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Dear participants!

We are pleased to welcome you to the 10t Regional Biophysics Conference and the 15™ International
Summer School of Biophysics at the University of Split School of Medicine, Split, Croatia.

We have put together a stimulating scientific program consisting of plenary lectures, invited talks,
oral and poster presentations that we believe will inspire all participants. The program offers an
excellent opportunity for learning and is designed to encourage interaction and discussion in the
rapidly expanding field of biosciences and provide new knowledge gained about various biophysical
phenomena.

The purpose of this joint event is to share the latest technological developments in various
biophysical and related fields of research; stimulate innovative research; educate early career
researchers, postdoctoral fellows, and graduate students, as well as facilitate future scientific
collaborations among participants.

This event also intends to provide a forum for the dissemination of the state-of-the-art science and
places great emphasis on building and strengthening research collaborations and working with
instrument manufacturers to present new methodological and technological discoveries to a large
community of scientists and potential customers.

The event is organized by Croatian Biophysical Society, University of Split School of Medicine, Split
and Ruder Boskovi¢ Institute, Zagreb.

Thank you for attending our 10t Regional Biophysics Conference and 15™ International Summer
School of Biophysics, and sharing your expertise!

We encourage you to learn, network, and enjoy all that Split has to offer - from the beautiful
landscape, unique history and architecture to the famous Mediterranean cuisine and friendly people.

Sincerely,
Marija Raguz, Chair of 10" Regional Biophysics Conference

Nadica Maltar Strmecki, Chair of 15" International Summer School of Biophysics
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Abstracts

Plenary lectures (PL)

PL1 Elastic design and large deformations of pollen grains
Antonio Siber

Institute of Physics, Bijenicka cesta 46, Zagreb, Croatia
e-mail: asiber@ifs.hr

Biological shells often need to function on a border of stability, i.e. need to be sufficiently strong to protect
their interior, yet sufficiently labile to activate and release the interior once they reach a suitable environment.
For example, in case of viruses this happens once they enter the cell, and in the case of pollen grains, once
they land on a stigma of a flowering plant. In order to function properly these shells must conform to specific
mechanical requirements. These include the resistance of shells to the pressure from the inside, as is the case
e.g. in the case of bacteriophage which densely pack their DNA pushing against the virus protein coating, but
also to the pressure from the outside, as is the case in pollen grains which crumple and deform upon
desiccation. Pollen grains contain male plant genetic material encapsulated in a hard protective shell. In
addition to hard parts, shell also consists of flexible, soft regions—apertures. Thanks to the existence of this
elastic inhomogeneity and the specific shape and distribution of the apertures, many pollen grains can fold in
(infold) upon dehydration, protecting thus the sensitive interior (see Fig. 1). This mechanical design, however,
may also lead to bursting of the apertures and the leakage of the pollen proteins in the atmosphere. Infolding
pathways of pollen grains are investigated by studying elastic deformations of inhomogeneous thin shells.
Different pathways are governed by the interplay between the elastic properties of the hard and soft regions
of the pollen shell and by the aperture shape, number, and size. The regions of mechanical parameters of the
pollen grain which lead to complete closure of all apertures, thus reducing water loss and presenting viable
solutions to the infolding problem are delineated [1]. The bursting of the grain once it swells enough in humid
atmosphere is shown to be a rapid transition at the critical point when the aperture can no longer sustain the
internal pressure [2].

Theoretical calculation of the process of a regular closure of the pollen grain. The grain elongates as the apertures close.

Figure 1: Theoretical calculation of a regular closure of the pollen grain upon desiccation, adapted from [1]. The equatorial
cross sections of the shapes are shown in the upper-left corner of the boxes containing the three-dimensional images of
the numerically simulated pollen grains. The apertures are denoted by red lines in the cross sections. The loss of the
internal volume of the grain (desiccation) increases from left to right [1].

References

[1] A. Bo?ig, A. Siber, Proc. Natl. Acad. Sci. U.S.A. 117, 26600 (2020).
[2] A. Bozig, A. Siber, Biophys J 121, 782 (2022).



