human postmitotic cells, such as retinal pigment
epithelium (RPE) cells, melanin is synthesized early during fetal development and gradually degrades
with age. Agerelated oxidative modifications of RPE melanin are thought to be the result of
photochenical processes. Importantly, oxidatively degraded melanin shows increased photochemical
activity, including increased efficiency of singlet oxygen photogenerd8bnThis suggests that
melanin subunits in different oxidation states exhibit different energy levels for their first excited states,
in particular the first singlet excited state (S
In this study, we aimed at determining the first excited state energies for eumelanin models in different
oxidation states: reduced form hydroquinon (H Q
oxidized form quinone imine (QI). Monomeric modelsndric structures and stacked dimer systems

were investigated. Adiabatic transitions were calculated using the-B3INWP function, with water

modeled as a solvent in the solvation continuum model, and also using th€Z§ét2basis set.
Furthermore, for amparative purposes, excited state energies were determined for retinal carotenoids
(lutein and zeaxanthin) using tetrahydrofuran as solvent.

Our results confirmed that oxidized melanin subunits exhibit lower first excited state energies compared
to their reduced counterparts. Interestingly, the excited state energies for the oxidized forms were
comparable or even lower than those for luteinzaakanthird carotenoids known for their effective

ability to quench singlet oxygen. This is due, among other things, to thearlergy triplet states (T1)

capable of quenching singlet oxygen (approx. 1 @Wjs finding suggests that oxidized forms of
eumelanin can actively participate in quenching of singlet oxygen.

Additionally, we found that DHbased models were more sensitive to changes in the excited state
energy associated with oxidation than DHKBAsed models.The obtained results suggest that one of

the mechanisms of eumelanin photoprotection may be relatée uenching of singlet oxygen via
triplet-triplet interactions interactions as presenteddh[5].

Future studies can be extended to search for melanin modifications that may be associated with a change
in the pigment properties towards gridant properties
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Carnosine oxidation mediated by singlet molecular oxygen
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Endogenous histidineontaining dipeptides, such as carnosmalanytL-histidine, CAR),
homocarnosinestaminobutyryl-histidine), and anserin®@-alanytL-1-methylhistidine), have been
recognized as detoxifying agents against reactive oxygen species. Carnosine is present in high
concentrations in skeletal muscle and in the central nervous system. We have recently observed a
decrease in carnosinevtds in the muscles of rats with aging. A statistically significant decrease was
also observed in the syngmhatic 126day-old ALS (amyotrophic lateral sclerosis) rat muscle

compared to controls of the same age [1]. Interestingly, a decrease in carnosine tissue concentrations
was also observed in muscle biopsies of ALS patients. Recently, singlet exggiatedxygenation

and the subsequent carnosine reaction were analyzed at the molecular level. It was found that a cyclic
homodimer is one of the end products after the photooxygenation of carnosine. These authors
observed the same transformation in pork specafi2]. In this work, we investigated the reaction
products of singlet molecular oxygen with carnosine usintinenreversephase higkperformance

liquid chromatography with electrospray #map mass spectrometry detection. Carnosine (20 mM)

was dissolvd in deuterium oxide containing XM methylene blue and irradiated using light from a
tungsten lamp (500 watts) filtered through a 360 nm cutoff filter. The reaction products were isolated
by reversephase HPLC and characterized by ESI/MS spectral apalsé photosensitization of

carnosine produces oxygenated products analogous to those proposed for free His residues.
Understanding these mechanisms may contribute to clarifying the antioxidant role of carnosine and
support the development of new therafestrategies.
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A Kinetic Approach to the Photoinduced Crosslinking of Unmodified
Bovine Serum Albumin: Functional Consequences
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The photoinduced crosslinking of unmodified proteins (PICUP) [1] is a powerful tool to generate
proteinbased nanostructures without prior chemical modification. In this work, we applied the PICUP
reaction to bovine serum albumin (BSA) in-aaturated phephate buffer, using ruthenium(ll)

tris(bipyridine) (Ru(bpyyy ) as a photosensitizer and persul f at
Upon blue light excitation, redegenerated radicals triggered covalent BSA oligomerization. Under

aerobic conditions, however, singletoxygé@d () i s al so produced, | eading
electronrich amino acid side chains [2]. The formation of dityrosine crosslinks and Trp oxygenation
products such as-fbrmylkynurenine was investigated by steadgte and timeesolved fluorescence
spectoscopy and UWis absorptionwhich revealed characteristic signatures of these modifications.

Our results show that aerobic PICUP yields BSA nanoparticles of ~100 nm and induces both oxygen
independent crosslinking and oxygerediated oxidative modifications.

Functionally, we observed a significant decrease in the esté&@setivity of the modified protein

species: oxidized monomers retained 49% activity, and oligomers only 27%, compared to native BSA.
These findings suggest tH& -mediated oxidation and crosslinking act synergistically to impair

protein function, likely due to structural alterations near the active site and steric hindrance caused by
oligomerization. On the other hand, these crosslinked BSA nanostructures gapadte of
encapsulatingydrophilic photosensitizers such as rose bengal, highlighting their potential as-protein

based carriers in ligkdriven applications.
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Photoactivation and quenching mechanism of Orange Carotenoid Protein
from multiscale simulations
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Orange carotenoid protein (OCP) is a photoreceptor responsible for photoprotection in cyanobacteria
by quenching the excitation energy in the phycobilisome (PBS) antenna megacomplex. Strong blue
green light illumination by the bound ketarotenoid triggex the activation of OCP, which is known

to proceed through carotenoid translocation and results in the separatigarofifal (NTD) and €
terminal domains (CTD) of OCP.[1,2] However, the details of both OCP activation and its function as
a quencher of P8 fluorescence are still not clear. Specifically, the low yield of the primary
photoproduct hinders a complete spectroscopic investigation of the very first steps of OCP
photoactivation.[3]

Here | will show how multiscale calculatiods combining enhanced sampling molecular dynamics,

guantum mechanics/molecular mechanics (QM/MM) calculations, and nonadiabatic-etatited

simulationsd can help shed light into OCP activation and mechanisphafoprotection [47]. Our
simulations elucidate the nature of the caroteno
suggest a photoisomerization mechanism as the photochemical trigger promoting its activation [4,5].
Furthermore, we show thtte carotenoid must translocate into the NTD to allow domain separation

[6]. Finally, we show that excitation energy transfer from the phycobilin pigments te stet&of the

carotenoid is the likely quenching mechanism [7].
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Quantum-classical dynamics in the study of scotopic and photopic vision
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In this contribution we will show how, by using hundreds of quantiassical trajectories combined

with multiscale geometry optimization, it is possible to study the primary event in vision at both the
molecular and electronic levels-8 The lecture wi present simulations for visual photoreceptor
proteins responsible for scotopic and photopic vision in both vertebrate (a cow) and invertebrates (a
squid and a spider). [4] We will also see how it is possible to use the same technique to get
informationon the vision of an extinct vertebrate (Archosaurus).

Content: We use multiscale modeling based on multistate multiconfigurational quantum chemistry to
investigate natural and synthetic biological photoreceptors.
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EXTENDED ABSTRACT
The catalytic cycle of the oxygen evolving complex (OEC) placed in the reaction centre of the
Photosystem Il (PSIl) enzyme, leading to the water splitting into protons, electrons and molecular
oxygen, consists of five consecutive steps, namely SO.

Recently, a study based on the combination of IR spectroscopy experiments abhddeHT

calculations was able to identify the slowest step in photosynthetfor®tion, after the S3 state

and largely due to an entropic slowdown. [1] Nevertheless, thmad such an entropic slowdown at
molecular level is still largely unknown. While the OEC of the PSII is normally simulated at the
guantum mechanics (QM) level, classical molecular dynamics (MD) simulations can provide the
missing information about thescific positioning of water molecules and hydrogen bonding
interactions around the Mn4Ca cluster in PSII on timescales inaccessible to QM calculations.

In this presentation, based on a multilevel theoretical approach, we will first show the series of events
occurring during the S3 to SO transition, focusing on the structural and energetic properties of the
different intermediate steps-gf ‘
Thereafter, by means of classicat all
atoms MD si mul at
timescale, we will give hints on the
origin of the entropic contribution
associated with the bottleneck of
photosynthetic oxygen evolution. Th
effect d mutations is also
investigated [3]. »
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Beyond a single excitation: calculating multiexciton dynamics and interaction in highly
nonlinear spectroscopy of molecular photosystems
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Recent advances in tintesolved nonlinear spectroscopy have shifted the attention teenaitonic
dynamics and interaction, especially excitexciton annihilation[13]. Apart from being of interest by
itself, the excitohexciton annihilation allows écking of the excitation transport over mesoscopic
distances in omverage energetically flat landscdfet,5].

To interpret the highly nonlinear spectroscopy signals, a theoretical description of multiple interacting
excitons is needed. In small systems, the states can be considered explicitly at the microscopic level
within a coherent dynamics picture, with thentiwear signal calculated by nonlinear response
functions[4]. In contrast, in large systems a proven description is that of excitation density and
diffusive transport, with higlorder signal evaluated in terms of annihilated excitons without spectral
resoltion [3,5].

Bridging these two levels of description remains an open question. Is it possible to derive the
guantities of the continuum description from microscopic quantum state structure and dynamics[4]?
What are the effects of exciton delocalization[2]? Can higbhfinear transient absorption follow
interacting excitons in space and time? How detailed description is needed to extract quantities such as
diffusion coefficient? Connecting the continuum diffusion model with Liowdgflace pathway
formulation, | will attempt to answer such questions.
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Modelling the interplay between structure and energy transfer in
biosystems
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Figure Nonlinear spectroscopy data report on sirgfeiton dynamics and muléxcitor
interaction. Only multiexciton calculations can say what the data tell us about exciton ¢
transport and interaction timescale.

Keywords: energy transfer, photosynthesis, disordered proteins, multiscale modelling
EXTENDED ABSTRACT

Modelling the interplay between electronic energy transfer and structure in biosystems is a
considerable challenge due to the multiple space and time scales involved in the process.[1]
Depending on the specific case under study, different protocols @opted often combining

classical simulations with multiscale qguantum/classical methods. In this contribution we will overview
two challenging cases, the modelling of light harvesting and energy transfer in cryptophyte pigment
protein photosynthetic comples, and the simulation of Forster resonance energy transfer (FRET)
experiments on the partially disordered protein calmodulin.

First, we investigate how protein thermal fluctuations tune exciton states in the phycocyanin PC645
and PC612 antenna complexes of cryptophytes.[2] We report a dual molecular dynamics (MD)
strategy that combines classical and quantum/classical®gpenhaner simulations, and show that,
whereas thermal effects have a small impact on the energy ladder in PC612, they are key to describe
the properties of PC645, due to the absence of a hydrogen bond controlling the twist of ring D in PCB
b82 bil i nesinvestaehowstrycturevdetermines the FRET properties of the partially
disordered protein calmodulin, with a particular focus on the impact of Forster approximations
regarding dielectric screening effects.[3] To characterize the conformational eesemigcbmbine
extended MD simulations in the microsecond timescale with a rigorous theoretical framework beyond
Forster dipole approximation based on electrostatic potditted transition charges coupled to an
atomistic polarizable classical environm@f] Our results indicate that screening effects depend on
donoracceptor separation and solvent exposure, significantly biasing the characterization of the
disordered ensembles even at long deatmeptor separations.

References

[1] Cupellini, L. et al.: OEl ectronic energy tra
2019, 9, e1392.

[ 2] Ozaydi n, B. , Curutchet, C.: 6Unraveling the
the cryptophyte PC612 and PC645 photosynthetic a
1268278.

[ 3] Gonzal o, D. et al.: 060On the breakdown of F°r
atomistic simulations unveil distancee pendent di el ectric screening in
16, 3693.

[4] Cignoni, E. et al.: OA fast method for el ect
systemso6 J. Phys.: Condens Matter 202 2, 34, 304



Ay LIK20G2ae

[ 2YLzil a2y f YS(iK2RA&
f SgF [ A3dz2 NR

/| KIFANXY bAO2

First-principles simulations unveil the effect of mutations on light
harvesting
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Natural light harvesting is exceptionally efficient thanks to the optimal arrangement of pigments

within light-harvesting complexes (LHCs). To understand the design principles underlying energy
transport in LHCs, ultrafast spectroscopy is often complerdesith mutational studies that introduce
perturbations to the excitonic structure of the natural complexes. However, the presence of many
pigments and overlapping spectral bands makes it difficult to disentangle all spectral contributions and
their changesipon mutation. Moreover, multiple excitation energy transfer (EET) processes occur on
the same timescale, leading to intricate dynamics of theresmved spectral features. Simulations

help to disentangle these signals, providing insights into thelemmppotophysics in LHCs. However,
experimental spectra are often fitted to obtain the microscopic model used to simulate EET and
spectroscopies in LHCs. Although inexpensive, this approach may lead to a biased microscopic model
due to error compensationdlacks a direct link between the energy transfer network and the

molecular structure.

Here, we demonstrate how a synergistic combination offfiiatiples simulations and transient
absorption (TA) spectroscopy can provide unprecedented insight into EET pathways in LHCs. We
focus on the Chlorophylls (Chls) network in CP29, a minor LHOarfts [1] and two of its mutants

[2,3].

To validate our computational model, we simulate the TA spectra of the Chls network and compare
with experimental measurements [4]. The good agreement between theory and experiment supports
the accuracy and predictive power of our model. After validatingriodel, we systematically map

each experimental kinetic component to a specific EET network [2]. Our model allows us to identify
the Chl acting as bottleneck for the EET network in CP29, and those acting as terminal emitters for the
excitation energy. & explain the changes observed upon mutation at molecular detail, thanks to the
first-principles nature of our simulations. Our combined strategy reveals that EET in CP29 is
surprisingly robust to the changes in the exciton states induced by mutatibitightiitg the

adaptability and versatility of plant LHCs.
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computational microscope
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Plants require sunlight to survive. However, upon a sudden increase of light intensity, an excess of
photoexcitations in the photosynthetic membrane (thylakoid) may cause damage via photooxidation.
To avoid this, photosynthetic organisms activate a mesimacalled energy dependent quenching

(qE) to protect themselves [1].

The sites of this activation are Light Harvesting Complexes (LHCs), membrane protein complexes that
bind chlorophylls and carotenoids and are located in the thylakoid membrane [2]. The activation of gE
in the LHCs is triggered by the acidification of thglakoid lumen. As the LHCs are not able to sense
the acidification, they require external triggers [3]. In plants the trigger is the pidg@ssmnirotein

PsbS [4] which is able to sense and respond to changes of pH via conformational changes [6].
However what is the mechanism of interaction of PsbS with the LHCs? How doed RsIsS

interaction activate qE?

We here used a combination of stafe¢he-art molecular dynamics methods to study the mechanism

of action of PsbS on the LHCs across different levels of resolution. We find that instead a simple
binary switch, PsbS acts with a more nuanced mechanismettufie its effects on the membrane and

the LHCs.
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Computational Insights into the dynamic interaction of FCRLHCX1
complexes in Diatoms.
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Diatoms are major contributors to global oxygen production and carbon cycling, possess exceptional
light-harvesting and robust photoprotective mechanisms [1]. Under high or fluctuating light
conditions, they activate photoprotective mechanisms-patodiemical quenching or NPQ) to
dissipate excess excitation energy as heat within their light harvesting complexes Fucoxanthin and
chlorophyll a/c binding proteins, or FCPs) [2]. The LHCX family of proteins is essential for this
photoprotective mechanism, synergy with factors like the xanthiphyll cycle and transthylakgatt

[3]. Within this synergy, FCP complexes could associate with LHCX proteins, however solid
structural and dynamic details of an FCIRCXL1 interaction are not available. In this study we have
employed a computational approach to investigate the dynafdiffepent FCRLHCX1 complexes

from three diatom specieRljaeodacttylum triconotum, Cyclotella meneghiniana, Chaetoceros
gracilis) at differentqpH states. We have run AlphaFdddsed sticture predictions and classical
molecular dynamics (MD). The analysis is focused on how lumen acidification (from pH 7.0 to 5.5)
LHCX1 binding to FCPs and the xanthophyll cycle, specifically the conversion of diadinoxanthin
(Ddx) to diatoxanthin (Dtx),riggers conformational changes in FCPs that could potentially be
correlated with photoprotection. Our results revealdaidendent conformational transitions

indicative of a functional switch from light harvesting to energy dissipation, highlighting ispecif
residues and pigments as key sites for quenching. We propose a structural model forltFECKTP
complex, highlighting conserved interactions and conformational signatures that align with previous
findings demonstrating strong FEZHCX1 synergy in engy quenching [4]. By advancing the
molecular understanding of NPQ in diatoms we offer potential targets for mutagenesis to engineer
improved variants, with broader implications for global.@8similation and bioinspired

photosynthetic systems.
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EXTENDED ABSTRACT

A growing numbef experimental evidence emphasizes that photobiological phenomena are not
always the sum of the effect of individual wavelengths present in the emission spectrum of light
sources [1]. Consequently, the classical action spectrum approach may be misfesaling cases.
Unfortunately, tools are missing to identify such +aafditive effects and predict the effects of various
exposure conditions. In the present work, we addressed these points for the formation of pyrimidine
dimers in DNA upon cexposure taJVC, UVB and UVA radiation.

DNA photochemistry is a valwuable model for this
expected. Cyclobutane pyrimidine dimers (CPDs) a
additive manner. Pyrimidine {8) pyrimidone photoproducts4®Ps) are also produced in a dose
dependent way but they are readily converted into Dewars valence isomers (Dewars) upon absorption
of UVB and UVA. Consequently, formation of 64PP undergoes an inhibitory effect in combination of
UVC or UVB with UVB or UVA, while a synergistic effect is observed for Dewars.

The yields of these photoproducts were investigated with two mathematical tools. The first was the
combination index, a method initially developed for the study of combinations of drugs. We showed

that this approach could be used to determine whetherneéxtifi theses UV ranges exhibited

additive, inhibitory or synergistic effects [2,3].

