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Dear colleagues, dear friends in biophysics,

On behalf of the Department of Biophysics at the Institute of Experimental
Physics of the Slovak Academy of Sciences, and in collaboration with Slovak
Biophysical Society and Slovak Physical Society, it is our great pleasure to welcome
you to the 13th edition of the international conference Structure and Stability of
Biomacromolecules, traditionally held in the September atmosphere of Kosice.

Biophysics is, by its very nature, an interdisciplinary science that opens the way
to new insights across physics, medicine, biology, pharmacology, biotechnology, and
materials engineering. We are delighted that this year’s program features 24 lectures
and 31 poster presentations, covering a broad spectrum of biophysical research — from
studies of the structure and function of biomacromolecules to novel approaches in
teaching biophysics at universities.

As in previous years, the official language of both the conference and the
proceedings remains English, allowing us to share our most recent results with our
international colleagues and foster open scientific exchange. We hope that this
symposium will stimulate new collaborations, research initiatives, and joint projects.

We wish you an inspiring and enjoyable conference, one that will spark
innovative ideas, creative spirit, and fruitful scientific outcomes.
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SSB 2025 PROGRAM

Tuesday, September 9, 2025

15:00-16:00 Registration Lobby of IEP SAS, Watsonova 47

16:00 - 16:10

16:10 - 16:45

Niedzialek D.

Conference Opening

Activation of the autolysin LytM from Staphylococcus
aureus as a potential strategy for the development of
antibacterial drugs

16:45 - 17:05

Wieczorek G.

RNA-Bender: A Novel Molecular Dynamics-Based Approach
for Rapid Sequence-Based RNA Model Construction and
Refinement

17:05 -17:25

17:25 -19:00

09:00 - 09:35

Uskoba J.
BioTech a.s.

Immobilisation free in-solution kinetics using Flow Induced
Dispersion Analysis (FIDA)

Welcome Mixer

Wednesday, September 10, 2025

Sugimoto N.

“To B or not to B” in Nucleic Acids Chemistry

09:35 - 10:10

Viglasky V.

Non-canonical structural motifs in DNA — their
identification in the genome using the Qinder search tool
and their analysis in a system mimicking mini-circular DNA

10:10-10:30

11:15-11:50

Cernik M.
Uni - Export

Instruments, s.r.o.

Zahradnikova A.

Ultimate DSC, a new tool for protein characterization

The effect of selected RyR1 MH mutations on the
interaction between the EF-hand region and S23 segment

11:50 - 12:25

Zelenakova A.

Magnetic nanoparticles— usefull platform for advanced
biomedical applications

12:25-13:00

14:00 - 14:35

Hritz J.

Jancura D.

9F Tryptophan: an efficient NMR probe for protein
complexes

Cytochrome c oxidase - a key component of oxidative
phosphorylation: Regulation and modulation of its catalytic
activity

14:35 - 14:55

Fabian M.

Thermodynamics of the transition of ferryl (F) to the
oxidized form of cytochrome c oxidase: implication for the
proton pumping

14:55 - 15:15

Hodosi R.
SHIMADZU
SLOVAKIA

From Structure to Identification: Shimadzu Tools for
Biomacromolecule Research

15:15 - 15:50

Flash posters




16:20 - 18:15 Poster Session

19:00 - 22:00

9:00 - 9:35

Conference dinner

Thursday, September 11, 2025

SelbeE R Tiny motifs doing huge things: Side-chain Propelled Rings
' (SPuRs) in the aggregation domain of tau protein

9:35-10:10

Cehlaro Insights into the early oligomerization stages of truncated
ehlar O.
tau proteins

10:10 - 10:30

11:15-11:50

Deciphering the role of small structural motifs in

Polak A. . .
aggregation of tau protein

Bioinformatic identification, expression, purification and
Bauerova V. structural characterization of domains in multidomain
proteins

11:50 - 12:10

Design and Characterization of Circular DNA Minicircles as

Trizna L. .
a Tool for Studying Non-B DNA Structures

12:10-12:30

Landl R.

Possibilities of measurement particle size, zeta potential
Anton Paar

. and rheologic behavior with Anton Paar instruments
Slovakia s.r.o.

12:30-12:50

14:15 - 21:00

9:00 - 9:35

14-3-37 Variants as Modulators of Amyloid 8 Fibril
Formation

Bednarikova Z.

Conference Trip & Dinner

Friday, September 12, 2025

Effects of rotenone and photobiomodulation on alpha-
Stroffekova K. . .. .
synuclein aggregates in differentiated SH-SY5Y cells

9:35-10:10

Benedetto A. lonic liquids and membranes

10:10 - 10:30

11:15-11:35

Ribosome display selection of non-immunogenic
Tomkova M. . o __ ) .
staphylokinase with improved fibrinolytic activity

Programmability of protein-DNA bioconjugates self-
Fedorova V. : .
assembly through functional ligand

11:35-11:55

11:55-12:30

Ilkovicova L. Computational study of the tau protein aggregation

Young award Ceremony and Concluding remarks




PL1

PL2

PL3

PL4

PL5

PL6

LIST OF PLENARY LECTURES

Activation of the autolysin LytM from Staphylococcus aureus as a potential
strategy for the development of antibacterial drugs

D. Niedzialek, G. Wieczorek, M. Nowacka, E. Jagielska, I. Sabala

Laboratory of Protein Engineering, Mossakowski Medical Research Institute,
Polish Academy of Sciences, Warsaw, Poland

“To B or not to B* in Nucleic Acids Chemistry

N. Sugimoto

Frontier Institute for Biomolecular Engineering Research, Konan University,
Kobe, Japan

Non-canonical structural motifs in DNA — their identification in the genome
using the Qinder search tool and their analysis in a system mimicking mini-
circular DNA

V. Viglasky, L. Trizna, D. Pitkova, A. Varha

Department of Biochemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

The effect of selected RyR1 MH mutations on the interaction between the
EF-hand region and S23 segment

A, Zahradnikova, 21. Baglaeva, PA. Waheed, "M. Sabo

aDepartment of Cellular Cardiology, Institute of Experimental Endocrinology,
Biomedical Research Center, Slovak Academy of Sciences, Bratislava, Slovakia
bBjoinformatics Laboratory, Biomedical Research Center, Slovak Academy of
Sciences, Bratislava, Slovakia

Magnetic nanoparticles— usefull platform for advanced biomedical
applications

A. Zelenakova

Department of Condensed Matter Physics, Institute of Physics, Faculty of
Science, University of P. J. Safarik in Kosice, Kosice, Slovakia

F Tryptophan: an efficient NMR probe for protein complexes

& bA Naplavova, * PA. Kozelekova, * °N. Gasparik, * PR. Crha, °A. M.
Gronenborn, *9J, Hritz