PL2 Uncoupling in mitochondria: the role of SLC25 superfamily proteins
Elena E. Pohl

Physiology and Biophysics, Department of Biological Sciences and Pathobiology, University of

Veterinary Medicine, 1210 Vienna, Austria
e-mail: elena.pohl@vetmeduni.ac.at

The main source of ATP in aerobic organisms is oxidative phosphorylation. Mitchell's chemiosmotic theory
predicts that the proton leak across the inner mitochondrial membrane, which is not coupled to ATP synthesis,
would cause the uncoupling of respiration. UnCoupling Protein 1 (UCP1) provides such a proton pathway. In
the presence of long-chain fatty acids UCP1, dissipates the proton gradient from ATP production as heat,
a process known as non-shivering thermogenesis in mammalian brown adipose tissue. Mitochondrial
uncoupling is becoming increasingly interesting as a basis for the therapeutic intervention in pathological
conditions such as obesity, inflammatory, neurodegenerative and ischemic diseases. The mechanism of action
of the classical synthetic uncouplers, such as DNP, FCCP and CCCP in mitochondria is also related to their
protonophoric activity. However, the recently discovered discrepancy between the proton transport rates of
some uncouplers and their ability to stimulate mitochondrial respiration has led to a new hypothesis
suggesting the involvement of several mitochondrial substrate transporters of the SLC25 superfamily in proton
transport. The underlying molecular mechanism is under debate and will be discussed in my lecture.
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Figure 1: (Left) The FA cycling model, in which ANT1 is proposed to facilitate the transport of FA anion across the inner
mitochondrial membrane (IMM) from the mitochondrial matrix to the intermembrane space (IMS). (Right) The calculated
electric surface potential of ANT1.
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PL3 Exploring viruses by single-molecule biophysics
Miklds Kellermayer®?, Dominik Sziklai!, Dorottya Mudra?, Luca Annamadria Kiss!, Zsombor Lohinai?,
Bernadett Palyi3, Zoltan Kis®4, Gabriella Csik', Levente Herényi?, Balint Kiss'

'Department of Biophysics and Radiation Biology,
2HUN-REN-SE Biophysical Virology Group, Semmelweis University, Budapest, Hungary
3National Biosafety Laboratory, National Public Health Center, Budapest, Hungary

“Department of Medical Microbiology, Semmelweis University, Budapest Hungary
e-mail: kellermayer.miklos@semmelweis.hu

The advancement of single-molecule biophysics has led to unequaled possibilities in exploring viruses. By
employing single-molecule methods here we investigated the life cycle of the dsDNA bacteriophage T7 and
the nanoscale biophysical properties of the enveloped ssRNA virus SARS-CoV-2 and its variants. We used AFM,
TIRF and phase contrast microscopies to image and mechanically manipulate individual virions and bacterial
host cells.

T7 virions attached reversibly to the E. coli membrane through two-dimensional diffusion [1]. Stable anchoring
was achieved by spatially isotropic binding. T7 infection led to the launch of an irreversible program in the
host in three steps: a) bacterial surface roughening; b) membrane bleb formation (Figure 1.a); c) host cell lysis
followed by the release of phage progeny. DNA ejection from T7 could be evoked in vitro, by photothermal
excitation, only partially, suggesting that genome release is mechanically controlled, possibly to prevent
premature delivery of host-lysis genes.

Unfixed SARS-CoV-2 showed a dynamic surface brush due to the rapid spike motion (Figure 1.b). Virions were
compliant and able to recover from extreme mechanical stress [2]. Alpha and delta variants had significantly
smaller radii than the wild type, hence they displayed increased specific surface, which likely contributes to
their greater infectivity.

In summary, single-molecule biophysical approaches allow us to uncover unique mechanistic details of the
remarkable srategies viruses employ throughout their life cycles.

Figure 1: a. AFM image of an E. coli bacterium fixed with glutaraldehyde after 60 min of T7 infection [2]. Inset, T7
virions on the bacterium surface. b. Bird's-eye view of a SARS-CoV-2 virion, generated from a 3D-rendered AFM image
of the virus and an artist's view of an AFM cantilever tip [2].
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[1] Kiss B, Kiss LA, Lohinai ZD, Mudra D, Tordai H, Herenyi L, Csik G, Kellermayer M. Int J Mol Sci. 23,11252, 2022.
[2] Kiss B, Kis Z, Palyi B, Kellermayer MSZ. Nano Lett. 21, 2675-2680, 2021.
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PL4 Leveraging the E222Q replacement to generate novel reversibly switchable fluorescent
aequorea victoria proteins for super-resolution imaging

B. Stortil, G. Lo Gerfo?, S. Civita%3, R. Nifosi?, S. Abbruzzetti?, C. Viappiani?, A. Diaspro®*, P.
Bianchini3, Ranieri Bizzarril»