In a subsequent step, we developed a strategy based on experimental design, which is commonly used
for the optimization of multparameters industrial processes. We could show that this approach is

very efficient to quantify the contribution of each wavejh range, and of their interactions, to the
formation of DNA photoproducts [3]. The obtained models allowed us to accurately predict the level

of pyrimidine dimers in DNA irradiated under different conditions. The data were found to be more
accurate thathose obtained with the simple additive approach underlying the use of action spectra.
Both combination index and experimental design thus appear as attractive concepts for the study of
complex lightdriven phenomena. They could be widely applied in photobiology even for cellular
experiments.
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An N-Doped Carbon Dots Nanoconjugate for the Simultaneous Generation
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Nitric oxide (NO) and singl et oxygen (7T 0 ) ar
phototherapeutic strategies in cancer treatmeBj.[In this study, nitrogedoped carbon dots (NCDs)

with strong absorption in the biocompatible green region Hsen synthesized and covalently
functionalized with an NO photodonor (NOPD) that typically requires blue light for activation, resulting

in a nanoconjugate approximately 3.5 nm in size. The NCD core serves as a grekarVigiing

antenna, enabling N@lease from the NOPD through an intramolecular photoinduced electron transfer
mechanism, effectively shifting the activation wavelength by over 100 nm. In parallel, green light
excitation | eads to the gener atlecolaroxggéen Thadkstovi a c C
their intrinsic fluorescence, the nanoconjugates can be tracked within 9L/LacZ brain cancer cells, where

they predominantly accumulate in the cytoplasm. Upon green light exposure, a significant increase in
cancer celldeathisobsy ved, attri buted to the synergistic pl
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Assessment of cationic phthalocyanines and doxycycline against resistant
microbesi innovative approach or dead end?
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Two sets of phthalocyanidgased compounds (PSRE4a andil), developed at the Autonomous
University of Madrid, were evaluated for their photodynamic activity against multiésigtant
pathogens. The Ru(ll) complexes PER84a, bearing multiple ammoniugroups and displaying

high singlet oxygen yields, showed strong activity against MRSAEardli under low light doses.

Their ability to penetrate and bind to cell wall and membrane structures was confirmed, with
amphiphilic derivatives (PS3a, PS4a) designed for enhanced intracellular targeting. Notably, PS4a
exhibited synergism with subinhibitory xicycline, increasing MRSA reduction from 1.5 to 4.9 logs.
Compounds 15, functionalized with pyridyloxy and bulky hydrophobic substituents, demonstrated
broadspectrum efficacy againSt aureusMRSA E. faecalisE. coli(including ESBLproducing

strairs), P. aeruginosdincluding carbapenesresistant)C. albicans andT. mentagrophytes

achieving reductions of 1i.8.6 logs. Several derivatives also showed enhanced antimicrobial effects
in combination with doxycycline. These results highlight the therapeutic potential of cationic
phthalocyanines in photodynamic control of resistant pgehs.
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Fluorescence lifetime imaging microscopy FLIM with BODIPY2 molecular
rotor used to measure cancer cell membrane microviscosity
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Introduction: An important biophysical parameter of living cell membranes is microviscosity, which
contributes to membrane permeability, diffusion and transport rates, and the activity of membrane
proteins. However, the relationship between the microviscosity of @ice@ membrane and the
response to therapy remains poorly understood. The study of microviscosity in living cell membranes
has become possible due to advancements in bioimaging methods, one of the most promising being
the application of flucescence lifetime imaging microscopy FLIM with molecular rotors.

The aimis to study the role of membrane microviscosity in the response of cancer cells te ahdmo
photodynamic therapy.

Materials and methods:The membrane microviscosity was analyzed in live cells and in vivo tumors
using FLIM and the viscositgensitive fluorescent probe BODIPY2. For chemotherapy, Cisplatin and
Oxaliplatin were used. For photodynamic therapy, the photosensitizer Photoditiadigenetically
encoded photosensitizer KillerRed were employed. The study was conducted on cell cultures
colorectal human cancer HCT116 and human cervical cancer HeLa Kyoto, 3D tumor spheroids, and
mouse tumor models. To assess ipiel Iprofile of membranes, TOBims timeof-flight secondary

ion mass spectrometry was used.

Results: It was found that membrane microviscosity increased upon treatment with pldtased
chemotherapeutic agents (Cisplatin and Oxaliplatin), which correlated with an increased number of
dead cells [1]. The development of resistance to Oxaliplatin was aaried by lipidome

reorganization and restoration of microviscosity. Thus, changes in membrane microviscosity depend
on the mechanism of action of the chemotherapeutic agent. During photodynamic therapy with the
photosensitizer Photoditazin, a degse in membrane fluidity was observed, associated with the
initiation of lipid peroxidation [2]. When using the genetically encoded photosensitizer KillerRed,
bidirectional changes in microviscosity were recorded depending on KillerRed's intracellular
localization- either in the nucleus or in the plasma membrane [3].

Conclusion: The obtained data on membrane microviscosity correlated with low phosphatidylcholine
signal and high cholesterol levels, along with a decreased amount of unsaturated fatty acids. The
results demonstrate that maintaining constant membrane microviscositghHipid profile

remodeling plays a crucial role in drug resistance during carcinogenesis. Furthermore, the recorded
changes in microviscosity upon therapeutic treatment may serve as a valuable tool for developing new
and/or improving existig therapy protocols. This work was supported by the Russian Science
Foundation (project No. 234-00045).
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control cell fate and their therapeutic applications
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Reactive oxygen species (ROS) are increasingly recognized not only as damaging agents but also as
modulators of cell fate, depending on their localization, dosage, and timing. This work explores how
protein photooxidation, when spatially and chemicallytagted, can be used to direct therapeutic
outcomes in cancer and immune regulation.
We develop neutral Ir(llHpbased photosensitizers that localize to lysosomes and generate ROS under
light exposuré!! This targeted lysosomal oxidation inhibits autophagy, a critical resistance mechanism
in cancer cells. The approach sensitized dasistant cells in vitro and in vivo, offering a promising
strategy to overcome therapeutic resistance via photoinduagehagt disruption. We also

introduces an amphiphilic photocatalyst that overcomes hy@aximajor challenge in photodynamic

therapy) byoxid i zi ng i

ntracel l ul ar

water

to H O |, whi ch

transfert?? The process is enhanced under hypoxic conditions and inducesimonical pyroptosis by
oxidizing membrane proteins, triggering inflammasome activation and gasdemrmauiated cell
death. This highlights the immunogenic potential of controlled protaédation.Lastly we uncovers a
novel oxidation mechanism occurring within folded protein cBtdsh r o u gcbnfinér@ent

oxidation, o

mo | dnchudrophobic pocketg acts with phptpercied tryptophan to

generate ROS, leading to structural collapse. Proteomics revealed this mechanism affects a broad set
of cellular proteins, linking it to stress and degradation pathways.
These studies demonstrate that protein oxidation can be finely tuned to control subcellular processes
and cell death pathways. Strategic design of photosensitizers enables therapeutic precision and opens
new directions for treating resistant cancers adddimg immunogenic responses.
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Photodynamic 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 PDTakadfluorescence photodiagnosis (PDD) is

to use 5aminolevulinic acid (ALA) as a prodrug to increase intracellular levels of the endogenous PS,
protoporphyrin IX (PpIX). Although the clinical effectiveness of AP®T has been widely
demonstrated , the psigochemical properties and chemical reactivity of ALA still present some
problems for future applications. An innovative way to address some of these challenges is to
incorporate ALA units into a variety of prodrug systénasd we have previously shown that peptide
based prodrugs are an attractive way to improve the delivery of ALA, leading to enhanced PpIX
accumulation and PDT effect$Ve present here our results on two classes of novel pdyatibel
prodrug systems designed to enhance the deliveii Afto specific cell types. In one approach
prodrugs are 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
then linked ¢ a variety of tumouhoming peptides via selective €atalysed click chemistry. This
combines the stategies of both ALA dendrimers and Alefatide prodrugdand as one proof of
concept of this particular approach, we have prepared systems containimgp@sinderived peptide

that allows selective targeting of the GRP receptor (GRPR) which is overexpressed in a variety of
tumours. In a second approach, ALA derivatives are embedded within a cyclic peptide prodrug
structure which contains the targeting Bs within its seqeunce. Targeted ALA delivery and PplX
production with both types of prodrugs have been investigated in &Rpessing PC3 cells by
fluorescence spectroscopy and confocal microscopy, and red and bleactighted cell killing

evaluaté using cell viability (MTT) assays.
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Time-resolved Study of a C4h Phthalocyanine Interacting with Guanine
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E. R. Windle! D. Graczyk!C. C. Rennie2, D. G. MacKay,2 P. Malakar,3 S. J. Quinnl, R. M.

Edkins2

School of Chemistry, University College Dublin, Dublin 4, Ireland.

2. Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow, UK.

3. Central Laser Facility, STFC Rutherford Appleton Laboratory, UK

Email: robert.edkins@strath.ac.uk

Phthalocyanines (Pcs) are highly effective photosensitizers for photodynamic therapy (PDT), owing to
their strong absorption in the red to n@drared region and high singlet oxygen quantum yields.

Their performance can be further enhanced through ¢anelecular design, with many excellent
phthalocyanine photosensitizers having been reported over the last few ddnatiescontext, we

have been developing synthetic strategies to acgsymmetric Pcs such @&Pclto explore how
molecular symmey influences optical properties and interactions with biomoleculeaqueous

solution, it is known that Pcs often aggregate, which may be particularly pronounced for regioregular
compounds like&nPcl Aggregation quenches excited states, reducing PDT efficacy but potentially
enabling an alternative photothermal mechanism of aétida.have investigated how&h nucleic

acid sequences can oy

disaggregat&nPc1 via o Y W o e I
sequencespecific e > If ERICL g ;':"' iz
interactions’ Interestingly, *3% L 21 sl E T

the disaggregation and X i £

binding occur with J? L0 e 28\ S
atypically slow kinetics, If e o R S JEs o
sometimes continuing over ZnPet T aengn oy T nam "

several hours. Our studies

include sequences that 5 B e c-mye -

form G-quadruplex ;%N‘Hﬂ:{F}N o ;

structures, an important i () A _(HN_H V\ »

secondanstructure, such Nb:_M-OnH\ g G-carbonyl ==/

as in the oncogereMYC A l(”;l ﬁv 1500 1550 1800 1650 1700
b

and huma telomeres, with G-quadruplex Wavenumber (cr)

which strong interactions
are observed. Using a combination of transient absorption angdgulred infrared spectroscopy
across femtosecond to millisecond timescales, we directly observed interactions @&tRetand
G-bases, as evidenced by changes in carbonyl stretches upon Pc excitation. These techniques also
allowed us to compare singletnd tripletstate dynamics in monomeric, aggregated, and nucleie acid
bound forms. Our findings suggest that the compleamgn structure oZnPcl and Gquadruplex
structures, may facilitate specific and efficient binding.
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The study of the native conformation of nucleic acids and its eventual perturbation induced by the
coupling with external perturbation factors is fundamental to better dhsaswlecular mechanisms
underlying their biological roléLuminescent DNA probe&sare tools of choice to evidence the
presence of important structural modification of the nucleic acid structure finely and rapidly. | will
present a noadiabatic dynamics study, performed in the surface hopping formalismthieng}3-
hydroxychromonean environmentiependent luminescent organic DNA prébyevill show that the
first shell solvent water molecules undergo a rather complex reorganization upon lighioextita
This also involves the triggering of a wataediated proton transfer process which leads to the
formation of the tautomeric structure (Figure 1). The presence of this soteelted transfer
mechanism globally diminishes the intersystem crossingedifig, and hence the population of the
triplet state manifold, as compared to the-sotvated systems. The results also point out the non
innocent role of solvent networks in tuning complex photophysical processes, while opening
competitive relaxatin channels.
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A novel water-in-oil emulsion for photoimmunotherapy delivery
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Liver cancer ranks among the top five causes of canetated deaths in 90 countries, with global
incidence projected to rise by 55% between 2020
accounts for approxi mat el ynd8@o6fHCL patidnts ard ineigible c anc
for curative treatments such as surgical resect.i
locoregional therapies and systemic immunotherapies offer promising alternatives. However, while
systemic immunotheapy has shown clinical benefits, it is often accompanied by significant adverse

effects. This highlights the need for localized delivery strategies that can minimize treatment doses and
reduce offtarget toxicity. Photoimmunotherapy (PIT) is a targeted@gogh that combines a

systemically administered photoimmunoconjugate (aka antibbdjosensitizer drug conjugate) with

localized redight exposure to selectively Kill cancer cells and stimulate systemitusmdir

i mmunity [ 4]. I n da movebwatem-ail ényulsionvioemuldtien/te dnable lecal

delivery of photoimmunoconjugates directly to cancer cells, aiming to enhance PIT efficacy. This

emulsion preserves the cansetectivity, singlet oxygen generation, and photoactivity of the
phobimmunoconjugates, while significantly improving their uptake by cancer cells. Our approach

provides a new method for delivering high payloads of photoimmunoconjugates to tumors locally,

with the potential to reduce systemic toxicity and improve therapeutcomes.
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Implantassociated bone infection is increasingly emerging as a serious threat due to the high demand
for orthopedic implants in our ageing society. Bacteria adhering to the surface of implants are highly
resistant to conventional antibiotics and increglginlifficult to kill. In the quest for new antimicrobial
strategies, multifunctional antimicrobial nanosystems offer new promise in the treatment of such
infections. Herein, the development of mesoporous siligged plasmonic nanostructures for the
delivery of antimicrobial drug for lighassisted therapy for bone infections is reported. Core@shell
structures featuring GuS facet triangular nanoplates (NPL) core and a mesoporous silica shell (Cu
S@MSS) were synthesized. Further loading with antimicrobial molecules, such as levofloxacin
(Levo) o rifampicin (Rif), allowed to synergistically combine the-£3INPL inherent antibacterial
photoactivity with the pharmacological effects of the drug. The dilased nanostructures,

synthesized using a micnoeilsion approach, were thoroughly characterized, and their antibacterial
activity explored in terms of inhibition of bacteria growth agaBtsiphylococcus aureughese

results outline future applications of these nanoformulafionthe management of bone implant
associated bacterial infections [1].

This work was funded by fANanocrystalline HYdroxy
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Next Generation EU, Mission 4 Component 1, CUP H53D2300798000 likater& Project CNR

RFBR Russia Joint research project (2@223).
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Beyond apoptosis, emerging studies have identified other forms of regulated cell death, such as
necroptosis, ferroptosis, pyroptosis, parthanatos, and paraptosis, with some of which have already
been identified in PDT responsesd]L In this context, wera currently investigating the cell death
pathways triggered by PDT when using a novel carboxamide halogenated bacteriochlorin, which
offers significant advantages over clinicaipproved photosensitizers due to its strong-irdeared

(NIR) absorption = 100,000 NMt.cnt?), high reactive oxygen species (ROS) quantum vyield (

= 0.38), rapid cell internalization, and high phototoxicity [3].

PDT studies using LUZ51 in 4T1 mouse breast cancer cells showed that high concentrations of
LUZ51 (200nM, 1 J/cnd) induced morphological changes typical of accidental necrosis, whereas

|l ower concentr at f) esultedif dromafirocondedsation and flagmmntation,
membrane blebbing, and presence of apoptotic bodies, as observed by both optical and electron
microscopy. In addition, the observation of phosphatidylserine exposure on the outer leaflet of the
plasmamembrane and caspalectivation shortly after irradiation further support the induction of
apoptosis by LUZ5based PDT.

When LUZ5%based PDT was performed in the presence of inhibitors targeting different cell death
modalities- namely ZVAD -FMK (apoptosis), necrostatih (necroptosis) and, ferrostatin

liproxstatin1l and deferoxamine (ferroptosis}-VAD -FMK significanty delayed the progression of
apoptosis, conferring a high level of protection at ~ 3 hoursipasiiation but not at 24hours.
Interestingly, while both LUZ541reated cells and those treated with LUZ51-¥&D were

progressively dying, they exhibited tilct morphological features, suggesting that alternative cell
death mechanisms may be engaged when caspase activity is inhibited [2].

A protective effect was also observed with ferrostatand liproxstatifil (lipid ROS scavengers),
which, similarly to ZVAD, weas more evident at early time points after cell irradiation. At 24 hours
postirradiation, only minor differences in cell vidiby were detected. In contrast, deferoxamine (an
iron chelator) failed to rescue cell viability upon LUZBased PDT. As expected, ferroptosis induced
by RSL3 (used as positive control) was effectively inhibited not only by ferrcdtati liproxstatin

1, but also by deferoxamine. Together, these results suggest that ferroptosis is not a major contributor
to LUZ5%-induced phototoxicity. The partial protection observed with ferrosiaéind liproxstatirl

may instead result from their general antioxidant properties rather than from specific inhibition of
ferroptosis This interpretation is supported by a lipid peroxidation assays using BODIPY 581/591
C11, which revealed significant lipid oxidation, particularly at higher concentrations of LUZ51 (75
and D0 nM), an effect that was significantly reduced in the presence of liproxstatin

Interestingly, apoptotic features were also observed in U20S human osteosarcoma cells exposed to
moderate PDT doses, whereas low PDT doses (e.g., 50 nM, 0.25 J/cm2 or 12.5 nM, 1 J/cm?) induced
signs of paraptosis, characterized by cytoplasmic vacuolati&2OS but not in 4T1 cells.
Fluorescence microscopy of U20S cellsax@rexpressing calreticui@FRd a protein localized to

the endoplasmic reticulum (E®Ryevealed that these vacuoles originated from theTER paraptotic
response was significantly irffiied by cycloheximide (a protein synthesis inhibitor) as well as by
SP600125 and SB202190, suggesting the involvement of JNK and p38 MAPK pathways, two major
branches of the mitogeactivated protein kinase (MAPK), in LUZ&hediated paraptosis in U20S
cels.

