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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 cakulation of the process of a regular closure of the pollen grain. The grain elongates as the apertures close.
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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. BoZig, A. Siber, Proc. Natl. Acad. Sci. U.S.A. 117, 26600 (2020).
[2] A. Bo#i¢, 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

[1] N. Osterman and A. Vilfan, Proc. Natl. Acad. Sci. USA 108 (2011), 15727-15732.

[2] D. Hickey, A. Vilfan and R. Golestanian, eLife 10 (2021) e66322.

[3] D. Hickey, R. Golestanian and A. Vilfan, Proc. Natl. Acad. Sci. USA 120 (2023) e2307279120.
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[6] A. Vilfan, S. Subramani, E. Bodenschatz, R. Golestanian and I. Guido, Nano Lett. 19 (2019) 3359-3363.
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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.
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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
Rainer Schindl
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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.

Acknowledgment

Supported by the Austria Science funds to Rainer Schindl, P32778.


mailto:rainer.schindl@medunigraz.at

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
Stefania Abbruzzetti!, Andrea Mussini!, Pietro Delcanale?, Santi Nonell?, Cristiano Viappiani!
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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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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 vyield, 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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IL8 Integrating Machine Learning in Photonics: Advancements in Signal Analysis and Optical Data
Interpretation
Andrej Koreni¢
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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.

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.

References

[1] C. A. Mirkin, S. H. Petrosko, ACS Nano. 17 (2023) 16291-16307.
[2] G. Posnjak et al., Science. 384 (2024) 781-785.

[3] P. W. K. Rothemund, Nature. 440 (2006) 297-302.

[4] S. M. Douglas et al., Nature. 459 (2009) 414-418.

16


mailto:gregor.posnjak@lmu.

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 10, 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 0, 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 10,
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 the OF conformation is induced by nucleotide binding. The IF to OF transition is
accelerated by substrates and hindered by known inhibitors. We also demonstrated that the high-to-low
switch of substrate binding affinity coincides with the IF to OF transition in case of both transporters. Low
substrate binding persists in the vanadate-trapped post-hydrolysis state, indicating that dissociation of the
ATP hydrolysis products is required to reset the high substrate affinity IF conformation.

To study the coupling between ATP hydrolysis and substrate transport ABCB1 variants carrying mutations in
conserved residues of one or both NBSs were analysed. Bilateral NBS mutants were found completely inactive.
Unilateral NBS mutations leading to about 10-fold increase of ATP affinity resulted in complete inactivation of
ABCB1, while a comparable decrease of ATP-affinity was tolerated and these mutants showed significant ATP
hydrolytic activity and transport function. Detailed analysis of unilateral NBS mutants suggested that the wild-
type catalytic site can hydrolyse ATP in repeated cycles without hydrolysis at the other NBS.
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IL12 A lever-like anti-AB fibrils potential of azobenzene molecules
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Amyloid fibrils formed by amyloid B (AB) peptides represent a key neuropathological feature of Alzheimer's
disease (AD), a rapidly growing incurable neurological disease. As a result, there is a pressing need for
innovative treatment strategies. We have employed the lever-like potential of azobenzene molecules, capable
of reversible photo-induced isomerization between the cis (nonplanar, metastable) and trans (planar,
thermodynamically stable) conformations, to dissociate fibrillar aggregates of AB4; peptide. We have
integrated in vitro, in silico, and cell assays to study the efficacy of azobenzene-based compounds, consisting
of one or two molecules of azobenzene linked by DTPA. The DTPA-linked azobenzene dimer was able to
dissociate AP fibrils in low micromolar concentrations, with dissociation activity increasing 10-fold upon
photo-induced isomerization. Importantly, the DTPA-linked azobenzene dimer and monomer were able to
dissociate the AB fibrils into non-cytotoxic species. Based on our in silico results, we assume that the cis-trans
switch of the initially excited azo-molecule put mechanical stress on the B-strands which increase the potential
of compounds to dissociate of the AP fibrils.
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The frontier of neurostimulation is being redefined through the innovative use of photoactive organic
semiconductors, offering a novel approach to traditional treatments. Our previous research has successfully
demonstrated the modulation of ion channel gating and neuronal stimulation in vitro through photocapacitive
stimulation with a light-sensitive photovoltaic device. Our current research encompasses the development
and application of organic electrolytic photocapacitors (OEPCs) and miniaturized versions of light-active
microparticles, exploring their potential in both the neurostimulation in vivo and the treatment of
degenerative eye diseases. By integrating these technologies, we aim to unlock new methodologies to activate
nervous tissues with light-controlled electrical stimulation.

Our studies demonstrate the effectiveness of OEPCs in modulating neural activity within the brain of adult
rats, through targeted cortex stimulation. In particular, the application of OEPCs has shown a significant up-
regulation of c-Fos, indicating neuronal activity without eliciting reactions from surrounding tissues or the
immune system. These findings underscore the biocompatibility and functional sustainability of OEPCs as
neural implants, highlighting their potential for chronic applications in neurostimulation.

In parallel, we work with injectable organic microparticles for vision restoration in degenerative eye diseases,
such as age-related macular degeneration (AMD), which presents a new approach to bioelectronic interfaces.
By focusing on the precise modulation of retinal neurons, these microparticles facilitate targeted stimulation,
bypassing degenerated photoreceptors and offering a promising avenue for vision restoration.

Our ongoing research will elucidate the mechanisms underlying the interaction between these novel organic
semiconductors and biological systems, with the aim of redefining and optimizing their application for clinical
use.
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Diffusion tensor imaging (DTI) is an advanced technique of magnetic resonance imaging (MRI) that employs
anisotropy of diffusion of water molecules to map spatial distribution of nerve tracts in brain and spine. In
addition it enables estimation of diffusion parameters, such as fractional anisotropy (FA) and radial diffusivity
(RD), which are correlated with level of integrity of nerve tracts [1] and enable tracing of their changes in
various neurological diseases.

The technique uses several algorithms for the reconstruction of 3D distribution of tracts, from the simplest
deterministic tractography, which relies on user definition of starting and ending points, to more sophisticated
and time consuming probabilistic tractography that uses probability maps of distribution of white matter.

The changes in DTl parameters have been reported for numerous neurological diseases, from the “common”
one like migraine [2] to the rare amyotrophic lateral sclerosis (ALS). However, most frequently DTI has been
employed in assessment and follow-up of changes in multiple sclerosis (MS), where decrease of FA parameter
in tracts pinpoints to degradation of myelin sheet [3]. While the changes in MS affect multiple tracts, in
epilepsy the changes in DTl parameters were found to be restricted to hippocampal region of brain [4].
Similarly, the localized decrease of FA and RD parameters was found in corticospinal tract and spine of ALS
patients [5]. DTI characteristics of Alzheimer disease are widespread depression of FA and mean diffusivity
parameters that worsens with disease progression.

Nevertheless, the DTl can not be used as reliable standalone technique for characterization and follow-up of
neurological disorders. However, in combination with techniques of functional and structural MRI, represents
powerful tool for investigation of neurological disease.
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Molecular dynamics simulations offer insight into molecular properties at a resolution that is often not
accessible experimentally. Moreover, using robust statistical mechanics, we gain access to thermodynamic
properties like the free energy of processes. Physically relevant free-energy differences can be calculated from
simulations of unphysical reference states. Over the years, we have successfully applied the one-step
perturbation method by the judicious design of reference states. To ensure overlap between the reference
state and the end states enveloping distribution sampling (EDS) was developed over a decade ago [1]. Here,
the reference state is constructed from the end states directly, potentially maximizing the overlap in sampling.
By accelerating the EDS potential [2] improved sampling of the end-states becomes feasible. Various
applications in drug-design settings [3] show that the accelerated EDS approach (A-EDS) can also enhance the
sampling of orthogonal degrees of freedom [4] and may furthermore be used as a chemostat. This opens the
way to applications in virtual screening or the sampling of water molecules in the active site of protein-ligand
complexes [5].
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Figure 1: Accelerated Enveloping Distribution Sampling combines multiple molecules into one reference state, allowing
us to compute the relative binding free energy of several molecules in one simulation
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SO1 Molecular basis for the nitric oxide sensitivity of a blue fluorescent protein
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Genetically encoded fluorescent sensors for the visualization of nitric oxide (NO) at the singe cell level are still
poorly developed. [1] We have recently reported the NO sensitivity of the blue-emitting fluorescent protein
mTagBFP2. Protein mutants and mass spectrometry suggested that S-nitrosylation of Cys residues is at the
basis of the observed reduction in emission intensity and lifetime in response to NO exposure. The potential
of this GES for monitoring intracellular NO was shown on Hela cells transiently expressing mTagBFP2. [2] In
this work, we further investigate the molecular basis for the observed NO sensitivity.

From the experimental point of view, we have performed a more accurate study on the dynamics of S-
nitrosylation of Cys residues in mTagBFP2, using the NO donor MAHMA nonoate. The resulting changes in
fluorescence emission intensity and lifetime were monitored as a function of time to retrieve a better estimate
of the dissociation constant and of the reaction kinetics. We have also tested the response of mTagBFP2 to
the presence of the NO donors S-nitrosoglutathione (GSNO) and S-nitroso-N-acetylpenicillamine (SNAP).
Fluorescence quenching and mass spectrometry experiments on mTagBFP2 mutants containing only one of
the Cys residue show that two out of the three Cys residues in mTagBFP2 are responsible for the changes in
fluorescence emission. Further experiments on bacterial cells expressing mTagBFP2 and its mutants, are
underway. We have also investigated possible mechanisms of fluorescence loss upon S-nitrosylation including
perturbations in the protein structure, leading to increased chromophore flexibility and subsequent
enhancement of non-radiative decay. Additionally, Forster resonance energy transfer (FRET) to the newly
acquired NO group(s) is considered, as their absorption spectrum, characterized by n = n* and m = nt* bands
peaking at 545 and 335 nm respectively, partially overlaps with the emission spectrum of mTagBFP2. Through
molecular dynamics simulations, we address the structural alterations upon NO binding and calculate the
geometric factors necessary to accurately estimate FRET efficiency. Finally, we discuss how our theoretical and
computational findings align with experimental measurements on mTagBFP2 and other FP variants.
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Bacterial resistance to antibiotics poses a serious challenge with increased morbidity and mortality. Gram-
negative bacteria from the ESKAPE group are particularly problematic due to their virulence factors and the
presence of an outer membrane (OM). The outer bacterial membrane of drug-resistant bacteria constitutes a
significant barrier to many antimicrobials. Therefore, the development of new antibacterial agents focuses
primarily on damaging the outer bacterial membrane of Gram-negative bacteria. Among many membrane-
disrupting substances, cationic dendritic systems are the most promising. They have the ability to damage the
bacterial outer membrane and create a path for antimicrobial proteins (lysozyme or phage endolysin), which
usually have no chance to cross this obstacle and reach the peptidoglycan and degrade it. Therefore, several
biophysical methods have been used to study the interactions of dendritic polymers from the bacterial outer
membrane. The use of carbosilane dendrimers shows that the mechanism of action depends on the type of
dendrimer and the lipid composition of the membrane. We also demonstrate that changes in membrane
fluidity and endolysin permeability by methylimidazolium and pyridylimidazolium dendrimers may play a
greater role in the antimicrobial activity compared to cell membrane damage caused by positively charged
dendrimers. The complex formed from endolysin and carbosilane dendrimers may be an excellent alternative
to other antimicrobial agents focused on only one resistance mechanism.
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Surfactants are commonly used as disinfecting agents against all sorts of pathogens, including enveloped
viruses (such as those responsible for cold, flu and COVID-19). However, there is a lack of understanding of
the molecular mechanisms of the inactivation of these viruses by surfactants. In a recent work [1], we have
combined all atomic MD simulations of the viral envelope and coarse grain (CG) modelling of a full virion to
identify the mechanisms underlying the possible inactivation of the SARS-CoV-2 virus by different types of
surfactants. Our theoretical predictions motivated detailed experimental tests [2] that confirmed the
proposed mechanisms. Overall, we found [1] that ionic surfactants have only a small impact over the virus
envelope, being inserted into the envelope without dissolving it or generating pores. However, ionic
surfactants strongly interact with the spike protein of the virus (responsible for its infectivity), easily covering
it and inducing its collapse over the envelope surface of the virus. Anionic surfactants such as SDS have the
strongest effect, by blocking the receptor binding domain of the Spike protein. These results have important
consequences for the design of surfactants as virucidal agents, suggesting that the optimal strategy should be
to focus on molecules strongly interacting with the spike protein

Figure 1: Simulation snapshots showing the CG model of a full SARS-CoV-2 virion surrounded by surfactant micelles and
the atomistic model of its viral envelope patch including a Spike protein.
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SERCA (Sarcoplasmic/Endoplasmic Reticulum Ca%-ATPase) is a transmembrane protein that is critical in
maintaining calcium homeostasis within cells. In numerous cases, SERCA activity has been observed to be
disrupted during the development of chronic diseases. Therefore, compounds that can enhance the
expression or activity of SERCA may prove to be useful in treating such diseases. Compounds of natural origin
have been proved both as inhibitors as well as activators of SERCA activity. We examined possible binding sites
of [6]-gingerol, resveratrol, and ellagic acid able to increase SERCA activity [1].

The docking and induced fit studies were performed by the Molecular Operating Environment (MOE
2020.0901) modeling program, using a triangle matcher and the London dG score for basic docking and the
GBVI/WSA DG score for the induced-fit refinement of the geometry. Ligands were observed for protonation
under a physiological pH. Ellagic acid was treated as a dianion.

We found that the SERCA activation with [6]-gingerol, resveratrol, and ellagic acid may be associated with
binding to amino acid Glu439, related to one of the modulatory places of ATP in SERCA.
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Figure 1: Position of ellagic acid bound in SERCA (E2P model, pdb code 2zbe).
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The development of drug delivery systems using renewable and environmentally friendly materials is an
important part of biotechnology. Therefore, we are investigating vesicles composed of microalgae cells that
are bioinspired and subjected to hypoosmotic stress. A comprehensive biophysical characterization was
performed to unreveal structural features, surface properties, biocompatibility, and drug delivery ability. The
vesicles have different shapes and sizes, and their membranes contain carotenoids, which may have
antioxidant properties, as well as free products of chlorophyll degradation. Compared to lipids, especially polar
lipids, they contain a higher concentration of proteins and a balance between saturated and unsaturated fatty
acids, indicating hydrophilic properties. Crucially, the vesicles do not trigger cytotoxic or immunogenic
reactions and are biocompatible. The results show that the non-covalent binding of the vesicles to the
membrane enables the transport of oligonucleotides, glycopeptides as drug models. In addition, hydrated,
lyophilized material can spontaneously and reversibly form into vesicles, which guarantees the long-term
stability of the material. This study suggests that biocompatible reconstructed vesicles could be a viable option
for pharmaceutical applications in the future.
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Figure 1. Proposed mechanism: from algal cells to drug modified vesicles.
(adapted from video: https://www.youtube.com/watch?v=I0pQnmjX174, Ivosevi¢ DeNardis 2022).
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This study aimed to investigate the impact of polystyrene nanoplastics (PS NPs) on the nanostructural,
nanomechanical and antioxidant responses of the marine diatom Cylindrotheca closterium. The results
showed that both types of PS NPs, amine-modified (positively charged) and carboxyl-modified (negatively
charged), regardless of their surface charge, inhibited the growth of C. closterium during short-term exposure.
However, prolonged exposure to both types of PS NPs did not significantly inhibit growth, possibly due to the
detoxification effect of microalgal extracellular polymers (EPS). Exposure to both types of PS NPs above their
respective concentrations, which resulted in a 50% growth reduction (EC50) showed phytotoxic effects,
primarily attributed to excessive generation of reactive oxygen species, leading to increased oxidative damage
to lipids and changes in antioxidant enzyme activities. In addition, diatoms exposed to nanoplastics showed a
significant decrease in cell wall rigidity, possibly making the cells more vulnerable. Atomic force microscopy
images showed that positively charged PS NPs predominantly adhered to the cell surface, while both types of
PS NPs were incorporated into the EPS, which serves as a protective barrier for the cells. Considering that the
microalgal EPS serves as a vital food source for phytoplankton grazers and higher trophic levels, the
incorporation of NPs into the EPS and their interactions with algal cell walls may have implications for the
stability and functioning of marine ecosystems.
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Figure 1: AFM images of a Cylindrotheca closterium cell exposed to amine-modified (a, b) and carboxyl-modified
polystyrene nanoplastics (c, d) with vertical profiles along the indicated lines (Misi¢ Radi¢ et al. 2022).
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This study conducts a theoretical investigation to clarify the mechanisms and conditions driving the transition
between two distinct enzymatic organizations: soluble enzyme cascades and enzyme complexes. We explore
a scenario where this transition occurs spontaneously as concentrations of metabolic intermediates within the
cascade are significantly altered by concurrent processes, reaching levels where effective catalysis and
metabolic regulation become impossible [1, 2]. We propose a mathematical model that considers a metabolic
intermediate in the enzyme cascade as a central control parameter, with the Maximum Entropy Production
Principle (MEPP) serving as the foundational theoretical framework for thermodynamic analysis.