INEST Istituto Nanoscienze-CNR and Scuola Normale Superiore, Piazza San Silvestro 12, 56127 Pisa,
Italy

2Dept. of Mathematical, Physical and Computer Sciences, University of Parma, Parco Area delle
Scienze, 7/A, 43124 Parma, ltaly

3Nanoscopy and NIC@IIT, CHT Erzelli, Istituto Italiano Tecnologia, Via Enrico Melen 83, Building B,
16152, Genoa, Italy

“DIFILAB Department of Physics, University of Genoa, Via Dodecaneso 33, 16146, Genoa, Italy
>Dept. of Surgical, Medical and Molecular Pathology and Critical Care Medicine, University of Pisa,
Via Roma 65, 56126 Pisa, Italy

Reversibly photoswitchable fluorescent proteins (RSFPs) admirably combine the genetic encoding of
fluorescence with the ability to repeatedly toggle between a bright and dark state, adding a new temporal
dimension to the fluorescence signal. Accordingly, in the last years RSFPs have paved the way to novel
applications in cell imaging that rely on their reversible photoswitching, including many super-resolution
techniques such as F-PALM, RESOLFT, and SOFI that provide nanoscale pictures of the living matter. Yet many
RSFPs have been engineered by a rational approach only to a limited extent, in absence of clear structure-
property relationships that in most cases make anecdotic the emergence of the photoswitching. We have
discovered E222Q replacement is a single photoswitching mutation since it restores the intrinsic cis-trans
photoisomerization properties of the chromophore in otherwise non-switchable Aequorea proteins of
different color and mutation pattern (Q-RSFPs) [1,2]. Our findings link indissolubly photoswitching and Q222
presence, by a simple yet elegant scenario: largely twisted chromophore structures around the double bond
(including hula-twist configurations) are uniquely stabilized by Q222 via H-bonds. Likely, these Hbonds subtly
modulate the electronic properties of the chromophore, enabling the conical intersection that connects the
excited cis to ground trans chromophore [1]. Remarkably, analysis of photoswitching by fast spectroscopy
revealed multiphase kinetics related to the peculiar protonation pattern of the protein. By applying E222Q to
simple derivatives of the Enhanced Green Fluorescent Protein we generated a palette of green and yellow
emitting Q-RSFPs that are tailored to several techniques addressing intracellular settings at nanoscale, such as
photochromic FRET/anisotropy, SOFI, and F-PALM.
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PL5 Physics of Biological and Artificial Cilia
Andrej Vilfan

Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
e-mail: andrej.vilfan@ijs.si

Cilia are cellular appendages that beat in an asymmetric fashion in order to transport the surrounding fluid.
Their functions reach from the swimming of protozoa to mucous clearance in airways and establishment of
body laterality in embryonic development. We will start with the question what the theoretical limits on the
efficiency of ciliary propulsion are and how close cilia are to achieving it. We numerically determined the ciliary
beating pattern that gives the maximum hydrodynamic efficiency and showed that both the shape of the beat
and the metachronal coordination show striking similarity with the patterns found in nature [1]. Alternatively,
chemical receptors located on beating cilia can achieve a significantly higher sensory efficiency than similar
receptors on a flat surface [2]. However, the fact that metachronal waves lead to minimum dissipation does
not yet explain how this dynamical state is achieved. To understand that, we studied a minimal model taking
into account near-field effects and showed that the effective interaction between cilia at close distances
becomes non-reciprocal: one cilium has a stronger influence on the phase of its neighbour than vice versa.
This asymmetry can explain how metachronal waves in a finite group of cilia emerge and spread across the
surface in a short time [3]. Furthermore, the efficient fluid trasport by cilia has inspired several concepts for
biomimetic artificial cilia. We will frist look at magnetically driven cilia [4] and then discuss recent attempts to
build synthetic cilia from protein constituents [5,6].