This project was funded by the Foundation for Science and Technology (UID/QUI/00313/2020 and
PTDC/QUIOUT/0303/2021).
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Discovering the Potential of AmineBased Flavylium Dyes for
Photodynamic Therapy

Patricia Correia,® Paula Aradj Nuno Mateu Victor de Freita®% Joana Oliveiraand Ilva
Fernandées

I REQUIMTE/LAQYV, Department of Chemistry and Biochemistry, Faculty of Sciences; 8089
Porto, Portugal
*patricia.correia@fc.up.pt

Keywords: Flavylium dyes; photodynamic therapy; topical treatment; carbarased gel;
ABSTRACT

Photodynamic therapy (PDT) is a minimally invasive therapeutic approach that has shown promising
results in recent years, particularly in dermatology, in the treatment of bacterial infections, neoplastic
disorders, and other abnormal skin conditions [L] This work explores the lighihduced

cytotoxicity of a group of synthetic amirsubstituted flavylium dyes (7TNE{NMe,, 7NEbst4'NMe,

TNE4'NEL and 7NE#4'NH,), recently proposed as a new class of photosensitizers. They showed

strong capacity to migiate bacterial growtts{ aureusandP. aeruginosain the presence of light

(white, 22.5 J/cr), being particularly effective against the Gram + species, with bacterial growth

being completely eradicated with concentrations in the rangeloP3 ¢ M. At omi ¢ f orce m
analysis confirmed substantial morphological changes after treatment alet skygen was shown

to be the primary driver of the photodamage observed. Moreover, the most active flavylium, 7,4
di(diethylamino)flavylium, was further evaluated as a potential photosensitizer in the treatment of skin
lesions. Irradiated squamous caccma me |l anoma cell s in the presence
more than 80% cell viability reduction. Physical and chemical properties of the flavylium were also

tested when incorporated in formulations for topical delivery. The carbbased gel provide

interesting absorption and fluorescence increases, combined with a noteworthy photostability (~ 98%)

after light exposure of 90 J/énproving to be a suitable formulation for Pidlated applications.

S. aureus

NEW CLASS OF Q ’
PHOTOACTIVATABLE MOLECULES b
Y DEVELOPMENT OF
V\Aj:j/\\ J CARBOMER-BASED HYDROGEL scc2s A37S
Ll sq

>
BEST OVERALL PHOTOTOXICITY
7,4-DI(DIETHYLAMINO)FLAVYLIUM

LIGHT-INDUCED ROS PRODUCTION AND
SUBSEQUENT CELLULAR DEATH

} -OH (INACTIVE)

References

[l]Huang,F.etadi Tr ends i n photodynamic therapy for derm
scientometric review based on Cite$pa2024h. Jour na
[2] AlmenaraBlasco, M. etalif Ant i mi cr obi al photodynamic therapy

current insights and future prospects. o0 Frontier



hN}t O2YYdzyA Ol a2y a
/| KFANXY ! YLI N2 ClI

Ru-COUBPY COMPLEXES AS POTENT PHOTOSENSITIZERS FOR
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Photodynamic therapy (PDT) is a weBtablished, nemvasive cancer treatment modality that relies

on the generation of a variety of cytotoxic reactive oxygen species (ROS) through the irradiation of a
photosensitizer drug (PS) that induce tumor celttdddowever, the efficacy of most marketed PSs
based on the tetrapyrrolic scaffold is often compromised when treating large hypoxic solid tumors due
to its oxygen dependence and the limited tissue penetration of short wavelength light. To overcome
these chllenges, we have developed a novel family of potent PSs based on Ru(ll) polypyridyl
complexes incorporating coumaitimsed COUBPY ligands exhibiting outstandingitro andin vivo

PDT efficacy when irradiated with light within the phototherapeutic window.[1]

Here we introduce a second generation ofRUJBPY PSs with enhanced NIR absorption through
strategic modifications of the coumarin ligand. These new PSs photogenerate ROS via both Type | and
Type Il mechanisms and exhibit strong phototoxicity againstezazedls upon irradiation with light

within the phototherapeutic window, including NIR light. Furthermorejivo PDT efficacy studies

with a RuCOUBPY PS demonstrated a potent tumor growth inhibition in a subcutanee2& CT

tumor model upon irradiationithh NIR light at 780 nm.
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Photodynamic therapy (PDT) is a therapeutic modality that combines three essential components:
light, molecular oxygen, and a photosensitizer, to generate reactive oxygen species (ROS) capable of
inducing cellular damage. This approach has diverse apptisah medical fields, particularly in

cancer treatment and combating infectious diseases. Recent advancements in PDT have emphasized
the development of novel photosensitizers and the genetic engineering of biological photosensitizers to
enhance ROS prodtion and explore cellular signaling pathways [1].

In this study, we synthesized and characterized a series of metallochlorins, providing insights into their
ability to generate singlet oxygen for therapeutic applications (Fig. 1). We aimed to investigate the
influence of metal ions, including Zn(ll), Cuxl Fe(lll), Pd(ll), Pt(ll), Pt(1V), Os(ll), Ru(ll), Ir(lll)

and Sn(lV), on chlorin structure and properties, particularly regarding the Q band in electronic spectra,
the spinorbit coupling efficiency and triplet state stability, which are critical faeeining the

efficacy of a photosensitizer. The synthetic methodology employedifdo®r cycloadditions and
metallations, using conventional, microwave and/or ohmic heating [2, 3]. The advantages and
limitations of these heating methods will be discdsse

o, Metallochlorins

H Synthesis andhetallation
' H Structure optimization

H Singlet oxygen generation

H Photostability

a)R'=R2=F;b)R'=H,R%?=CO,Me;c)R'=H, R2= CO,H
Fig. 17 Structure of metallochlorins aiming PDT
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Photodynamic therapy (PDT) represents a promising approach to cancer treatment, leveraging the
cytotoxic potential of reactive oxygen species generated upon activation of photosensitizers by light.
However, the limited penetration of light into deep tisstmnains a critical barrier to the broader
application of PDT in oncology. In responsera¢-induced photodynamic therapy®DT) has

emerged as a complementary strategy, enabling the activation of radiosensitizers by ionising radiation
and extending th#herapeutic reach to tumours that were previously inaccessible.

This study focuses on the development and optimisation of octahedral molybdenumbelsster
formulations for use in PDT and-RDT. The goal is to enhance the therapeutic efficiency and

selectivity of these photo/radiosensitizers through ligand exchtoilgeyed by nanoformulation,

thereby addressing the challenges of light penetrability and systemic toxicity in conventional
photodynamic therapy (PDY) Mol ybdenum cl ust er ssynihésisddandhe { Mo
formulated into nanoparticlek vitro experiments on cancer cell lines demonstrated that they exhibit
strong phototoxicity under 460 nm |ight irradiat
detectable toxicity in the dark (>50 uM)Jpon X-ray exposure, cells treated with nanoparticles

exhibit a significantly reduced clonogenic potential, with a dose enhancement factor of approximately
1.9, resulting in a lower dose necessary to achieve the desired antiproliferative effect. Elisated ¢
showed a marked increase in intracellular reactive oxygen species, consistent with oxidative stress
mediated cytotoxicity. Importantly, the subcellular distribution of the clusteEsgeting

mitochondria, lysosomes, or the plasma memi@anmas stronglyinfluenced by their chemical

structure® % “The cell death mode pathway is beginning to exhibit characteristics distinct from the
classical processes of apoptosis and necrosis, suggestingcanmical mode, such as ferroptésis
Octahedral molybdenuglusters represent a promising déwahction therapeutic platform for both

PDT and XPDT. Their structural versatility and ability to be activated by both visible light and X

rays make them suitable candidates for treating-deafed tumours. Targetedrfaulations, such as
HA-cluster conjugates, could improve bioavailability and specificity, thereby further enhancing their
clinical potential. The ultimate goal of this research is to validate these findingsgiyto models and
advance toward clinicallyetevant, integrated therapeutic strategies. This work was supported from the
grant of Specific university researttgrant No A2_FPBT_2025_053.
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Climate change poses emerging challenges for dermatology due to its multifaceted impact on skin
health. Rising ambient temperatures, increased UV radiation, and higher levels of air pollution
contribute to a growing incidence of skin diseases, includilegtions, inflammatory conditions, and
cutaneous malignancies. Solar irradiance, heat index, and pollution have a direct effect on skin ageing
and cancer risk, supported by epidemiological and exposomal studies in diverse populations.

The damaging mechanisms of pollutants and UVR include oxidative stress and skin barrier disruption,
highlighting the synergistic effect of pollution and ultraviolet radiation. Vulnerable populations,
including individuals with xeroderma pigmentosum, al&imj and outdoor workers, require targeted
photoprotection strategies.

Innovative approaches include the use of photegepted sunscreens, antioxidants, cooling

hydrogels, and mobile technologies for personalized UV and temperature monitoring.

In conclusién, a shift from conventional sun protection to a broader condepviobnmental

Protection incorporating temperature, humidity, and pollution, especially-fisktgroups is needed.
Dermatologists are called to lead efforts in patient education, sustainable practice, anehelatthte
advocacy.
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The role of the microbiome on sunlight effects and photoprotection
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The human skinbés microbiome hosts innumerabl e mi

immune system. Ultraviolet radiation (UVR) hits the microbiome on the surface of the skin before
reaching any cells in the body. Therefore, it is not surprisiagUVR, with its bactericidal effects, may
affect homeostasis in health and disease. Furthermore, UVR can indirectly influence the skin's
microbiome by inducing antimicrobial peptides (AMPs);uiscanic acid (UCA) and other molecules.

For example, UMnduced cisUCA has been shown to affect the growth and diversity of the microbiota.
Certain bacteria metabolize difCA, a weltknown immune modulator; therefore, eliminating these
bacteria may affect the immune response to UVR exposure. Experimediaksaising gerdAree or
disinfected mice have shown that an intact skin microbiome has overall immunoprotective properties.
Studies of human patients with polymorphic light eruption have indicated that eliminating skin
microbiota through disinfection carestore impaired cytokine production and release upon UV
exposure. Taken together, these findings suggest that topical modulation of the skin's microbiome may
have ambivalent effects on immune function after UV exposure. On the one hand, it could lmgabenefi

in certain diseases, such as PLE, atopic dermatitis, and cutaneelidyimphoma. However, it could

also favor UVinduced carcinogenesis. A better understanding of these relationships could lead to the
development of new preventive and/or therapesttiategies, such as targeted interventions to modulate
the skin microbiome in health and disease.
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Nuclear DNA Lesions Drive Metabolic Reprogramming in Keratinocytes
Following Acute UVB Exposure

Hadi Younes Walid Mahfouf, Elodie Muzotte, Léa Dousset, HarRidza Rezvani
Univ. Bordeaux, Inserm, BRIC, UMR 131238076 Bordeaux, France
Abstract:

Ultraviolet B (UVB) radiation from sunlight is a primary environmental factor responsible for DNA
damage and the onset of skin carcinogenesis. DNA damage response (DDR) involves sensing the
damage and subsequently signaling to downstream effectors. Thi@kecludes different cell

signaling pathways, such as DNA repair systems or apoptosis, which are activated to maintain cellular
homeostasis in responses to a stressor. However, the contribution of energy metabolism to this process
remains underexploreth this study, we investigated how nuclear and mitochondrial cyclobutane
pyrimidine dimers (CPDs) affect metabolic pathways in Udosed keratinocytes. To this end, we

took advantage of keratinocytes expressing nuclear or mitochondrial CPD photolymasgisig
comprehensive proteomic analysis and metabolomics, we found a biphasic alteration in numerous
metabolic pathways (such as glycolysis, oxidative phosphorylation, fatty amiciBtion) after acute
exposure of keratinocyte to UVB radiation, whighs largely dependent on nuclear DNA damage.

Using live imaging and bioinformatic analyses, we found that the structure of the mitochondrial
network was dynamically modified after UVB irradiation and those modifications were affected by

both mitochondriahnd nuclear DNA damage.

Altogether, our findings revealed dynamic, biphasic changes in metabolite profiles and metabolic
fluxes, with a significant dependence on nuclear CPDs. Additionally, enhanced oxygen consumption
and mitochondrial remodeling were found to be influenced tily baclear and mitochondrial DNA

damage. These results highlight the pivotal role of DNA damage location in orchestrating metabolic
responses to UVB stress, offering novel insights into mechanisms underlying skin cancer development
and potential therapeatavenues.
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Introduction: Clothing can be a highly effective barrier against photodamage from UVR and visible

light (VL). The UPF is the standard metric used

UVR, while the invitro pVL-PF and the itvitro PpIX-PF are less comomly used to describe

protection from blue light and PplX activating wavelengths respectively.[These indices can be
important for people with heightened sensitivity to light, whose skin may react to lower doses of UVR
or VL than nonsendive individuals. This study aims to evaluate the photoprotective properties of
everyday clothing to better inform recommendations for people with photosensitivity.

Method: Multiple garments were purchased from UK retailers, including four biahkts, two navy
t-shirts, a pair of black leggings, a pair of black cycling shorts, and a pair of black trousers. Fabric
samples, 5 cm x 5 cm, were cut from two distinct areaacd garment. Transmission and reflection

of each sample was measured from-890 nm in 1 nm increments using a spectrophotometer with
integrating sphere (JASCO 60mm WAisible/NIR). Each sample was measured three times and the
average transmittarovalue was used to calculate the UPF using the CIE erythema action spectrum
[5]. Similarly, PpIX-PF was determined using the PpIX action spectrum fror8B80nm, and pVL

PF was calculated from 4€@9 nm.

Results The initial five samples exhibited UPF values consistent with those reported by independent
colleagues at the UK Health Security Agency, validating the measurement technique. A pair of black
leggings provided the highest UPF of 2,048 (303 to 3,793, &sW%idence interval) whilst the lowest

UPF was a navy-shirt at 59 (36 to 82). Similarly, the black leggings provided the highestPpIX

and pVL:-PF with 1238 (427 to 2047) and 99.9% (99.82% to 99.98%) respectively. Whilst the navy t
shirt providel the lowest with 48 (31 to 65) PpIRF and 97.8% (97.1% to 98.5%) p\AF.
Discussion:These findings indicate that, prior to wearing and washing, everyday garments can offer
high levels of photoprotection. Variability in fabric, colour and weave appear to influence the degree
of protection. This study underscores the potential for peoithepliotosensitivity to benefit from a

wider array of clothing options beyond those explicitly labelled with UPF ratings for effective sun
protection.
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Vitamin D Receptor and Oxidative Stress
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Vitamin D (VD), through its receptor (VDR), plays an essential role in the skin by regulating
keratinocyte proliferation and differentiation, promoting DNA repair, and modulating the antioxidant
response. Sun exposure, particularly to ultraviolet B ratiais necessary for the cutaneous synthesis

of VD, and appears to contribute to skin protection. However, some studies suggest that sun exposure
itself and oxidative stress may influence VDR levels in skin cells, in addition to increasing the risk of
oncayenic mutations that could lead to skin cancéR]1This controversy limits the ability to provide

clear recommendations regarding VD supplementation or photoprotection strategies, highlighting the
need for more rigorous research. In this context, aualyshims to develop an experimental model to
evaluate oxidative stressduced damage and to study VDR expression levels in skin cells and tissues.
In this model, we also assess the protective abilities of a novel botanical formulation derived from the
comrbination of two differenAspalathus lineariextracts and a specific extract from the leaves of
Polypodium leucotomo#éspaFernblock®. Using HaCaT cell line and-eo epidermal equivalents,

we subjected the models to differennducddkoses of hy
oxidative damage. VDR levels, nuclear factor erythreiélated factor 2 (NRF2, a keyg@ator of
antioxidant responses), and cell viability were
treatment induced a siiicant increase in cell death, as expected, but also a significant reduction in
VDR expression in the viable cells, as well as an increase in nuclear NRF2 levels. We can then
conclude that VDR expression levels are reduced following oxidative damagé&oAalgi, using the
mentioned experimental models, pretreatment with Asgrablock® was effective in protecting the

levels of vitamin D receptors under oxidative stress conditions in an ex vivo human skin models.
Therefore, Asparernblock®, shows promise a photoprotective technology that preserves VDR in

the skin subjected to oxidative stress, being an excellent, safe, and effective alternative strategy for
photoprotection.

[1] Seretis K, Bounas N, Sioka C. The Association of Vitamin D with-Ni@anoma Skin Cancer
Risk: An Umbrella Review of Systematic Reviews and Ma&talysesMedicina (Mex). 2023
Dec;59(12):2130.

[2] Mansilla-Polo M, LugueLuna M, MorgadeCarrasco D. Vitamin D and Skin Cancer: A
Controversial Society. Literature Update and Review. Actas D&ifilmgraficas. 2024 Jul
1;115(7):T67992.
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Ultraviolet radiation (UVR) is a key environmental carcinogen that induces the formation of DNA
damage such as cyclobutane pyrimidine dimers (CPDs), notably thymidine dimers (T<>T), which
serve as biomarkers of UVR exposure. We present findings from wplementary studies

investigating urinary excretion of repaired T<>T in healthy Danish populations exposed to UVR from
commercial tanning beds in winter and natural sunlight in summer.

In the first study, 19 tanning bed users were monitored during winter using personal UVR dosimeters
(SunSavers) and collected daily urine samples over four weeks. Urinary T<>T levels were quantified
using a recently developed UPIMIS/MS method [1,2] and we detectable in all 19 participants. The

mean UVR dose was 1.52 SED per session (range: AZBSED), and users excreted an average of

857 ng T<>T/day. The users were using tanning beds at least twice a week and had an average of 94%
body surface areaxposed.

In the second study, 59 healthy individuals wore SunSaver dosimeters over 12 summer weeks. The
mean daily UVR dose was 1.46 SED, with a mean T<>T excretion of 437 ng/day and an average of
46% body surface area exposed. Over the study period, the cumnlativepersonal exposure

reached 111 SED, with peak T<>T excretion measured one week after peak UVR exposure (mid
July). Younger participants exhibited significantly higher T<>T levels per unit UVR compared with
older individuals, suggesting an aggateddecline in DNA repair efficiency. As expected, individuals
with darker skin types excreted significantly fewer T<>T dimers than those with lighter skin. Sex also
influenced the correlation between UVR exposure and T<>T excretion, with male participants
exaeting higher levels than females under similar UVR condi@iopsssibly reflecting differences in

sun protection behavior.