A detailed thermodynamic analysis is performed on the optimal steady-state performance of both the enzyme
cascade and the enzyme complex. For both enzymatic organizations, we compare optimal values of crucial
reaction parameters and thermodynamic quantities, including the rate of entropy production, rate constants,
Shannon information entropy, kinetic stability, and elasticity coefficients. Two critical values of the control
parameter are predicted, at which both types of enzymatic organization are equally probable. We
demonstrate that the rate of entropy production, kinetic stability, and elasticity coefficients exhibit
discontinuities at critical points, suggesting that the transition between the two enzymatic organizations can
be characterized as a discontinuous first-order phase transition.
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Specific proteins, like translation factors, must operate efficiently in diverse microenvironments, such as the
ribosome and cytoplasm. The diverse environmental conditions present distinct stability obstacles, which are
inherent to the process of evolution. In my recent analysis, | investigated the hypothesis that studying
frustration within and between protein domains can provide insights into the fundamental mechanisms that
control protein stability and functionality in different operational microenvironments. The impact of contact
frustration is frequently disregarded due to various other molecular factors, and it remains uncertain what
role, if any, it plays.

The frustration analysis was conducted by utilizing the stand-alone frustration analysis R-package
(https://github.com/proteinphysiologylab/frustratometeR) [1-3]. A thorough examination of frustration was
carried out. This method categorizes individual contacts based on their frustration index values, differentiating
between contacts that are significantly dissatisfied ("highly frustrated") and those that are relatively satisfied
("minimally frustrated") compared to other options in the same area. Contacts not falling into these extreme
categories are considered "neutral." Contacts that are minimally frustrated, meaning they have low energy
compared to other decoy energies, indicate that different combinations of amino acids in the same position
may not be as favorable for correct folding. On the other hand, highly frustrated contacts with a higher level
of native energy suggest that most alternative pairings would be more advantageous for folding. The
frustration index quantifies the level of favorability of a specific interaction compared to all potential
interactions in that location while being adjusted for the variability of that distribution.

The existence of strongly conflicted interactions between protein domains can indicate potential problems for
the coordination and effectiveness of the protein, potentially resulting in specific changes in its shape. By
identifying these crucial interactions, the analysis enhances our comprehension of the structural and
functional interplay among various proteins, including IF2 [4]. The investigation emphasizes the importance of
frustration analysis, particularly for proteins that operate in extreme conditions or are designed to function in
diverse environments. | hypothesize that this concept can be utilized in the misfolding of pathological proteins
due to the interaction between the inherent tendency of the specific local sequence to aggregate.
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Heart failure is a significant public health problem, affecting millions of people worldwide and accounting for
a substantial proportion of hospital admissions and healthcare costs [1]. Despite advances in the management
of heart failure, the morbidity and mortality associated with this condition remain high. One approach to
improve outcomes for patients with heart failure is guideline-directed therapy, which involves the use of
evidence-based treatments to reduce symptoms, prevent hospitalization, and improve survival [2].
Regardless, heart failure treatment implementation is insufficient despite ESC guidelines, with a significant
number of patients not receiving medications at target doses or not at all [3]. The ongoing efforts to bridge
the gap between guidelines and clinical practice include the development of tools to assist with guideline
implementation, such as decision support systems. However, in Slovenia and many other countries, the
implementation of such systems is stagnant due to the use of various electronic health record systems among
hospitals and clinics, making it difficult to integrate and analyze data across different facilities. To overcome
this problem, we aimed to develop a machine learning algorithm that can be applied to electronic health
records from separate databases, providing a unified analysis. We present a software package implementing
natural language processing algorithms and other machine learning methods trained on discharge letters of
heart failure patients from a Slovenian hospital. Sections of unstructured textual data of electronic health
records are categorized into standardized medical concepts using document classification methods. Using
named entity recognition and in conjunction with information extracted from unstructured data, the algorithm
extracts key clinical parameters, such as prescribed therapy, comorbidities, and clinical outcomes. The
algorithm's accuracy is tested against manually extracted and labeled data. Ultimately, the algorithm is used
to estimate the prognosis of heart failure patients, identify patients not receiving guideline-directed therapy,
and analyze factors associated with non-adherence. The findings aim to inform the development of targeted
interventions to improve adherence to ESC guidelines, ultimately improving patient outcomes and reducing
healthcare costs.
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Figure 1: Structure of software implementation of the algorithm.
References

[1] V. L. Roger, Circ Res 128 (2021) 1421-1434.
[2] G. M. C. Rosano et al., Eur J Heart Fail 23 (2021) 192-156.
[3]1 T. A. McDonagh et al., Eur Heart J 42 (2021) 3599-3726.

32


mailto:presentingauthor@xx.com

SO11 Multicellular Dynamics in Beta Cell Networks: Insights from Multicellular Imaging,
Phenomenological Models, and Network Analyses
M. Gosak, 123" M. Sterk,%23 U. Baraél, A. Stozer?

Faculty of Natural Sciences and Mathematics, University of Maribor, Slovenia
2Faculty of Medicine, University of Maribor, Slovenia

3Alma Mater Europaea — ECM, Slovenia
*e-mail: marko.gosak@um.si

Islets of Langerhans are multicellular networks in which several hundred of beta cells work in synchrony to
produce secretory pulses of insulin, a hormone crucial for controlling metabolic homeostasis. Their collective
rhythmic activity is facilitated by intercellular coupling and affected by their multimodal activity due to
networked feedback interactions of various oscillatory subsystems as well as by their functional heterogeneity.
Consequently, the multicellular dynamics of beta cell populations is far from elemental and is characterized
by complex patterns of activity. In this contribution | will present how we explore these intricacies by
combining high-resolution confocal laser-scanning imaging in acute pancreatic tissue slices, with
computational modelling and network science approaches [1]. Construction of functional beta cell networks
reveals that their structure is stimulation-dependent [2], modulated by pharmacological agents such as
antidiabetics [3,4], and heavily influenced by the dynamical compound being analysed, i.e., high oscillatory
electrical activity vs. slow metabolic activity [5]. Furthermore, utilizing phenomenological models we were
able not only to identify which physiological determinants need to be considered in the model to achieve good
agreement between the model and experimental results, but also gain a more profound mechanistic
understanding of the complexities in intra- and inter-cellular activities within islets. Specifically, as the main
factors driving good consistency between model predictions and experimental data, heterogeneity in cellular
metabolism, Kare channel conductivity, and intercellular coupling have been identified, which, in addition to
electrical cell-to-cell interactions, must also encompass metabolic ones [6]. Finally, we argue that the proposed
computational approaches hold relevance for comprehending the intricacies of collective cellular activity
across diverse contexts, where the assessment of multicellular dynamics can be achieved through suitable
imaging techniques.
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Protein aggregation is a hallmark of more than fifty protein conformational amyloid disorders. a-lactalbumin
(a-LA), 123 amino acids-consisting globular protein, is an interesting model protein for amyloid aggregation
study due to its ability to form a molten globular state. The presence of salts can readily control the amyloid
aggregation of proteins. Using a multi-technique approach, we have compared the effect of 300 mM salts
(Na;S04, CH3COONa, NaH,P0O4, NaBr, NaNOs, NaClO4) on the amyloid fibril formation of a-LA in the acidic pH.
The aggregation kinetics, the secondary structure content, and amyloid fibrils' morphology have been studied
using ThT fluorescence, FT-IR and CD spectroscopy, and atomic force microscopy. We discovered that the
effect of anions on the kinetic parameters of a-LA amyloid formation and the morphology of its fibrils depends
on the salt's position in the Hofmeister series. These findings are essential to uncover the general mechanism
of amyloid fibrillation and the possible future application of amyloid aggregates in biotechnology.

Figure 1: Atomic force microscopy (AFM) images of a-LA amyloid structures
prepared in 300 mM salts. All images are 5x5 um with a scale bar of 2 um.
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The behaviour of double-stranded DNA is intricate, influenced by various factors including the type, valence,
and concentration of positive counterions surrounding it, alongside polyion length and concentration.
Understanding the behaviour of DNA under diverse environments improves our fundamental comprehension
of DNA physics, crucial for biological functioning and carries implications for a wide array of applications
spanning from biotechnology to nanotechnology [1,2].

Over the last years our research has been dedicated to exploring vibrational dynamics of long-chain DNA,
characterized by an average fragment length of 4 um, within both single and mixed ion atmospheres [1-5].
The research focused on elucidating the impact of cations on DNA structure under semi-dilute DNA conditions,
maintaining a constant DNA fragment length and concentration throughout our studies. In our current
research endeavour, we adopt a contrasting perspective, focusing instead on the influence of DNA fragment
length and concentrations, thereby exploring the influence of cations on the DNA structure in two distinct
regimes: semi-dilute and dilute.

In this study, we employ FTIR spectroscopy to investigate the dynamic and structural aspects of short-chain
DNA thin films with the estimated DNA fragment length of 5-17 nm (15-50 bp) in the presence of divalent
manganese counterions. The significantly shorter DNA fragment length, several nanometres in size compared
to the polydisperse long-chain fragments of 4 um, enables precise control over various solution regimes
through manipulation of DNA concentration. lon atmosphere has been controlled by the counterion to
phosphate molar concentration ratio r, which varied between 0.1 and 2. To potentially distinguish between
the semi-dilute and dilute solution regimes, we prepared three distinct concentrations of short-fragment DNA:
5g/L,1g/L,and 0.1 g/L.

Our research showed that highly hydrated DNA thin films have the ability to capture various solution regimes
as evidenced by the distinct spectral features displayed by manganese counterions. Specifically, Mn?*
counterions exhibit notable changes at DNA concentrations < 1 g/L, suggesting a modified screening effect of
Mn?% counterions in dilute regimes. Furthermore, a comparative analysis between short-chain DNA and our
previously acquired data on long-chain DNA in the presence of manganese cations [4] provides a fresh
perspective on the interaction between DNA dynamics and its environmental factors.
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The synthesis of cyclic guanosine monophosphate (cGMP), facilitated by nitric oxide (NO) through its action
on soluble guanylate cyclase (sGC), triggers the activation of cGMP-dependent protein kinase (PKG). This
intricate process regulates cytosolic calcium ([Ca?*];) sighaling and modulates Ca?*-(de)sensitization within the
contractile apparatus, affecting both the encoding and decoding aspects of the [Ca?*]; signal. More than ten
substrates phosphorylated in vivo by PKG have been identified, with many playing roles in [Ca?*]; dynamics.
Building on previous models [1, 2] that highlighted the influence of cGMP on [Ca?] regulation via mechanisms
such as large-conductance Ca2+-activated K+ channels (BKCa), Ca?*-dependent CI" channels (CICa), Na*/Ca?*
exchanger (NCX), Na*/K*/ClI" cotransport (NKCC), and Na*/K*-ATPase (NKA), we introduce four novel
mechanisms through which ¢GMP acts: sarco-/endoplasmic reticulum Ca?-ATPase (SERCA), plasma
membrane Ca?*-ATPase (PMCA), inositol 1,4,5-trisphosphate receptor channels type 1 (IP3R1), and myosin
light chain phosphatase (MLCP), the latter being critical for Ca**-desensitization [3]. All these mechanisms,
except for the activation of CICa channels by cGMP/PKG, lead to a decrease in [Ca®*]; and vasorelaxation. The
excessive activation of ClCa channels by high cGMP levels, though, could potentially cause cell depolarization,
VOCC activation, increased [Ca%];, and possible vasoconstriction [4]. Given that high cGMP levels do not induce
contraction, this suggests that the impact of Cl- channels might be negligible or that desensitization of the
contractile apparatus at elevated [Ca?*]; is a crucial mechanism for vasorelaxation. We will investigate these
hypotheses through a complex theoretical model that simulates the dynamic interactions of these
mechanisms, aiming to elucidate the comprehensive role of cGMP in VSM contractility. Additionally, the model
will be used to assess the contribution of each cGMP/PKG-dependent mechanism in modulating the [Ca?*];
signal and its subsequent role in vasorelaxation. This approach will provide comprehensive insights into the
dynamic functioning of the system, enabling the differentiation between essential and non-essential
mechanisms and, finally, identifying potential targets for pharmacological intervention.
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The RNA motifs can be responsible for specific important functions. For instance, in bacteriophage MS2, they
serve as packaging signals (PSs), which play a crucial role in binding viral coat proteins during capsid assembly.
This work aims to analyse motif structural stability on the example of the well-studied MS2 virus. As a
consequence of current experimental studies, which reveal the multiple putative PS sites across the MS2 RNA
genome, we focus on 14 RNA motifs of the virus, including the most widely known TR hairpin. The study of
motif stability involves manipulating the flanking sequences surrounding them and comparing various
measures calculated from their secondary structure, such as structure probability, ensemble defect, and
Shannon entropy. To verify the tertiary structures of these RNA segments, the oxDNA software is employed.
Our results show the stability of certain motifs regardless of the presence or absence of sequences around
them, even when the nucleotide content of flanking sequences is randomized. Conversely, other unstable
motifs are stabilized by genome or flanking sequences that tell us about the importance of the particular
structure as well as of the genome sequence. The outcome of this work is beyond viral PS structural stability,
extending to applications in RNA binding protein (RBP) studies and more.
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Coupling functions describe the detailed information about the functional mechanisms underlying the
interactions and prescribe the physical rule specifying how an interaction occurs [1]. The functional
mechanisms can also describe in detailed the causality and the information flow between nonlinear dynamical
systems. By focusing on dynamical oscillators and how they interact, we investigated the interactions in the
brain. In particular, we used a method based on dynamical Bayesian inference [2] in order to model and
reconstruct the coupling functions from data of interacting oscillations. The method accounts also for potential
time-varying dynamics and noise interferences, similar to those encountered in biological systems [3,4]. We
focus on phase dynamics interactions between brainwave oscillations, extracted from EEG recordings, thus
studying the neural cross-frequency coupling functions [5-7]. The effectiveness of the method is demonstrated
on analysis of delta-alpha coupling function during whole night sleep, thus observing how this cross-frequency
coupling changes during the different sleep stages [8]. The results (Fig. 1) demonstrated that the delta-alpha
coupling function was increasing gradually from Awake to NREM3 (non-rapid eye movement), but only during
NREM2 and NREM3 deep sleep it was statistically significant. The form of the coupling functions during NREM2
and NREM3 stages had characteristic shape, like a wave along the delta phase axis, pointing that this coupling
is predominantly resulting from a direct influence from delta to alpha oscillations. The presented sleep
application demonstrates the advantages of using coupling functions for quantifying the mechanisms of
directional information flow in neural interactions.
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Figure 1: The 6-to-a neural coupling functions for the five different sleep stages in the sleep cycle.
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Erythrocyte deformability plays pivotal role in blood circulation in Diabetes Mellitus (DM) patients [1,2].
Comparative examination of erythrocyte mechanical properties in DM patients and healthy donors was
conducted. We mainly focused on calculating the Elongation Index (E/) which was obtained from diffraction
images, measured by using ektacytometry. No statistically significant difference in E/ values on specific
physiologically relevant pressures (3Pa or at half maximal value of deformability curve) between DM and
control was found, and we introduced the first derivative of deformability curve (dE//dSS) as a measure for
assessing erythrocyte response to deformation (SS denotes shear stress in Pa). Significantly higher values of
dEI/dSS at the half maximum value of the deformability curve were noted in healthy people comparing to DM
patients, indicating a slower erythrocyte response to shear stress in DM. Scatter plot analysis exhibited a linear
decline in the dEI/dSS ratio with increasing shear stress, suggesting reduced erythrocyte responsiveness to
higher shear stress, particularly evident in DM. Although preliminary, this investigation indicates that d£//dSS
may offer valuable insights into the hemorheological alterations of DM and enhance comprehension of
erythrocyte mechanobiological behavior under different shear stress conditions. Correlations between the
proposed measure of erythrocyte mechanical properties and established clinical indicators of DM and its
complications such as serum cholesterol and creatinine, will be further explored to gain understanding of the
potential application of dEI/dSS for improved diagnosis and/or patient care.
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Figure 1: Diffraction images of erythrocytes passing through narrow channel measured by ektacytometry: a) without