Figure 1: Metachronal wave emerging in a model of a ciliated surface

References
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PL6 Glutamate-Mediated Dendritic UP States in Cortical Pyramidal Neurons — Voltage Imaging
and Biophysical Model
Srdjan D. Antié

University of Connecticut School of Medicine, Farmington, CT, 06030, USA
e-mail: antic@uchc.edu

The electrical signal serves as the fundamental physical medium for information processing within the
mammalian brain. In neurons, both input and output are primarily electrical. In the first stage of neuronal
electrical signaling, synaptic inputs undergo integration within individual dendritic branches. The resultant
depolarizations from numerous branches converge onto the neuronal cell body, stimulating the axon (which
is attached to the cell body) and eliciting a pattern of spikes (neuronal output). In the field of cortical cellular
physiology, much effort has been directed towards investigating the thick apical dendrites of pyramidal
neurons. However, our focus here is on the thin dendrites of pyramidal cells, including basal, oblique, and tuft
dendrites. We aim to discuss a relatively novel form of electrical signal, known as the "NMDA spike," which is
specific to these branches. Basal, oblique, and apical tuft dendrites receive a high density of glutamatergic
synaptic contacts. Synchronous activation of 10-50 glutamatergic synapses triggers a local dendritic
regenerative potential, termed the NMDA spike or plateau. This potential is characterized by a significant local
amplitude (40-50 mV) and a long duration, lasting up to several hundred milliseconds. Utilizing “dendritic
voltage imaging”, our investigation seeks to explore the actual voltage waveforms in distal dendrites receiving
glutamatergic inputs. We aim to specify the dendritic voltage-gated and ligand-gated conductances that
collectively contribute to the generation of glutamate-mediated spikes. The NMDA plateau potentials, when
initiated in proximal segments of basal dendrites, frequently induce the neuronal cell body into a sustained
depolarized state, reminiscent of a cortical “UP state”. At each dendritic initiation site (basal, oblique, and
tuft), an NMDA spike creates favorable conditions for causal interactions among active synaptic inputs,
including spatial or temporal binding of information, as well as processes of short-term and long-term synaptic
modifications (e.g., long-term potentiation or long-term depression). Due to their robust amplitudes and
durations, local dendritic NMDA spikes constitute the cellular substrate for multisite independent subunit
computations, thereby enhancing the computational power and repertoire of cortical pyramidal cells. We
propose that NMDA spikes are likely to play significant roles in cortical information processing in awake
animals (e.g., spatiotemporal binding, working memory) and during slow-wave sleep (e.g., neuronal UP states,
consolidation of memories).
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Figure 1: One dendritic branch drives the neuronal UP state.
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PL7 Emerging ryanodine receptor function under the light of its molecular structure
Alexandra Zahradnikova

Department of Cellular Cardiology, Institute of Experimental Endocrinology, Biomedical Research

Center, Slovak Academy of Sciences, Dubravska cesta 9, 84505 Bratislava, Slovakia
e-mail: alexandra.zahradnikova@savba.sk

Ryanodine receptors (RyRs) are central to the excitation-contraction coupling in skeletal and cardiac muscle
cells but their function is not fully understood yet, despite the copious structural and functional data. Here we
have combined methods of bioinformatic analysis and statistical thermodynamics to create a model of RyR
gating that would define the mechanism for the differences between the cardiac (RyR2) and skeletal isoform
(RyR1) in regulation of their activity by Ca** and Mg?* ions.

Analysis of allosteric pathways [1] was applied to RyR1 and RyR2 channels in closed, open, and inactivated
states. Altogether, three allosteric pathways were identified. The activation pathway (Pathway 1) connected
the Ca?* binding activation site and the channel gate and led through the ATP binding site. The divalent ion
binding inhibition site was connected with the same channel gate by two pathways. The intra-monomeric
inactivation pathway (Pathway 2) led from the EF-hand region through the ATP binding site and partially
overlapped with Pathway 1. The inter-monomeric inactivation pathway (Pathway 3), which was absent in
closed channels, led from the EF-hand region to the gate through the S23 segment of a neighbor monomer,
and its intensity was dependent on the strength of interaction between the monomers. Importantly, Pathway
3 was virtually absent in RyR2 structures due to a specific configuration of the EF-hand region.

These allosteric pathways were introduced into a RyR gating model of the Monod-Wyman-Changeux type [2].
The model contained two ion-binding regulatory sites on each monomer: the activation site, at which Ca?*
binding was a positive and Mg* binding was a negative allosteric effector of channel opening [3], and the
inhibition site, at which both Ca?* and Mg?* ions were equally positive allosteric effectors of inactivation [4],
with the same binding affinity in both RyR isoforms. Additionally, allosteric interaction between the two sites
[5] was allowed. The resulting model had three macrostates — the closed, open, and inactivated, with
probability dependent on ionic conditions. The probability of the occurrence of macrostates was derived using
statistical thermodynamics [6]. The model was fitted against the available data for open probability of RyR1
and RyR2 at different [Ca%*] and [Mg?*], in the absence and presence of ATP. All data could be approximated
well by the model with parameters that differed between RyR1 and RyR2 in the allosteric strength of Pathway
3, and in which the allosteric strength of Pathway 1 was increased by the presence of ATP and weakly
depended on the species and RyR isoform. All other parameters of the model could be kept constant and
identical for RyR1 and RyR2 under all examined conditions. These results revealed how utilization of structural
information can greatly facilitate the understanding the ion channel operation.