These findings underscore the intense and extensive UVR exposure associated with tanning bed use,
characterized by high SEDs and nearly-hdldy exposure, resulting in almost double the urinary

T<>T excretion compared with the summer cohort. The resigitdigiht the photobiological risks of

tanning beds, and support the use of urinary T<>T as a sensitivavaaive biomarker for assessing
personal UVR exposure.
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Photocatalytic water oxidation for oxygenindependent PDT
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Local hypoxi a, a pervasive feature -doefpesndleind
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spurred worl dwide inter edksdpesndent nmoescth aPnSss masc.t
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transfer to/from [sbh] Thbsemakceeptarsdesingmshas
strategy t o obtain PSs wi t h high oxidati o
oxidation/reducti onblHoowmviehei t hexsiucteaesst af et
proximity of the PS and the biological substr
and depletion. I n contrast, water 1is the mos
reresents an i deal Ssubst rRR@SE ffoorr RDTe telrfauwghe!
oxi dation ©procesasc.ceRRd oentnioyl,ecaul don®srystem cap
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Photodynamic therapy (PDT) is used for cancer treatment based on the interaction of a photosensitizer (PS),
light, and oxygen. The photodynamic interaction is termed type | and Il depending on whether the cytotoxic
oxygen species is through an electrongfar, producing oxygen superoxide and its secondary reactive oxygen
species (ROS) or an energy transfer, producing singlet oxy@en Most photosensitizers exhibit type I
interactions. This talk explains quantitative dosimetry*!®@f via either single oxygen explicit dosimetry
(SOED) using explicit dosimetry difjht fluence ratet(), PS concentration ([PS]), andygen concentration

([302]) or singlet oxygen luminescence dosimetry (SOLEYcondly the SOED model has been applied to
several type Il (e.g., HPPH, BPD, Photofrin, and prodrug ALA) photosensitizers. Cure index was computed
from the rate of tumor regrowth after treatment and was compared against three calculated dose metrics: total
light fluence, PDT dose (product of light fluence and PS concentration), and reacted,[B&8pnstrating

that [ROS)k serves as a better dosimetric quantity for predicting treatment outcome. Finaly, fractionation PDT
treatment has shown to significantly irope longterm local control (LCR at 90 days) in vivo resulting
significant decrease of threshold dose of [ROBT type Il interactions
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Selective targeting of proteins and pathways using photopharmacology
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EXTENDED ABSTRACT

Phototherapy approaches include photodynamic therapy (PDT), which utilizes chemically stable
photocatalysts to sensitize the conversion of endogenous molecules such as oxygen to form transient
reactive species (ROS/RNS), and photopharmacology, a comp&meqproach that relies on
molecules that undergo setfodifying photochemistry, such as bond cleavage reactions for the
delivery of biologically active products. Ru(ll) polypyridyl systems have demonstrated utility for
both approaches, and Ru(ll) PDThisw well validated, with exceptional patient outcomes from the

use of TLD1433 treatment for bladder cancer. Photopharmacology approaches are at an earlier stage
of development, but have great potential to achieve selective control over the activigcifit sp
enzymes and protein signaling pathways. The one key limitation of photopharmacology is the fact
that it is a stoichiometric approach, in contrast to the photocatalytic nature of PDT, which imparts
exceptional activities from very low concentratiafgphotoactive species. However, an advantage

is that photopharmacology generally relies on oxygeependent processes, and thus can be applied

in hypoxia We have developed Ru(ll) photocages to deliver small molecules ranging from enzyme
inhibitors to Poteolysis Targeting Chimeras (PROTACS). Our current focus is on photocontrol over
transcription factors and immunomodulators in order to impact key pathways in cancer progression
and immune regulation. A second focus is on copper homeostasis, as dyisregilabpper is
associated with neurological disorders, malignant progression, and immune response. We have
created new agents that put both chemical and biological regulation of copper trafficking and
sequestration under the control of light. These exgias take advantage of intrinsic biological
amplification processes, and are anticipated to provide potent synergy with other treatment
approaches, including PDT, and are amenable to the creation of multifaceteatlighted systems.

The new moleculaprobes and potential therapeutics are expected to generate novel insights into
cellular signaling processes, including fast studies of dynamic events, and to provide a path towards
the controlled regulation of immune response.
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EXTENDED ABSTRACT

Reactive oxygen species (RO8,, O, OH-, and HOy) are widely recognized for their dual roles

in biological systems, contributing to both cellular signaling and oxidative stréissed damage.

While conventional ROS generation pathways have been extensively explored, emerging evidence
highlights unconwvetional mechanism of ROS generation and their-cammonical biological
consequences.

In this presentation, | will deliver three recent studies that unveil novel aspects of photoinduced ROS
generation and their biological outcomésst, rational design strategy for ROS generation under
hypoxic condition will be discussed, achieved via water photooxidatifhis oxidative
photocatalysis at cellular membranes can initiate-camonical pyroptosis, a unique form of
inflammatory cell death distinct from classical pathway. Notabhyjyo mouse models confirmed

the introduction of immunogenic cell death. In thext study, a spHflip based electron transfer
mechanism is uncovered, enabling efficient singlet oxygen generation from polyaminoglycerol,
bypassing the traditional Type Il energy transfer mechanism, and leading to potent antibacterial
effect? This finding paves the way for the design of biocompatible aliphatic organic photosensitizers.
Finally, this unconventional singlet oxygen generation also contributes to revealing a hidden route of
protein damage through oxygeonfined photooxidation whiin microenvironment, emphasizing

how spatially restrict ROS can induce sslective biomolecular damagé&uch photooxidative
mechanism may represent a latent oxidation pathway in human tissues directly exposed to visible
light, such as skin and eyes.

Together, these works highlight the importance of revisiting ROS generation beyond classical
paradigms and understanding their spatial, mechanistic, and biological specificity. This presentation
will provide an integrative view of these unconventional R@thways and discuss their implications

in cell death, immunogenicity, therapeutic applications, and protein damages under visible light.
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Background and Objective

We wanted to find out how effective in killing cancer cells our no
BODIPY photosensitizerl@ and 1b, see figure on the right) were
under normoxi@nd hypoxic conditions.

Materials and Methods

The BODIPY photosensitizer were successfully synthesized. Theff
dark and phototoxicity were determined against various cancerous a
nortcancerous cell lines under normoxic and hypoxic condifibns.
Results and Discussion

The presented compoundsa@ndl1b) show extremely high toxicity upon irradiation with light and

low dark toxicity in different cancer cell lines in 2D cultiag well as in 3D multicellular tumour
spheroids (MCTSs). The ratio of dark to light toxicity (phototoxic index, PI [2,3]) reaches values
exceeding 83006000 after irradiation wjUnllerener
hypoxic conditions (0.2% £ , a stri king Pl of 3606000 was ol
both PI values are the highest reported to.date

We have strong evidence for the following mechanisms of action (MoA): apart from the classical
photodynamic action with singlet oxygen, especially compoladnd both compounds under
hypoxic conditions exert their phototoxicity via an aggregation based photothermal mechanism.
Conclusions

The oxygendependent mechanism of action of established PSs hampers effective clinical
deployment. We anticipate that small moledodesed agents with a photothermal MOA, such as the
presented BODIPYased compoundsa and 1b, may overcome this barrier and provide a new
avenue to cancer therapy.
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Sessile organisms have evolved a diverse array of defense strategies shapeddytiom with
predators and competitors. Among these, photobiological defense strategere light triggers
specific biochemical responsesare of particular interest. Tavoid selfinflicted damage, these
organisms protect themselves by compartmentalizing photosensitizers in roots or specialized
organelles, deactivating them through redox reactions, the formation of labile precursors, or by
combining them with antioxidasit While a handful of natural products capable of generating reactive
species for photodynamic inhibition and therapy have transitioned, in native es\sghetic forms,

into clinical use, the vast majority remain obscure: some briefly discovered aghimsd, many
overlooked, and most quickly forgotten.

Here, we delve into the world of phetativatable natural compounds, examining their chemical
structures, cellular localizations, and strategies for isolation. A special focus will be laid on fungi and
their photochemical and photopharmacological propergvealed in course of research projects over
the past years. Through this exploration, we highlight both the extraordinary diversity and potential
of these natural products, as well as the significant gaps that remain in our understanding.
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EXTENDED ABSTRACT

This study explores the antimicrobial potential of crude methanolic dye extracts from feataptan
plant® Lawsonia inermisHibiscus sabdariffaCurcuma longaandSorghum bicolad as natural
photosensitizers [1,2,3]. Their photostability and efficacy were evaluated under visible light and dark
conditions against bacterig.(coli, B. subtili§ and surrogate viruses (MS2, phi6) in different aqueous
media.Curcuma longashowed the strongest photodynamic activity, whilénermisdemonstrated
broadspectrum antimicrobial action even in the absence of light, especially in acidic or aqueous
solutions H. sabdariffaextracts were particularly effective in water, supporting their use irtdoty,
sunlightdriven sanitation of fresh produce.

These findings position these natural dyes as promisingcd®ty ecefriendly alternatives for
disinfection in food safety and healthcare, particularly in reseluroged settings.
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EXTENDED ABSTRACT

Fungal biotechnology offers a sustainable and scalable platform for producingahighsecondary
metabolites, including photosensitizers (PS) with significant biomedical potential. In this study, we
aim to develop and implement a robust screening warkibodiscover and biotechnologically exploit

PS fromPenicilliumandTalaromycespecies, targeting both photoantimicrobial and photocytotoxic
activities.

Using the OSMAC (One Strain, Many Compounds) strategy, we systematically varied cultivation
parameters (e.g., media composition, temperature, light exposudcejtivation) to enhance the
chemodiversity and yield of bioactive metabolites. Both solid abdherged (including bioreactor)
cultures were employed, with a particular emphasis on conditions for potential inescsiteal
production. Crude extracts were screened for photocytotoxicity against cancer cell lines (i.e.,
nasopharynx, bladder, hypophaxyresophageal, and nasal septum) and for photoantimicrobial
activity againstscherichiacoli, Staphylococcuaureus andCandidaalbicans UHPLGHRMS/MS
analysis enabled dereplication and putative annotation of bioactive metabolites.

To date, several spec@ésncluding Talaromyces wortmannii, T. islandicu$. stipidatus and
Penicillium restrictund have been identified as producers of potent PS. The production and
detectability of these PS were found to be highly dependent on cultivation conditions, with some
compounds occasionally masked byamzurring mycotoxins during screening. Notably, sorstetd

fungi exhibited dual bioactivity: for example, under blue light irradiation, extracts Trastandicus

and T. stipidatusshowed lightdependent cytotoxicity across all tested cancer cell lines, and also
demonstrated photoantimicrobial activity agaifstaureus (both) or C. albicans (T. islandicug.

Initial attempts to trigger pigment productionTnislandicusin bioreactor cultures were successful
(Fig). Our findings underline that filamentous fungi are a promising and renewable source of PS for
photodynamic applications in both antimicrobial and anticancer therapy.

This work was supported by the Austrian Science Fund (P37163).

Figure. Pigment
accumulation in T. islandicus
grown for 7 daysina
bioreactor batch culture at
30°C onrice-based medium.
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ABSTRACT

Photoinactivations aprocedurdo eradicatgpathogenssuchasbacteriayirus, fungus,andparasites.
In this work, it was appliedto T. cruzi epimastigotesultures(strain CL Brene). The structural
modificationgn lipids, proteins andnucleicacidsin theparasits wereinvestigatedaftertheaddition

of curcuminandblue light radiation.Atomic ForceMicroscope (AFM) andDifferential Scanning
Calorimetry (DSC) measurementsvere obtained The results showedthat curcumin producesa

citotoxic effect on epimastigotesiependingon its concentrationPhotoinactivatiorduring onehour

with 450 nm radiationdiminishesthe total T. cruzi viability inducingmorphologicalchangesn the

parasits. Thisis becaus¢hedenaturatiorof proteins Stiffeningof thelipid membranevasobserved
presumablydueto lipid peroxidation[1]. Electrophoresislid not showany DNA degradationn the

photainactivatedparasitesBecausehe aboveeventis not immediate,it would be interestingto

evaluateDNA integrity somehoursafterthe photoinactivatiorprocesssincefragmentatiorhasbeen
detectedvhenevaluatingDNA 24 hoursafterthe procedurd?2].
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Angelicins (angular, Fig. 1a) and psoralens (linear) are furocoumarins found in various plants, where they act
as phytoalexins. Psoralens are wkelbwn for their application in PUVA (psoralen + W irradiation)

therapy of autoimmune skin disorders. Angjes have recently gained interest due to their distinct
photobiological properties [1]. While psoralens intercalate reversibly into DNA and form photoadducts
(monoadducts, followed by interstrand crlin&s) exclusively with thymine (T), they also underultrafast
photoinduced electron transfer (PET) with guanine (G), limiting cytotoxic efficacy [2]. Angelicins, however,
form monoadducts with T (Fig. 1landcytosine (C; Fig. 1c) bases without inducing interstrand dioks,

which may reduce phototoxicity [3]. Despite their biomedical potential, there is a lack of spectroscopic studies
on angelicins.

a)

Monoadducf 3

. 5 Monoadducf : PET
with Thymine A, T-only DNA G,C-only DNA | with Cytosine with Guanine

Figure 5: Investigated angelicins (a) and their potential interaction with different DNA bashs (b

Building on our 4PNAornwerkcbohopsofadl n5], we here
angelicin (ANG) as well as novel derivatives AMBA.
ability and water ®tbboadiireg. deni canivastexhubict

timesolved measurements of AMBA reveal PET signat
previously described for angelicins. THeahphotedpphy
density and presumably suppressed PET, is current
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Pterin (Pt) is the model compound of aromatic pterins, which are efficient photosensitizers present
in human skin, able to oxidize biomolecules upon UVA irradiation.[1] Photosensitization involves a
chemical alteration of a biomolecule as a result of the initiabratisn of radiation by another
chemical species, the photosensitizer.[2] Under anaerobic conditions Ptr reacts with thymine (T) to
form photoadducts (Ptr) (Scheme). In this work we present a method to prepare and ptRify T
adducts, using Zleoxythym d i fme noyhosphate (dTMP) and singl ¢
d(TTTTT)-3" (dT5), and investigate their photosensitizing properties. Interestingly, Ptr moiety, when
attached to T, retains its photophysical properties.[3,4] The adduct-PEiM&pon &citation, forms

singlet and triplet excited states, the latter being cable of transferring energy to dissobmd O
generate singlet oxygen, with an efficiency similar to Ptr. lrequilibrated solutions, both dTMP

Ptr and dT8Ptr adducts are ablepoph ot osensi ti ze t he odeoxggaandsioen o f
5-Mjonophosphate, two of the main targets of photosensitization in biological systems, with
efficiencies close to that of free Ptr. The mechanisms involved in the oxidation of biomolecules ca
be either type | (electron transfer) or type Il (singlet oxygen).

o " o " o o °
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Cancer continues to be one of the primary causes of death worldwide, highlighting the urgent
need for more effective and selective therapeutic strategies. Among these, photodynamic therapy
(PDT) has emerged as a promising technique that relies on thatamtiof a photosensitizer (PS)

by light to produce cytotoxic effects in cancer cells.[1] Aloe emodin (AE), a naturally occurring
anthraquinone, possesses multiple pharmacological properties, including antibacterial, antiviral,
antimicrobial, antinflammaory, and antioxidant activities. In addition, AE has shown notable
antitumor effects across various cancer types. Botfitro andin vivostudies have demonstrated

that AE can trigger apoptosis and inhibit tumor progression upon exposure to light.[2]
Nevertheless, the clinical potential of AE as a PS in PDT is constrained by its lack of selectivity
for tumor cells, emphasizing the need fargeted delivery strategies.

To improve AE's tumor selectivity and accumulation, this study explores the incorporation of
biotind a targeting agent recognized by overexpressed receptors on cancér imellsts
structure. A novel Aloe emodihiotin analog (AEB7) was synthesized to eahce PDT efficacy

and selectivity via receptanediated uptake in breast cancer cells. The ester linkage was
strategically designed for controlled release under physiological conditions, enabling targeted
intracellular delivery. The synthesis of Aloe emuodiiotin was performed via a
carbodiimide/DMARmediated esterification between the hydroxyl group of Aloe emodin and the
carboxylic acid of commercially available biotin, a targeting agent for tumor cells. Comparative
in vitro studies on the cytotoxicity and phototoxicity of AE and its biatomjugated analog were
carried out using breast cancer cell lines. The biotinjugated derivative exhibited significantly
enhanced phototoxicity under blue light irradiation. These figslisupport the improved eféicy

of biotin-functionalized Aloe emodin in PDT, highlighting the role of biotin receptors in
facilitating targeted delivery of photosensitizers.
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The mammalian retina contains a high level of phospholipids esterified with polyunsaturated fatty
acids (PUFA), including docosahexaenoic acid (22:6) [1], which are especially susceptible to
oxidation. Highly reactive products of PUFA oxidation could iamsibly modify key cellular
constituents and ultimately lead to the onset of degenerative processes [2]. It has been shown that
lipids extracted from human and bovine retinas are photoreactive and under irradiation with blue light
may generate reactive aygn species [3]. Moreover, it has been demonstrated that oxidised
docosahexaenoate exhibit potent photoreactivity, which may contribute to the observed phototoxicity
of retinal lipofuscin [4]. In this work, we analysed photochemical properties-tfehtienal, which

is a characteristic product of oxidatiorvef3 polyunsaturated fatty acids absorbing shatvelength

visible light. Photoreactivity of 2;4heptadienal was studied by EfRimetry and EPRspin
trapping. Quantum yield of singlet oxygen gexiem by 2,4heptadienal was determined using time
resolved phosphorescence at 1270 nm. Possible formation and presenceegftaienal in the

retinal lipid extracts was monitored using HPLC and Raman spectroscopy. Obtained data showed that
upon irradidion with blue light 2,4heptadienal generated singlet oxygen with quantum yield about
0.1, which is slightly higher than that of human retinas lipid extract, and superoxide anion. Although
obtained results revealed rather moderate photoreactivity-tieptddienal, they suggested also that

this species may contribute to the observed photoreactivity of oxidised retinal lipids.
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The Genesis of Porphyrin Virucidal Photosensitizers from Abiotic Processing of
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EXTENDED ABSTRACT

Porphyrins are welknown photosensitizers with several applications in oncological and
antimicrobial photodynamic treatments thanks to the oxidative potential of singlet oXyen (
However, their clinical advancement is still hindered by the poor solubility in water and complex
multi-step synthetic procedurgs.