&National Center for Biomolecular Research, Faculty of Science, Masaryk
University, Brno, Czech Republic

bCentral European Institute of Technology, Masaryk University, Brno, Czech
Republic

‘Department of Structural Biology, University of Pittsburgh, School of Medicine,
Pittsburgh, USA

dDepartment of Chemistry, Faculty of Science, Masaryk University, Brno, Czech
Republic
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PL7

PL8

PL9

PL10

PL11

PL12

Cytochrome c oxidase - a key component of oxidative phosphorylation:
Regulation and modulation of its catalytic activity

3D, Jancura, °M. Fabian

4Department of Biophysics, Institute of Physics, Faculty of Science, University
of P. J. Safarik in Kosice, Kosice, Slovakia

bCenter for Interdisciplinary Bioscences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Tiny motifs doing huge things: Side-chain Propelled Rings (SPuRs) in the
aggregation domain of tau protein

3R. Skrabana, ?K. Martonova, ?A. Polak, S. Njemoga, R. Dvorsky, °E. Barrera,
20. Cehlar

nstitute of Neuroimmunology, Slovak Academy of Sciences, Bratislava,
Slovakia

bInstitute of Histology and Embryology (IHEM), National University of Cuyo
(UNCuyo), CONICET, Mendoza, Argentina

Insights into the early oligomerization stages of truncated tau proteins

3S. Njemoga, "Z. Bednarikova, °E. E. Barrera, °Z. Gazova, * “O. Cehlar
qnstitute of Neuroimmunology, Slovak Academy of Sciences, Bratislava,
Slovakia

Department of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

“Institute of Histology and Embryology (IHEM), National University of Cuyo
(UNCuyo), CONICET, Mendoza, Argentina

dDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, Comenius
University, Bratislava, Slovakia

Bioinformatic identification, expression, purification and structural
characterization of domains in multidomain proteins

V. Bauerova-Hlinkova & J. A. Bauer

Department of Biochemistry and Structural Biology, Institute of Molecular
Biology, Slovak Academy of Sciences, Bratislava, Slovakia

Effects of rotenone and photobiomodulation on alpha-synuclein aggregates
in differentiated SH-SY5Y cells

aK. Stroffekova & °Z. Bednarikova

4Department of Biophysics, Institute of Physics, Faculty of Science, University
of P. J. Safarik in Kosice, Kosice, Slovakia

Department of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

lonic liquid to tune cell membrane's viscoelasticity & amyloid fibril's
properties: A combined atomic force microscopy and neutron scattering
study

A. Benedetto
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School of Physics, University College Dublin, Dublin, Ireland

Conway Institute for Biomolecular & Biomedical Research, University College
Dublin, Dublin, Ireland

Department of Science, University Roma Tre, Rome, Italy
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LIST OF SHORT COMMUNICATIONS

RNA-Bender: A Novel Molecular Dynamics-Based Approach for Rapid
Sequence-Based RNA Model Construction and Refinement

3G. Wieczorek, *°D. Niedzialek

dLaboratory of Protein Engineering, Mossakowski Medical Research Institute,
Polish Academy of Sciences, Warsaw, Poland

bEnsemble®sp. z 0.0., Centre of Excellence, Warsaw, Poland

Immobilisation free in-solution Kinetics using Flow Induced Dispersion
Analysis (FIDA) — company

K. Ray, ®H. Jensen, ?A. C. Hundahl, presenting: ®J. Uskoba

2FIDA Biosystems ApS, Sgborg, Denmark

bBioTech a.s., Prague, Czech Republic

Ultimate DSC, a new tool for protein characterization — company

3G. Jossens, 2Y. Ricci, 3. - C. Neyt, 2M. Simond, °J. L. Garden, °G. Moiroux,
presenting: °M. Cernik

4Calneos SAS, Clermont-Ferrand, France

bInstitut Neel CNRS, Grenoble, France

‘Uni-Export Instruments, s.r.o., Prague, Czech Republic

Thermodynamics of the transition of ferryl (F) to the oxidized form of
cytochrome c oxidase: implication for the proton pumping

2A. Tomkova, °T. Sztachova, *D. Jancura, M. Fabian

“Department of Biophysics, Institute of Physics, Faculty of Science, University
of P. J. Safarik in Kosice, Kosice, Slovakia

bCenter for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia

From Structure to Identification: Shimadzu Tools for Biomacromolecule
Research — company

R. Hodosi

Shimadzu Slovakia, Bratislava, Slovakia

Deciphering the role of small structural motifs in aggregation of tau protein
3A. Polak, ®K. Martonova, S. Njemoga, °E. Barrera, °R. Skrabana

dnstitute of Neuroimmunology, Slovak Academy of Sciences, Bratislava,
Slovakia

bInstitute of Histology and Embryology (IHEM), National University of Cuyo
(UNCuyo), CONICET, Mendoza, Argentina

Design and  Characterization of Circular DNA  Minicircles
as a Tool for Studying Non-B DNA Structures
L.Trizna, D. Pitkova, A. Varha, V. Viglasky
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SC8

SC9

SC10

SC11

SC12

Department of Biochemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Possibilities of measurement particle size, zeta potential and rheologic
behavior with Anton Paar instruments — company

R. Landl

Anton Paar Slovakia s.r.o., Bratislava, Slovakia

14-3-3C Variants as Modulators of Amyloid p Fibril Formation

az. Bednarikova, ® °A. Kozelekova,  ¢J. Novotna, °K. Kralova, ® ¢ 9. Hritz, 2Z.
Gazova

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

bCentral European Institute of Technology, Masaryk University, Brno, Czech
Republic

‘National Center for Biomolecular Research, Faculty of Science, Masaryk
University, Brno, Czech Republic

dDepartment of Chemistry, Faculty of Science, Masaryk University, Brno, Czech
Republic

Ribosome display selection of non-immunogenic staphylokinase with
improved fibrinolytic activity

M. Tomkova, M. Nemergut, I. Pilipcincova, E. Sedlak

Center for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Programmability of protein-DNA bioconjugates self-assembly through
functional ligand

3V, Fedorova, ®V. Huntosova, K. Siposova, ‘M. Humenik

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

bCenter for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia

‘Department of Biomaterials, Faculty of Engineering Science, University
Bayreuth, Germany

Computational study of the tau protein aggregation

&P, Ilkovicova, * ©J. Hritz

aCentral European Institute of Technology, Masaryk University, Brno, Czech
Republic

National Centre for Biomolecular Research, Faculty of Science, Masaryk
University, Brno, Czech Republic

‘Department of Chemistry, Faculty of Science, Masaryk University, Brno, Czech
Republic
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LIST OF POSTERS