Acknowledgments

Supported by the Slovak Research and Development Agency APVV-21-0473 and APVV-23-0545.

References

[1] J. Wang, A. Jain, L.R. McDonald, C. Gambogi, A.L. Lee, N.V. Dokholyan, Nat Commun 11 (2020) 3862.
[2] I. Zahradnik, S. Gyorke, A. Zahradnikova, J Gen Physiol 126 (2005) 515-27.

[3] A. Zahradnikova, I. Valent, |. Zahradnik, J Gen Physiol 136 (2010) 101-16.

[4] D.R. Laver, T.M. Baynes, A. F. Dulhunty, J. Membrane.Biol 156 (1997) 213-229.

[5] F.T. Horrigan, R.W. Aldrich, J Gen Physiol 120 (2002) 267-305.

[6] B. laparov, |. Baglaeva, I. Zahradnik, A. Zahradnikova, Front Physiol 12 (2022) e805956.


mailto:alexandra.zahradnikova@savba.sk

Invited lectures (IL)

IL1 The revival of UV-Vis spectroscopy in lipid membrane research
Danijela Bakari¢

Division for Organic Chemistry and Biochemistry, Ruder Boskovi¢ Institute, Zagreb, Croatia
e-mail: danijela.bakaric@irb.hr

The self-organization glycerophospholipids in aqueous medium results in the formation of liposomes,
spherical structures built from one lipid bilayer (unilamellar vesicles, LUVs) or several of them (multilamellar
vesicles, MLVs). Depending on the concentration of lipids, nano- to micrometer dimensions of LUVs and
especially of MLVs, make the obtained suspension cloudy. Numerous structural, thermoanalytical, and
spectroscopic techniques are usually used in their characterization, among which, due to the absence of
chromophores in glycerophospholipids with saturated hydrocarbon chains, UV-Vis spectroscopy was mostly
neglected. In recent years we have shown that by multivariate analysis of temperature-dependent UV-Vis
spectra (Fig. 1), solely based on the change in turbidity of suspensions, i.e. without a signal in the usual sense
of the word, it is possible to determine not only the temperature of the main phase transition of 1,2-
dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC) (Tm =~ 41 °C) but also of its significantly weaker
pretransition (T, ~ 34 °C) [1]. Further, this lecture will demonstrate not only how UV-Vis spectroscopy can be
used in the determination of temperature-dependent change in the DPPC lipid bilayers thickness [2], but also
in the identification of structural changes on the surface of multilamellar aggregates constituted from 1,2-
dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE) lipids that could not be observed with other
techniques until now [3].
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Figure 1: Temperature-dependent UV-Vis spectra of MLVs constituted from DPPC
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IL2 Structural insights into the mechanism of store-operated calcium channels
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The single-pass transmembrane protein Stromal Interaction Molecule 1 (STIM1), located in the
endoplasmic reticulum (ER) membrane, has two primary functions: sensing ER-Ca2+ concentration
and directly binding to the store-operated Ca2+ channel Orail to activate it when Ca2+ levels
decrease. When the ER-Ca2+ concentration is high, the ER-luminal STIM1 domain remains
monomeric. However, once Ca2+ stores are depleted, STIM1 undergoes di-/multimerization. This
multimerization is crucial for exposing the C-terminal binding site of STIM1, which interacts with
Orail channels. Mutations that destabilize the resting configuration of STIM1 can lead to tubular
aggregate myopathy. Despite its importance, the structural basis of the luminal association sites has
been elusive.