Our study, revisiting a typical abiotic route for oligopeptide syntkésisveils for the first time
glycine as an effective and single precursor for the genesis of porphyrin derivatives with a
straightforward ongot thermal procedure.

Structural, dimensional, morphological and optical characterizations highlight the generation and
selfassembly of these species within a carbonized polymeric matrix in the form ofsahtiele and

dual blue/red emitting Carbon Polymer Dots.

The nanosystems exhikéfficient 1O, generation under visible light exposure during Indocyanine
Green photodegradation tédtsind elevated biocompatibility in Vero E6 cell line. Notably, the
porphyrintlike dots also display significant photoinduced virucidal activity against Vaccinia virus,
reaching a 92% of virions inactivation.

These findings pr opolsiek et hdeo tpsr oadsu cperdo npiosripnhgy rti hn

bi omedi cal investigations, combining potent
antimicrobial or oncologi cal photodynamic the
H;N\)OI\OH 8% visible
Gly 7 Light
T’\;' e 10Z
\)ol\ : :
H,N N OH | b
GIy-GIyH/E( <7 ,, e
; Y $§ Vaccinia
g . Virus
) (-(% Y
@k Poyr;‘)hyrin-like J\ Virions
; dots Inactivation

Figure 1. Schematic representation of the genesis and application of the portikgraots.
Ref eri:ences

[1] Ackroyd, R. ; Kel ty, C. ; Br own, N. ; Reed,PHat arcdhtee rH.i
Phot o2b0ipalft . 68560 .

[2] RodriguezGarcia, M.; Surman, A. J.; Cooper, G. J. T.; SudMezina, |.; Hosni, Z.; Lee, M. P.; Cronin, L.

Formation of oligopeptides in high yield under simple programmable conditiaisCommun2015 6, 8385.

[3] Tang, C. Y.; Wu, F. Y.; Yang, M. K.; Guo, Y. M.; Lu, G. H.; Yang, Y. H. A Classic Na&ared Probe

Indocyanine Green for Detecting Singlet Oxygi. J. Mol. Sci2016 17(2), 219.


mailto:federico.fiori@dottorandi.unipg.it

bl Gdz2NEQa vdzSadgy 5Aa020SNE FyR | LILX
| KEANY . Al yoOl

Photodynamic inactivation of Alicyclobacillusacidoterrestrisspores using
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The pr ehsleinccyeclodbaci |l dperaciday ecaese rfisuit juice s
production since pasteurization is not able to in
industry. The present study ai ms t oc etvrad autarheentt h(eAl
using new methylene blue N ( NMBN) ,-maneh cdxyy psncer all eure
MOP), chlorin e®6l8 QeP6l)8,) aansd pphuortpousreinnsi ti zers (PS)
potassium iodi de e(nK|l Jagadancitpethenetsat Siovalg sol utio
prepared using sterile deionizedJOWPat ere 6(, NMBINl aPridB )
exposure was carried out-SWUN( Mogd etBiH&X)EX ¢ mo s i -freud ta t @hda
spectrum solar radia®Aioaci TdOSsVp OB 8 v@aesn Pir@mp aa fe
bottles co8taGohonags erepgar p(HFSG 7N0. 1, and suppl eme
manganese sul fate. Three iinnoccuubl aatteedd aRdeix5p bAaGc tdfIsoers Bwle
formation was continuously monitored by staining
(100 T). The final concentrats por @8H anlbhbee sstp ocroen dsi utsi
APDT afgaiastdotporresstwreire determined by mini mal i n
Briefly, 50 OL of S9pmwaree s/umdpfe,nas’mmO4(o3l.u0t0i oln 1(03 T c o
OL of KI (30 mM) or sterile dei-wepl kedl water Pivat es
the dark for 30 min before I|Iight exposure for 30,
broth pH 3.7N0.1 were addedttd @acH5wel f oand8i mme
dark controls were incl udedspteoc tervuamt usaotlea rt hrea diisaotliac
respectively. Survival curves were genepartes/ mly) p
verfslusencde. (DHem nactivation data Wardidn amad yzed us
mat hemati cal modelffag, gGappheald Pepsfhsoéntsataitdms,t ia
analysis (ANOVAhwt tpxe Du KOSY)C. saTgses tMIr esul t s demonstr
NMBN, MBl1l&nackPi evedAa aciddetpdomre wtiraibs | ity only in
(10 mM). On the contrar WOPAPRHuUwiezdh dCGYRE ras€&/6 iadhn d
both in the presence and absence of KI (10 mM). O
of 1360 OM of NMBN andiaovuB,OM S8ofwem!| thse PBesence of
Additionally, tewitsiade@OMeCdiBOOoDMuCHOP, abdt B wit
and without KI (10 mM), toAdedceirinégther kedeinkichevati
obtained in this study wil!/ contribute to future
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Phot otaming of Bacteri al Bi oel
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The goal o f engineering |living matter i's to
capabilities of |iving organisms. One prevale
to specific stimuld.i t hr ouegsh oeri tfhwemrrc tsiyonntahle t mact
modul ate the electrophysiology and activity o
as wel |, even though the connections between
and behaonloy rheaocveent |l y started to be elucidate
membr ane potenti al i's a dynami c, rat her than
signaling role. Such a communi cheethiaovn opagr aadidg n
within microbial communities. Given that me m

mani pulating this parameter represents a prom

Here, | show that precise optical modul ation
a matlead ed sdpdppreccaicfhi.cal | y, we found that the i
| ocation induces either hyperpolarisation or
state deactivati omi mattihawvamec¢ h aviitshminr éaptbhe do ¢ i m
Thi s can t-fi ggerbipetbeobnric signalling and c
uncharacterized ion channels in bacteria el ec
l i glotdul ati on of aealtli baootamr tulpd afkleat msomt r ol o f
behavior in consortia and multispecies ecosys
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Light harvesting complexes (LHCs) exhibit a d

t he solar photon collection for photochemistr
the excess absorbed ener gogf atsheheddl,i ctaot ea vionind
photosynthesi s. Under stress, phot osystems ut
whi ch ar e coll ectiypdloyoagrdmiragald dwenashi mon (
mechani sms of &NP&Odd aae istil b delwvery compl ex
interactions between chromophores, either chl

guenching mechanisms of the minor andemmated
mutagei s with piecoseednd| uomescence and femto
spectroscopi es. The measurements are perfor me
mi mic the native membrane envirommemrte. oQul n¥to
of mul tG@arl ei Cthdr acti ons both in L1 and L2 que

mechani sm. murt acnas g scefl ecti ve removal of Chl a6
|l onger compared to CP29 wil dmutyapret ((VTi)t.e O&h It he
H111N) which increases excitonic interactions
faster Chl fluorescence | ifetime comparecde to \

of energy transf getro paoCanssddriomsChdtdmmtSant . bO
study provides experi menXant eivihntdemacet itohnast amu
guenching activity of CP29.
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Conjugated polymer nanoparticles for biophotonicapplications: biohybrid
photo-sensitive interfaces for living cells
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Biophotonic technologies hold immense promise for applications spanning from theraongstcs
engineerind1], [2].

We explore conjugated polymer nanoparticles -{@%), specifically poly(hexylthiophene)
(P3HT), [6,6}phenyl C61butyric acid methyl ester (PCBM), and their blend (P3HT:PCBM), as
functional nanematerials forthe development of photactive biohybrid systemi8], [4]. The CP

NPs were synthesized via nanoprecipitation, resulting in stable colloidal dispersions with average
diameters of ~180 nm. Optical and electronic characterization revealed strong absorption iin the 350
600 nm range and emission in the red to mefared region (65M00 nm), aligning well with
biological spectral windows. When exposed to light in phosphafiered saline solution (PBS), the
CP-NPs generated photocurrents in the range ofi@.180 n Aevidemoing efficient conversion

of light to dectrical signals in agueous environmer@snulations of their interaction with biological
media under il lumination revealed robufPs, carr
supporting their potential for ligtitiggered sensing or stimulation in physiological environments.

Extending this approach to plant photobioloy, we integrated P3HNPs into Arabidopsis
thalianato create a biohybrid plant. The P3HIPs 6 absor pti on spectrum
with the chlorophyll absorption bands, thereby augmenting theh@iviesting capacity of the plant.
Notably, P3HTNPs trated plants showeah increase of up to 45% in root length and ~17% in total

bi omass production compared to untreated cont
assimilation.

In conclusionCP-NPs can serve as external antennae and photoactive interfaces within plants. This
biohybrid strategy highlights a photobiologically relevant synergy between nanomaterials and plants,
pointing to innovative applications in sustainable agriculture andwable energy, from more
efficient coO capture via increased biomass
responsive biohybrid living systems.
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Corals are marine invertebrates and the primary builders of reefs. The basic unit of a coral ispcdyled a
characterized by one or more rings of tentacles surrounding a central mouth. The internal cavity, often referred
to as the "stomach skin," is lined by a tissue called the gastroderm, which hostsbyolgeisymbiotic algae.

This symbiosis makes coralslptrophic, combining both photosynthetic capabilities and a digestive system.

In addition to the pigments produced by the algae, such as cadstamal chlorophylls, corals can express
fluorescent proteins (FPs), which are responsible for the striking colors observed in many species. In this
research, we investigated the role of FPs in light management mechanisms, focudtagiarsp.coral with

a phenotype we refer to as "Favia Green." Specifically, we studied energy transfer mechanisms involving the
coral 6s fluorescent proteins. Pigment extraction
(GFP, emission between 5@Y0 nm) andanother corresponding to cyan fluorescent protein (CFP, emission
below 500 nm). Hyperspectral imaging allowed us to map the distribution of these pigments within the coral
colony, identifying two main regions: the mouth and the surrounding tissue. FElelcesmicroscopy showed

more densely packed granules in the tissue, and optical coherence tomography revealed this region also
exhibits higher light scattering compared to the mouth. Additionally, we found that the tissue region reaches
photosystem satutiah at higher light intensities than the mouth. This difference may result from a
combination of energy transfer phenomena and enhanced scattering in the tissue. Notably, the spectral overlap
between CFP emission and chlorophyll absorption suggests titanplemitted by CFP can be transferred to

GFP and subsequently-emitted at wavelengths where chlorophyll absorption is low. We also observed
fluorescence decays faster in the tissue than in the mouth for the CFP using time resolved photoluminescence
seup and supporting the energy transfer phenomena. Regarding scattering, the FP granules in the tissue scattel
more photons than those in the mouth region. This results in fewer photons reaching the photosystems located
beneath the tissue. The combined affexf energy transfer and scattering may represent a light management
strategy used by the coral to protect its symbiotic algae from excess light.
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Engineering of Light Sensitivity in Chlamydomonas reinhardtii
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The evolutionary ability of certain microorganishn
into active motion makes them ideal candi dates f
navigating highly onmeous, anadngionffi hedmelmivolrogi cal
architectures. I n this context, Chl asmyachadmo masd raei
model due to itld inmttruirmdi phohlodraxphyl | ffl-gemetsice n
engineering strategies.

This study investigates phototaxis as both an act
as functional-resnpomssiwidg,himi diigshgi red mi crosystems
gui ded transportsenbidfenivhirsneerdf awe designed an
mi croscopy ©platform equipped for dynamic photota
parameters (wavelength -aaedol nteopniiagpl matdsiadd owmo ¢ |

trajectory, displacement, and directionality.

To further enhance and modul ate |l ight responsiven
photoactive mol ecul3t¢san saprodstadadéympoZuinmd-i m@&pabbe
membrane potenti al modul ati onceShbesuspseaospiboascl &«
absorption spectra, et c.) revealed preéefremenetnitasl a
suggested a functional effect on membriamres pood mpad tsi
with cell viability, currently employed in photot
Finally, we atiemenophobosygt hetalc dynamics during
Fluorescence Lifeti me [fdnyasgtienng i Mitcergorsactoepdy Wi RLhl M)t a
enables subcellul ar resolution mapping of chl orc

photophysical 41 easpcecresdesnowi it htli glat t er ns.

Preliminary results demonstrate a robust di recti
mol ecul ar photoactuation can alter both the fluo
These findings | aygiided galoganld waoir kr d owi mmgrms and c

of autonowmmpsti bie microrobots for biomedical and
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EXTENDED ABSTRACT

Over the past fifteen years, research has |
organisms, beyond their role as-lpeeénbebhbhvpattul
on electrical sigrall IAi rkgeyf cernadd mmu noifc atthiosn b e
potential, regulated by ion flux across the ¢
nutrient upt ake. To modul ate bacteri al me mb r
promi sliuntd?bs®ke organi c mol etciuil @G e roendd etii pamsk 7 g b
all owing prmeisentrehlof ion flldk and electro
Il n this study, we present the electrophysi ol
fl uor eébsacseerdc emi croscopy and theenrsudiiale dNemtnrsit |
B. sultiplriesence of some nkravsd gd smaltdeslieed Ram
focus on the possibility to modul ate the me
wavelengths and on the role of oxipeacnidf iicn itohme
homeostasis. By combining oBr maoaludé#cdclnises twiatims
not only be able to show the possibility to p
will also highmeichatnitsims mdl edwlparati on to cope
Our findings offer valuable insights on the s

interesting scenarios towmar ghot benopad athloa of
including the study ofgat msitr amesphpomse cand res
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In the field of cellular stimulation, light offers a high spatiotemporal precision control with minimum
invasiveness, and it allows for remote control of biological functions when combined with photoswitches. In
this work, different photochromic systems/bdeen designed, synthesized and characterized to target bacteria
and to photomodulate their membrane potentialcontrast with eukaryotic cells, important processes
regarding bacteria functioning, such as ATP generation and signalling, occur at pilastbaane level. In
particular, bacteria membrane potential plays a key role in signalling and adaptation to antibiotics. Here, we
show how the functionalization of azobenzenes allows for tuning light absorption and quantum efficiency,
which play a fundameal role in light penetration for clinical applications. Specifically, deacceptor
strategy has been exploited to strongly-sadt absorption, and the use of electfor heterocycles turns out

to be effective both in red shifting the absorption band in imparting an amphiphilic character to the
photochrome. The latter characteristic is essential to drive a spontaneous partitioning of the photoswitch into
the bilayer.Preliminary experiments have been carried out on baci®ubtilisandE.Coli) to investigate
localization and toxicity, further assays will be performed to evaluate photomodulation of membrane potential.
Conferring light sensitivity to bacteria allows for the creation of novel biohybrid materials which can offer
new solutions in the fields of drug delivery and minimization of antibiotics resist&h& .

Figure 6 B.Subtilistreated with novel photoswitches
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How stratospheric ozone, airpollution, and climate will shape surface UV
radiation in the 21st century?
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The interactive effects of stratospheric ozone and climate change on solar UV radiation in the 21st
century involve a complex interplay of anthropogenic influences and natural processes.
Understanding these interactions is essential for developing effesfigtegies to mitigate the
adverse impacts of ozone depletion and global warming on ecosystems, human health, and the
environment. The levels of UV radiation are primarily determined by atmospheric processes,
including attenuation by ozone, clouds, amedosols, as well as enhancement by the reflectivity of
Earthdés surface.

The onset of ozone depletion in the 1980s led to increased levels of scBrratifation at the
surfac@ particularly in the high latitudes of the Southern Hemisphex¢rend that continues despite

signs of ozone recovery. However, the projected "stg@wvery” of total ozone toward the end of

the 21st century, potentially exceeding-gdepletion levels, is expected to result in a decrease in UV

B radiation. These variations in UB exposure may have already affe@&eahd are likely to
continue affecting human health and ecosystems in diverse ways.

Moreover, climate change driven by increasing greenhouse gas concentrations influences clouds,
surface reflectivity, and, to some extent, aerosols. These factors further complicate our ability to
project future trends and variability in solar UV radiatias,well as the associated environmental
effects. Due to regional variability in these influencing factors, different areas of the world are
expected to experience distinct impacts.

Projections of ozone, cloudiness, surface reflectivity, and aerosols for the 21st century, as predicted
by stateof-the-art Earth system models, are used in radiative transfer simulations to assess the global
variability and changes in surface UV radiatiidn 2]. These projected changes, analyzed under
different socioeconomic pathways, are discussed in terms of their implications for human health and
ecosystems.
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The effects of UWradiation on materials can be complicated. On one side, theadistion,
especially the UWB radiation with short wavelengths and high energy, will cause the degradation of
materials, which draws the attention to design materials tmatesast the degradation, providing
appropriate life time for application. On the other side, therbdiation can be applied as natural
energy to assist the degradation of the toxic compounds and waste materials.

Clothing fabrics and other fiber materials are usually exposed to the outdoors, where UV radiation
from sunlight, as well as climatic factors such as temperature, humidity, and atmospheric
pollutants, can adversely affect their lifespan. These factoranthite material degradation,
resulting in the release of small molecules within its structure that cause health hazards and
environmental pollution. Therefore, achieving a balance between material performance and
sustainability is imperative. Researcheradify fiber materials to develop advanced functional
materials with specific UMesistant properties, such as improved durability and staHititshis

report, we will firstreview various modification methods for UV resistance and thermal radiation
protection in fiber materials, including nanoparticles, organic modification, and surface
structures.Secondly, we will also summarizéhe research progress oapplication of plant
extracts from natural and sustainable sources such as tannins, tea polypwetdighans for

UV resistance in fibers and fabridsnally, wewill briefly introducenow we design nanomaterials

for the efficient degradation of toxic compounds and plastic in consideration the rolerafiifition.
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Effects of solar visible blue light on human skin aging and pigmentation
current status and options for protection and treatment
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EXTENDED ABSTRACT

Currently, skin photgrotection primarily focuses on the Lportion of the solar spectrum since the

high energy of UVradiation induces skin damage after a short time of exposure. Consequently,
sunscreen products contain effective UV filters to providé kiVA and UVB protection. However,

there is accumulating evidence that also high energy visible light (HEVISGmWMAmM) significantly

affects skin physiology. Since conventional UV filters do not protect against visible light, other means

of photeprotection are needed to counteract HEVi8uced reactive oxygen species (ROS)
production.