PO1 Enhanced efficiency of Fez04s@SiO, with specific ligand layer in magnetic
separation RNA
8M. Barutiak, ®A. Zelenakova, ®P. Hrubovcak, ?L. Nagy, 2J. Szucsova, °Z.
Fabriciova, °E. Benova, °N. Kiraly, °V. Zelenak, °A. Antosova
aDepartment of Condensed Matter Physics, Institute of Physics, Faculty of
Science, University of P. J. Safarik in Kosice, Kosice, Slovakia
bDepartment of Inorganic Chemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia
‘Department of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

PO2 Spider silk eADF4(C16) nanofibrillar protein hydrogels for biomedical
/ application
-~ aT. Biro, °N. Best, °V. Huntosova, ‘K. Paulovicova, K. Siposova, °M. Humenik

#Department of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

bDepartment of Biomaterials, Faculty of Engineering Science, University
Bayreuth, Germany

‘Center for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in  Kosice, Kosice, Slovakia
dDepartment of Magnetism, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

PO3 When Structure Matters: How Linker Length and Coumarin Dimerization
Shape Anti-Amyloid Activity
3B, Borovska, "P. Krupa, ®Z. Bednarikova, °S. Hamulakova, ® 9M. S. Li, ®Z.
Gazova
aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia
bInstitute of Physics, Polish Academy of Sciences, Warsaw, Poland
‘Department of Organic Chemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia
dLife Science Lab, Institute for Computational Science and Technology, Quang
Trung Software City, Ho Chi Minh City, Vietnam

PO4 Analysing possible interaction of mitochondrial translocator protein with
chloride intracellular channel CLIC5
aR. Dekhtiarenko, °K. Polcicova, *Z. Sevcikova Tomaskova

“Center of Biosciences, Slovak Academy of Sciences, Bratislava, Slovakia

bBiomedical Research Centre, Slovak Academy of Sciences, Bratislava, Slovakia
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PO5

PO6

PO7

PO9

PO10

Cancer therapy by magnetic hyperthermia: impact of cobalt ferrite
nanoparticles

&bz, Fabriciova, ®A. Zelenakova, 2L. Nagy, ?P. Hrubovcak, M. Barutiak, °D.
Volavka, ®M. Lisnichuk

aDepartment of Condensed Matter Physics, Institute of Physics, Faculty of
Science, University of P. J. Safarik in Kosice, Kosice, Slovakia

bDepartment of Chemistry and Industrial Chemistry & INSTM RU, nM2-Lab,
University of Genoa, Italy

Dual effect of ionic liquids on lysozyme stability and activity

D. Fedunova, V. Vanik, Z. Gazova

Department of Biophysics, Institute of Experimental Physics, Slovak Academy of
Sciences, Kosice, Slovakia

Photopolymeric microchambers for investigating the selectivity of
photodynamic therapy in individual breast cancer cells

aM. Galis, ®S. Tomkova, °A. Migasova, 4. Kubackova, °M. Almasi, *G. Bano,
b\/. Huntosova

#Department of Biophysics, Institute of Physics, Faculty of Science, University
of P. J. Safarik in Kosice, Kosice, Slovakia

bCenter for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia

‘Department of Inorganic Chemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

dDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

Cholesteryl-anchor mediated non-covalent aptamer functionalization of
B-Casein self-assemblies towards therapeutic potential

a7. Garaiova, 2V. Subjakova, 2A. A. Macias, "M. Garaiova, °R. Holic, T. Hianik
aDepartment of Nuclear Physics and Biophysics, Faculty of Mathematics,
Physics and Informatics, Comenius University, Bratislava, Slovakia

bInstitute of Animal Biochemistry and Genetics, Centre of Biosciences, Slovak
Academy of Sciences, Bratislava, Slovakia

Multitarget In Vitro Evaluation of a Novel Quinacrine Analog: Interactions
with DNA, RNA, HSA and Topoisomerase Inhibition

3A. Gucky, ®A. Mihokova, E. Scalzi, ¢J. Korabecny, M. Kozurkova
aDepartment of Biochemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Department of Pharmacy, University of Pisa, ltaly

‘Biomedical Research Center, University Hospital Hradec Kralove, Czech
Republic

Novel betulinic acid-based ionic liquids: synthesis and anti-breast cancer
activity
aM. Guncheva, °P. Ossowicz-Rupniewska, 2Y. Raynova
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PO11

PO12

PO14

nstitute of Organic Chemistry with Centre of Phytochemistry, Bulgarian
Academy of Sciences, Sofia, Bulgaria

bDepartment of Organic Chemical Technology and Polymer Materials, Faculty
of Chemical Technology and Engineering, West Pomeranian University of
Technology, Szczecin, Poland

Raman characterization of the biocompatible photoresist Ormocomp

a7. Jurasekova, M. Galis, ®J. Kubackova, °C. Slaby, °Z. Tomori, °G. Vizsnyiczai,
°L. Kelemen, °G. T. lvanyi, ®G. Bano

aDepartment of Biophysics, Institute of Physics, Faculty of Science, University
of P. J. Safarik in Kosice, Kosice, Slovakia

bDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

‘HUN-REN Biological Research Centre Szeged, Institute of Biophysics, Szeged,
Hungary

Application of modular anticancer nanoparticles in Raman microscopy
analysis of cells and 3D culture models

7. Jurasekova, °B. G. Varchol, °A. Migasova, °X. Li, °M. Andreana,
°A. Unterhuber, °M. Almasi, V. Huntosova

“Department of Biophysics, Institute of Physics, Faculty of Science, University
of P. J. Safarik in Kosice, Kosice, Slovakia

bDepartment of Inorganic Chemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

‘Center for Medical Physics and Biomedical Engineering, Medical University,
Vienna, Austria

dCenter for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Targeting Insulin Fibrils: Evaluating the Destruction Potential of
Phytoalexins

a4, A. Kareem, ®A. Antosova, "M. Budovska, Z. Bednarikova, 2D. Fedunova,
8Z. Gazova

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

Department of Organic Chemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Red Blood Cell Stiffness and Deformability as Biophysical Indicators of
Chronic Lymphocytic Leukemia and Therapy Response

3A. Langari, °V. Strijkova, °A. Alexandrova-Watanabe, ®M. lvanova, °V.
Katrova, ‘M. Guenova, IL. Gartcheva, °E. Abadjieva, °T. Tiankov, 2S. Krumova,
&S. Todinova

nstitute of Biophysics and Biomedical Engineering, Bulgarian Academy of
Sciences, Sofia, Bulgaria
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PO15