Here, we present our findings using a combined approach of molecular dynamics (MD) simulations,
purified proteins, and live cell techniques. We identified two critical di-/multimerization segments:
the a7 helix and the adjacent region near the a9 helix in the sterile alpha motif (SAM) domain. | will
discuss how interactions between the SAM domains of STIM1 monomers are vital for the protein's
multimerization and activation.
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IL3 Transport phenomena at liquid-crystal-water interfaces
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The development of open surface microfluidic systems that enable orthogonal control of liquid mobility, mass
transfer and chemical composition is crucial for devising the next generation of microfluidic platforms to be
used in chemical, environmental and biomedical applications. Pulsatile or continuous release of chemicals is
important for several potential applications, such as mechanical actuation, programmed chemical reactions,
and treatment of various diseases [1]. To achieve these goals, we have designed a new class of open surfaces
based on liquid crystals (LC), which are characterised by outstanding slipperiness, physical and chemical
stability, and self-healing capabilities and can be applied to a variety of substrates [2]. Our results show that
cargo release from an LC surface to a water droplet is strongly influenced by both the mesogenic orientational
order and the droplet’s wetting ridge. Mass transfer can be triggered by a programmable LC phase transition,
charge imbalance and droplet impact [3-5]. Overall, the findings reveal novel liquid-to-liquid transport
mechanisms that will broaden the range of printable inks for additive manufacturing, and could find
applications in tissue regeneration, material synthesis and drug delivery.
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IL4 Targeting microorganisms with PDI
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Photosensitizing molecules have been at the basis of photodynamic inactivation (PDI) since its early
development in the 1950s. The photosensitizer (PS) is one of the three main PDI components, in addition to
visible light and molecular oxygen. The therapy is an innovative methodology based on the administration of
the PS to « undesidered »cells: when irradiated with visible light of appropriate wavelength, the photo-
activated molecule starts a cascade of molecular transitions leading to cytotoxic effects promoted by the
formation of singlet oxygen in proximity of targeted cells. The features of this approach make it interesting in
fighting not only cancer cells but also bacteria and viruses, providing a possible alternative strategy against
two relevant health emergencies, antibiotic resistance and deficiency of antiviral drugs.

Therefore, it is crucial developing supramolecular constructs as modular platforms, not only able to carry the
pro-drug (PS), increasing its bio-availability, but also endowed with selectivity capabilities.

Hence, the aim of the herein research project is to create all-in-one multi-functional bio-molecules to be used
in PDI treatments against microorganisms, with targeting, imaging and photosensitizing features.
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IL5 Twisting and Turning: Fluorescent Molecular Rotors as Viscosity Sensors
Antonella Battisti
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e-mail: antonella.battisti@nano.cnr.it

Intracellular viscosity, a critical parameter within cellular microenvironments, deeply influences the biological
processes. From molecular diffusion to protein folding, the physical properties of the intracellular domain play
a pivotal role in cellular function and health. Viscosity directly affects the microenvironment regulation (e.g.
enzyme kinetics, protein-protein interactions, and molecular transport in the cytoplasm), features different
organelles and can also bring some pathological implications, since altered intracellular viscosity is associated
with diseases such as cancer, neurodegeneration, and metabolic disorders. Quantifying cellular viscosity
changes can shed light on metabolic processes and provide valuable diagnostic insights.!

To unravel these intricate dynamics, researchers have turned to fluorescent probes, a powerful toolset that
allows real-time monitoring of viscosity changes within living cells. Among these, fluorescent molecular rotors
(FMRs) turned out to be suitable in probing several intracellular properties and processes.>® FMRs generally
consist of three main components: an electron donor unit, an electron acceptor unit and an electron-rich
spacer that connects the previous units together. Upon photoexcitation, FMRs undergo a twisted
intramolecular charge transfer (TICT) dynamic, producing an excited state whose energy is generally lower
than that of the locally excited state. From the TICT state, energy can be released as red-shifted emission or
non-radiatively. Since the dynamics of the TICT event are strongly solvent-dependent, the emission profile of
the rotor can then be relevant in terms of energy, quantum yield, intensity, or lifetime, making this class of
molecules particularly sensitive as viscosity probes. In combination with the phasor approach,* a graphical
method that allows visualization of lifetime distributions, differences, and changes after a fluorescence
lifetime imaging (FLIM) acquisition, FMRs express great potential as markers for the quantitative assessment
of intracellular properties. Despite the well-known limitations due to photobleaching, cytotoxicity and probe
specificity, FMRs are a top pick for real-time cellular imaging and microviscosity mapping.
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Figure 1: Jabtonski diagram showing some of the possible electronic transitions for a representative FMR.
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IL6 Scaling of mitotic spindle across eukaryotes is driven by pushing forces between chromosomes
Nenad Pavin
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Eukaryotes divide their genomes using the mitotic spindle, a molecular micro-machine built upon largely
conserved biochemical and biophysical principles. While spindle size varies about 100-fold across eukaryotic
organisms, genome size changes more than 10,000-fold. However, it is unknown how spindle biomechanics
adapts to greatly varying genome sizes. Here, we reveal a spindle scaling law across eukaryotes, where the
metaphase plate diameter shows a power-law scaling with genome size. Experiments on human cells, where
ploidy and chromosome stiffness were manipulated, suggested that spindle size and shape result from
chromosome crowding within the metaphase plate. We introduce a theoretical model in which chromosomes
compete for space by pushing against each other, thereby determining the spindle width. The model predicts
spindle widening under external compression and an asymmetric shape of spindle poles when the metaphase
plate is off-centered, which we confirmed by squeezing the cells and removing a centrosome. Taking a broader
perspective, we explain the spindle scaling law across eukaryotes by chromosome pushing forces. Thus, our
work identifies a conserved mechanism of spindle adaptation to genome size from yeasts to plants and
animals.
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IL7 Microfabricated structures to solve biological problems
T. Fekete, G. Vizsniczai, S. Valkai, G. T. lvanyi, D. Petrovszki, M.A. Deli, L. Kelemen, A. Dér