The symposiumés objective is to present new d
spectrum, especially the blue part, on the physiology of human skin. Damage responses and means
to protect the skin will be discussed in various presienist
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Exposure of biological material to specific wavelenghhds of radiation can result in oxidative
modification of intra and extracellular macromolecules. This can happen through thenagmatic
generation of reactive oxidized lipids. Such lipids also accumulatnohare secreted by senescent
cells. Amory the lipids increased by exposure to UVA aaith lesser extent also by other wavelenght
light, but also in prematurely senescent dermal fibroblasts were lipid hydroperoxides but also the
aldehydophospholipids palmitegikovaleroytphosphatidylcholine ROVPC) and palmitoybxo-
nonanoyiphosphatidylcholine (PONPC). Using HPIMass Spectrometry and Maldi MS Imaging

we could identify and localize such reactive aldehydolipids in skin, 3D skin equivalent models and
cell free dermal equivalent models and claties their appearance to presence of photostressed or
senescent cells and reconsituted multilammelar vesicles.

We also investigated the lipidduced collagen modifications and their effects on skin cells to assess
long-term consequences of lipids from photostressed or senescent cells to the ECM and
microenvironment. Using mass spectrometry and biochemical metheddentified high and low
molecular weight modifications to collagen type [, Il and IV. HhBdified collagen reduced
proliferation and induced stress responses in fibroblasts, including upregulation of HO1 and
HSPA1A, while OxPkmodified collagen triggred inflammation. Both modifications affected
matrix remodeling genes, they increased MMP1 and MMP3 expression while reducing collagen type
| and Il expression. Both HNE and OxPL modified collagen led to elevated levels of cellular reactive
oxygen speci (ROS) and further lipid. In addition, macrophages cultured on modified collagen
displayed altered cytokine profiles and TLR4 signaling impairment. When lipid modified collagen
was used to generate organotypic skin equivalents led to disturbed diffeoentf epidermal
keratinocytes and increased markers of cellular senescence like loss of perinuclear LaminB1, higher
OH2AX and pl6 | evels.

Taken together, our data suggest that oxidized lipid modifications to collagen contribute to an aging
phenotype in the skin. The finding that also adducted lipids interfere with PRR signaling could
suggest that modified matrix reduces the immune survedland ability of phagocytes to recognize
oxidation/senescence associated patterns and thereby may contribute to immune evasion of entities
which carry oxidized epitopes, including damaged and senescent cells themselves.
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The current statef-the art sunscreens are primarily protecting the skin against high energy UV
irradiation. These products typically contain Wiers to provide high UVA and UVB
protection. However, UV irradiation marks only a small part of the sgeactsum and there is
accumulating evidence that also light of longer wavelengths (> 400 nm) causes significant
physiological changes of the skin. Besides the induction of reactive oxygen species (ROS), also
darkening of hyperpigmented spots has been okserin contrast, there is no convincing
evidence that infrared irradiation causes similar effects. Since conventional UV filters are not
capable to protect the skin from sun light above 400 nm, a special focus on pigmented or tinted
formulations arose. Hoewer, these are not broadly accepted by the consumer. Thus, novel
photoprotective strategies are needed to counteract the physiological changes affected by visible
light (VIS).

Here we showcase the chemical molecules Licochalcone A and Thiamidol as potent protective
actives against VIS. Licochalcone A is a NRF2 inducer and stimulates the intrinsic antioxidative
machinery of the cells. Thus, cell cultures{reated with Licochalone A significantly reduced
VIS-induced ROS. Surprisingly, classical radical scavenger like Vitamin C and its derivatives
ascorbylpalmitate and ascorbydhosphate, which do not induce Nrf2, did not significantly
reduce VISinduced ROS. Thiamidol is a patt inhibitor of human tyrosinase and counteracts
hyperpigmentation. Consequently, VIS irradiation induced melanin production in melanocytes is
significantly reduced by Thiamidol treatment. This also enables the reduction of UV protected
but hyperpigmentedreas which cannot be constantly covered from the sunlight.

Overall, these results demonstrate novel intervention strategies in underrepresented areas of sun
protection apart from classical UV protection.
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Onecarbon metabolism, which involves the transfer of-oagbon units via intermediates such as fqlate

is essential for DNA synthesis, epigenetic regulation, and the production of amino acids and lipids. The
biologically active form of folate, Bnethyltetrahydrofolate (MTHF), plays a central role in cell growth,
tissue repair, and, specifically in theis, supports fibroblasts activity, collagen synthesis, and
regeneration of damaged cells. However, solar radiation reduces skin folate levels, pbrticwdging

skin, impairing repair mechanisms and increasing the risk of folate deficiency [1]. While folate s well
known in nutrition, its potential in skincadeas a regenerative and aptiotoaging agent has not been
widely explored. Most studies ha¥ecused on folic acid [2,3], a synthetic form of vitamin B9 that
requires intracellular conversion teNSTHF. Due to its limited solubility, photinstability, and need for
metabolic activation, folic acid poses formulation challenges. In contrast, new&aped reduced folate

salts, which are bioequivalent to active folate, show improved stability, enhanced skin penetration and
antioxidant properties, making them promising candidates for cosmetic, nutraceutical and therapeutic
applications [4,5].

Human dermal fibroblasts (HDF) were cultured in multiwell plates t®8% confluence. A time course

was performed to determine the slebhal UVA dose for assessing cellular damage that could be
counteracted by-MTHF (Quatrefolic®)treatment.Two experimental setups were used:-preatment,

where cells were exposed teMTHF 24 hours before irradiation, and pdastatment, where cells were
irradiated first and then treated witANBTHF for up to 72 hoursSupplementation with-BA”THF shows
dosedependent uptake by HDFs, remaining stable for up to 48 hours. AdditionaWif,HF- provides
significant protection against UVduced oxidative stress, reducing cytosolic and mitochondrial ROS
production, especiallgt higher concentrations. This antidant effect improves cell viability after UVA
exposure. MTHF also enhances wound healing, as shown by improved closure rates in scratch assays.
The photoprotective effect ofBITHF, both before and after irradiation, was confirmed through the comet
assay demonstrating reduced DNA damage at all tested concentrations. The impabtTéifsin the
remodelling of dermal structural componeigslso being studied.

Overall, the research points teNbTHF's potential as a therapeutic agent for promoting skin health,
protecting against oxidative damage, and enhancing wound healing, although further investigation is
required to confirm these outcomes in clinical settings
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EXTENDED ABSTRACT

Liposomes have been the most successful type of nanomedicine for the treatment of cancer, capable
of carrying chemotherapeutics with higher precision towards cancer tissues [1]. While liposomes can
improve chemotherapy safety, the treatment efficaciesramedy improved due to a lack of
spatioemporal control of drug release and the poor penetration of drugs into the dense cancer
microenvironment. Within the field of drug delivery, photodynamics has emerged as a strikingly
effective approach for spatiotermabcontrolled drug release and improved drug efficacies by
harnessing photochemical redox reactions to destabilize lipid nanoformulations that contain
oxidationsusceptible excipients [2].

This study outlines key design considerations for lipid nanoformulations in (1chgittolled drug
delivery, (2) overcoming lysosomal drug sequestration, and (3) facilitating microenvironmental
priming to enhance tumor permeability [3]. These consigeraffirst highlight the role of specific

lipid excipients in determining photodynamic drug release efficiencies. Secondly, the selection of the
photosensitizing agents is considered, which ideally absorb light >650nm and exhibit limited
leaching. Thirdlythe selected photosensitizing agent and pharmaceutical cargoes may dictate which
drug loading approach should be pursued, and how drug release is detected. Finally, considering the
corollary effects of photodynamics on cancer cells and the cancer micoyengnt, we emphasize

the utility of a multimodel approach to evaluate novel photodynamic drug delivery systems.

These design considerations are intended to boost the field of photodynamic drug delivery and
encourage its exploitation in translational cancer research. Moreover, these aspects are equally
relevant to stimulate investigations towards oxidatiesponsivelrug release triggered by alternative
external stimuli such as-Kys [4], thereby broadening the drug delivery arsenal against cancer.
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Porphyrin -peptide targeting systems for PDT applications

Enrico Caruso*!, Miryam Chiara MalacarneMarzia Bruna Gariboldi Paolo Dogniri, and
Francesca Giuntifi

! Department of Biotechnology and Life Sciences (DBSV), University of Insubria, Via J.H. Dunant 3, 21100
Varese, VA, ltaly.

2 School of Pharmacy and Biomolecular Sciences, Byrom Street Campus, Liverpool John Moores University,
Liver-pool L3 3AF, United Kingdom.

*correspondence{hail : enrico.caruso@uninsubria.it

Keywords: PDT, porphyrin, peptide, targeting

Cancer is a global severe health problem and the second leading cause of death, after hefart disease
In women, the overall incidence of cancer has been increasing in recent years after nearly two decades
of stability’. Breast cancer is the secédndost common cause of cancer death and its incidence is
increasing worldwidé

In this context, photodynamic therapy (PDT), a therapeutic alternative that combines light and drug
(photosensitizer, PS), represents a valid alternative to impact the incidence rate of cancer deaths. The
latest generation of PSs are conjugated with ocgamd inorganic polymers, nanoparticles,
liposomes, monoclonal antibodies, peptides/proteins, carbohydrates, and marny dtiersain

reason for the development of this further generation is related to the desire to direct the PSs to the
target areas to maximize their selectivity and specificity and, consequently, also their intracellular
accumulatioh

In this presentation, attention will be given to some examples of PS belonging to porphyrin family
bound to peptides to have a more targeted therapy. Specifically, attention will be paid to the case of
Triple-Negative breast cancer (TNBC), which is defimasda subtype of breast cancer in which the
expression of the proteins ER, PR and HER?2 is laé¢kingccording to data available in official
registries, breast cancer has the highest incidence in women while TNBC represents approximately
10%-15% of all breast cancérs

Therefore, seeking a therapy that can be targeted to this type of pathology is very important and
represents a very interesting challefigé
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EXTENDED ABSTRACT

Neuroblastoma (NB) is one of the most common pediatric neuroendocrine tumors originating
from neural crestlerived sympathoadrenal precursor cells and accounts for 15% of pediatric
cancer mortalities [1]. DisialogangliosidgD?2 is a key molecular targetrfdlB immunotherapy

which is based on the employment of GB2geting antibodies. However, about 50% of treated
patients can experience tumor relapse due to limited immaeudiated cytotoxicity and poor
antibody penetration into tumors [2]. To address thisblem, we developed a penetrating
photooncolytic phage nanovector platform that selectively targets&dpgessing NB cells. The
phage bioconjugates were functionalized with photosensitizers, and resulted in targeted oncolysis
of GD2-positive NB cells upn light irradiation, without affecting GDBegative ones. The
photooncolytic phage nanobots were shown to deeply penetrate intepGdite tumor
spheroids in vitro, and to cross biological barriers in a Zebrafish xenograft model, maintaining
their ablaton specificity upon irradiation. Finally, to counter resistance from GD2 loss, often
linked to poor prognosis [3], we introduced a CRISPRa strategy to reactivate GD2 expression in
GD2-negative cells. This approach offers a minimally invasive and higlicefe strategy,
addressing unmet needs in Neuroblastoma therapy.
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Sensing melanoma cells with hyaluronic acid decorated magnetoplasmonic
nanoassemblies: from diagnosis to future therapeutic applications
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EXTENDED ABSTRACT

Melanoma is the deadliest form of skin cancer and one of the most aggressive cancers whose
incidence rates are rising in western populations [1]. The aggressive metastatic trend is associated
with increased cellular dissemination. Moreover, melanomasmtiete extracellular vesicles (EVS)

thus regulating the immune cell functions and modifying the tumor microenvironment as mediators
of metastasis [2]. Recently, several innovative and targeted therapies have emerged and new and
reliable methods for monitmg disease progression and guiding therapeutic decisions are needed.
Liguid biopsy emerges for its versatility in tailoring the response to specific biomarkers [3]. Here, a
multicomponent nanoplatform for sensing melanoma cells and those associatesl (Edfsosed.
Luminescent hyaluronic acid decorated magnetoplasmonic/amphiphilic cyclodextrin nanoassemblies
were prepared and characterized using spectroscopidR(FUV/Vis, luminescence), imaging

(TEM) and DLS technigues. The nanoassemblies showedodcgptx i ci ty up to 24 h
on THR1 human cell line differentiated into macrophages. The nanoassemblies were selectively
uptake by A375 and HIL44 human melanoma cell lines with respect to NHDF human fibroblast cell
line. After experiments on &ésion cultures, the activity was confirmed in suspension also
evidencing the magnetic separation capability of the system. Finally, preliminary tests showed the
interaction between the magnetoplasmonic nanoassemblies and EVs derived from a model
microalgae, and from A375 and HT44 cell lines. Results suggest that complex binding and uptake
mechanisms occurred. These are probably guided by the selective recognition of the hyaluronic acid
receptor C44 that is overexpressed in these cellular lines. Fugkeeriments are egoing to

increase the complexity of the environment for liquid biopsy applications. The theranostic
potentialities are also considered.
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Photodynamic therapy (PDT) effectiveness has been well demonstrated in vitro, but in vivo
studies have only shown a delay in tumour growth. Tumour recurrence is often reported in clinical
trials and is often associated with limited tumour uptake of thégseasitizer (PS). In this study,
sonoporation (SNP) is utilized as a physical targeting tool to enhance the uptake of an untargeted
PS in cells and tumour tissues. Using a chemometric approach, we identified the optimal
sonoporation stimulus to maximizeptake and cell viability (frequency 1.05 MHz, tON
(percentage of positive signal in a single pulse): 50%, DC: 90%, burst: 1 second, sonoporation
time 1 min). We achieved a viability of 83.9% £ 10.3, and an uptake in lived cells of 53.1% +
6.6. The combinan of sonoporation and photodynamic therapy resulted in a significant
reduction in cell viability. In a tripleegative breast cancer model, sonoporation combined with
photodynamic therapy significantly inhibited tumour growth. For the first time, ourltses
highlight the potential of sonoporation as a fiomasive method to increase the intratumor uptake

of photosensitizers, offering a promising strategy to improve PDT efficacy.
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SNP and PDT result. A) K562 cells are incubated with phthalocyanine, sonoporated, and
irradiated; B) Confocal images of sonoporated and non sonoporated cells; C) MTT vitality test of
K562 incubated with 1-+¢uMorbearingmideadmdtgredIiwith SiPc,v o 4
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Fully reversible control over DNA-intercalation with visible light
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DNA-binding agents are widely used chemotherapeutics in cancer therapy. Many established drugs,
such as Cisplatin, share one intrinsic obstacle, the treatment comes with seveftesis@ue to

low specificity.[1] This prevalent problem in cancer thgrayjan be mitigated by employing the
emerging concept of Photopharmacology, where the activity of a drug can be spatiotemporally
controlled using notmarmful visible light.

We introduce Diazocine photoswitches (cyclic Azobenzenes) as a promising scaffold for reversible
DNA-intercalation in photopharmacological cancer therapy. Diazocines are stabs-in
configuration and can be isomerizedttans-configuration by irradiation with blue light (400 nm).

The metastabl&anslsomer can revert to thes-state thermally or by irradiation with green light

(535 nm). The difference in DNA binding behaviour can be explained by the change in geometry
upon switching. While the flatranslsomer can

intercalate between the base pairs, the sterically ‘

demanding, angledis-Isomer is expelled from the
DNA-Diazocine complex. RV/NQN\\»,\
In our study, we synthesized a library of potential -
Diazocine based DN#ntercalators based on the

results of Molecular Dynamics screening. All
molecules were photochemically charazted
under physiological conditions and the binding to
genomic DNA was assessed with Circular
Dichroism Spectroscopy. J
Our compounds show full reversibility of DNA C 4
Binding upon irradiation and could do so without S
fatigue for at least 5 cycles. /

The large change in affinity combined with the Rear 1

guantitative photoconversion of the Diazociness

isomers lead to highly selective binding and

unbinding over a wide concentration range,

promising better targeting for chemotherapeutics
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Lighting Up the Hypoxic Tumor: Folate-targeted, oxygengenerating
nanoparticles for synergistic photodynamic and chemotherapeutic treatment

Luca Menilli* 1, Marialaura Liviert, Giorgia Miolot, Andrea Guerrirfi Beatrice Costa
Claudia Ferrorfi Greta Varchi

! Department of Pharmaceutical and Pharmacological Sciences, University of Padova, Padova, Italy
2 Institute for Organic Synthesis and Photoreacti(i®OF), National Research Council (CNR), Bologna Italy
*correspondencedail: luca.menilli@unipd.it

Keywords: cancer; photodynamic therapy; nanotechnology; hypoxia

ABSTRACT

Hypoxia represents a major barrier to the success of many anticancer therapies, particularly
photodynamic therapy (PDT) and chemotherapy. The lack of oxygen within solid tumors impairs the
generation of reactive oxygen species (ROS), a critical step in BRI simultaneously induces
metabolic adaptations that reduce tumor cell sensitivity to chemotherapeutic agents. To address these
challenges, this work presents the development and evaluation of twotéotgeed, oxygen
generating nanoparticle systemasigned to restore oxygen availability and enable a synergistic
therapeutic response. Both nanosystems are based on human serum albumin (HSA) nanopatrticles co
loaded with a chemotherapeutic prodrug, paclitaxel (P$XS), and the photosensitizer chlorin e6
(Ceb). Surface functionalization with folic acid (via DSPEGFA) enables selective targeting of

tumor cells overexpressing folate receptor alphdjjFRhe two formulations differ in their strategy

to overcome hypoxia: catalase (Cat) for the conversi@ndogenous hydrogen peroxide found in

the tumor microenvironment into molecular oxygen or hemoglobin (Hb) as an oxygen carrier and
manganese oxidiinctionalized albumin (MHSA), which mimics catalase activity and contributes to
sustained oxygen genearat. These nanoparticles were thoroughly characterized for their biological
properties: folatalriven cellular uptake, subcellular localization, and ROS production following red
light activation (600780 nm). Their cytotoxic potential was evaluated in wemcer cell lines
(OVCAR-3 and SKOV-3), differing in FRJexpression levels. Key outcomes included analysis of
dark and photénduced cytotoxicity, intracellular oxygen release under hypoxic conditions, and the
resulting cell death mechanisms. The results demonstrate that these multifunctional, actively targeted
nanocarriers effectively reoxygenate hypoxic tumor environments and enhance the cytotoxic synergy
between PDT and chemotherapy. Thisewa t i on nanopl atform offers ¢
up0 hypoxic tumors and overcome their resistan
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Figure 1. Simplified photosystems to study the mechani
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Time-resolved structural dynamics of natural and engineered photoreceptors
containing non-canonical amino acids
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Time-resolved Raman [1] and infrared [2] spectroscopies can provide kinetic and structural
information down to the femtoseconds time scale. However, two features hinder a broader
application of transient vibrational spectroscopy in protein photobiologst, Biverlapping bands
typically prevent selective investigation of native protein bonds. Second, the use of UV/Visible
laser pulses to excite a chromophore and start a reaction severely limits the number of target
systems. Here, we employ an approach tinitor and initiate photoinduced protein structural
dynamics based on genetically encoded-nanonical amino acids (ncAA). On the one hand, we
have incorporated wek n own [ 3, 4] and novel ncAA carryi
monitor the complete mitocycle of the lightoxygenvoltage (LOV) transcription factor EL222
residueby-residue. On the other hand, genetic encoding of photocaged [5] and photoswitchable
ncAA is allowing us to trigger changes in protein folding and interactions by light. Oultges
underscore the power of lighesponsive ncAA as (i) spectroscopic reporters of protein
microenvironments, and (ii) phototriggers to set proteins in motion for punoipe spectroscopy
techniques and potentially also timesolved structural biology nieods.
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Fatty acid photodecarboxylase (FAP) is an algal photoenzyme that converts fatty acids into
hydrocarbons via a ligidriven radical mechanism?. Previous cryogenic FTIR and crystallographic
studies suggested that a significant fraction of the IB@roduct is enzymatically transformed into
bicarbonate through interaction with water within the active site2. We aimed to clarify whether this
bicarbonate intermediate persists at physiological temperature and to determine the fatenof CO
FAPG6s photocatalytic cycl e.