a)

deformation and b) erythrocytes with maximal deformation shear stress ~ 18 Pa. ““a” and “b” represents deformation
axis from which E/ was calculated.
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In real-life systems, macroscopic functionality arises from intricate interactions among microscopic
components. These systems, ranging from biological networks to technological infrastructures, are vulnerable
to both internal failures and external disturbances. Within this realm, a specialized subfield investigates the
critical shift towards macroscopic inactivity in coupled oscillator networks—the aging transition [1]. The
phenomenon explores how the global activity of coupled oscillators deteriorates with increasing fraction of
inactivated elements and is particularly relevant in biological systems research, where the collective function
often arises from the interactions of individual oscillatory units that can progressively malfunction under
pathological conditions. Till today, research endeavours were focused on ensembles of coupled limit-cycle [2]
or excitable [3] oscillators, but in biological systems the oscillatory activity is often more complex. Namely,
many systems demonstrate multimodal activity, characterized by oscillations occurring on diverse timescales
and interdependent behaviors. Such rhythmic activity is usually generated by a complex interplay of different
oscillator subsystems that are driven by different mechanisms but are intertwined with each other. Amidst
the process of pathogenesis, wherein individual cells experience dysfunction, it is possible that only specific
subsystems, e.g., the slow ones, are affected by the disease, which, however, affects the overall rhythmic
activity and function. To this end, we constructed a two-layered phenomenological network model, with each
layer representing its own oscillatory subsystem, one slow and the other fast. Within individual layers,
oscillators interact with each other, while the interlayer interactions are encompassed by the modulation of
the activity of the fast oscillatory layer by the slow oscillators. Employing this multiplex and multimodal model,
we proceeded to methodically examine the impact of oscillator inactivation within the slow oscillatory layer
on the macroscopic activity of the fast oscillatory layer. Specifically, we investigate the effects of coupling
strengths and the ratio of inactive oscillators on the average global amplitude and frequency of the fast system
signal. Our numerical analyses unveil intriguing behaviours intricately reliant on the interplay between the
fraction of inactivated units and the coupling strengths among both types of oscillators. We show that under
specific coupling schemes the inactivation of the slow subsystem can lead to a loss in synchronization of the
slow components and thus enhanced activity of the fast population which on the global level showcases itself
as an increase in the signal frequency. We hope that these insights will improve our understanding of the
robustness and fragility of oscillatory biological networks, such as populations of muscle and endocrine cells
or neuronal ensembles.
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Giant unilamellar vesicles (GUVs) are frequently used as membrane models in studies on membrane
properties [1]. They are most commonly produced using the electroformation method. However, there are a
variety of parameters that can influence the successfulness of the preparation. The traditional
electroformation protocol was found to be incompatible with lipid mixtures containing a high concentration
of cholesterol (Chol). This is due to the precipitation of Chol into anhydrous Chol crystals during the formation
of dry lipid film. When the film is rehydrated, these anhydrous Chol crystals do not participate in the formation
of the bilayer, resulting in a lower Chol concentration in the vesicle bilayers compared to the Chol
concentration in the initial lipid solution [2]. The presence of charged lipids also has a negative impact on
vesicle formation [3]. Modelling membranes with such a high Chol concentration and charged lipids is
important for groups like ours that study the properties of the eye lens plasma membranes or for groups
performing atherosclerosis research. Primarily because of the problem of artefactual Chol demixing, we
modified the electroformation protocol by incorporating rapid solvent exchange, ultrasonication, plasma
cleaning and spin coating techniques to reproducibly produce GUVs from damp lipid films. In addition to
solving the Chol demixing artifact, we expected to successfully produce GUVs from lipid mixtures containing
charged lipids using this modified protocol. In our samples the mixing ratio of Chol/1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (POPS)/(POPC +
Chol) was ranging from 0 to 2.5 and 0 to 1.5, respectively. A high yield of GUVs was obtained for all samples.
The average diameter and yield of GUVs decreased with increasing Chol content. A higher POPS content also
reduced the GUVs yield.
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Stratified epithelial tissues, such as skin and gut, comprise major organs in humans and perform multiple
functions, including serving as a barrier to mechanical insults and pathogens. They are constantly self-
renewing: balancing stem cell proliferation in the basal layer with a tightly controlled differentiation program
in which cells move upward while undergoing stepwise transcriptional and cell shape changes to form the
distinct suprabasal layers. Understanding how mechanosensitive mechanisms at the scale of molecules couple
to the collective mechanical behavior of the self-renewing tissue, allowing cells to move upward across the
sharp basal-suprabasal boundary to regulate stratified tissue homeostasis, is thus essential. Although some
delamination events are coupled to cell division, we first focus on the simpler case where delamination occurs
in the absence of cell division, and develop a biomechanical model to investigate several experimentally driven
hypotheses for what drives delamination those cases: i) changes in the adhesion of basal cells to extra cellular
matrix in the basement membrane, ii) local fluidization of surrounding tissue due to fluctuations or nearby cell
divisions, or iii) cell autonomous changes to cell-cell adhesion and cortical tension. We investigate these
hypotheses using computational simulations of a novel dynamic 3D Vertex model of stratified epithelia,
recently developed in our group. Experimental data from the developing mammalian epithelium in the Niessen
and Wickstrom labs have identified specific changes to the transcriptome of cells committed to delamination.
Many of these changes are associated with cell-cell and cell-substrate adhesion pathways. We incorporate
them in the computational models as changes to the model parameters describing heterotypic and homotypic
cell-cell interfacial tensions and adhesion to a fiber network substrate. We make quantitative predictions for
cell shapes, delamination probabilities, and delamination speeds that we compare directly to experiments, in
both control and perturbed systems, in order to determine how different mechanisms are driving
delamination.
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Polyphenols are bioactive compounds that offer a multitude of potential health benefits, principally due to
their antioxidant effect. These compounds combat cell damage caused by oxidative stress and have been
linked to a reduced risk of developing chronic conditions such as type 2 diabetes, cardiovascular diseases,
cancer, cognitive disorders.! They also play a crucial role in plant defense mechanisms, where they serve as
secondary metabolites that shield plants from ultraviolet radiation and pathogen aggression. Olive fruits are
rich in some specific polyphenols such as hydroxytyrosol, tyrosol, oleuropein and caffeic acid, and their overall
concentration can be utilized to assess ripeness.?2 An optimal ripening degree corresponds to high-quality
fruits, which, in turn, contribute to the production of premium olive derivatives. However, detection of
polyphenol content is still somewhat tricky, and requires expensive and/or time-consuming methods such as
mass spectrometry, chemiluminescence, electroanalysis, chromatography. Contrasting the current approach
of collecting samples, transporting them to analytical labs, and waiting for results, the LOVE project (Lab-on-
chip for sustainable Olive ValuE chain) proposes a simplified, cost-effective, and time-efficient strategy for
evaluating the phenolic content in olives. This innovative approach relies on an acoustic sensor with an
optimized surface, enabling rapid detection of polyphenols in olive extracts. Some of the more represented
phenols in olive products were selected as standard references to test the sensor, then samples of olive
derivatives extracted from different olive cultivars were analysed to correlate their phenol content with the
results of conventional analyses. Drawing an analogy to similar achievements in the wine industry,? this
platform could revolutionize olive quality assessment by providing real-time, in situ measurements during the
ripening process. Ultimately, it aims to enhance farming efficiency and elevate the overall quality of olive

production.
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Numerous cancer treatments, involving chemotherapy, face challenges with their effectiveness, primarily
stemming from problems related to drug delivery efficiency and systemic toxicity. Our focus lies on
addressing the complex challenge of combating hard-to-treat cancers, with a specific emphasis on
Pancreatic Adenocarcinoma (PAAD). In this research, we present a novel approach that utilizes iontronic
devices to achieve precise and controlled delivery of a specific triggering molecule into a hydrogel containing
a chemotherapeutic drug covalently bound within the gel. Inside this hydrogel, the triggering molecule
initiates a "click-to-release" (C2R) reaction, enabling the electrically controlled release of the drug directly
at the tumor site. Our primary goal is to enhance the effectiveness of the released drugs by accurately and
efficiently targeting the tumor site, thereby optimizing their anti-cancer impact and reducing side effects.
The components of the C2R system were tested on multiple cancer cell lines to assess their ICso
concentrations and toxicity levels. Simultaneously, the rates of iontronically-mediated trigger molecule
delivery were evaluated using two different ion exchange membranes. Subsequently, we conducted
experiments to test the iontronic-controlled C2R of potent chemotherapy drugs and hydrogel prototypes in
two distinct cancer models: a 2D cell culture system and a 3D in vivo tumor model, the chick chorioallantoic
membrane (CAM) model. We successfully performed an iontronically controlled C2R of a potent drug from
its prodrug from. Precise control over the activation and deactivation of the system was successfully
achieved, allowing the effective regulation of cancer cell death. These results underscore the significant
potential of this approach and lay the groundwork for further pre-clinical investigations into a novel
therapeutic strategy for PAAD.
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In cellular environments, enzymatic reactions are characterized as open and non-equilibrium systems that
exchange matter and energy with their surroundings. These systems are known to spontaneously organize
into non-equilibrium steady states, characterized by maximal entropy production rate. Our study provides a
detailed thermodynamic analysis of two regulatory mechanisms: an enzyme cascade, controlled by two
distinct enzymes, and a reaction facilitated by an enzyme complex, where multiple enzymes function as a
single biological catalyst [1,2].

Initially, we identify the most probable thermodynamic state for each system through the Maximum Entropy
Production Principle (MEPP), allowing us to pinpoint the most probable reaction parameters [3]. Our analysis
reveals that, in the case of the enzyme cascade, variables such as reaction rate, Shannon information entropy,
and system stability are influenced by the concentration of the intermediate product within the cascade.
Conversely, for reactions mediated by enzyme complexes, these parameters appear independent of
intermediate product concentration. Furthermore, we employ theoretical models to investigate spontaneous
transitions between these two regulatory mechanisms based on variations in intermediate product
concentration within enzyme cascade. Our findings indicate conditions under which one type of regulation
may be thermodynamically favored over the other.

This work not only advances our understanding of the thermodynamics of enzymatic reactions within cellular
systems but also sheds light on the conditions under which certain regulatory mechanisms are preferred.
These insights might have significant implications for both our theoretical understanding of biological systems
as well as development of biotechnological applications.
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A key yet unresolved question of the pathogenesis of Alzheimer’s disease (AD) and other tauopathies is the
cause and the mechanism of the transition from the unstructured monomeric tau protein to the insoluble
filaments deposited in the brain tissue. In the physiological state, tau protein exists as a conformational
ensemble of interconverting structures and on the scale of transition from monomeric through oligomeric and
filamentous species we can observe conformations reacting with specific antibodies, mainly with DC11, which
is able to specifically discriminate between tau proteins isolated from healthy brain and tau proteins isolated
from the brain of AD patient. The antibody recognizes also the recombinant truncated tau proteins up to the
shortest fragment tau321-391 [1]. It was found that conformational antibodies DC11 and MN423 have
catalytic pro-aggregatory effects in tau aggregation assay, whereas the antibody DC8ES8 has inhibitory effects
on tau filament formation [2]. This may imply possible mechanism of induction of pathological tau
conformation, in which the antibody prepared against pathological tau imprints the pathological conformation
into the physiological tau proteins in solution and therefore speeds up the tau aggregation. The information
about conformational epitopes of these antibodies is therefore of high significance. To further uncover the
binding mode of the conformational antibody DC11, we have performed NMR epitope mapping using *3C, >N
labelled tau321-391 and tau297-391 (dGAE) and recombinantly prepared Fab fragment of DC11 antibody. The
overlay of HSQC spectra showed the region of tau between residues 370-390 to be affected by the binding of
DC11, i.e., its C-terminal region. However, previous studies suggest the importance of region 321-325 for the
interaction of tau with DC11 antibody. We have further characterized the influence of DC11 Fab binding on
the non-epitope tau residues using NMR relaxation measurements of *N labelled tau dGAE.

The results highlight the importance of the R' region of tau, that was recently shown to be important also for
tau interaction with microtubules [3]. This sequence forms the interface of rigid filament core and flanking
fuzzy C terminal segment in solved tauopathy filaments.
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Figure 1: DC11 stains tau present in the AD brain: (A) neurofibrillary tangles (scale bar: 10 um) and

(B) ghost tangles (scale bar 20 um).
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Stem cell research has emerged as a promising avenue for regenerative medicine, offering potential solutions
for various medical conditions, particularly wound healing, such as burns, where conventional treatments
often fall short. Central to this field is the exploration of stem cells and stem cell-conditioned media, which
have shown remarkable therapeutic potential [1,2]. Stem cell-conditioned media contain a complex array of
bioactive molecules secreted by stem cells during their growth, including growth factors, cytokines, and
extracellular vesicles. These factors play critical roles in modulating cellular behavior, promoting tissue repair,
and stimulating regeneration. As research in this area progresses, stem cell-conditioned media are becoming
increasingly recognized for their versatility and efficacy in various applications, driving further exploration and
development in regenerative medicine.

This study focuses on the utilization of a combined Electrochemistry and Electron Paramagnetic Resonance
(EPR) spectroscopy approach for the rapid and comprehensive characterization of stem cells. Real-time
electrochemical assessment has been shown to be a valuable tool for monitoring dental pulp stem cell (DPSC)
health, offering a faster alternative to traditional viability assays. Since redox processes play a vital role in cell
regeneration and are indicative of cellular health and function, EPR spectroscopy has been utilized by means
of investigating the capacity of DPSC to scavenge free radical species, especially ROS and RNS.

Obtained results have shown that the integration of electrochemical and EPR techniques is a powerful toolkit
for the comprehensive characterization of stem cells, shedding light on their physiological conditions and
potential applications in wound healing and tissue regeneration. Moreover, our findings suggest that this
approach can be extended to study other types of stem cells and various pathological conditions, offering
novel pathways for the development of innovative regenerative therapies.
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The presence of cations such as Mg can play a significant role in reducing the harmful effects of ionizing
radiation on biological systems [1]. Cations like magnesium can mitigate irradiation damage through various
mechanisms, stabilize DNA structures by binding to the phosphate backbone, thereby shielding it from direct
radiation-induced damage and influence the repair mechanisms within cells, enhancing the efficiency of DNA
damage repair processes post-irradiation [2,3].