PO16

PO17

PO18

PO19

brnstitute of Optical Materials and Technologies “Acad. Yordan Malinovski”,
Bulgarian Academy of Sciences, Sofia, Bulgaria

“Institute of Mechanics, Bulgarian Academy of Sciences, Sofia, Bulgaria
dNational Specialized Hospital for Active Treatment of Hematological Diseases,
Sofia, Bulgaria

Fluorescence study of the interaction between Silver (1), Zinc (Il), and
Gallium (111) thiophene-2-carboxylates and human serum albumin

a4. Matajova, "M. Rendosova, °Z. Vargova, M. Kozurkova

4Department of Biochemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

bDepartment of Inorganic Chemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Hsp70-SBD as a Therapeutic Modulator: Biophysical and Structural
Perspectives in Light Chain Amyloidosis

M. Nemergut, M. Tomkova

Center for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Role of proline-, cysteine-, and poly-L-lysine coated magnetic nanoparticles
in amyloid aggregation

0. Parmar, ®A. Antosova, & 9P. Verducci, °E. Bystrenova, ®M. Gancar, °I. Antal,
M. Kubovcikova, ®Z. Bednarikova, °"M. Koneracka, V. Zavisova, *Z. Gazova
aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

Department of Magnetism, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

‘Consiglio Nazionale Delle Ricerche, Istituto Per Lo Studio Dei Materiali
Nanostrutturati (CNR-ISMN), Bologna, Italy

dFacolta Chimica e Tecnologia Farmaceutiche, Alma Mater Studiorum-
Universita di Bologna, Italy

Non canonical 3WJ DNA motif — helical ligand interaction

D. Pitkova, L. Trizna, V. Viglasky

Department of Biochemistry, Institute of Chemistry, Faculty of Science,
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K. Siposova, E. Valusova, V. Fedorova, A. Musatov

Department of Biophysics, Institute of Experimental Physics, Slovak Academy of
Sciences, Kosice, Slovakia
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In Vitro Characterization of the Interaction between Conventional and
Novel Bruton’s Tyrosine Kinase Inhibitors and Human Red Blood Cells via
Atomic Force Microscopy and Biofluidic Analysis: A Pilot Study

35, Todinova, PA. Alexandrova-Watanabe, °V. Strijkova, ?A. Langari, °N.
Anastassova, M. Argirova, 9D. Yancheva, M. lvanova, °V. Katrova, °E.
Abadjieva, °T. Tiankov, °E. Stoyanova, 2S. Krumova, ‘M. Guncheva

nstitute of Biophysics and Biomedical Engineering, Bulgarian Academy of
Sciences, Sofia, Bulgaria

bInstitute of Mechanics, Bulgarian Academy of Sciences, Sofia, Bulgaria
“Institute of Optical Materials and Technologies “Acad. Yordan Malinovski”,
Bulgarian Academy of Sciences, Sofia, Bulgaria

19



PO26

PO27

PO28

PO29

PO30

’77

dInstitute of Organic Chemistry with Centre of Phytochemistry, Bulgarian
Academy of Sciences, Sofia, Bulgaria

®Institute of Biology and Immunology of Reproduction "Acad. Kiril Bratanov",
Bulgarian Academy of Sciences, Sofia, Bulgaria

Motion Analysis of Shrimps and Microrobots: Insights into Active Matter
Behavior

aZ. Tomori, P°A. Strejckova, °R. Galajda, 2C. Slaby, D. Horvath,
°G. Bano

4Department of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

bDepartment of Chemistry, Biochemistry & Biophysics, University of Veterinary
Medicine & Pharmacy, Kosice, Slovakia

‘Department of Biology &Physiology, University of Veterinary Medicine
&Pharmacy, Kosice, Slovakia

dCenter for Interdisciplinary Biosciences, Technology and Innovation Park,
University of P. J. Safarik in Kosice, Kosice, Slovakia
*Department of Biophysics, Institute of Physics, Faculty of Science, University
of P. J. Safarik in Kosice, Kosice, Slovakia

Small Auzs -based probe for enhanced infrared sensing of cytochrome c

3E. Valusova, 2V. Fedorova, K. Siposova, °M. Antalik

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

bDepartment of Biochemistry, Institute of Chemistry, Faculty of Science,
University of P. J. Safarik in Kosice, Kosice, Slovakia

Detection of changes in DNA secondary structure caused by exposure to the
conazole fungicide prothioconazole

2V, Verebova, *°J. Stanicova

aDepartment of Chemistry, Biochemistry & Biophysics, University of Veterinary
Medicine & Pharmacy, Kosice, Slovakia

PInstitute of Biophysics & Informatics, First Faculty of Medicine, Charles
University, Prague, Czech Republic

Conformation of The Ryanodine Receptor Isoform Models Created Using
the AlphaFold 3 Server

3A. Waheed, PA. Zahradnikova

aBioinformatics Laboratory, Biomedical Research Center, Slovak Academy of
Sciences, Bratislava, Slovakia

bDepartment of Cell Cardiology, Institute of Experimental Endocrinology,
Biomedical Research Center, Slovak Academy of Sciences, Bratislava, Slovakia

Structural Comparison of SERCA Conformations
E. Wetter, M. Majekova

20



PO31

Institute of Experimental Pharmacology and Toxicology, Centre of Experimental
Medicine, Slovak Academy of Sciences, Bratislava, Slovakia

ProteoForce Group: Laser Tweezers Laboratory for In-Depth Analysis of
Molecular Forces in Macromolecules

M. Zoldakova, J. Pavlinska, L. Homolova, O. Ragac, N. Chomova, P. Ragan, S.
Vavrakova, K. Papayova, S. Datta, S. Sovova, P. Varga, J. G. Johannesson, G.
Zoldak

Department of Biophysics, Institute of Physics, Faculty of Science, University of
P. J. Safarik in Kosice, Kosice, Slovakia

Al-Identified Compounds Influence AP Fibril Formation and Stability
aM. Gancar, *Z. Bednarikova, °C. Yue, ®Y. Tang, °L. Ma, °B. - B. Zeng, °R.
Wang, ?Z. Gazova

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

bSchool of Pharmacy, East China University of Science and Technology,
Shanghai, China

21



PLENARY LECTURES



13" International Conference Structure & Stability of Biomacromolecules, Kosice, September 9 — 12, 2025

Activation of the autolysin LytM from Staphylococcus aureus as a
potential strategy for the development of antibacterial drugs

D. NIEDZIALEK, G. WIECZOREK, M.NOWACKA, E.JAGIELSKA, |.SABALA

Laboratory of Protein Engineering, Mossakowski Medical Research Institute, Polish Academy of Sciences,
Warsaw, Poland

Staphylococcus aureus, particularly its methicillin-resistant strain (MRSA), is
recognized by the WHO as a major global health threat, which underscores the urgent need
for new antibiotic strategies. This pathogen relies on peptidoglycan hydrolases (PGHSs), a
class of enzymes that remodel the bacterial cell wall during growth and division. The ability
to control PGHSs at the protein level creates the prospect of redirecting their activity against
the bacteria themselves and thus opens a promising path for next-generation antibiotic
development.