HUN-REN Biological Research Centre of Szeged, 6726 Szeged Temesvari krt. 62.
e-mail: fekete.tamas@brc.hu

Microfabricated structures can be prepared for specific biological tasks with processes that are based primarily
on single or multiphoton absorption. With single photon absorption (SPA) mostly 2D patterns can be
polymerized, using mask lithography or direct laser writing (DLW) [1,2]. On the other hand, exploiting
multiphoton absorption (most often two photon absorption, TPA), polymer solidification happens only in
small-volume voxels, resulting in complex 3D structures with submicron-size features [3, 4, 5, 6].

In the recent years our Institute demonstrated the applicability of 2D and 3D structures in solving biological
problems. Complex biosensors in the form of an integrated Mach-Zehnder interferometer [1] was used to
determine the SARS-CoV-2 Spike protein penetration through barrier forming cells with sub-pg/mL resolution.
A similar device was used to detect low concentrations of bacteria (100 CFU/mL) with a microfluidic chamber-
integrated optical fiber exploiting light scattering by the bacterial cells that were concentrated over the optical
fiber using a fishbone-like electrophoretic microelectrode array [2].

Polymer microtools made by two-photon polymerization and manipulated with optical tweezers were also
designed for specific biological tasks. The Young’s modulus of the membrane of Barrier-forming living
endothelial cells were measured with low loading rates and indentations as never before [4]. The adhesion
force between the endothelial cell and the tripeptide glutathione covalently linked to a microtool we also
measured [5]. We were able to adhere a single living cell to an intricate mobile polymer microtool and visualize
its mitochondria in 3D with isotropic resolution via multiview microscopy [3]. Recently, we presented a new
approach to bind cells to microtools using deformable structures. The cells are attached to the microstructure
making use of their elasticity and can be detached from the structures after being investigated.

Figure 1: a) Fishbone-like electrophoretic microelectrodes made by DLW and lift-off technique. b) Flexible polymer cell
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The fusion of machine learning (ML) with photonics has revolutionized optical systems by improving
functionality and performance, especially in cases where traditional models are inadequate to explain complex
and intractable relationships between inputs and outputs. Recent advances go beyond early ML applications
such as genetic algorithms for pattern recognition and image reconstruction. They now include solving large
datasets and inverse problems, demonstrating ML's capabilities in data classification and structural analysis.
This development has led to breakthroughs in the fields of nanomaterials, cell classification, and super-
resolution microscopy.

In the field of super-resolution microscopy, ML has made a decisive contribution to improving image resolution
beyond traditional limits. One example of this is the development of Rationalized Deep Learning (rDL) for
structured illumination microscopy and Lattice Light Sheet Microscopy (LLSM). This approach, which requires
only minimal high-resolution target images, optimizes the imaging of living cells, and achieves unprecedented
improvements in resolution.

At the same time, advances in label-free imaging have achieved high accuracy in cell classification through a
flow-cytometry method that utilizes the photonic time-stretch concept and deep learning. This technique
achieves high accuracy in label-free cell classification by capturing and analysing biophysical cell features,
setting new standards in high-throughput quantitative imaging.