This study explores the impact of ionizing radiation on DNA in the presence and absence of magnesium ions
utilizing the FTIR spectroscopy. Solutions containing DNA at various concentrations, along with different
concentrations of magnesium cations were prepared and irradiated with different absorbed doses of Co-60
beams used by the Gamma Knife Icon build on the Perfexion platform, a device typically utilized in brain
radiosurgery. For the irradiation purposes, the DNA solution was placed at the custom 3D printed insert, made
of tissue-equivalent plastics, employed with the PMMA phantom and positioned at the device’s isocentre. In
addition, to account for the effects of polyion length, we studied long chain DNA, from 2 to 20 kilobase pairs
(kbp) with an average length of 4 micrometers (um), and short-chain DNA samples spanning from 15 to 50
base pairs (bp), estimated to be between 5 and 17 nanometers (nm) in length. DNA ion atmosphere has been
controlled by the counterion to phosphate molar concentration ratio r, which varied between 0.01 and 2.
Following irradiation, the samples were immediately transferred to an ice bath to halt any further
denaturation process.
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Amyloid fibrils have unique structural and mechanical properties that make them promising biomaterials for
various applications in nanotechnology, tissue engineering, and drug delivery. Understanding the mechanism
of amyloid fibril formation and developing strategies to control this process is of great interest. Solvent
characteristics are among the critical factors affecting the protein self-assembly into amyloid fibrils. lonic
liquids (ILs), known as "designer solvents," are innovative solvents comprising organic cations and
organic/inorganic anions, offering adjustable physicochemical properties via compositional variations.
Previously, the anionic component of inorganic salt-based solvents was considered to have a greater impact
on protein aggregation, stability, or activity. However, ILs or other organic salts with large organic cations have
been demonstrated to exert a comparable influence [1].

In this study, we investigated the impact of various ILs containing choline (CHOL) and n-alkyl imidazolium (IM)
cations with different aliphatic and aromatic substituents on the amyloid aggregation of insulin (IN) and
lysozyme (LZ). Our findings demonstrate that ILs can enhance or reduce protein stability, affect fibril formation
kinetics, and induce the formation of distinct fibril morphologies based on cation concentration and
hydrophobicity. We have shown that at lower concentrations of ILs, up to 50 mM, ILs enhance the activity of
LZ while preserving its native structure and enhancing its thermal stability, with the order of efficacy being
benzyl > propyl > allyl substituents. However, a decline in thermal stability and activity is observed at higher
concentrations. ILs composed of n-alkyl imidazolium cations [n = 4, 6, 8, 10] were observed to accelerate or
inhibit IN amyloid aggregation's kinetics depending on concentration and n-alkyl chain length. The resulting
fibrils exhibited a needle-like morphology with varying heights, lengths, and propensity for lateral association
or clustering. ILs cations interact with the amyloid aggregation-prone hydrophobic region of the protein, with
the affinity increasing with the n-alkyl chain increase. Overall, IL effects result from a delicate interplay
between specific and non-specific protein-ion, ion-water interactions, and long-range electrostatic shielding.
Harnessing ILs as modulators of protein amyloid aggregation holds the potential for enhancing
biotechnological applications of fibrils and advancing the understanding of amyloid aggregation mechanisms
in complex solvents like ILs.
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Administering chemotherapeutics locally and over extended periods has shown great promise in enhancing
the potency of established cancer treatments. We utilize iontronic tools for the continuous administration of
anti-tumor drugs, achieving sustained high local drug concentrations at the tumor site over several days. We
showed that this drug concentration profile effectively diminishes tumor size compared to conventional drop-
casting methods in in-vitro! and in-vivo® models.

We have developed a C6 Glioblastoma (GMB) rat brain model. Using stereotactic surgery, we implant a
catheter intracranially into the right parietal cortex3. After allowing the complete wound healing process, we
inject C6 cells through the catheter using a syringe pump. Tumor growth is monitored via MRI imaging every
2-3 days. Once the tumor reaches approximately 3 mm in diameter, we initiate treatment with the
Glioblastoma lontronic (GLIONC) pump.

Our rat model closely mimics the human condition, exhibiting inter- and intra-tumoral heterogeneity. We have
established markers to distinguish between tumor tissue (GFAP, Ki67) and healthy brain tissue (PLP, NeuN)
and observed significant macrophage infiltration within the tumor. Additionally, we have developed a
pharmacokinetic method to track the drug in various tissues, including the DNA and cytosolic fractions. Our
experiments have shown that the GLIONC pump can effectively operate within our setup in the rat brain,
maintaining stable current traces in a sleeping rat. We further demonstrated stable drug delivery using the
GLIONIC device with KCl and Gemcitabine in an awake rat for 24 hours.

Our future goal is to establish a wireless set-up in the Rat Glioblastoma model, performing short-term delivery
for pharmacokinetic studies and long-term constant delivery for brain tumor treatment.
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EB1 (End-binding protein 1, also known as MAPRE1) is a member of the +TIPS (microtubule plus-end tracking
proteins) family. Its N-terminal calponin homology (CH) domain binds to microtubules and actin filaments,
potentiating EB1 as a cytolinker of the two polymer systems. The C-terminus (EBH-tail) acts as a structural
scaffold for dimerization and +TIP interactions. Our study aims to investigate EB1's structural properties and
its capacity to form droplets via LLPS (liquid-liquid phase separation) or aggregates.

We recombinantly produced the EB1 protein along with its N- and C-terminally truncated fragments. Initially,
we assessed the protein's structural characteristics using in silico methods. We then measured its aggregation
propensity using the aggregation index from absorption spectra [1]. Protein stability was investigated using
fluorescence spectroscopy (tryptophan) and differential scanning calorimetry.

In contrast to a previous study [2], we have not yet observed LLPS of EB1, but we have observed the formation
of aggregates. The fluorescence intensity of buried tryptophan in the CH domain increases during
denaturation. This phenomenon can be explained by a relatively rare occurrence where the indole nitrogen
participates in an NH . . . - hydrogen bond with the ring of another aromatic residue [3]. The CH domain of
EB1 exhibits lower stability (41°C) compared to the C-terminal CH domains of utrophin (57°C or 71.5°C) [4].

We discovered the concentration-dependent aggregation capability of EB1 and the unusual increase in the
intensity of Trp emission during denaturation within its CH domain. This provides a valuable tool for probing
its denaturation. Furthermore, we identified the CH domain's low stability. In the subsequent studies, we aim
to explore how these structural features correlate with EB1's activity.
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Selecting and isolating various cell types is a critical procedure in many applications, including immune
therapy, regenerative medicine, and cancer research. Usually, these selection processes involve some labeling
or another invasive step potentially affecting cellular functionality or damaging the cell. In the current proof
of principle study, we first introduce an optical biosensor-based method capable of classification between
healthy and numerous cancerous cell types in a label-free setup. We present high classification accuracy based
on the monitored single-cell adhesion kinetic signals. We developed a high-throughput data processing
pipeline to build a benchmark database of ~4500 single-cell adhesion measurements of a normal
preosteoblast (MC3T3-E1) and various cancer (Hela, LCLC-103H, MDA-MB-231, MCF-7) cell lines. Several
datasets were used with different cell-line selections to test the performance of deep learning-based
classification models, reaching 70- 83% depending on the classification task. Beyond testing these models, we
aimed to draw interpretable biological insights from their results; thus, we applied a deep neural network
visualization method (grad-CAM) to reveal the basis on which these complex models made their decisions.
Our proof-of-concept work demonstrated the success of a deep neural network using merely label-free
biosensor kinetic data to classify single mammalian cells into different cell types. We propose our method for
label-free single-cell profiling and in vitro cancer research involving adhesion. The employed label-free
measurement is noninvasive and does not affect cellular functionality. Therefore, it could also be adapted for
applications where the selected cells need further processing, such as immune therapy and regenerative
medicine.
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Phosphodiesterases (PDE) are a large family of enzymes whose function is the degradation of two key signaling
molecules, cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP). The
discovery that sildenafil, a potent PDE-5 inhibitor, effectively relaxes not only pulmonary arteries but also the
blood vessels of the corpus cavernosum led to its successful application in treating erectile dysfunction [1].
Since PDE-5 is also expressed in smooth muscle cells of the kidneys, bladder, and pancreas, the clinical
applications of PDE-5 inhibitors could extend beyond just pulmonary hypertension and erectile dysfunction.
Consequently, other PDE-5 inhibitors, such as vardenafil, tadalafil, and avanafil, have been developed. Their
efficacy is significantly influenced by their potency of inhibition of PDE-5 and their pharmacokinetic properties,
including absorption and elimination rates, bioavailability, and peak plasma concentration. Furthermore, their
selectivity for PDE-5 is critical in minimizing the side effects of treatment. Our research examines the impact
of PDE-5 inhibitors (sildenafil, vardenafil, tadalafil, and avanafil) on cGMP production and degradation in
vascular smooth muscle cells. We have upgraded an existing mathematical model for cGMP production [2] by
incorporating a pharmacokinetic model for the oral administration of PDE5 inhibitors and their inhibitory
effect on PDE-5 activity. This enhancement enables us to investigate the temporal effects of these inhibitors
on cGMP concentration in vascular smooth muscle cells, considering both the constant influx and the
degradation of nitric oxide (NO). Our findings reveal that avanafil most significantly increases cGMP production
in vascular smooth muscle cells due to its pharmacokinetic properties and potent inhibition of PDE-5. The
simulations suggest that the synergistic effect of PDE-5 inhibitors with a constant NO influx enhances cGMP
production, indicating that combining NO-donor drugs with PDE-5 inhibitors might significantly amplify
vascular smooth muscle relaxation.
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Apolipoprotein E (ApoE) €4 genotype is the most prevalent risk factor for late-onset Alzheimer's Disease (AD)
[1]. Although ApoE4 differs from its non-pathological ApoE3 isoform only by the C112R mutation, the
molecular mechanism of its proteinopathy is unknown. Here, we reveal the molecular mechanism of ApoE4
aggregation using a combination of experimental and computational techniques, including X-ray
crystallography, site-directed mutagenesis, hydrogen-deuterium mass spectrometry (HDX-MS), static light
scattering and molecular dynamics simulations. Treatment of ApoE €3/ €3 and €4/ €4 cerebral organoids with
tramiprosate was used to compare the effect of tramiprosate on ApoE4 aggregation at the cellular level [2].

We found that C112R substitution in ApoE4 induces long-distance (>15 A) conformational changes leading to
the formation of a V-shaped dimeric unit that is geometrically different and more aggregation-prone than the
ApoE3 structure. AD drug candidate tramiprosate and its metabolite 3-sulfopropanoic acid induce ApoE3-like
conformational behavior in ApoE4 and reduce its aggregation propensity. Analysis of ApoE £4/€4 cerebral
organoids treated with tramiprosate revealed its effect on cholesteryl esters, the storage products of excess
cholesterol. Our results connect the ApoE4 structure with its aggregation propensity, providing a new
druggable target for neurodegeneration and ageing.
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Figure 1: Domino-like effect of ApoE C112R mutation and its reduction by tramiprosate.
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Light-induced modulation of membrane mechanical properties has many applications. For example, lipids with
azobenzene moieties enable the assembly or disassembly of lipid domains (1, 2). By reducing membrane
thickness and altering spontaneous membrane curvature, these lipids force a light-driven increase in the open
probability of model mechano-sensitive channels (3). Rapid switching of the photolipids leads to depolarizing
optocapacitive currents, which in turn trigger action potentials in excitable cells (4). Part of the effect that
photo-susceptible lipids have on cell excitability is due to their ability to alter membrane tension. An increase
in membrane tension can trigger the opening of mechanosensitive channels. The facilitated ion flux may also
depolarize excitable cells, thereby triggering action potentials (4). The activity of voltage-gated potassium
channels is also modulated by photolipid excitation. To this end, we recorded the light-evoked increase in
open probability of purified and reconstituted potassium ion channels. The transient nature of the increase in
membrane tension allowed us to attribute part of the effect to altered mechanical properties of the bilayer.
Our study paves the way for light-guided investigations of the effects of mechanical stimuli in complex
environments.
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Exogenous insulin, utilized as a therapeutic agent for diabetes, can form insoluble deposits containing amyloid
fibrillar structures near the administration site [1]. One promising therapeutic approach involves inhibiting
amyloid formation and/or enhancing the clearance of amyloid aggregates. Small natural molecules, abundant
in medicinal plants, show potential as inhibitors of amyloid formation [2].

Extracts from Origanum vulgare are rich in flavonoid and phenolic compounds and have demonstrated
antimicrobial, antiparasitic, antioxidant, anti-inflammatory, and antispasmodic activities both in vitro and in
vivo [3]. This study evaluated the anti-amyloid activity of the Origanum vulgare water extract (LYO), its
predominant constituents identified by mass spectrometry (rosmarinic acid, lithospermic acid (LA), luteolin-7-
diglucuronide (L7dG), origanol A (OA)) and their mixtures against human insulin. Thioflavin T fluorescence was
utilized to quantify the anti-amyloid efficacy (IC50 values) and track the process of amyloid aggregation (kinetic
parameters). Additionally, atomic force microscopy (AFM) was employed to visualize the studied samples (see
Fig. 1), and in silico calculations were conducted to understand observed synergistic/antagonistic behavior. LA
and L7dG emerged as the most potent individual inhibitors. Their mixture, LA:L7dG, retained the activity of its
individual constituents. Surprisingly, the mixture LA:OA displayed significant synergistic interplay, while OA
was found to be ineffective when tested individually. Interestingly, none of the studied compounds or mixtures
approached the anti-amyloid activity of LYO in terms of kinetics inhibition.

Figure 1: AFM images of (A) human insulin amyloid aggregates without treatment and (B) aggregates formed in the
presence of 1mM LYO (Origanum vulgare water extract). The images are unfiltered, 10x10 um, and contain a scale
representing 2 um.
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Current technological and medical progress has significantly prolonged the average lifespan of the population
and demographic aging as a worldwide process is observed. However, the older population suffers from
dementia. Among the plethora of various neurodegenerative disorders and dementia, the most common is
Alzheimer's disease, which affects 50-60% of people with dementia (AD)%2. There are various hypotheses
represented by numerous targets, which are believed to affect the progression of the disease. Besides the
degradation of the brain, the typical pathogenic hallmark of AD is the presence of extracellular senile plaques
(composed of amyloid B fibrils) and intracellular neurofibrillary tangles (formed by t protein aggregates).
Numerous efforts have been devoted to finding compounds that can interfere with the amyloid aggregation
of proteins, including curcumin. However, due to the low bioavailability of curcumin, structural modifications
seem to be a very important approach to improve stability and pharmacological activity. Motivated by this,
new ferrocene-containing pyrazole (compounds C1-C4) and pyrimidine analogues (compounds C5, C6) of
curcumin have been synthesized. Atomic force microscopy and fluorescence analysis have been utilized to
investigate the amyloid aggregation of the AB peptide in the presence of newly synthesized compounds C1-
C6. The experimental data have shown that they possess the ability to affect AB fibrillogenesis in a dose-
dependent manner. The formation of AR peptide amyloid fibrils and the disassembly of preformed fibrils is
significantly affected by each of the tested compounds, however, the strongest effect is observed for
pyrimidine derivatives, indicating their structure-dependent anti-amyloidogenic activity. The apparent half-
maximal inhibiting (ICso) and half-maximal disassembly (DCss) values of compounds were found to be in the
micromolar concentration range. Analysis of bioactivity and cell metabolic activity by MTT assay, Western blot,
fluorescence microscopy, and flow cytometry revealed that these compounds can effectively inhibit cancer
cell proliferation depending on the concentrations used. However, the pyrimidine derivatives C5 and C6 as
well as the pyrazole derivative C3 show the ability to induce apoptosis in glioblastoma cells at much lower
concentrations than the compounds C1, C2, and C4, making them promising for the treatment of cancer.
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The CapTTict project aims to bridge the innovation gap and enhance technology and knowledge transfer in ICT
across nine Danube region countries. The initiative targets synergies, cooperation, and business support
deficiencies affecting SMEs, which are essential for valorising research from high educational institutions
(HEIs) and public research organizations (PROs) and enabling SMEs to develop high-value products. CapTTict
has three specific objectives: i) enhancing technology transfer (TT) capacities at HEIs/PROs, ii) leveraging
European Digital Innovation Hubs (EDIHs) and the European Enterprise Network (EEN), and iii) creating ICT
access in non-EU countries for TT/RDI cooperation and Smart Specialisation Strategies (S3) development.
Activities for enhancing TT capacities include establishing guidelines for effective TT, organizing workshops,
setting up the Danube Digital Accelerator, and promoting offerings of EDIHs and the EEN through a digital tool.