LytM, an important PGH from S. aureus, is naturally produced in an inactive form.
The aim of this study is to elucidate the mechanism of LytM activation in vivo, focusing on
the conditions and molecular events that govern its transition from the inactive to the active
state. We use an integrated approach that combines experimental methods with advanced
computational simulations. These computational studies are essential for revealing dynamic
processes that contribute to the mechanical activation of LytM, processes that remain
inaccessible to traditional experimental techniques. The insights gained through this work
will provide a foundation for harnessing PGH activation as a novel strategy in antibacterial
therapy.

Acknowledgment. This work was supported by research grants OPUS 26 no. 2023/51/B/NZ1/01552
funded by the National Science Centre. We gratefully acknowledge Polish high-performance
computing infrastructure PLGrid (HPC Center: ACK Cyfronet AGH) for providing computer facilities
and support within computational grant no. PLG/2024/017439.
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“To B or not to B” in Nucleic Acids Chemistry

N. SUGIMOTO

Frontier Institute for Biomolecular Engineering Research (FIBER), Konan University, Kobe, Japan

In this lecture, | will provide an overview of the basic concepts, methods, and recent
applications of predicting the stabilities of nucleic acid structures. | explain the theory of the
most successful prediction method based on a nearest-neighbor (NN) model. To improve
the versality of prediction, corrections for various solution conditions considered hydration
have been investigated. | also describe advances in the prediction of non-canonical
structures of G-quadruplexes and i-motifs. Finally, studies of intracellular analysis and
stability prediction are discussed for the application of NN parameters for human health and
diseases.

Acknowledgment. The author is grateful to the colleagues named in the cited papers from my
laboratory, institute (FIBER), and others. This work was supported by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) and the Japan Society for the Promotion of
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Grant-in-Aid for Scientific Research (S) (22H04975), JSPS Core-to-Core Program
(JPJSCCA20220005), and The Chubei Itoh Foundation.
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Non-canonical structural motifs in DNA - their identification in the
genome using the Qinder search tool and their analysis in a system
mimicking mini-circular DNA

V. VIGLASKY, L. TRIZNA, D. PITKOVA, A. VARHA

Department of Biochemistry, Institute of Chemistry, Faculty of Science, University of P. J. Safarik in Kosice,
Kosice, Slovakia

There is no longer any doubt that non-canonical structural motifs (NCSs) formed by
nucleic acids play a crucial role in regulating essential cellular processes. These include G-
guadruplexes, i-motifs, cruciforms, triplexes, and other structures. The spatial arrangement
of bases forming either Watson-Crick or Hoogsteen hydrogen bonds must be precisely
defined for an NCS to form. In the case of G-quadruplexes and i-motifs, base pairing occurs
exclusively between guanines and cytosines, respectively. Their stabilization requires either
potassium cations or mildly acidic pH conditions. NCSs generally utilize various
combinations of these hydrogen bonding types.

Our pioneering work involved introducing steric hindrance to G-G pairing within G-
guadruplex structures using platinum derivatives, effectively preventing bond formation [1].
More recently, we proposed a universal intelligent system capable of spontaneously forming
any NCS — even without chemical modification of the sequence. This system also mimics
small plasmids [2].

Another challenge we addressed was the multimerization and tandem arrangement
of G-quadruplexes. Although our key findings have been published, many uncertainties
remain [3, 4]. For instance, some G-quadruplexes multimerize, but a single point mutation
in a region unrelated to the G-rich domain can abolish this ability. Conversely, under
dehydration conditions, the opposite effect has been observed.

Our laboratory was among the first to initiate a series of analyses of G-rich regions in
viral genomes, including papillomaviruses, Ebola, and HIV [5-7]. We also explored
interactions between G-quadruplexes and various ligands. For example, we demonstrated
that thiazole orange and Rhodamine 6G, when complexed with G4 structures, exhibit unique
induced CD spectral profiles in the visible range [8, 9].

Recently, we introduced an alternative approach to representing nucleic acid
sequences in 3D space [10]. This system enables the discovery of novel, unusual structures
within long sequences, and we developed a software tool for identifying sequences prone
to forming NCSs. In parallel with the work of Prof. Cech et al., we predicted that (UG)x
sequences can adopt a left-handed G-quadruplex conformation in DNA, but only under
dehydrating crowding conditions. Furthermore, we recently showed that the d(AG)n
sequence forms a new NCS with features resembling the tetrahelical VK structure [11].

Acknowledgment. This work was supported by research grants VEGA 1/0347/23 and EU
NextGenerationEU through the Recovery and Resilience Plan of the Slovak Republic 09103-03-V05-
00008 — VVGS-2023-2958.
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The effect of selected RyR1 MH mutations on the interaction between
the EF-hand region and S23 segment

aA, ZAHRADNIKOVA, 3. BAGLAEVA, "A. WAHEED, "M. SABO
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Mutations causing malignant hyperthermia (MH) dysregulate calcium release,
partially by diminishing calcium-induced inactivation of the RyR1. Several mutations in these
domains cause MH and weaken the RyR1 inactivation [2]. We have recently shown [1] that
the allosteric pathway responsible for the RyR1-type inactivation is dependent on the inter-
monomeric interaction between the EF-hand region of one monomer and the S23 segment
of the neighbor monomer. Here, we tested the effect of mutations R4736W, F4732D, and
G4733E in rRyR1 on hydrogen bond formation between the EF-hand region and S23
segment, using molecular dynamics simulation.

Models of tetramers of the rRyR1 core region (rRyR1 residues 3668-5037),
corresponding to the C-terminal quarter of the molecule, based on the inactivated RyR1
structure 7tdg [3] were created, and mutations were introduced in ChimeraX [4]. Models
were embedded in a POPC lipid bilayer and solvated in 250 mM KCI, using the CHARMM-
GUI server [5]. The systems were equilibrated and simulations performed in GROMACS [6].
100-ns long production runs for the WT RyR1 and each of the three studied mutations were
analyzed for differences in RMSD and RMSF in GROMACS. The extent of hydrogen
bonding between the EF-hand region (residues 4070-4079,4100,4101) and the S23 loop
(residues 4730-4736) was compared. The formation of H-bonds between residues 4736 —
4732 and 4736 — 4733 was also examined.