We combined steadstate and timeesolved infrared spectroscopy (FTIR at 1200 K; TRIR at
298 K), membrandénlet mass spectrometry (MIMS) with,HO and3C-labeled substrates, site
directed mutagenesis (R451K, C432S), isotepehange experiments, and quanicimemical
(QM/MM) simulations to track C&formation, conversion, and release.

Cryogenic FTIR confirmed bicarbonate formation atiIA K in wild-type FAP, which is absent

in R451K and C432S mutants and confirming the roles of residues R451 and C432amfmevature

CQO; reactivity. However, TRIR and MIMS at room temperature showed neither a concurrent release
of 13C1%080 with *C0, nor any transient HCObands; MIMS data instead indicated that.CO
reacts with solvent poselease under these conditions. QM/MM calculations revealed that the
bicarbonate formation barriers increase dramatically at 298 K and that C432 can rapidly reprotonate
R451, preventing stable bicarbonate trapping.

Although bicarbonate is stabilized in FAP under cryogenic conditions, it does not appear as a catalytic
intermediate at physiological temperature. Instead; €@s the active site and reacts with water
only in solution. These findings revise the mechanistic model of FAP, highlighting-pet as
unidentified inprotein CQ transformation pathway.
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Multi -step 1Zkcis to all-trans retinal photoisomerization in bestrhodopsin, an
unusual microbial rhodopsin
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Rhodopsins constitute a broad class of retmatling photoreceptors. Microbial rhodopsins are
canonically activated through an-#déns to 12cis photoisomerization, whereas animal rhodopsins
are mostly activated through an-&i& to alltrans isomerizigon. Bestrhodopsins constitute a special
microbial rhodopsin subfamily, with bistable rhodopsin domains that can be photoswitched between
a far redabsorbing state D661 and a gredssorbing state P540. Its photochemistry involves a
peculiar alltrans toll-cis isomerization for the D661 to P540 photoreaction and vice versa. Here,
we present the P. antarctica bestrhodopsirtidlto alttrans photoreaction as determined by
femtosecondo-submillisecond transient absorption, femtosecond stimulated Ramarflast
photolysis spectroscopy. The primary photoreaction involves ultrafast isomerizations in 240 fs from
the 1Zkcis reactant to a mixture of highly distorted-tains and 1®is photoproducts. The i8s
fraction then thermally isomerizes to a distdréd-trans RSB in 120 ps. We propose bicycle pedal
models for the branched photoisomerizations witihatation of the C11=C12 and C13=C14 double
bonds. One reactant fraction undergoes bicycle pedal motion aborted at the C13=C14 double bond,
resulting inall-trans retinal. The other fraction undergoes a full bicycle pedal motion of both
C11=C12 and C13=C14, resulting in-&i3 retinal. The primary products are trapped high up the
ground state potential energy surface with a low energetic barrier thafasithermal isomerization

from 13cis to alttrans retinal in 120 ps. Atrans retinal then structurally and energetically relaxes
with subsequent time constants of 0.7 andn62and 4.4 ms along with counterion protonation,
completing the P540 to D661 photoreaction.
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photocycle branching in channelrhodopsin2
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Because of their diversgplicationsn biological science and engineering, continued effoare

been made to expand the pool of photoswitchable protein systems. Using ultrafast spectroscopy,
we demonstrated that in two nonphotocatalytic flavoenzymes, monomeric sarcosine oxidase
(MSOX) andN-methyltryptophan oxidase (MTOX), photoexcitation of a chargasfer (CT)
complex formed by a flavin adenine dinucleotide (FAD) cofactor and a nonreactive ligand, e.g.,
methylthioacetate (MSA) or methylselenoacetate (MSeA), induced an unprecedented
photachromic reaction. This reaction involved the disappearance of the CT interaction and
formation of the uncomplexed FADon subpicosecond timescales for the forward
photoswitching, and picosecoitd-nanosecond timescales for the backward recovery, which we
assigned to the photoinduced, reversible conformational changes of the ligand in the protein
active site2!With further protein mutagenesis, and classical and quachemical calculations

we demonstratk that (1) the kinetic behaviors of the photoswitching cycle are proteid
ligand-dependent(2) the photoswitching and backward thermal recovery rates can be tuned by
mutation of a specific activsite residue (Met245 and Thr239 in MSOX and MTOX,
respectively), with recovery rates spanning over an order of magnitude, and (3) modifications of
the protein environment alter the conformational energy landscaffedigand flavin complex,
consequently regulating the photocyEleTaken together, these findings highlighe potential

of flavoprotein CT complexem the development of fast photochromic protsystems, and
provide a molecular basis for finuning their photophysical properties.
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UV-B perception and signaling in plants
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Plants perceive UV-B radiation through the evolutionarily conserved photoreceptor UV
RESISTANCE LOCUS 8 (UVR8]1]. In its inactive state, UVR8 forms a homodimerhich
monomerizes upon WB absorption via specific intrinsic tryptophan residuBse resulting active
UVR8 monomers interact with the E3 ubiquitin ligase CONSTITUTIVELY
PHOTOMORPHOGENIC 1 (COP1ipitiating a signaling process that alters gene expres$ius
leads to droad rangef UVR8-dependent physiological responses, includige that suppodV-

B acclimation and stress tolerance. The pathwayatienuatedby the WD40Grepeat proteins
REPRESSOR OF UAB PHOTOMORPHOGENESIS 1 (RUP1) and RUP2, which promote UVR8
redimerization and dissociation from COP1. | will present recent insights into the evolutionary
trajectory of this UVB signaling network in plants, frormitial photoreception to downstream
responses that enhance survival under sunlight.
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Chloroplast movements in alpine plant species along an elevational gradient in

UV radiation in the Tatra Mountains
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Abstract:

Chloroplast movements serve a photoprotective function in plants. They are controlled by UV/blue
light photoreceptors called phototropins. The quality and quantity of light, as well as temperature,
modulate the magnitude of chloroplast responses. We usedueal elevational gradient in UV
radiation in the Tatra Mountains to investigate how chloroplast movements contribute to
photoprotection in four habitatSites differing in habitat and solar irradiance with elevation (1080
1975 m asl) were chosen to examine leaf physiological traits. Among three alpine species, leaves of
Vacciniummyrtillus showed robust chloroplast movements, with a high amplitude of chloroplast
avoidance found at the highedevation alpine site. The maximum photosynthetic yield of
photosystem 1l did not change with elevation, implying tWamyrtillus is adapted to a wide
ecological niche. Despite having thick leavegymogynelpina displayed effective chloroplast
movements. Ir'Soldanellacarpaticaleaves, only small changes occurred in transmittance resulting
from chloroplast avoidance. This suggests that other mechanisms, e.g., flavonoid accumulation, were
likely important for acclimation to high irradiances at high elevatibos all specieshe magnitude

of transmittance changes due to chloroplast avoidance was inversely proportional to leaf thickness.
The magnitude of chloroplast responses relied mainly on the local light conditions, differing with
habitat, rather than elevation.
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UV-B-mediated acclimation of Norway spruce and Scots pine to high light stress
depends on photoperiod
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Light is a critical abiotic factor for plant growth and development, since it drives photosynthesis and
regulates multiple physiological and biochemical processes that allow plant acclimation to the changing
environment. Ultraviolet B (UWB, 28071 315 nm)radiation is a small but biologically significant
component of the solar spectrum that at low levels can help plants mitigaiaduved damage and
acclimation to other stress factors [1]. These-BVhduced acclimatory responses are largely mediated

by the UVR8 pathway [2] and are well characterized in model plant species séchltadopsis thaliana

and crops [1, 3], but not in conifers. In this study, we assessed the effects -Bf ldifiation on
physiological and molecular responses of Norway sprRieec@ abieqL.) Karst.) and Scots pind’{nus
sylvestris(L.) to highlight (HL) stress. A multifactorial experiment was designed where both species
were grown for two months under different photoperiods (8h or 12h of light) using visible light (400
700 nm, 150170 pmol/nts). Afterwards, plants were pteeated with two different fluence rates of UV

B provided by narrowband U fluorescent tubes either low UB (2.9 pmol/nts) or high UVB (4.9
umol/m?s) for 3h per day over a period of 1 or 2 days, and subsequently exposed to 1h of HL stress (1000
umol/m?s of visible light). Arabidopsis wild type Cdl and the null UVR8 mutantyvr8-6, were included

as internal controls in the experiment. OJIP curves, photosynthetic efficiency (Fv/Fm), and antioxidant
capacity including catalase (CAT), ascorbate peroxidase (APX), superoxide dismutase (SOD), and
peroxidase (POD) activities were measus@dultaneously with the accumulation of transcripts of genes
involved in UV-B acclimation. Photosynthetic performance was significantly influenced by th& UV
pre-treatment, the photoperiod, and the HL stress. Furthermore, the Fv/Fm response to-Bhpré&JV
treatment differed in Norway spruce compared to Scots pine independently of the photoperiod. A two
day exposure to high UB pretreatment enhanced acclimation to subsequent HL stress in both species,
preserving photosynthetic capacity after HL strem®gared to plants exposed to low WB/and control
conditions. This HL acclimation response involved the regulation of CAT and APX activities, as well as
differential transcript accumulation @LONGATED HYPOCOTYL 5 (HY5), CHALCONE SYNTHASE
(CHS), and REPRESSORs OF U¥ PHOTOMORPHOGENESI§RUPSs) which also exhibited
significant species and photoperiodlependent trendsData from Arabidopsis confirmed that the
molecular and physiological responses to theBYfeatments used in the experiment were mediated via
the UVRS8 signaling pathway. Together, this study advances our understanding®fntiiced signaling

in conifers and opens the door for future use of-B\Vadiation in plant production practices to enhance
seedling resilience to HL stress.
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Ultraviolet radiation (UV, 280400 nm) is a key environmental cue that influences plant growth,
development and metabolism. Plants detect ambient levels-& tadiation (280315 nm) through

the UVR8 photoreceptor which orchestrates changes in genegrpriesading to UMB acclimation.
However, plant responses to tB/are strongly influenced by photosynthetically active radiation
(PAR, 400 700 nm), and the mechanisms through which PAR modulate8 WAsponses remain
poorly understood. This study usedurat variation inArabidopsis thalian&o explore the molecular

and physiological basis of UB responses. We aimed to identify transcriptional patterns and genetic
regulators involved in light acclimation by analyzing three Arabidopsis accessions with varying UV
B sensitivities: C24 (sensi®), Col0 (intermediate) and Ga2 (tolerant).

Pl ants were grown under two PAR |l evels (150 o
narrowbandUVB r adi ation (4.6 ¢€mol m | s 1) -BfPAR f ou
ratio conditions: high (4.6:150) and low (4.6:300). We alsosasskthe effects of PAR intensity

alone by comparing plant responses across the two PAR levelssBiN&nalysis revealed accession
specific transcriptional responses, with principal component analysis separating accessions more
clearly than treatment grps. Gene Ontology enrichment highlighted strong conddjmecific
responses, especially in G@lunder high UVB:PAR, where genes linked to transcription, RNA
biosynthesis, and stress response were enriched. In contrast, high PAR alone elicited modest
actvation of ribosome biogenesis and RNA processing pathways. Flavonoid accumulation in the
adaxial epidermis also varied by accession. C24 increased flavonoids only under {BviP AN,

whereas CaD and Ga2 showed UB induced flavonoid accumulation undastb PAR conditions.

Our findings demonstrate that transcriptional and metabolic responses-Boitu¥rabidopsis are

shaped by both genetic background and visible light environment.
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Gray mold caused by cryptic speciesButrytis can lead to devastating pre and postharvest losses if not
properly managed. Use of short wavelength ultraviolet (UV) radiation can be one among-tiemdaal
alternatives in control of gray mold. Previous studies showed less efficiency of UV agaelstpdeental

stages oBotrytis cinereapigmented fungi causing gray mold compared v@ibium neolycopersicinon
pigmented fungi causing powdery mildew in tomato. Experiments were conducted at Petri dish level to
examine the contribution of melanin (and their intermediates) mediated UV screening, and phttdlyase
endonuclease mediated damage repair in relatia@nhanced tolerance Bf cinereato UV. ReferenceB.
cinereaisolate B05.10 was cultured in solid complete nutrient medium (CM) for 14 days with continuous
lighting of 60+10 pumol s provided with cool whitefluorescent lamps. Colonies with proficient sporulation

were selected and washed by adding sterilized distilled water followed by gentle pipetting. The resulting
suspension was filtered and used as conidial suspension for experiments. Deletion mutgnegarere
developed using protoplast transformation mediated homologous recombination strategy (Chung and Lee,
2015). Knock out mutants of target genes of white collar (wcl, wc2), photolyasel(phi¥ endonuclease
(uve28), melanin mutants of polyketiggnthase 13 (pksl13), scytalone dehydratase 1 {3cdhd double
mutants of wcipksl3, uve2ghrl-1 were generated as described previously (Zhu, P et al 2018). Sterilized
pieces of cellophane overlay were placed in Petri dishes having solid completntnotédium. The
concentration of the conidial suspension prepared, as described above, from all genotypesomadial L

1. A drop of conidial suspension (20 uL) was added on cellophane overlay and allowed for air dry at room
temperature under laminar air flow for 10 min. Samples were then exposed to germicidal UV radiation (peak
at 254 nm) using UV fluorescent lamps (#2000 crosslinker lamps, UVP, USA) with an irradiance of 13
Wmfor 0, 15, 30 or 60 s. Immediately after UV treatment, Petri dishes were sealed and incubated in dark at
20N1 ecC. Samples were examined with inverted I|igh
observed for visible geritube, and germinaih percentage was calculated. Images were taken using a digital
camera. Among the tested genotypes, melanin mutaks@Bshowed least tolerance to UV even at the lowest
exposure of 15 s. However, the photolyase mutant showed tolerance equal to wild. With an increased duration
of exposure to 30 §ks13 uve28 and the double mutant ave28phrl-1 were equally vulnerable to UV
(lowest tolerance). At the UV exposure level of 60 s, all the genotypes were equally vulnerable compared with
the wild type, excepscdt3 mutant. Melanin mediated UV screening play a dominant rol. icinerea
tolerance to UV than photolyase mediated damage repair. Among the damage repair mechanisms, UV
endonuclease play dominant role than photolyase. Further research is necessary to examine the potential risk
of UV induced development of scytalone dehydratastant which had greater tolerance to UV than wild.

Chung, K. R., and Lee, M. H. (2015). Spiitarkermediated transformation and targeted géiseuption in
filamentous fungi, in Genetic Transformation Systems in Fungi, Fungal Biology, Vol. 2, eds M. van den Berg,
and K. Maruthachalam (Cham: Springer).