The poster will introduce the project in short with the aim to promote it and call teams for joining the
international Danube Incubation and Acceleration Programme (www.irb.hr/capttict ). The teams should
provide science-based ICT solutions at the minimal TRL3 level for current key S3 issues. The overall purpose is
to create a robust ecosystem that supports the introduction of new technologies and the establishment of
spinoffs/startups, and to facilitate the integration of ICT solutions while fostering collaboration and innovation
across the region.

LinkedIn: https://www.linkedin.com/company/capttict/posts/?feedView=all

N Sy
wnerey Counded by N
Danube Region e Curopean Unson y M Wiy Co hmtes vy
J Damube Region o s rpman U
NN f?"\ra, ) <
P FX X &
O ' R Wy {
; # 7 5
< ey A 75 .
' V4 A o CapTTict
P \f," ?, 43 A r [oharcing Copacmas for technslogy 7 snsler
P, ‘; ] L £ (Ompany budng end evedv o0 0 1he fabd of ICT
£k 77 Vo SR S v 4
fod 3 b o~ . 7
S 0 S5 ‘ ¥ i 1 A Prag o 3 et By P Larogmar Lieon
LSA A L
o X \'), ,'/"‘; < & AN G-Af'. e s 2206634 C 1AM
. P | J i “ N Al g P s
\\ Aar? ™ ‘»»_-S< Y Py N
o ’ 1 (R ¥ ~— \
A : < o P " ~ )Y\,ﬁ P N, W nterTeg danue o PropeCts Laganat
T ” 5

e “y

Figure 1: Countries participating in CapTTict. The consortium gathers 16 partner organizations with Czech Technical
University in Prague as a lead partner. Croatian participants are RBI, MreZa znanja and HAMAG-BICRO.
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As biotechnology advances, numerous researchers are now focusing on studying how DNA behaves at
interfaces. The interaction between DNA and the substrate is pivotal in facilitating DNA hybridization at these
interfaces. Surface-Enhanced Raman Spectroscopy (SERS) emerged as a potent tool for detecting and
identifying chemical or biological substances at low concentrations, owing to its remarkable sensitivity,
distinctive fingerprint spectra, and instantaneous detection capabilities. Nonetheless, ensuring the
reproducibility and consistency of SERS measurements within the realm of SERS sensors presents a significant
challenge.

In this study, we implemented a specialized measurement protocol on a commercial SERS gold substrate
obtained from Hamamatsu Photonics, employing single-stranded and hybridized DNA at an excitation of 633
nm. The protocol involves the binding of thiol-modified polyA to the gold substrate and the acquisition of 4
SERS maps across the substrate’s entire surface. Within each map, 5 spectra are recorded to compute the
average SERS signal. 4 different lengths of polyA (5, 10, 15, and 20 bases respectively) have been analyzed.
Moreover, the hybridization with unmodified polyT (5, 10, 15, and 20 bases) was analyzed for 4 different
concentrations of polyT: 107, 10®, 10, and 10* M. Throughout the collection and analysis of a substantial
dataset of spectra, utilizing the intensity of adenine ring breathing SERS band, we assess the reproducibility
and repeatability of the substrate. This protocol holds promise for applications to other substrates, facilitating
precise evaluation of their sensing capabilities.
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Figure 1: lllustration depicting the functionalization of a commercial gold SERS substrate with thiol-modified polyA

oligonucleotides, followed by the hybridization of polyT strands. The interaction highlights the substrate’s capability for
DNA hybridization studies using Surface-Enhanced Raman Spectroscopy.
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The KEAP1-NRF2 pathway regulates cellular responses to oxidative and electrophilic stresses [1]. Under
normal conditions, level of NRF2 is low due to its binding with KEAP1, which targets it for ubiquitination and
suppresses cytoprotective gene expression [2]. When exposed to either oxidative or electrophilic stress,
KEAP1's cysteine residues undergo post-translational modifications, and the mode of NRF2 binding to KEAP1
changes disabling ubiquitination of NRF2. As a consequence, NRF2 accumulates in the cytoplasm and migrates
to the nucleus to activate cytoprotective gene expression. Experimental studies showed that KEAP1 utilizes
four specific cysteine residues (€226, C613, and C622/624) for sensing H,0,, establishing an elaborate fail-safe
mechanism [3]. Three of these four cysteines are located in the C-terminal a-helix of the KEAP1 monomer,
while C226 is situated in the IVR domain. The assumption is that the C-terminal a-helix and IVR domain need
to come into close proximity to allow cysteine bridge formation under the oxidation and disable formation of
the KEAP1-NRF2 complex structure adequate for the NRF2 ubiquitination.

Although the X-ray structure of the entire KEAP1 dimer is still not available, X-ray structures of its domains
have been solved. Using the recently predicted AlphaFold 3D structure of the KEAP1 monomer and the X-ray
structure of the BTB domain dimer (pdb: 7EXI), the 3D structure of the KEAP1 dimer was built. To understand
how the oxidative stress influences the KEAP1 structure | performed a series of different molecular dynamics
(MD) simulations with particular focus on the orientation of the C-terminal a-helices. During simulations, no
spontaneous approach of any of two of the mentioned four Cys residues was observed that would enable
formation of the disulfide bridge under oxidative stress conditions. Additionally, adaptive steered MD
simulations on a truncated KEAP1 system showed that the work required to bring the C-terminal a-helix closer
to the IVR domain is around 80 kcal/mol. Therefore, this KEAP1 structure does not offer comprehensive
understanding of its response to the oxidative stress. Considering the lower confidence score predicted by
AlphaFold for the C-terminal a-helix compared to the more structured parts of the protein, we built a KEAP1
dimer structure with an alternate position for the C-terminal a-helix that could better explain KEAP1’s answer
to the oxidative stress as determined by Suzuki et al.
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Respiratory cytochrome c oxidase (CcO) catalyzes the reduction of molecular dioxygen to water by electrons
supplied by ferrocytochrome c. Four electrons, required for the full reduction of O, to H;O, are transferred
sequentially from cytochrome c via four metal centers, copper A (Cua), heme a, heme a3 and copper B (Cus).
Cu, is the first electron acceptor from cytochrome c. The electron flow then continues in CcO to heme a and
finally to the catalytic heme as-Cug center. At this heme as-Cug center the reduction of dioxygen takes place.
Reduction of O, proceeds through a sequence of several oxy intermediates of the heme as-Cug center. These
intermediates are determined by the number of electrons and protons delivered into the catalytic center [1].
In one of them, produced by the reaction of two-electron reduced CcO with O,, the free radical at the catalytic
center is also formed. In this state, the iron of heme a3 is in the ferryl state and very likely Tyr244 (bovine CcO
numbering), located in the proximity of the center, is oxidized to a neutral radical [Fe.3**=0 Cug?* YO®]. For
historical reasons this ferryl intermediate is called Py state.

However, several published studies indicated that this radical migrates the large distances from the catalytic
center of CcO. The Result of this migration is oxidative damage of the enzyme. In spite of importance of this
radical in catalysis of respiratory oxidases the lifetime of this radical has not been established [2, 3, 4]. To
answer this question, we have developed a protocol to estimate its lifetime in the Py form. This method is
based on one-electron reduction of the Py form. In case that radical is present, the product of this reduction
is spectrally different second ferryl form (F type). However, if the radical already migrated from the catalytic
center, then reduction of this intermediate results in the formation of fully oxidized CcO. Consequently, if this
one-electron reduction is performed at different times after the formation of the Py the generated fraction of
the F form represents population in which the radical is still present.

This kind of measurements have been performed on purified bovine CcO at pH 8.0 and at 10 and 20°C. At both
temperatures, the loss of the radical from the catalytic center occurs on time scale of minutes. The time
constant of migration increases with the rise of the temperature from 15 minutes at 10 °C to 7 minutes at 20
°C. Data also indicated that at 37 °C, the time constant should be about 100 seconds. This relatively long
lifetime indicates that under physiological turnover conditions, the escape of the radical from this catalytic
center is very unlikely. It can only occur if there is a very limited access of external electron donors.
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Directed evolution represents a powerful strategy for the development of therapeutic proteins with improved
properties [1]. We employed ribosome display to improve a thrombolytic agent, staphylokinase (SAK). SAK is
a single-chain extracellular protein secreted by Staphylococcus aureus. It initiates the fibrinolytic cascade to
help invading bacteria move deeper into the tissues. As a result of its thrombolytic properties and high fibrin
specificity, it is considered a promising new thrombolytic agent. However, not all SAK features are optimized
for their practical applications, leaving room for improvement. Engineering the affinity and stability of SAK
could increase its residence time on plasmin, thus reducing the severity of side effects after its application.

We have successfully implemented the selection of SAK variants towards plasmin by ribosome display and
after the first round of display we proved that it is feasible to evolve SAK by this technology. Evolution
techniques require several consecutive rounds. We completed six rounds of display, which yielded SAK
variants with hot spot amino acid substitutions, suggesting their involvement in SAK-plasmin interaction, with
notable prevalence of the K121E substitution by the 6th round.

We expressed and purified the SAK mutant harboring the K121E substitution and evaluated its activity and
thermostability. While its activity was slightly compromised, differential scanning calorimetry (DSC) revealed
a slight improvement in its thermostability compared to wild-type SAK. Our preliminary findings suggest that
ribosome display-based evolution shows potential for enhancing SAK properties, although comprehensive
biophysical characterization of selected mutants is pivotal for the validation of evolved variants of SAK.

Acknowledgments

This work was supported by Slovak Research and Development Agency through the project APVV-20-0340 and
by the grant agency of the Ministry of Education, Science, Research, and Sport of the Slovak Republic, grant
no. VEGA 1/0074/22.

References

[1] Ch. Zahnd, P. Amstutz and A. Pliickthun. Nature Methods, 4 (2007), 269-279.

62


mailto:maria.tomkova@upjs.sk
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Zahnd+C&cauthor_id=17327848
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Amstutz+P&cauthor_id=17327848
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Pl%C3%BCckthun+A&cauthor_id=17327848

P25 Cellular effects of the R196H cytoskeletal 8-actin mutation causing baraitser-winter syndrome
A. Varga,' E. Graczer,! T. Bozd!, K. Pasztyl, A. Altorjail, J. N. Greve?, N. Di Donato3, M. Kellermayer?

1Semmelweis University, Department of Biophysics and Radiation Biology, Budapest, Hungary
2Hannover Medical School, Institute for Biophysical Chemistry, Hannover, Germany

3Hannover Medical School, Department of Human Genetics, Hannover, Germany
e-mail: matkovicsne.andrea@med.semmelweis-univ.hu

Actin, one of the most abundant proteins in eukaryotic cells, is the building block of the actin cytoskeleton.
Dynamic reorganization of the actin cytoskeleton, regulated by actin-binding proteins (ABPs), is important for
several cellular processes such as division, adhesion, migration, and contraction. There are six actin isoforms,
two of which are expressed in non-muscle cells, called cytoskeletal B- and y-actin [1]. Germline mutations in
B-actin are almost exclusively associated with Baraitser-Winter Cerebrofrontofacial syndrome (BWCFF). The
most frequently affected actin residue is R196, with the mutation R196H being the most common. Patients
carrying this mutation show BWCFF-specific craniofacial malformations, muscular hypotonia, moderate to
severe intellectual disability and delayed speech [2]. We analyzed the cellular effects of the R196H mutation
by using patent-derived fibroblasts. First, we compared the F-actin content of wild-type and mutant cells and
found that the mutation reduced the amount of filamentous actin two-fold. The actin filament polymerizing
and stabilizing drug, jasplakinolide increased the amount of F-actin in mutant cells to the level observed in
wild type cells in the absence of jasplakinolide. We observed a different localization pattern of actin fibers
upon mutation by using confocal microscopy. Super-resolution (STED) microscopy imaging indicated that the
structure of the filaments is also changed. We also compared the elastic modulus of patient-derived fibroblasts
by using atomic force microscopy (AFM), which decreased ten-fold upon mutation. By using recombinant
cytoskeletal actin, we compared the structures of the wild type and the R196H variant in the presence of
phalloidin and found no differences in either monomer-monomer distance or half-helical pitch of the actin
calculated from AFM images. We also investigated how the mutation affects the reorganization of actin by
using a cell stretcher system (Cytostretcher LV, Curi Bio Inc.). We applied uniaxial stretch on the fibroblasts
with a magnitude of 30% strain for 15 minutes. We observed thinner actin fibers upon mutation in the
direction of the applied stretch. Localization of cofilin, which plays a role in the depolymerization and
reorganization of the filaments, was changed upon stretch and showed less cofilin in the periphery of mutant
fibroblasts. Taken together, the R196H mutation decreases the stability of actin filaments in patient-derived
fibroblasts and increases the dynamic reorganization of actin. The amount and stability of the filaments can
be increased by actin polymerizing and stabilizing drugs, such as jasplakinolide and phalloidin.
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Combining chemotherapy and immunotherapy offers a powerful strategy against various cancers. However,
systemic chemotherapy can disrupt the immune system, reducing the efficacy of immunotherapy. Locally
delivered chemotherapy, administered through specialized devices, addresses this issue by targeting the
tumor site directly and minimizing systemic side effects [1,2]. This continuous localized approach allows for
precise, on-demand administration of chemotherapeutics over a desired period. Combined with immune
checkpoint inhibitors (ICls), we hypothesize that the controlled nature of the local release allows us to expand
on the local limitations of the device and ignite a systemic adaptive immune response against metastasis.

This study aims to investigate the mechanisms behind this combined local therapy approach. We propose the
integration of local chemotherapy with precise temporal control and ICls. With this we anticipate superior
treatment outcomes compared to current methods. In preliminary experiments, we assessed the effects of
gemcitabine, oxaliplatin, and doxorubicin on a fibrosarcoma MCA207 cell line. To simulate metastasis, we
developed a mouse model with MCA207 tumors in both flanks. We plan to implant commercially available
pumps subcutaneously on the dorsal side of the mice, directing the outlet to one tumor site. The mice will
subsequently be treated with multiple regimens of combined chemoimmunotherapy. We will monitor
survival, tumor growth and immune cell populations of both the local and distal tumors.

We expect our experiments to reveal the optimal timing for combining chemo- and immunotherapy. The
immune response elicited by this combined treatment should affect both the local and the untreated tumors.
Consequently, we anticipate observing significant immune cell infiltration in both tumors.
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Breast cancer (BC) stands as one of the most prevalent public health concerns for women. Timely detection
and precise prognosis are critical for mitigating cancer recurrence and improving patient outcomes. This study
focuses on evaluating two distinct methods for BC detection utilizing metabolites extracted from urine
biofluids: High-performance liquid chromatography coupled with mass spectrometry (HPLC-MS) serves as a
robust metabolic tool, while surface-enhanced Raman spectroscopy (SERS) is an emerging technique for
detecting various cancer types by analysing metabolites adsorbed to metal nanoparticles. The aim of this
research is to assess the potential of these methods as non-invasive and accessible platforms for early BC
diagnosis and prognosis. This assessment involves analysing MS and SERS data obtained from urine samples
using diverse supervised and unsupervised machine learning (ML) algorithms.