All four systems produced stable trajectories with RMSD stabilizing within 30 ns of
simulation (Fig. 1). The steady-state RMSD increased in the order WT < F4732D = G4733E
< R4736W. However, the mutation had only a minor effect on the fluctuations in the EF-
hand region and S23 loop involved in the inter-monomeric interactions.
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Fig. 1 Fluctuations of the Ca atoms of the RyR1 core tetramers in the course of the simulation (left) and at
specific regions (center: EF-hand region; right: S23 loop).
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Each mutation had a specific effect on hydrogen bonding in the examined region.
Only the mutation R4736W resulted in a decrease of inter-monomer H-bond interactions.
Mutations F4732D and G4733E increased H-bonding interactions between the mutated
residue and arginine 4736.
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Fig. 2 Hydrogen bond formation between specific groups of residues. Black — H-bonds between the EF-hand
region and S23 loop; red — H-bonds between residues 4736 and 4733; blue — H-bonds between residues
4736 and 4732. Trajectory averages are plotted as dashed lines of the corresponding color.

This result allows us to predict that the changes in hydrogen bonding will affect the
strength and dynamics of the allosteric pathway leading to inactivation of RyR1 and thus to
the appearance of the MH phenotype.
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Magnetic nanoparticles— usefull platform for advanced biomedical
applications

A. ZELENAKOVA

Department of Condensed Matter Physics, Institute of Physics, Faculty of Science, University of P. J. Safarik
in Kosice, Kosice, Slovakia

In the recent past, magnetic nanoparticles (MNPs) emerged as the most promising
building blocks to realize multifunctional devices to be used in the biomedical field. The
greatest interest for MNPs resides in the possibility of exploiting their unique properties for
both diagnostic and therapeutic purposes (i.e., theranostics). For example, the interactions
between the particle’s magnetization and the 1H nuclear magnetization strongly affect the
nuclear relaxation times, making MNPs powerful contrast agents for magnetic resonance
imaging (MRI) applications. Furthermore, the interaction of the MNP’s magnetization with
an alternating magnetic field of appropriate frequency and amplitude can cause a strong
heating of the magnetic cores subsequently released to the surrounding tissues. This effect
is known as magnetic fluid hyperthermia (MFH), and it is already applied in clinics for the
therapeutic treatment of glioblastoma, prostate cancer, and some other tumors. Moreover,
it has been extensively demonstrated in the literature that theMNP surface can be easily
functionalized with ligands or biomolecules for the selective accumulation in target tissues
(chemical targeting). Although simple in principle, the many barriers posed by biological
processes make the application of this approach in clinics still far from being realized. MNPs
could offer a unique possibility to by-pass this hurdle, as they can be driven to a desired site
by the application of an external magnetic field gradient (magnetic targeting). In presented
lecture the various biomedical applications of magnetic nanoparticles from fundamental and
practical point of view will be discussed.
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9F Tryptophan: an efficient NMR probe for protein complexes

abA NAPLAVOVA, & PA. KOZELEKOVA, 2 PN. GASPARIK, 2PR. CRHA, °A. M.
GRONENBORN, 2 4], HRITZ

aNational Center for Biomolecular Research, Faculty of Science, Masaryk University, Brno, Czech Republic
bCentral European Institute of Technology, Masaryk University, Brno, Czech Republic
‘Department of Structural Biology, University of Pittsburgh, School of Medicine, Pittsburgh, USA
dDepartment of Chemistry, Faculty of Science, Masaryk University, Brno, Czech Republic

« m} 3t Il |“, ,‘\“ ‘\‘ “.‘
4 X N-terminus g If \ I\ Jw “‘,
Trp59 Trp59 i \\ AL/ \

A [ —~ T PR |
0 Ay it VA7 ¥ e |

The self-association of proteins is a fundamental mechanism in cell. The
oligomerization offers a way of protein regulation, often broadening their functionality. One
of the rarest amino acids tryptophan (Trp) has a unique role in protein self-association. It
has been previously described that Trp is commonly present in so called dimerization hot
spots partaking in dimer formation. A method that could selectively focus on Trp could
therefore offer a unique probe into protein dimerization. Nuclear magnetic resonance is a
powerful tool in structural biology. Traditional double *3C, **N labelling can be complemented
by the °F labelling which is a simple and straight-forward method. The biggest advantage
of *°F labelling is high signal intensity and a selective labelling of only chosen amino acid
(usually Trp, Tyr or Phe), leading to less convoluted spectra without background noise. For
these reasons, the °F labelling may present a technique especially useful for determination
of parameters connected to protein dimerization.

Here, we employed solution 1D °F-Trp NMR spectroscopy to characterize substrate
binding and dimerization of 14-3-3 proteins, focusing on 14-3-3C - an abundant human
isoform as an example. Upon study of post-translational modifications, it has been
discovered that phosphorylation of 14-3-3C at Ser58 located at dimeric interface leads to
monomerization. Both conserved Trp residues within 14-3-3 proteins are located in distinct
functionally important sites - the dimeric interface and the ligand-binding groove. We
substituted them by 5F-Trp, thereby introducing a convenient NMR probe. Fluorination of
the two Trp did not impact the stability and interaction properties of 14-3-3C in a substantive
manner, permitting to carry out °F NMR experiments to assess 14-3-3's structure and
behavior. Importantly, 5F-Trp228 reports on binding of substrates in the amphipathic binding
groove of 14-3-3C and permitted to distinguish distinct recognition modes. Thus, we
established that 1°F NMR
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is a powerful approach to evaluate the binding of partner proteins to 14-3-3 and to
characterize the properties of the resulting complexes.
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Cytochrome c oxidase - a key component of oxidative phosphorylation:
Regulation and modulation of its catalytic activity
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Mammalian cytochrome c oxidase (CcO) is an integral membrane protein which
catalyses the reduction of oxygen to water and additionally pumps protons across the
mitochondrial inner membrane. The net reaction can be written as follows:

4 c*2 + 8H*+ O2 — 4 ¢ +2 H20 + 4 HY

where c¢*? and c*3 represents reduced and oxidized form of cytochrome c, respectively, H*;
represents protons taken up from the matrix phase and H*, referring to protons released
into cytosolic phase of mitochondria.

CcO is composed of 13 subunits and four redox centers (Cua, heme a, and binuclear
catalytic site heme as + Cug), involved in electron transfer (ET) and in the reduction of Oz to
water. Cua is close to the cytosolic surface of the protein and serves as the initial acceptor
of electrons from cytochrome c. Electrons received by the oxidase are rapidly distributed
between Cua and heme a (Fea). ET continues further to the catalytic center composed of
heme as (Feas) and Cug, where oxygen reduction takes place.