Zhu P, Li Q, Azad SM, Qi Y, Wang Y, Jiang Y and Xu L (2018) Fungal gene mutation analysis elucidating
photoselective enhancement of i@/disinfection efficiency toward spoilage agents on fruit surface. Front.
Microbiol. 9:1141.
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Porphyrasensu lato includes red algal strains with economic importance to the food industry, as they are a
rich source of proteins, amino acids, iron, and vitamins [1]. This alga is also valuable to the pharmaceutical
industry due to its bioactive compounds (BACsuch as phycobiliproteins, mycosporiitee amino acids

(MAASs), polysaccharides, and polyphenols, which have beneficial effects on human health, including
antiviral, anticancer, antioxidant, and photoprotective activitid$][2Understanding the tolarae and
physiological response #*. linearisto ultraviolet radiation (UVR) is critical in the context of increasing UV
exposure due to ozone layer depletion, and also to clarify the role of UVR in the production of economically
important BACs. This study evaluated the effects of different UVR dosdbe physiology oP. linearis

under controlled laboratory conditions. Prior to the experiment, samples underweay aéclimation under

120 emol photonskm | Ls T of phot edarphdtoperiodj16°Caand i v e
a simulated tidal regime of 12:12Ww,i t h weekly suppl ementation of 1.5
The experimental phase lasted 8 days under the same physical conditions, but with increased nutrient levels (5
mM KNO and 0.3 mM KH PO ). Algal d entlgdedt () comtrals ma i
with no UVR; (ii) 6 h of UVR exposure at 8 WLm |
and (iv) 12 h UVR (345.6 kJLm |]). Photobi ol ogi cal
polyphenols, MAAs, andrdioxidant activity) with protective effects against harmful wavelengths, particularly

UVR and blue light, were quantified on days 4 and 8. In terms of photosynthetic performance, maximal
guantum yield (Fv/Fm) showed little variation between treatmentaeber, significant declines were
observed after 8 days of exposure to 6 and 12 hours of UVR exposure. Conversely, maximal electron transport
rate (ETRmax) as estimator of photosynthetic capacity increased irdall 8eatments and in theday

control goup without UVR. Notably, all UVRexposed groups after 4 days presented the lowest ETRmax
values. Regarding bioactive compounds, phycoerythrin showed the highest concentrations-dayhe 8
treatments, particularly in those without UVR or with 6 h per olagxposure. Phycocyanin concentrations

were enhanced in all-8ay treatments. Total polyphenols peaked in all treatments on day 4 and remained
elevated in samples exposed to 9 h of UVR at day 8. MAAs were most abundant following 6 h of UVR for 4
days, whiie the greatest antioxidant activity was detected in tdaytcontrol group without UVR exposure.

These results suggest that moderate UVR exposure can stimulate photoprotective mechanisms and enhance
the accumulation of valuable bioactive compoundg.ifinearis However, prolonged or higllose exposure
compromises photosynthetic efficiency and antioxidant capacity.
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We present a sensitive method for rammtact detection of chloroplast movements in leaves and other
photosynthetic tissues, based on changes in the interaction between the leaf and polarized light [1].
We examined red light reflectance of leaves durimgdiation with blue light, known to trigger
chloroplast relocations. Experiments on the model plant Arabidopsis thaliandypéldnd several
mutants with disrupted chloroplast movements, showed that the chloroplast avoidance response,
induced by high hle light, led to a substantial increase in diffuse reflectance of unpolarized red light.
The effects of the accumulation response in low blue light were the opposite. The specular reflectance
of the leaf was unaffected by the chloroplast positioning. Tindu improve the specificity of the
detection, we examined the effects of chloroplast relocations on the leaf reflectance of a linearly
polarized incident beam. The greatest relative change associated with chloroplast movements was
observed when the plasm®f polarization of the incident and detected beams were perpendicular.
Further experiments revealed that the chloroplast positioning affected the magnitude of
depolarization of light by the leaf. The positive correlation between leaf reflectance abititiggo
depolarize light is known as the Umov effect. This phenomenon has been observed for scattering
materials observed at high angles and used in astronomical studies of surface properties of
extraterrestrial bodies. We applied the developed apptoatamine chloroplast relocations in four
angiosperm species collected in the field. The method allowed us to detect the chloroplast avoidance
response in the green stems of bilberry, a sample not amenable to transrbaisettaletection.
Despite the imortance of chloroplast movements for the optimization of photosynthetic efficiency
and biomass production, high throughput reflectaresed methods are not routinely used for their
detection. Characterization of polarized reflectance opens the pogsibilininvasive, norcontact
detection of chloroplast relocations in a manner insensitive to the orientation of the leaf.
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EXTENDED ABSTRACT

Clothing is one of the most important factors for solar ultraviolet (UV) exposure of people. However,
there is |little information on clothing habit
habits in dependence of meteorological parametaragleveryday life.

To that end, we developed a body chart, which divides the body into six sections, together with a
coding scheme that describes the body coverage by worn garments for each section. This allows to
distinguish hundreds of garment combinations. Clothing hadfitaround 10.000 adults were
observed in the urban region of Vienna and meteorological conditions were recorded. People were
divided by gender and grouped into young adults, mature adults and elderly adults.

Our study shows that air temperature (in the range of 7°C to 37°C) is the most important factor, while
wind speed and humidity did not show any significant influence. With respect to clothing, significant
differences in body coverage between females andsmaere found in all age groups: females have
lower body coverage at temperatures higher than 15°C than males. Significant differences were also
observed with respect to age by an increase of body coverage with age.

Further analysis shows that in the range of 7°C to 27°C, the frequency of young people being outdoors
was almost constant, but at higher temperatures, it decreased significantly by approximately 5%/°C.
In elderly people the decrease is of the same ordéeglizady starts at 22°C.

Therefore, the highest UV radiant energy (irradiance over body area and over time) is received by
young females and the lowest by elderly males. Differences by age and gender in received radiant
energy become more pronounced as temperature increases.
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Environmental and behavioral factors influencingchildhood UVR exposure.
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Exposure to solar ultraviolet radiation (UVR) during early childhood is aestdiblished risk factor

for the development of skin cancer later in life. In a previous summertime study, we found that rural
children (age #18) spent significantly more timeaitwloors and received higher UVR doses (0.9 SED,
4.7% of ambient UVR) than urban (0.3 SED, 2.1% of ambient UVR) and suburban children (0.4
SED, 2.8% of ambient UVR) on school or kindergarten days [1]. However, limited empirical data
exist regarding the exté of UVR exposure among the youngest children agéd 3

A recent study aimed to quantify individual UVR exposure in suburban Danish kindergarten children
during summer [2]. The aim was to compare two distinct educational settings: a traditional
kindergarten with a standard playground (n = 17) and a forestrigautien where children spend the
entire day in a forested outdoor environment (n = 20). Personal UVR exposure, and clothing coverage
was recorded at three intervals throughout the day: 091000, 11:0013:00, and 13:00L5:00. Data

were collected on bota sunny and a cloudy day.

On the sunny day, children in the forest kindergarten received a mean UVR dose of 2.4 $ED (0.8
3.6), corresponding to 7.6% of ambient UVR. In contrast, children in the traditional kindergarten
received a significantly lower mean dose of 1.0 SEDi (08), equivalent to 3.4% of ambient UVR

(p < 0.0001). On the cloudy day, forest kindergarten children again received the highest UVR
exposure (mean: 1.3 SED; rangei@.4; 5.3% of ambient UVR) compared to those in the traditional
setting (mean: 1.0 SED; randge2 1.6; 4.3% of ambient UVR), although the difference did not reach
statistical significance (p = 0.056). Notably, children in the forest kindergarten wore significantly
more clothing than those in the traditional kindergarten.

Despite recent sun protection campaigns, children in kindergarten still receive high daily UVR dose.
Children in forest kindergarten, who spend the entire day outside, had the highest UVR dose but also
a greater protection from clothing coverage. Thesdirfgs highlight the need for effective sun
protection strategies during kindergarten hours to mitigate-tlermy health risks associated with
earlylife UVR exposure.
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Increasing solar ultraviolet radiation (UVR) has the potential to adversely affect humans, life on
Earth, and the environment, including materials, with implications for both public health and
ecosystem sustainability. Excessive UV exposure increaseiskied acute and lonterm skin and

eye diseases. Knowledge of the actual grelend| solar UV radiation is essential for assessing these
risks. Precise measurements of this radiation, as conducted among others by the German solar UV
monitoring network, fier valuable insights into its intensity, composition, and temporal variations
over both short and long periods.

In a comprehensive analysis, over one million UV data sets from the Central European cities
Dortmund (51.5° N, 7.5° E, 130 m a.s.l.) and Uccle (50.8° N, 4.3° E, 100 m a.s.l.) were analyzed, and
temporal trends were calculatg. For trend analysis, a novel model was used considering both
autocorrelation and variance heterogeneity. A validated imputation nj@fhesured that data gaps

did not affect the trend results. In addition to UV spectra, gréevel data on global radiation and
sunshine duration, as well as satellite data on atmospheric ozone, were examined. This comprehensive
approach allowed to identifgorrelations with the measured grodedel UVR data as well as
potential causes for solar UVR trends.

Descriptive analysis shows the impact of the annual ozone cycle araztowe events (LOES) on
groundlevel UV radiation. LOEs elevate UV Index values by2l8%6 during summer and up to 50%

in winter. Additionally, the descriptive analysis demonstratesttieatorrelation between the UV
Index and daily erythemal UV dose values is strongly influenced by cloud cover. A comparison of
data from Dortmund and Uccle offers important insights into the regional transferability of the locally
collected data.

The trend analysis reveals a significant increase in monthly UVR from 1997 to 2022. When
considering all trends and influencing parameters together, the increase can be attributed to changes
in cloud cover. This conclusion is supported by satellite ob8ensaof decreased cloudiness over

parts of Central Europe during the perj8H

The findings ofthis study are crucial for the development of radiation protection concepts and
preventive strategies aimed at minimizing health risks in the context of climate change.
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EXTENDED ABSTRACT

Aim: A Clothing is a main pillar in protecting outdoor workers from adverse effects of solar
ultraviolet radiation (UVR). The goal of this study is to determine the effectiveness of the UVR
protection afforded to workers by their workwear with respect to theR BXposure.

Material and Methods: The UPF of 35 notJPF-certified garments was measured, including shirts
provided by construction companies, billed caps, and neck guards. Further, the personal UVR
exposure of volunteers working at a construction site at Vienna International Airporeteasided

in early July using polysulphone films positioned just below the nape. The remaining radiant exposure
through garments and the UPF required of an item to reduce the remaining daily radiant exposure to
1 SED were calculated.

Results: UPF among clothing items varied from UPF 5 to 431. With some exceptions, the UPF
correlates with a garmentoés areal density, buf
on average but varied between occupation areas. The highest measyregpailire was 44 SED,
corresponding to 90% of ambient UVR. Only about half the provided shirts and 65% of all items
would reduce this exposure to 1SED/day or less.

Conclusion: Construction workers may be exposed to high UVR and thus requiré&JRglclothing

to reduce daily exposure below an acceptable threshold of 1 SED. To sufficiently reduce remaining
radiant exposure, we recommend that clothing items must provide a UB¥F, suficient coverage,

must not contain leachable U¥d&Rb s or ber s, and must support worKk
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Content: Ultraviolet radiations (UVR) are genotoxic environmental factors affecting both gehantc
mitochondrial DNA. Exposure of skin cells to UVR triggers DNA damage response (DDR) in which
mitochondria play a key role by providing the ATP required for DDR but also by initiating the apoptotic
cascade signaling. Wang and Gerdes showed that UVC exposure triggerslliiterogitochondrial
transfer (MT), which rescues cells from apoptosis at early $t&tmvever, no studies have shown the
impact of physiological UVB exposure on MT and the consequences of this MT.

Our hypothesis was that MT, in response to UVB, is a protective mechanism agatireddeéd damage.
Our objectives were to: (1) Evaluate MT between dermal fibroblasts following UVB exposure and (2)
Demonstrate MT using a 3D skin model.

Materials and Methods, To determinethe influence of UVB on MT, caultures of human dermal
fibroblasts (HDF) and mouse embryonic fibroblasts (MEF) were exposed or not to different doses of UVB.
Human mitochondria were specifically stained to visualize MT from HDF to MEF. A similar strdiegy,

by UVB-irradiating only one of the two cultures (HDF or MEF), wased to investigate the uni or
birectional MT. To establish the signal driving MT, MEF/HDF -oultures were incubated in pre
conditioned media from unirradiated or UMBadiated HDF. Cytokine array was performed on the
conditioned media to identify potential molecules responsible for the initiatingiyiial. We generated
tissueengineered skin substitidtesing fibroblasts expressing mitochondysaecific redfluorescent tag

to evaluate the MT in skin model following or not UVB radiations.

Results We found that UVB exposure increases mitochondrial transfer between fibroblasts.
Mitochondrial transfer is unidirectional, occurring from unirradiated cells to Wwv&liated ones. The
signal of this unidirectional intercellular communication is triggelng secreted molecules coming from
UVB-irradiated cells. In a 3D skin model, our preliminary results show that MT happens in human
reconstructed dermis.

Conclusion The intercellular mitochondrial transfer occurring in the skin following UVB stress is another
key element in cellular response to solar genotoxic stress. Mitochondria provides another levelof UVR
response by allowing communication between cells. Thiplication of mitochondria in cellular
communication following UVRinduced stress needs further understanding and might be key to
prevention and treatment of skin cancer and plagfimg.
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Melanoma represents the most aggressive and lethal form of skin cancer, with ultraviolet (UV) radiation
exposure serving as a primary etiological factor. The precise identity of the progenitor cell harboring the
DNA damage necessary for melanoma initiatiemains an area of active investigation. According to the
traditional paradigm, melanoma originates from either transformed, mature epidermal melanocytes or
melanocyte stem cells residing in the bulge region of hair follicles. However, an alternativbdsipo

has recently gained traction, suggesting that extrafollicular melanocyte stem cells, specifically dermal
stem cells (DSCs) located within the human dermis, may function as the cell of origin. These multipotent
precursors, derived from the neuralstreare of particular interest due to their dermal localization, which
subjects them to both UVA radiation, capable of penetrating deeper tissue layers, and UVB radiation,
which predominantly affects the superficial dermis.

To elucidate the cellular and molecular response to UV stress, we performed bulk RNA sequencing on
donormatched DSCs and melanocytes after controlled single and multiple UVB exposures with samples
collected at early (6 hours) and late (24 hours) timetgof@ur data reveal that DSCs display a markedly
more dynamic transcriptomic response than melanocytes, witht@ B}-fold increase in differentially
expressed genes following UVB exposure. Gene ontology (GO) analysis showed enrichment in pathways
relatad to DNA repair, chromatin remodeling, and apoptosis, putatively linked to a heightened sensitivity
and coordinated molecular response of DSCs teitMiced damage.

Together these findings highlight DSCs as a highly-ké¥ponsive cell population and a possible model

for studying early events in Udriven melanomagenesis. This work provides the firstepth
transcriptomic characterization of DSCs under UV stresslayslthe groundwork for future epigenetic,
transcriptomic, and proteomic studies aimed at unraveling the mechanisms of melanoma initiation and
progression.
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Effects and uptake of luminescent micre and nanoplastics labelled with
lanthanide-doped upconverting nanoparticles in small aquatic organisms
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The increasingccurrence of microand nanoplastics (MNPSs) in aquatic environments poses significant risks

to living organisms due to their ability to penetrate biological membranes, resulting in enhanced bioavailability
and translocation through the trophic chidi¥8]. The rise in mismanaged plastic waste exacerbates this issue,
yet monitoring MNPs remains difficult as they evade conventional detection methods. This study presents an
innovative strategy for visualizing MNPs in biological systems using lanthaaigded upconverting
nanoparticles (UCNPs). UCNPs convert longavelength excitation light (e.g., neafrared, NIR) into

shorter wavelengths (e.g., visible light) and offer several advantages over traditional fluorescent probes,
including sharp emission bandayge Stokes shifts, and resistance to photobleaddihgThese unique
properties, combined with the high penetration of NIR light, make them ideal for visualizing MNPs in
biological matrices with negligible background interference.

The study focused on the effects and uptake of luminescent MNPs in microscopic aquatic organisms,
specifically rotifers and algae. Luminescent MNPs were prepared by cryomilling bulk polystyrene (PS)
labelled with NaYEYb®*, EF* UCNPs (UGPS). Cryomilling under constant liquick Nupply simulated the
mechanical abrasion of plastic particles in natural environments, resultoiyaining irregularly shaped
luminescent PS micr@nd nanoparticles (UES) [5]. Their size anshape was determined via dynamic light
scattering (DLS),rainsmission electron microscopy (TEM), dnayhtfield microscopy. The incorporation of
UCNPs into the PS matrix was confirmed through spectroscopic measurements and fluorescence microscopy.

Fluorescence microscopy revealed that both algae and rotifers aggregated around clU§dtS dINPs.
Notably, the luminescent MNPs were found within the bodies of rotifers, providing direct evidence of plastic
uptake by these organisms. This researdlonly showcases the application’ENPs as powerful tools for
monitoring plastic uptake and distribution in aquatic ecosystemaldmhighlights the potential ecological
impacts of MNPs.
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Exposure UVA radiation (32@00 nm) induces excessive production of reactive oxygen species
(ROS) and promotes the release of labile iron (LI) in skin cells, which catalyses further ROS generation and
amplifies oxidative photodamage [1]. Although synthatin chelators can mitigate {rhediated damage,
their prolonged use may lead to cytotoxicity due to excessive iron depletion. This study aimed to identify
bifunctional natural compounds with potent antioxidant and moderateclmating properties capabbf
protecting skin fibroblasts from UVAnduced damage, with a particular focus on preserving mitochondrial
integrity. Caffeic acid and catechin were selected based on their antioxidant potential and structural suitability
for iron chelation. Primary huam skin fibroblasts (FEK4, FCP5, and FCP8) were pretreated overnight with
the compounds or their iron complexes (40 and 100 uM), followed by UVA irradiation at doses up to 500
kJ/mz2. Cell viability was assessed using MTT assays and flow cytometry, vainilehielation was quantified
using the fluorescent LI sensors Cytosense LI and Mitosense LI [2, 3]. Pretreatment with these compounds
significantly reduced both cytosolic and mitochondrial LI pools, with this effect persistingaakation and
correlatng with enhanced photoprotection compared to untreated controls. Notably, the cytoprotective effects
were diminished upon iron complexation, underscoring the importance of iron chelation in their mechanism
of action. Furthermore, both compounds effectivedguced intracellular and mitochondrial ROS levels
following UVA exposure (up to 350 kJ/m?2), preserved mitochondrial membrane potential, and prevented ATP
depletion and necrotic cell death. The study also estimated the pFe values of the compoundsessuyd.|
and confirmed their antioxidant capacity via the DPPH assay. These findings underscore the potential of
mitochondriatargeting natural compounds such as caffeic acid and catechin as promising bifunctional agents
for inclusion in sunscreen and dadkincare formulationsTheir ability to simultaneously neutralize ROS and
chelate labile iron offers a dual line of defense against 4ihdced oxidative stress, particularly at the
mitochondrial leved an emerging target in skin aging and photodamagerporating such compounds into
topical products could enhance cellular resilience, reduceteyngskin damage, and support healthier skin
aging through a more comprehensive photoprotective strategy.
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