Urine samples were collected from BC patients (n=53) and healthy controls (n=22) matched for age and body-
mass index. HPLC-MS analysis was conducted to identify and quantify the metabolites present in the BC and
healthy urine samples. We pre-processed the HPLC-MS metabolomics and SERS datasets by normalizing them
to vector unity and employing unsupervised-learning feature reduction through principal component analysis
(PCA). The reduced datasets were then utilized in random forest (RF), support vector classifier (SVC), Logistic
Regression (LR) and Extreme Gradient Boosting (XGBoost) algorithms for classifying BC and healthy control
samples. A 5-fold cross-validation was used for training and testing the data.

For the MS metabolomics dataset, dimensionality reduction using PCA retained the first 21 PCs, explaining
98% of the variance. The XGBoost model achieved the highest classification accuracy and F1-score, with mean
cross-validation accuracy and F1-scores of 96% and 97%, respectively, and test accuracy and Fl-score of 91%
and 93%. Dimensionality reduction of the SERS data retained the first 15 PCs, explaining 90% of the variance.
The SVC model showed promising results, with mean cross-validation accuracy and F1-score of 84% and 88%,
respectively, and test accuracy and Fl-score of 87% and 91%.

The presented results show promise for early BC diagnosis research. Despite dataset imbalances, the results
demonstrate no overfitting, as dimensionality reduction and close accuracy and F1-scores between training
and testing sets indicate good generalization of algorithms to new data. Future prospects include combining
the two datasets and employing machine and deep learning algorithms to establish correlations between SERS
spectra peaks and variations in the concentration of typical BC metabolites.
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Antibacterial resistance remains a major problem in need of answering in recent decades. Antimicrobial
peptides (AMPs) play an important role in non-specific defence systems of almost all organism, and as such
represent a promising alternative to classical antibiotic treatment [1]. An often-overlooked source of AMPs
are helminth parasites. Due to the adaptability of helminths to different environments throughout their life
cycles, which enables them to modulate the hosts’ immune responses, AMPs derived from parasites could
offer promising leads for drug development [2].

This study focuses on TSO8 peptide identified in the helminth parasite Taenia solium. TSO8 contains 39 amino
acids, with a net charge of +15.9 at pH 7. It has a specific structure with its N-terminal being a-helical with
initial GW sequence, and its C-terminal having a coil like structure containing a disulfide bridge. To assess the
atomic details of its mode of action, TSO8 and four specific fragments, along with a linearized peptide obtained
by replacing cysteine residues with alanine, were investigated through molecular dynamics simulations in
various environments. Results of simulations in water elucidated the importance of the initial GW sequence
in preserving the helical content and are in line with previous findings [3]. Simulations of single peptides
placed near a model of Gram-negative bacterial membrane, which consisted of POPE and POPG lipids in the
ratio 3 :1, highlighted two distinct contributions. The N-terminal a-helix stands out as crucial for the initial
electrostatic interaction with the membrane. On the other hand, the unstructured C-terminal segment shows
low affinity for membrane binding, which implies that its function might be emphasized in another phase of
the peptide’s antimicrobial activity. Additionally, the role of associations was tested in simulations of the
multiple peptides in water and in the vicinity of the bacterial membrane. The results indicated that the
peptides quickly associate in water, forming one large cluster while preserving the N-terminal a-helical
structure. When interacting with the membrane, peptides bind swiftly, however they do not exhibit a
tendency to cluster on the membrane surface. These findings underscore several important aspects of the
mechanism of action of TSO8 peptide, providing a solid foundation for ongoing research involving the
biological and biophysical characterization of TSO8 and other helminth antimicrobial peptides.
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The proton motive force (PMF) is an essential electro-chemical potential established across the membranes
of bacteria, mitochondria, and chloroplasts. It serves as a bioenergetic currency of living systems that powers
an impressive range of physiological processes, including the synthesis of ATP and bacterial motility. While
traditionally considered homeostatic, recent experiments have shown that the PMF exhibits rich temporal
dynamics at the single-cell level. Rapid membrane depolarizations observed on single Escherichia coli cells
[1], related to mechanosensing [2] are indications of a temporally dynamical PMF. Furthermore, polar
clustering of respiratory complexes observed in E. coli suggests the possibility of spatial heterogeneity of the
PMF at the single-cell level [3]. Such spatial heterogeneity has been recently shown along the inner membrane
of individual mitochondria [4]. However, the spatial and temporal dynamical behavior of the PMF in bacteria
remains poorly characterized and understood, especially at the single-cell level.

In this work, we characterized the dynamics of PMF on E. coli both temporally and spatially. We employed
their flagellar motors as local sensors on the membrane, taking advantage from the linearity between their
rotational speed and the PMF. We also use spatio-temporally structured laser excitation on single bacteria
expressing the light-driven proton pump proteorhodopsin [5] to controllably trigger the production of an
excess of PMF in space and time. We resolved temporal dynamics on the millisecond time scale and observed
an asymmetrical capacitive response of the cell. Using localized perturbations on long filamentous cells, we
found that the PMF is rapidly homogenized along the entire cell, faster than proton diffusion can allow.
Instead, the electrical response can be explained in terms of electrotonic potential spread, similar to that
observed in passive neurons and described by cable theory. This implies a global coupling between PMF
sources and consumers in the bacterial membrane, excluding a sustained spatial heterogeneity while enabling
fast temporal dynamics.
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Dentin is a mineralized tissue that provides the bulk of the tooth, and it is most affected by oral complications
associated with type 2 diabetes mellitus (T2DM). Since dental collagen receives its nourishment through the
dental tubules in the pulp, it can become glycated by blood glucose, progressively leading to the formation
and accumulation of advanced glycation end products (AGEs) [1]. Most AGE(s) possess intrinsic fluorescent
properties. Our previous research showed, in an in vitro glycation model by using second harmonic generation
(SHG) and atomic force-microscopy techniques, that the accumulation of AGEs on dental collagen influences
the structural and mechanical properties of its fibres [2]. Dentin matrix displayed greater autofluorescence
(AF) and SHG intensity, and elevated stiffness of intertubular dentin could be detected.

This study aims to examine the effects of T2DM on the nonlinear optical behaviour and nanomechanical
properties of dental collagen.

Human teeth (n = 10) were extracted from patients with T2DM and from healthy controls (n = 8). Samples
were demineralized, then sections of 60 pum thickness were sliced parallel to the vertical axis of the tooth. To
obtain a global view of glycation, a Fluorescence in Vivo Imaging (FOBI) system was used. Then, to reveal the
structural alteration of dental collagen, both AF and SHG signals were determined by nonlinear microscopy.
Finally, surface topography measurements and nanoindentation tests were performed of the coronal region
by using AFM.

FOBI measurements showed moderately increased autofluorescence signal dominating in periphery of coronal
region. The intensity of AF and SHG signals were slightly increased in the T2DM group compared with the
controls. In some T2DM samples significant structural rearrangements could be observed in the SHG images.
Diabetic sections displayed lower values of Young’s moduli compared to controls.

In this study we uncovered the optical and nanomechanical properties of dental collagen in demineralized
diabetic tooth sections. While the average optical properties (AF, SHG) changed moderately, remarkable
structural alterations were detected in the fibre arrangement, pointing at the possible decay of the dental
collagen. In contrast to our expectations, the AFM-based nanoindentation tests showed decreased Young's
moduli of diabetic collagen matrix. These results indicate that in diabetic individuals the dental collagen
displays a modulated structure and elasticity, which may be caused by various degradation processes such as
increased level of reactive oxygen species or elevated protease activity.
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The enzyme pyrroloquinoline quinone-dependent glucose dehydrogenase, PQQ-GDH, is a classical quinprotein
that oxidizes glucose using the cofactor pyrroloquinoline quinone (PQQ). The enzyme belongs to the group of
oxidoreductases that have gained popularity in the development of enzymatic biosensors and biofuel articles.
In this work, molecular dynamics simulations of monomeric and dimeric structures of the enzyme PQQ-GDH
as well as simulations of the same enzyme in a complex with a short and infinitely long carbon nanotube (CNT)
were analyzed. To check the conservation of the enzyme structure, analysis of the standard deviation of the
displacement of the atoms from their reference positions were performed both for the proteins as a whole
and for various selected subregions (cofactor, substrate). The results of the RMSD analysis showed the stability
of the monomer structure, higher amplitudes of the movement of the glucose molecule and lower amplitudes
of the cofactor PQQ in systems with CNT. Analysis of the distance of the cofactor PQQ and the glucose
molecule from the active site amino acid, His144, showed that the cofactor fluctuates near the active site,
while the glucose molecule is mostly in the active site only at the beginning of the simulations. To test the
conservation of the active site of the enzyme, a root mean square fluctuation (RMSF) analysis of the amino
acids of the active site and the binding site of the cofactor and the glucose molecule was performed. Stronger
fluctuations of the amino acids GIn168 and GIn76, the binding site of glucose, were observed, while the amino
acid of the active site, His144, showed negligible fluctuations.
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It is known that in specific regions of double-stranded genomic DNA (such as telomeres, promoter regions of
oncogenes, centromeres, etc.) there exist G-rich and C-rich short regular sequences capable of forming four-
stranded G-quadruplex and i-Motif structures. Cells utilize the formation of such structures as molecular
switches to regulate cellular processes under physiological conditions. The discovery of this fact has become
the basis for the formation of a new direction in anti-tumor therapy, based on the targeted generation or
disruption of G-quadruplex and i-Motif in selected DNA regions.

In this work, using circular dichroism and differential scanning calorimetry methods, we investigated structural
transitions in a 22-mer segment of human telomeric DNA: the G-rich d[5-A(GGGTTA)3GGG-3'] and the
complementary C-rich d[3'-T(CCCAAT)3CCC-5'], as well as their 1:1 mixture depending on the pH of the
environment. Studies were conducted at three physiological pH values (5.5, 6.5, and 7.0). The formation of G-
qguadruplex and i-Motif was monitored by circular dichroism spectra. Calorimetric melting curves of G-
qguadruplex, i-Motif and their 1:1 mixtures at various pH values were then recorded. The research results
showed that upon mixing equimolar amounts of G-quadruplex and i-Motif, the formation of a duplex is
enthalpically preferable at all pH values. However, in an acidic environment (pH 5.5) the i-Motif is enthalpically
favorable and can coexist with the duplex. Increasing the pH to neutral reduces the enthalpy of melting of the
i-Motif structure to zero, thereby shifting the equilibrium towards the duplex.
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Every year, cancer tragically claims the lives of 9.6 million individuals, highlighting the pressing need for
groundbreaking therapies. Enter nanotechnology, a revolutionary field transforming cancer treatment by
offering precise targeting and improved compatibility, sidestepping the limitations of conventional methods.
At the heart of this innovation lie superparamagnetic iron oxide nanoparticles (SPIONs), hailed for their easy
synthesis, adaptability, and magnetic properties.

Our study delves into the development of biocompatible SPIONs with heightened multimodal therapy
capabilities. Through a refined precipitation technique, we crafted SPIONs with an average diameter of around
6 £ 1 nm and a positive zeta potential of 32 £ 3 mV. To enable seamless surface functionalization for
therapeutic agent attachment, we employed a two-step adaptation to coat the SPIONs with bovine serum
albumin (BSA). Validation through TEM imaging revealed a final diameter of 67 + 9 nm, with zeta potential
measurements pointing to a negative potential of -64 + 2 mV.

But the innovation doesn't stop there. We further enhanced the therapeutic potential of these SPIONs by
grafting them with curcumin, harnessing its dual role as a photosensitizer and antioxidant. This integration
amplifies the nanoparticles' efficacy in targeted cancer treatment. Our validation methods, including UV-Vis
and fluorescence spectroscopy analyses, confirm the successful grafting of curcumin onto BSA-coated SPION
agents.

In summary, our study presents a novel approach in the realm of cancer therapeutics, utilizing cutting-edge
nanotechnology to develop SPIONs with enhanced multimodal therapy capabilities.
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Thrombosis represents one of the leading cause of mortality in developed countries [1]. Thrombolytic therapy
employs medications to dissolve intravascular clots [2]. Prompt treatment with thrombolytic drugs can restore
blood flow before major brain damage and improve recovery after stroke [3]. Ideally, thrombolytic agents
should have high fibrin specificity, require low dosages, prevent bleeding complications and re-occlusions, and
be non-antigenic [4]. Yet, current drugs have limited efficacy and significant hemorrhagic risks, suggesting
room for improvement.

Staphylokinase (SAK) is a 136 amino acid -protein originating from lysogenic strains of Staphylococcus aureus
[5]. SAK has a high tendency to turn inactive fibrin-bound plasminogen into its active form plasmin through
formation of equimolar (1:1) complex with plasmin. SAK is a promising thrombolytic agent with properties of
cost-effective production and negligible side effects [6].

Currently, three natural variants SAK 42D, SAK ¢C and SAK STAR have been characterized. These variants have
a similar potential to activate plasminogen, but differ in thermostability [7]. We purified two variants SAK 42D
and SAK STAR and performed their conformational and functional characterization by applying of circular
dichroism, differential scanning calorimetry and chromogenic activity assay. We further analyzed a role of His-
tag on the studied biophysical properties.
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K-Ras protein is a GTPase signaling protein with the main purpose of regulating cell proliferation and growth.
The activation mechanism relies on the nucleotide guanosine triphosphate (GTP) molecule being bound and
subsequently catalyzed to guanosine diphosphate (GDP), which then inactivates signaling. K-Ras is the most
oncogenic Ras protein, with missense mutation causing pancreatic, colorectal, and lung cancer in the
affected population, with a guanine-cytosine mutation at residue position 12 (G12C) being predominant.
Understanding the mechanistic details of KRAS G12C activation is crucial for the development of targeted
therapies that inhibit mutant protein and effectively treat cancers caused by it. While the mechanisms
causing oncogenic transformation are not yet fully known, molecular dynamics (MD) simulations are a
powerful computational tool that is able to give us insight into K-Ras binding and activation properties. Here,
we employ free energy calculations to thermodynamically characterize K-Ras in the context of mutations,
binding of GTP/GDP and binding of small compounds as potential inhibitors.
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Intrinsically disordered protein (IDP) tau is neuronal protein that regulates the stability and dynamics of
microtubules. On the other hand, because of its structural flexibility, tau is likely to misfold and cause tau
filaments to accumulate in Alzheimer's patients' brains [1]. Turning IDPs into druggable targets provides a
great opportunity to extend the druggable target-space for novel drug discovery. Since, the most accurate way
to describe IDPs is by providing their conformational ensemble, ensemble-based approach involving
generation of realistic ensemble of conformers subjected to binding sites analysis is generally chosen as a drug
design strategy. To this end, ensemble generators or molecular dynamics simulation could be used to produce
the initial set of protein conformers. A common undesirable result of MD simulation is conformation trapping
in specific energetic minimum, leading to insufficient conformation sampling. Biasing MD simulations by
altering the potential energy function can help protein to overcome energetic barrier and efficiently explore
conformational space. With this aim, we employed metadynamics simulations with two sets of collective
variables (CVs), with the first set being CVs derived from alphafold [2], and second set of CVs describing the
protein's secondary structural properties by stimulation of alpha-helix and anti-beta structure formation [3].
In addition, third set of CVs has been designed by t-distributed parametric time-lagged stochastic neighbor
embedding (ptltSNE) machine learning method for future simulations [4]. By comparing results from different
types of enhanced sampling simulations, we can select the most suitable method for conformational study of
non-globular protein tau and obtain new metastable conformations of tau for our future experiments. The
goal of the study is the generation of realistic conformational ensemble of protein tau in order to identify
potential binding sites targetable by small molecules. Future plans will involve virtual screening of small
molecules library with the ability to inhibit tau aggregation.
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Figure 1: The analysis of the free energy landscape of protein tau from metadynamics simulation guided by a alphafold-
derived collective variables and the two corresponding global minimum energy conformations of protein tau [5].