Full reduction of CcO requires four electrons and the transfer of two electrons to the
oxidized catalytic center is accompanied with uptake of two protons, ultimately from
surrounding of the enzyme. The rate of heme as reduction appears to be simultaneous with
proton uptake and it has been concluded that the rate limiting process for this internal ET is
the stabilization of the electrons by protons.

In our study we have found that a single group with a pKa of ~6.8 is critical for the
regulation of the electron flow to the oxidized catalytic site of the CcO. Our data further
indicate that proton entry, coupled with electron transfer to the catalytic site during anaerobic
reduction, is gated by this residue and that proton access to the catalytic site is determined
by the rate of proton diffusion via the proton conducting K-channel [1]. Further, we have
shown that the reduction of Cug stimulates, rather than inhibits, the rate of the electron
transfer to heme as. The rate-limiting step of the reduction of catalytic site appears to be the
initial electron transfer to this site that proceeds with identical rates to either heme az or Cus.
As a consequence of changes at the catalytic site induced by the first electron reduction,
the second electron transfer can be realized more rapidly [2]. Our findings also suggest that
the relaxation of the catalytic center during the transition of the “high-energy” metastable
state of the oxidized CcO (Ow) to the “resting” oxidized state (O) is either shorter than 100
ms or there is no difference in the protonation and ligation state of the catalytic sites of O
and Ow [3, 4].

33

PL7



13" International Conference Structure & Stability of Biomacromolecules, Kosice, September 9 — 12, 2025

Acknowledgement: This work was supported by the project of the Slovak Grant Agency VEGA 1/
0028/22.

References

1. Antalik, M., Jancura, D., G. Palmer, G., & Fabian, M. (2005). A role for the protein in internal electron
transfer to the catalytic center of cytochrome c oxidase. Biochemistry, 44, 14881-14889.

2. Jancura, D., Antalik, M., Berka, V., Palmer, G., & Fabian, M. (2006). Filling the catalytic site of cytochrome
¢ oxidase with electrons : Reduced Cusg facilitates internal electron transfer to heme as. J. Biol. Chem. 281,
20003-20010.

3. Jancura, D., Berka, V., Antalik, M., Bagelova, J., Gennis, R. B., Palmer G., & Fabian. M. (2006). Spectral
and kinetic equivalence of oxidized cytochrome ¢ oxidase as isolated and ,activated* by reoxidation. J.
Biol. Chem., 281, 30319-30325.

4. Jancura, D., Tomkova, A., Sztachova, T., Berka, V., & Fabian, M. (2023). Examination of ,high-
energy“ metastable state of the oxidized (On) bovine cytochrome ¢ oxidase: proton uptaktke and reaction
with H202. Archives Biochem. Biophys., 747, art. numb. 109758.

34



13" International Conference Structure & Stability of Biomacromolecules, Kosice, September 9 — 12, 2025

Tiny motifs doing huge things: Side-chain Propelled Rings (SPuURSs) in
the aggregation domain of tau protein
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Secondary structure elements in proteins, such as sheets or helices are familiar to
the protein science community. Equally well-recognized are locally stabilized backbone
turns with the most frequent beta turn and related alpha, gamma, delta and pi turns. A
common denominator of all those structures is the hydrogen pairing of backbone nitrogen
and carbonyl oxygen atoms.

Less apparent albeit also frequently encountered in PDB structures are small motifs
stabilized by hydrogen bonds between backbone and side chain atoms [1]. For these motifs
we coined an acronym SPuRs (Side-chain Propelled Rings) to distinguish their peculiar
feature [2]. Looking for SPuRs in available structures, we found a surprisingly large panel of
them, with variable lengths and amino acids involved. In globular proteins, SPuRs are
frequently on the margins of sheets or helices, but they are also in loops connecting protein
domains. Considering intrinsically disordered proteins (IDPs), we expect much larger
significance for SPuRs due to their independence on a globular character of molecule.

IDP tau, microtubule associated protein involved in the pathology of various
neurodegenerative tauopathies, underlies oligomerization and aggregation during disease
progression. We have studied in more details the aggregation domain of tau protein and its
surroundings with respect of possible SPuR motifs and validated them by experimental and
in silico methods. Targeting of tau SPURs may represent a way to regulate its aggregation.

Acknowledgment. This work was supported by research grants APVV-21-0479, VEGA 2/0141/23,
2/0125/23 and EU Grants ADDIT-CE, InterTau.
References

1. Leader, D. P., & Milner-White, E. J. (2009). Motivated Proteins: A web application for studying small three-
dimensional protein motifs. BMC Bioinformatics, 10(1), 60.
2. Martonova, K. (2021). Structure Motifs Regulating Disordered Proteins. Literature overview for PhD thesis.

35

PL8



13" International Conference Structure & Stability of Biomacromolecules, Kosice, September 9 — 12, 2025

Insights into the early oligomerization stages of truncated tau proteins
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Numerous structures of tau fibrils from different tauopathies suggest a sequence-
specific mechanisms of amyloid aggregation and polymorphism. Previously validated short-
sequence amyloid motifs are regarded as carriers of tau amyloidogenicity because of their
intrinsic beta propensity and their ability to assemble into stable amyloid fibrils core [1-2].
Truncation of tau polypeptide sequence has been identified as the trigger of amyloid
aggregation by exposing amyloid-prone regions and disrupting the protective full-length tau
conformation previously proposed [3].

Our aim was to identify important structural changes that could cause significantly
different aggregation profiles in Tau321-391 and Tau326-391 variants found by AFM and
ThT assay. In particular, the importance of tau residues 321-325 was found to be essential
to the self-assembly of monomers, as opposed to tau 326-391, which was incapable of
aggregation, tau 321-391 showed a strong aggregation tendency. To reveal the structural
mechanisms underlying tau aggregation, we performed simulations of tau 321-391 and 326-
391 monomers and dimers, as well as their truncated variants. MD simulations revealed
increased propensity of N-terminus of 321 tau variants towards beta-structures in all atom
simulations, but rather helical propensity in coarse-grained simulations. Moreover,
simulations successfully replicated sequence-specific beta-sheet propensity in agreement
with computationally predicted and experimentally established amyloid-nucleating motifs,
confirming the sequence-dependent amyloid propensity. Our study demonstrated
sequence-dependent mechanism of aggregation, where only five amino acid difference can
lead to completely different in vitro aggregation profiles. In silico, both variants, starting with
326 or 321 residues, formed short-lived dimers, however the main differences were
observed in the structural contents, which could influence the further oligomerization and
aggregation process.
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Bioinformatic identification, expression, purification and structural
characterization of domains in multidomain proteins
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The structural and functional characterization of large multidomain proteins can be
quite challenging. One common approach is to “divide and conquer”, that is, to partition the
protein into separate parts, each of which can be characterized individually. One such
protein, which is essential in animalia is the ryanodine receptor (RyR). It is an ion channel,
whose main function is to control Ca2+ release in muscle cells and thereby to promote
functional muscular contraction. The ryanodine receptor is a homotetramer formed by four
monomeric subunits (Fig. 1A) in which each subunit consists of 10 domains. Isoform 2 of
this protein (RyR2) is predominantly expressed in cardiac tissue and its malfunction is
associated with various cardiac arrhythmias [1].