These developments emphasize the central role of ML in pushing the boundaries of photonics, leading to
innovative solutions that improve the capabilities of optical systems and signal analysis.
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IL9 DNA origami-based crystals for photonics
Gregor Posnjak
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Self-assembly is a promising approach to structuring matter on the scale of hundreds of nanometers, however
many non-close packed architectures that are interesting for applications, have proven to be difficult if not
impossible to realise experimentally [1]. | will present how we utilised the unique assembly properties of DNA
origami to overcome the challenges of manufacturing a diamond lattice, which is one of the structures with
the potential for widest photonic band gaps|[2].

DNA origami uses DNA strands as programmable matter that self-assembles into pre-designed shapes on the
scale of tens of nanometers[3, 4]. This is achieved through the predictable binding of Watson-Crick pairs on a
set of short (~20 — 50 nucleotides) DNA “staples”, which bind complementary sections of a long (~8000
nucleotides) single-stranded DNA and fold it into the desired shape. These structures with almost arbitrary
shapes can be functionalised with addressable DNA overhangs that can control their polymerization into 3D
lattices. We used DNA origami to design a tetrapod monomer with the tetrahedral symmetry needed for
assembling a diamond lattice (Fig. 1A,B). After folding and purification, the tetrapods form 5 - 50 um crystals
with a periodicity of 170 nm that can be conformally coated with high refractive index materials to open a
photonic band gap in the UV. Optical reflection measurements confirmed strong reflection in the range 300
— 350 nm, that was redshifted with increasing thickness of the TiO, coating.

A oligo - TTT GGGAAGG
oligo - CCC

Figure 1: A) DNA origami tetrapods (TEM image in the right inset) with selective binding strands (red), positioned in a
pattern (left inset) to ensure 60° rotation between neighbouring tetrapods, which is needed for diamond cubic lattices.
B) DNA origami tetrapods, crystallized in a diamond lattice with 170 nm periodicity. C) SEM image of two octahedral
diamond crystals, assembled from DNA origami tetrapods.
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IL10 Design of alternative genetically encoded photosensitizers
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Flavin mononucleotide (FMN) is a highly efficient photosensitizer (PS) yielding singlet oxygen (10,). However,
its 0, production efficiency significantly decreases upon isoalloxazine ring encapsulation into the protein
matrix in genetically encoded photosensitizers. Typical examples are flavoproteins such as miniSOG in which
10, production efficiency of FMN decreases upon binding to protein by more than 10-fold [1]. This is a result
of the quenching of flavin cofactor triplet state due to isoalloxazine ring interactions with the surrounding
amino acids [1]. Consequently, the conventional approach to increase 10, production efficiency is to reduce
interactions of amino acids with the isoalloxazine ring [2]. We believe that this approach has a critical limitation
related to a weakening of a PS affinity to a protein. By contrast, our approach towards increasing of 0,
production efficiency is based by introducing oxidation prone amino acid close to the isoalloxazine ring
selected in such way that will have minimal effects on protein-cofactor interactions in the native state of the
flavoproteins. However, dissociation of FMN will be actively triggered upon irradiation with blue light via
(mutated) amino acid(s) oxidation. As a proof of concept, we prepared three variants of the LOV2 domain of
Avena sativa (AsLOV2), namely V416C, T418C, and V416C/T418C, on which we showed feasibility of this
approach. In fact, effective 0, production strongly correlated with the efficiency of irradiation-induced FMN
dissociation (wt<V416C<T418C<V416C/T418C) [3].
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Figure 1: Schematic summary of the design strategy.
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ABCB1 and ABCG2 are exporter type ABC proteins that can expel numerous chemically unrelated xeno- and
endobiotics from cells. When expressed in tumor cells and tumor stem cells, they may cause multidrug
resistance contributing to the failure of chemotherapy. A better understanding the molecular mechanism of
these active transporters may provide new therapeutic targets to improve the treatment of drug resistant
tumors. According to the “alternating access” model membrane transporters fluctuate between inward-facing
(IF) and outward-facing (OF) states, in which the centrally located substrate-binding site is intermittently
accessible from the cytosolic or from the extracellular side of the membrane. The energy requirement of the
conformation changes and the uphill transport of substrates is covered from ATP hydrolysis by two structurally
symmetric nucleotide binding sites (NBS). However, molecular details orchestrating substrate translocation
and ATP hydrolysis remain elusive in these ABC transporters.

Here we developed fluorescence-based assays to investigate the affinity of ABCB1 and ABCG2 to transported
drugs and nucleotides at distinct steps of their catalytic cycle in live or semi-permeabilized cells. Using
conformation-sensitive antibodies selectively recognizing the IF conformation of ABCB1 and ABCG2 we have
found that the switch to