Acknowledgments

This work was supported by COST (European Cooperation in Science and Technology, COST Action

CA21160), APVV 21-0479, VEGA 2/0125/23 and InterTAU.

References

[1] Braak H. et al., Journal of Neuropath. Exp. Neur. (2011), 70, 960-969.
[2] Spiwok V. et al., Frontiers in Mol. Biosc., (2022), p. 9.

[3] The PLUMED consortium. Nat. Methods, (2019) 16, 670.

[4] Spiwok V. & KFiz, P., Frontiers in Mol. Biocs. (2020), p. 7.

[5] Trapl D. & Spiwok V., The R Journal, (2022), 14(3):46-58.

74


mailto:stefana.njemoga@savba.sk

P37 Cholesterol Sensing in TRPC3: Insights from Photopharmacological and MD Studies
H. Erkan-Candag,' D.J. Platero-Rochart?, O. Tiapko?, P.A. Sdnchez-Murcia?, T. Glasnov3, T. Stockner?,
K. Groschner?

!Gottfried-Schatz Research Center, Medical Physics and Biophysics, Medical University of Graz,
Austria, 20Otto-Loewi Research Center, Medicinal Chemistry, Medical University of Graz, Austria,
3Institute of Chemistry, University of Graz, Austria, *Institute of Pharmacology, Center for

Physiology and Pharmacology, Medical University of Vienna, Austria.
e-mail: hazel.erkan@medunigraz.at

Cholesterol is crucial for membrane protein assembly and regulates the surface expression and activity of ion
channels like Transient Receptor Potential Canonical 3 (TRPC3). Despite its importance, the precise mechanism
of cholesterol's impact on TRPC3 function still remains elusive. Previous studies have highlighted cholesterol's
involvement in modulating the activity of K* channels such as Kir2.1 and BK channels, underscoring its
importance in cellular physiology (1, 2).

Recent single-particle cryo-EM studies have identified two essential lipid coordination sites, L1 and L2, on
TRPC3 (3). To investigate the effects of these sites on TRPC3-cholesterol interactions, we employed a
combination of all-atom molecular dynamics (MD) simulations, electrophysiological recordings, and
photopharmacological tools. MD simulations revealed that cholesterol binding to TRPC3 is highly dynamic,
with the sterol adopting multiple conformations rather than a single fixed position. These simulations
identified the L1 site and the domain-swapped interface of the voltage-sensor-like domain (VSLD) as key
regions with higher cholesterol residency time.

To investigate the principles of sterol regulation in TRPC3 with the precision of light, we introduced OptoChol-
1, a photoswitchable lipid that mimics cholesterol. Photopharmacological experiments demonstrated that
OptoChol-1 photocycling effectively regulates the basal activity of TRPC3 in HEK cells. Notably, the M586A
mutation, predicted by molecular docking as a loss-of-function mutation for channel regulation via L1-bound
sterols, showed a significantly reduced response to OptoChol-1. Conversely, the W334A mutation in the CRAC
motif within the L1 site had minimal effect on OptoChol-1's impact. Moreover, the modulation of TRPC3
currents by OptoChol-1 photocycling appeared strictly dependent on the chemical structure of diacylglycerols
bound to L2.

Our findings offer valuable insights into the structural basis of sterol sensing and the cellular regulation of
TRPC3, and provide first evidence for channel regulation by cooperative lipidation events in the L1 and L2
regulatory site. These findings on cholesterol's role in TRPC channel modulation will pave the way towards
new therapeutic strategies by targeting lipid-ion channel interactions.

References

[1] A. Rosenhouse-Dantsker, D. Mehta, I. Levitan, Compr Physiol. 2012;2(1):31-68
[2] I. Levitan, Y. Fang, A Rosenhouse-Dantsker, V. Romanenko, Subcell Biochem. 2010; 51:509-49
[3] C. Fan, W. Choi, W. Sun, J. Du, W. Lu, Elife. 2018;7.

75


mailto:hazel.erkan@medunigraz.at

P38 From marine lipids to marine vesicles: A preliminary study
Maja Levak Zorinc!, Ruza Frkanec?, Blazenka Gasparovi¢', Maja Dutour Sikiri¢, Nadica Ivo3evié¢
DeNardis?!

'Ruder Boskovi¢ Institute, Zagreb, Croatia
2Centre for Research and Knowledge Transfer in Biotechnology, University of Zagreb, Zagreb,

Croatia
e-mail: maja.levak@irb.hr

The marine ecosystem is an important resource for bioactive substances and various materials that could be
potentially used in medicine, nutrition and biotechnology. In recent decades, biomedicine has turned to the
sea, in particular to find the source of natural organic materials that can serve as a matrix for the fundamental
study of membrane-related processes. Studies on vesicle formation from the lipids extracted from the
seawater are very scarce. Therefore, our aim is to prepare vesicles from extracted marine lipids and
characterize their morphology, surface charge and lipid composition. We used marine lipid extracts from four
sampling stations in the northern Adriatic Sea and prepared a unique lipid composite for which we will show
a lipid profile. We apply an analogous protocol for the formation of liposomes by the thin film hydration
method.

The vesicles were formed efficiently with diameters of up to 5 um. DLS measurements revealed that the zeta
potential is — 43 mV, indicating a stable vesicle suspension that persists over an extended period of time. The
detailed structure and morphology of the marine lipid vesicles was imaged for the first time using atomic force
microscopy (AFM). The vesicles imaged in air had a very defined, spherical shape. The average thickness of the
dried membrane was 60 = 30 nm, while the height was 2.5 £ 0.5 nm. When the vesicles were imaged in a liquid
and adhered to a substrate, they acquired a dome-like to spherical shape with heights between 600 and 1000
nm.

This study contributes to the understanding of the spontaneous transformation of marine lipid matter through
self-organization processes™? at the various interfaces in aquatic systems.
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Tomato (Solanum lycopersicum L.) is the one of the most worldwide used agricultural product [1]. Tomato and
tomato-based products are rich in antioxidant compounds especially carotenoids (lycopene and B-
carotenoids), ascorbic acid and phenolic compounds. These compounds play an important role in inhibiting
radical activity in human organism by scavenging free radicals [2]. The main radicals are reactive oxygen
species (ROS) such as superoxide anion, hydroxyl, peroxyl, alkoxyl radical, hydrogen peroxide, singlet oxygen
and reactive nitrogen species (RNS). The development of non-thermal food processing shows an advantage of
preserving food products without unfavourable effects on the main nutritional, chemical and physical
properties which impact on quality of the final product, compared with conventional heat treatments [3].
Therefore, the aim of this study was to investigate influence of ultrasonication treatment duration on reactive
oxygen species, antioxidative capacity and microbiological spoilage in tomato juice.

Tomato juice was prepared from fresh tomato plants (Solanum lycopersicum L.). The UWave-2000
Multifunctional Microwave Chemistry Reaction Workstation (Sineo) was used for ultrasonic treatment. X-band
ESR spectra were recorded using Bruker Magnettech ESR5000 spectrometer. Radical formation was monitored
on ESR by using 1-hydroxy-3-methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine hydrochloride (CMH) spin trap.

In this study, the results show the reduction of the total number of the analysed microorganisms in
ultrasonicated processed tomato juice. This effect was associated with the duration of ultrasonication (1, 3
and 5 minutes). The decrease in concentration of oxygen radicals detected by ESR spectroscopy have been
observed in comparison with control sample. The effect of increase of antioxidative capacity determined by
DPPH ESR assay confirms that the application of ultrasonic treatment as non-thermal method for food
processing shows more advantages than traditional heat treatments [3].
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Human parainfluenza virus type 2 (HPIV2) belongs to the Paramyxoviridae viral family. This single-stranded
negative-sense RNA virus has a genome comprising six genes: NP, P/V, M, F, HN, and L. The viral RNA is tightly
bound by the nucleoprotein (NP), forming a highly organized helical ribonucleoprotein (RNP) filamentous
structure [1]. When interacting with short RNAs, NP forms oligomeric structures. Specifically, HPIV2 NP
oligomers consist of ring-like structures assembled from 13 protomers, with the protomer number being virus-
specific [2].

Nanoscale self-assembled proteins serve as versatile platforms in various biomedical applications, including
the development of new vaccine candidates [2]. Due to their nano-size, NP ring-like structures exhibit delivery
system and adjuvant properties, making them promising candidates as noninfectious carriers of antigenic
determinants [3].

In our study, we expressed, solubilized, and purified HPIV2 nucleoprotein from Escherichia coli to characterize
it using transmission electron microscopy (TEM). TEM images revealed NP oligomeric structures consistent in
size with those in the homology model based on the crystal structure of the closely related PIV5 nucleoprotein
[4]. These HPIV2 NP oligomeric structures will serve as a vaccine carrier in the further development of new
vaccine candidates against influenza infection.
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The aim of this research was to investigate the interaction of quinuclidine-based carbamates with the active
site of butyrylcholinesterase by performing quantum chemical docking. Two newly developed methods were
used: stochastic Monte Carlo sampling (QMMC) and tensor decomposition of ab initio molecular dynamics
(AIMD) trajectories of a free (unbound) small molecule within the active site of the enzyme using our own
program gcc [1].

In QMMC docking, the configurational space of each ligand was spanned in 3 translational, 3 rotational and all
relevant torsional degrees of freedom whereas the protein was rigid during the docking process. For each
generated configuration, single-point calculations were performed using the semi-empirical PM7 Hamiltonian.
The method of molecular docking by tensor decomposition of AIMD trajectories utilizes a previously published
protocol for AIMD simulations [2]. Machine learning was applied to determine the point at which full
configurational spaces were sampled for minimal simulation steps and dimensionality of the reduced
trajectory (Figure 1).

After sampling the active site with AIMD or QMMC, Michaelis complexes with the lowest energy were selected
for QM/QM geometry optimizations and harmonic frequency calculations using the two-layer method
ONIOM(B3LYP-D3/6-31G(d):PM7).

The results obtained with the two methods will be compared based on the positioning of small molecules in
the active site concerning the characteristic regions of butyrylcholinesterase: the catalytic triad, the acyl
pocket, the choline-binding site, and the oxyanion hole.
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Figure 1: Flowchart of molecular docking by tensor decomposition of AIMD trajectories using ML.
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Artemisia dracunculus is a plant that is used in food industry and traditional medicine because its known
antibacterial, antifungal, antihemintic, antiseptic, anti-inflammatory, antipyretic, carminative, digestive and
stimulant activities. The aim of this study is to obtain the pharmacological profiles of the main compounds of
Artemisia dracunculus by using a computational approach. Using the FooDB database we have identified the
main organic compounds (with a content of at least 100 mg/100 g) in Artemisia dracunculus: caffeic acid,
17alpha-ethynyl estradiol, anethole, 1-methoxy-4-(2-propenyl) benzene, nerol, maltose, thujene and
methyleugenol. The results obtained reveal that these compounds can inhibit organic anion and cation
transporters, P-glycoprotein, and cytochromes involved in endo- and xenobiotic metabolism, and can produce
skin sensitization and hepatotoxicity. In addition, 17alpha-ethynyl estradiol may lead to cardio- toxicity,
respiratory toxicity, endocrine disruption, and reproductive toxicity. Anethole, caffeic acid and methyleugenol
are the compounds that are also likely to produce reproductive toxicity. This information is important
especially for those that are professionally exposed to higher quantities of these compounds.
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The present study explored the biomedical applications of the bovine serum albumin (BSA) -coated
superparamagnetic iron oxide nanoparticles (SPIONs) grafted with curcumin due to its well-known therapeutic
properties. After a thorough in solution characterization, including the assessment of curcumin's antioxidant
activity, these nanoparticles were incorporated into phantoms and imaged using dark field and fluorescence
microscopy to assess their potential in medical imaging. The results demonstrated their suitability for medical
applications, showing promising imaging capabilities within the phantoms.

A melanoma cell line was used for further in vitro testing. Viability tests were conducted to evaluate the
compatibility of the free SPION versus BSA-coated SPION agents with biological systems. The findings indicated
good compatibility of the BSA-coated agents, paving the way for further biomedical applications.

Furthermore, fluorescence in vitro imaging was performed to examine the cellular internalization of the
nanoparticles. Interestingly, when cells were treated with BSA-coated curcumin-grafted SPIONs, significant
cellular internalization was observed throughout the cell body, but not in the nucleus. Comparatively, cells
treated with free curcumin showed penetration into the nucleus, confirming the successful functionalization
of our BSA-coated SPIONs with curcumin. Additionally, it is noteworthy that the free form of SPIONs exhibited
intrinsic fluorescence, which was observed in vitro. This intrinsic fluorescence adds another dimension to their
potential applications, opening avenues for further research and development in biomedical imaging and
therapy.
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Nitrocatechols (NCs) are monoaromatic atmospheric pollutants which account for a significant fraction of
submicron atmospheric aerosols and water-soluble organic carbon [1] making them hazardous to humans and
the environment. The interactions with various organic and inorganic compounds in natural waters determine
the detrimental effects of organic pollutants on aquatic microalgae [2]. One of the most significant trace
metals in the aqueous atmosphere phase is copper (Cu(ll)) which affects radical production, redox processes,
and the cycling of other metal ions in the atmosphere [3]. Cu(ll) is one of the essential minerals for microalgae
in both freshwater and seawater, although at high concentrations, its toxicity depends on complexation with
organic molecules [4]. The aim of our research was to study if and how Cu-NCs interactions impact their binary
toxic effects to microalgae.

We performed a chronic in vivo toxicity test with the unicellular green alga Scenedesmus subspicatus using the
standardized method ISO 8692:2004 (AlgaeTox bioassay). We selected 4-nitrocatechol (4NC) and 4-methyl-5-
nitrocatechol (4M5NC) as a representative model atmospheric NCs. We found that Cu(ll), 4M5NC and 4NC
individually were harmful to microalgae, with uM concentrations of ICso values (the concentration at which
50% of the algal population died). Then, the microalgae's vitality was followed at various ratios of Cu(ll) to 4NC
or 4AM5NC concentrations. Depending on the ratios, both Cu-4NC and Cu-4M5NC mixtures were toxic to algae.
To explain such an effect, we have studied the formation of Cu(ll)-NC complexes in aqueous solutions by the
electrochemical method of square-wave voltammetry using a mercury drop working electrode, bearing in
mind that mono- and di-catecholates, CuL and CulL,?, are produced when Cu(ll) combines with catechol (1,2-
dihydroxybenzene) type ligands in aqueous solution [5]. When stable Cu(ll)-4NC and Cu(ll)-4M5NC complexes
were formed, the microalgae increased their survival because complexation lessened the concentration of
free (uncomplexed) Cu(ll) and NCs in the binary mixture when compared to the effects of Cu(ll) or NCs alone.
We demonstrated that mutual interactions of organic and inorganic pollutants governed their bioavailability
and therefore could be crucial for their (non)toxic effects on microalgae cells in aquatic systems.
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P45 Effect of type 2 diabetes on the fracture resistance of human dentin
Sarolta Antal,® Kata Sara Haba,'?> Gabor Szebényi,? Horvath 1ldikd,* Miklés Kellermayer?, Déra
Haluszka?!

1Semmelweis University Institute of Biophysics and Radiation Biology, 1094 Budapest, Tuzolto u.
37-47.

2Semmelweis University Department of Prosthodontics, 1088 Budapest Szentkiralyi utca 47.
3Budapest University of Technology and Economics Faculty of Mechanical Engineering, Department
of Polymer Engineering, 1111 Budapest, Muegyetem rkp. 3

e-mail: antal.sarolta20@gmail.com

Dentin is a mineralized tissue that forms the bulk of tooth and consists of a mineralized collagen matrix
containing a large number of small, parallel tubules. Non-enzymatic glycation, occurs when the aldehyde
group of a reducing sugar (e.g., glucose, fructose) interacts with the free amino groups of a long-lived protein
eventually forming advanced glycation end products (AGEs). The accumulation of AGEs is responsible for
several complications in type 2 diabetes mellitus (T2DM) and is implicated in many age-related chronic
diseases [1]. Considering that dental collagen displays no protein turnover, it is highly susceptible to the
accumulation of AGEs due to elevated blood glucose, thus affecting its long-term structural stability. It is
already known that T2DM negatively affects the root fracture resistance, which can be explained by low levels
of calcium, phosphorous or strontium [2]. However, fraction tests under static force on diabetic coronal region
of tooth samples have not been carried out yet. By exposing samples to static compression we can reveal the
load bearing capacity of the tooth material. In this study, our focus lies in exploring the mechanical and
structural changes induced in teeth by AGEs in T2DM.

For the static compression test normal (n = 18) and T2DM-affected (n = 13), extracted teeth with uncovered
coronal region were embedded in epoxy resin in a circular plastic container. Coronal regions were compressed
perpendicular to the occlusal surface with 2 mm/min load by using an 8 mm diameter spherical steel indenter
until the first visible crack appeared, based on the recorded force vs. indentation curve. To detect the location,
direction and size of failures, specimens were scanned before and after the mechanical tests with CT.
Regarding the mechanical test, the average fracture resistance in control teeth was twice as large as in
diabetes-affected tooth samples. Based on the CT images following the fracture test, remarkable tooth
material loss could be seen in the diabetes group, which indicates a higher fracture susceptibility. Further
analysis showed that the majority of fractures was located in the approximal and occlusal surface of the teeth,
but in the diabetes group these cracking lines were deeper and wider resulting a greater amount tooth
material loss.

In our work we detected that the fracture susceptibility of human teeth affected by type 2 diabetes is
drastically increased. These results confirmed that the accelerated glycation process in type 2 diabetes
significantly altered the mechanical properties of tooth material. These findings also have clinical relevance
and shed lights on different complication in oral health such as enhanced erosion, abfraction which
eventually may lead to tooth loss.
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Enteric fever is a common cause of morbidity and mortality in underdeveloped countries where it is endemic.
Clinical management and control of the disease rely on prompt diagnosis and effective treatment.
Nevertheless, current diagnostic methods are not sufficiently specific and sensitive while antimicrobial
resistance is becoming widespread, limiting treatment efficacy. Significant delays to treatment are due to the
widely-used blood culture diagnostics which take several days to return a result and have limited sensitivity of
only 40-60% . The emergence of novel molecular techniques such as Clustered regularly interspaced short
palindromic repeats (CRISPR-Cas12a)-based diagnostics has improved the potential of point-of-care molecular
diagnostics. Cas12a is an RNA-guided endonuclease that detects very specific DNA sequences. Hybridization
to the target strand activates indiscriminate cleavage of a single-stranded reporter DNA in the reaction mix,
releasing a fluorescent read-out? (Figure 1).

CRISPR AMR Dx seeks to engineer an affordable, sensitive multiplex Casl12a-based biosensor to diagnose
enteric fever caused by typhoidal Salmonella and identify related antibiotic-resistant genes. Computational
tools and molecular dynamic simulations will be used to inform the engineering of a thermostable Cas12a to
improve its processivity and sensitivity. RNA guides specific to multiple bacteria and AMR targets will be
predicted and optimised using machine learning algorithms. With the help of a collaborator, the improved
assay will be integrated into a multichannel microfluidic device. This will enhance specificity and sensitivity
while reducing complexity and the need for instrumentation, in line with the REASSURED criteria for point-of-
care diagnostics.

Figure 1: CRISPR-based diagnostics rely on collateral cleavage activity of Casl12a which cleaves a specific sequence and a
ssDNA reporter producing a readable signal.
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The hydration of proteins has a major impact on their structure, stability, and functionality. The stability and
structural integrity of proteins is based on relatively weak interactions between peptide surfaces, competing
with interactions involving the solvent and co-solutes. The enthalpy/entropy compensation mechanism plays
acrucial role in this process, yet its quantitative understanding remains elusive. Various physical and molecular
factors contribute to the balance between the two thermodynamic driving forces, including polarity, viscosity,
H-bonding propensity, and even molecular crowding and confinement.

This study focuses on examining the changes in the entropy of hydration water, distinct from bulk water. In
particular, the type and concentration of the hydrated co-solute used should be analysed, as it has an impact
on the perturbation of water available for hydration of proteins — and hence on protein stability and
interactions.

Microscale Thermophoresis is traditionally utilized for titrating biomolecular interactions, such as protein and
ligand or protein-protein interactions. Here we return to the physical principles of thermophoresis, specifically
the Soret effect, which arises from the temperature dependence of free energy causing the diffusion of
molecules in a temperature gradient [1]. To a large part this effect is controlled by the hydration entropy of
the protein [2]. In order to make use of this in our experimental approach we had to define precisely the
temperature gradient for the experimental setup of the thermophoresis equipment (Nanotemper Monolith®).
We achieved this by exploiting the temperature sensitivity of fluorescent reference compounds.

With this we are equipped to measure the effects of various co-solutes on the thermophoresis of fluorescence
molecules and to obtain values of hydration entropy of the first and second water layer of co-solute molecules.
We find differences in the perturbation of water entropy (available for protein hydration) for co-solutes like
urea, isopropanol, glycerol or NaCl. In light of the high concentration of similar co-solutes, biomolecules and
proteins inside a living cell this is of particular interest for judging protein stability and interactions when life
conditions and diluted solutions as in laboratory conditions are compared.
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Adult stem cell niches are specialized forms of extracellular matrix suitable for maintaining the development
of newborn neurons. The process is regulated by internal and external factors, such as enriched environment
(EE). The subgranular zone (SGZ) in the hippocampus is enriched with molecules such as tenascin C (TnC), a
regulatory glycoprotein involved in the proliferation and migration of cells. The aim of this study was to
examine how TnC affects the distribution of different biomolecules and the number of developing cells in the
adult SGZ.

To directly characterize the molecular environment of the subgranular zone, synchrotron based FTIR
spectroscopy was used. We analyzed the differences in the distribution of lipids, proteins and carbohydrates
among four animal groups - TnC+/+ mice housed in standard conditions, TnC+/+ mice housed in EE, TnC-/-
mice housed in standard conditions, TnC-/- mice housed in EE. Additionally, immunohistochemistry was used
to estimate the number of proliferative cells and immature neurons in the same experimental groups.

The statistical analysis of FTIR spectra showed that TnC deficiency leads to decrease in the lipid composition
and decreased phosphate content in the adult SGZ. On the other hand, the absence of TnC did not affect the
number of proliferative cells. The number of immature neurons remained unaffected in the absence of TnC,
while the length of the neuronal dendritic trees increased in TnC-/- mice.

This study reports the role of TnC in affecting the maturation of immature neurons during the adult
hippocampal neurogenesis. Well-known stimulating effect of EE on adult neurogenesis lacks in the absence of
TnC since the initial developmental stages of newborn cells are affected by region-specific biomolecular
composition.
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Recombinant spider silk protein eADF4(C16) is known as one of the functional proteins, which undergoes
autonomous self-assembly process resulting in formation of fibrillar nanostructures with extraordinary
mechanical and physicochemical characteristics'. Moreover, the possibility of chemical modification of this
protein using functional ligands such as DNA aptamers lays the foundation for processing new bio-based
nanomaterials with bio-targeting functions?.

Our aim was to synthesize and characterize bioconjugates composed of eADF4(C16) and aptamers TBA15 or
TBA29, which specifically bind thrombin enzyme on active and regulatory site, respectivelly®. The first step of
the synthesis was chemical modification of protein’s N-terminus with an azide group and aptamers’ 5’ end
with dibenzocyclooctyne moiety enabling “click” reaction of the modified reactants. Verification of these steps
was performed by MALDI-TOF, HPLC and native gel electrophoresis.

Further experiments using biochemical/biophysical techniques, e. g. spectroscopy and atomic force
microscopy showed that in the bioconjugates the ability of protein moiety to form nanofibrils by self-assembly
was preserved, which could be controlled by experimental conditions like ion concentration (phosphate, Na*,
K*, CI') or temperature.

Subsequent addition of thrombin enzyme into solution with eADF4(C16)-TBAx bioconjugates and detailed
description of the interactions between both components might result in forming of hierarchically organized
bio responsive nanostructures with potential for biomedical applications for example as drug delivery systems
with the possibility of controlled release of the ligand as well as the absence of dangerous side effects.
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Application of synchrotron-based x-ray fluorescence microscopy (XFM) in biological systems takes one of the
leadership positions regarding studies of spatial distribution of essential elements at cellular level [1]. TwinMic
beamline of Elettra synchrotron in Trieste hosts a twin x-ray microscope (Fig 1A) intended to investigate
heterogeneous phenomena at microscopic length scale by XFM, irradiating samples with photons that belongs
to low energy x-ray part of electromagnetic spectrum [2]. The implemented technique is based on interaction
of soft x-rays with samples from different fields of biology, chemistry and medicine, whereby distribution of
light elements at the cellular or tissue level with spatial resolution up to 100 nm can be determined. The
completeness of problem solution is reached by simultaneously collected absorption and differential contrast
phase imaging (scanning transmission x-ray microscopy) [3]. The combination of these two techniques
provides chemical and morphological images of sample in parallel, with minimal exposure to radiation and
without special requirements for sample preparation that include application of chemical agents. Applications
in biology are multiple and comprise studies of samples from all biological kingdoms. Here, we are presenting
selected results obtained by synchrotron radiation soft x ray microscopy in exploring cells exposed to different
nanoparticles (NPs). Studies performed on fibroblast cells treated with Co-Fe NPs shed light to the fine line
between benefits and toxicity of nanoparticles, that in dependence of concentration may induce positive but
also irreversible negative consequence (Fig 1B). On the other side, it is presented how the absorption of soft
energy x-rays can give an answer about the possibilities of substitution of commercially used fertilizers by NPs
in a bid to promote plant growth in more efficient and ecologically more acceptable manner (Fig 1C). Finally,
the capacity of biologically produced of Se nanoparticle by Phycomyces blakesleeanus mycelium has been
elucidated and spatially resolved by using soft XFM(Fig 1D).

Figure 1: The blueprint of the important elements at
end station of TwinMic. Absorption and chemical
images of NPs treated fibroplast cells. XRF maps of
light elements in root of zucchini with XANES spectra
of: Cu standards and Cu inside the tissue.
Comparative display of Se, N and Mg in the mycelium
of the fungus of P. blakesleeanus.
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Pomegranate (Punica granatum L.) fruit is a rich source of various bioactive compounds and has been used in
traditional medicine for treating many medical conditions [1,2]. Pomegranate peel is also rich in bioactive
compounds with phenolic being the primary source of its diverse health benefits, owing to their antioxidant,
anti-inflammatory, and antimicrobial properties [1,2]. Despite this, pomegranate peel is often discarded by
the food industry as fruit waste [3]. Also, a detailed study of its antiradical activity has never been conducted
before. Samples were collected from the area of Mostar, Bosnia and Herzegovina.

Herein, the supercritical CO; extraction of wild pomegranate peel has been employed to obtain an extract rich
in polyphenolic compounds. Supercritical CO, extraction, a green technology method, replaces classical
solvent-based extraction, enabling the isolation of plant compounds in their purest form without degradation
of the sample [4]. Owing to its high sensitivity and specificity, Electron paramagnetic resonance (EPR)
spectroscopy has been utilized to access the extract's scavenging activity against free radical species (DPPH
and hydroxyl radicals). The spin-trapping technique was employed to detect activity against short-lived
hydroxyl radicals.

The results demonstrate that the pomegranate peel extract is a significant free-radical scavenger. It exhibited
remarkable selectivity in eliminating hydroxyl radicals (71.3% compared to 23.6% for DPPH), which is
particularly noteworthy as hydroxyl radicals are considered the most reactive oxygen radical species,
biologically relevant, and responsible for a number of pathologies. These findings underscore the therapeutic
potential of pomegranate peel in combating oxidative stress-related medical conditions but also suggest
possibilities for further investigation into its mechanism of action and formulation into pharmaceutical or
nutraceutical products.
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Atomic force microscopy (AFM) is a surface technique that can be successfully applied for comprehensive
nanomechanical characterization of single molecules, cells and tissues, under near physiological conditions.
Some of the current biomedical research trends feature development of novel nano- and biomaterials for
regenerative medicine, tissue engineering, and sample diagnostics. Further advances in large biosample
analysis and medical diagnostics are driven by the demand for mapping of biological and clinical samples that
are often inhomogeneous, rough, and difficult to modify/adapt in their native state. Recent AFM
developments have also led to unprecedented imaging rates in fluid, enabling temporal resolution on the sub-
20-milisecond scale.

We will show several bioAFM applications demonstrating how high-speed AFM, with a temporal resolution on
the second to millisecond scale, can be applied to resolve dynamic processes in biological systems. We will
introduce the concept of automated large area multiparametric characterization of densely packed cell layers
and highly corrugated tissue samples, where full automation, smart mechanical sample analysis, multiple
scanner technology, and optical integration is critical for data throughput and reliable correlative microscopy.
We will discuss how these developments, in combination with advanced optical microscopy techniques, can
overcome the inherent drawbacks of traditional AFM systems for characterizing challenging biological
samples.

90


mailto:Florian.Kumpfe@bruker.com

PRESENTING AUTHOR INDEX

A

Abbruzzetti S., 11
Antal S., 83

Anti¢ S.D., 6
Antosova A., 34
Azote S., 42

B
Badalyan M.K., 70
Bakari¢ D., 8

Bakija Alempijevié¢ S., 82

Barac¢ U., 40
Battisti A., 12, 43
Bayer C., 44
Bednarikova Z., 19
Begic¢ A., 66

Biquet-Bisquert A., 67

BizzarriR., 4
Blazevic¢ T., 45
BorlanR., 71
Bukina V., 37
Buljac L., 69

C
Cehlar 0., 46
Ciepluch K., 24

D

Dakovi¢ M., 21, 47
Dobovisek A., 30
Dolanski Babi¢ S., 48
Dujmovi¢ V., 73

E
Erkan-Candag H., 75

F

Fajmut A., 36
Faraudo J., 26
Fedorova V., 87
Fedunova D., 49
Fekete T., 14

G

Gancar M,, 56
Gaszler P., 51
Goda K., 18
Gosak M., 33

H
Haba K.S., 68

|
Impel van S., 85

Ivosevi¢ DeNardis N., 28

K

Kellermayer M., 3
Koreni¢ A, 15
Kovacs K.D., 52
Kumpfe F., 90

L
LapusanR., 81
Levak Zorinc M., 76

M

Majekova M., 27
Mardesi¢ |., 41
Marki¢ F., 77
Matic¢ Z., 78
Mestrovi¢ K., 53
Mikeli¢ A., 79
Minette Shalo M., 84
Misi¢ Radi¢ T., 29
N

Nemergut M., 54
Njemoga S., 74

0]
Oostenbrink C., 22

91

P
Pavin N., 13

Pohl E. E., 2

Pohl P., 55
Posnjak G., 16
Preradovic N., 89
Pujicic A., 80

R
Radmilovi¢ M., 39

S

SchindI R., 9
Schmidt T., 20
Sedlak E., 17
Serec K., 35
Siposova K., 57
Stankovski T., 38
Stepanic¢ V., 58
Stoia D., 59

SiberA., 1
Stulajterova M., 72
I

Telebar-Zbulj F., 50
Telebar-Zbulj V., 64
Tkalec U., 10
Tomic¢ A., 60
Tomkova A., 61
Tomkova M., 62
Tuci¢ M., 86

Vv

Varga A, 63
Viappiani C., 23
Vilfan A.,, 5

z

Zahradnikova A., 7
Zetes M., 65
Zmazek J., 32

iZzic M., 88
oldak G., 31

NN NK