In our laboratory we originally identified the domains of RyR2 using bioinformatics
tools [2, 3] and further solved the structure of the N-terminal domain (NTD; Fig. 1B) by X-
ray crystallography and SAXS analysis under near-physiological conditions [4]. The
structure confirmed the presence of three subdomains and revealed the role of the central
helix, which connects the three subdomains through a hydrogen bond network. A
combination of biophysical characterization and molecular dynamics studies [5] revealed the
role of residues L414, 1419 and R420, located in the central helix, whose mutations are
associated with cardiac arrhythmias.

Domain A
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E243K &

Lo, 1419F L433P

Central Helix ../ (%

» Domain C
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Fig. 1 (A) Quarternary structure of the human ryanodine receptor 2 (7u9z). (B) Crystal structure of the N-
terminal domain of human Ryanodine receptor 2 (4jkq).
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Effects of rotenone and photobiomodulation on alpha-synuclein
aggregates in differentiated SH-SY5Y cells
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The world population will age in next few decades significantly. According to the
WHO, the number of people older than 60 years will nearly double from 12% to 23% by
2050. Increase in aging correlates with an increase of the neurodegenerations in population,
including Parkinson’s (PD), Alzheimer (AD) diseases and ALS (amyotrophic lateral
sclerosis). PD is a progressive neurodegenerative disorder characterized by the loss of
dopaminergic neurons in the substantia nigra pars compacta (SNc) and accumulation of
insoluble cytoplasmic protein inclusions, including a-synuclein (aSNC). Photobiomodulation
(PBM) by low-level near infrared (NiR) radiation was shown to have positive effects in cell
repair processes and proliferation, in wound healing, muscle repair, and angiogenesis. The
present work compares the levels of a-synuclein (a¢SNC) monomers and aggregates in non-
differentiated and differentiated SH-SY5Y cells. We have established the 2D model of PD
by using human neuroblastoma cell line SH-SY5Y and rotenone (ROT) treatment. In
addition, we explore PBM effect on ROT treated cells (200nM Rot for 48hr, NiR 1J/cm?). We
have investigated aSNC species with specifically designed antibodies to recognize
monomer and aggregated form. In non-differentiated SH-SY5Y cells, control cells displayed
a low level of aSNC monomer and appreciably higher level of aSNC aggregates. Treatment
with ROT increased aSNC level of both species, monomers and aggregates, respectively.
These findings were confirmed further by the AFM analysis and Thioflavin T (ThT) assay,
which showed that ROT treated cells have higher load of amyloid species based on the
significantly higher ThT fluorescence intensity compared to non-treated cells and media.
PBM treatment increased aSNC monomer level in both, control and ROT treated cells. In
contrast, PBM notably decreased aSNC aggregates level in both. In the next step, we have
differentiated SH-SY5Y cells by incubation with 1% FBS media and 10mM retinoic acid (RA)
for 10-14 days. Differentiation media was changed every 72 hr. The SH-SY5Y differentiation
was confirmed by expression of neuronal markers microtubule-associated protein 2 (MAP2)
and tyrosine hydroxylase (TH). In differentiated SH-SY5Y cells (D9-D17), we have found
noticeably higher load of aSNC aggregates in comparison with non-differentiated cells. The
load of aSNC aggregates increased with the length of cultivation. In addition, differentiated
SH-SY5Y cells were substantially more resistant to ROT cytotoxicity. The PBM treatment
decreased aSNC aggregates level in control and ROT treated differentiated SH-SY5Y cells.
The present results lay the groundwork for a PD research in more complex systems such
as 3D organoids, or in the animal model in vivo.
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lonic liquid to tune cell membrane's viscoelasticity & amyloid fibril's
properties: A combined atomic force microscopy and neutron
scattering study
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lonic liquids (ILs) are a vast class of organic electrolytes composed of an organic
cation and an organic or inorganic anion. Their melting temperature falls around room
temperature, and they possess a low vapour pressure. In the last 20 years, several studies
have shown moderate-to-high toxicity towards live cells and microorganisms for several ILs,
breaking the dream of their absolute green character. Toxicity, however, is synonymous with
affinity, and this has motivated several investigations focused on the mechanisms of action
of ILs, which understanding can underpin the development of IL-based approaches in drug
delivery, biomedicine, pharmacology, material science, and bio-nanotechnology broadly.
Atomic force microscopy and neutron scattering are the two major approaches in use in my
Lab, which we combine with computer simulations and a variety of cell biology assays (Fig.
1). After giving an overview of ILs in biophysics [1,2], | will focus on two representative cases
of study under investigation in my Lab. First, | will discuss the effect of ILs on cell membrane
models [3-5], cell migration and cell mechanics [6]. | will then move into amyloid fibrils,
showing the effect of ILs on their morphology, surface electric potential and assembly [7]. |
will conclude my seminar by presenting some current work underway in my Lab, including
our preliminary results on lipid raft domains and cell rheology.

NEUTRON REFLECTIVITY ATOMIC FORCE MICROSCOPY MOLECULAR DYNAMICS
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Fig. 1 Neutron reflectivity gives access to IL-partitioning between lipid and aqueous phases, atomic force
microscopy to the effects of the absorbed IL on the biomembrane’s morphology and mechano-elasticity, and
computer simulations to the mechanism of insertion and several other observables.
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RNA-Bender: A Novel Molecular Dynamics-Based Approach for Rapid
Sequence-Based RNA Model Construction and Refinement
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We have developed a novel molecular dynamics-based approach, the RNA-Bender
program, designed to facilitate the rapid, sequence-based construction of RNA models.
Initiating the folding process with RNA-Bender requires detailed information regarding the
shape of the RNA molecule (e.g., determined by Cryo-EM) and base pairing data (e.g.,
obtained from NMR measurements). This method allows for the controlled folding of RNA
molecules by manipulating various fragments (such as bases, loops, hairpins, etc.) of the
folded RNA molecule in a sequence defined by the user. To prevent unwanted energetic
effects that could compromise the final RNA structure during manipulation, the structure is
cooled in a controlled manner. We have successfully applied this method to resolve RNA
structures obtained from Cryo-EM, refining them to angstrom-level resolution. We intend to
present successful case studies and discuss the challenges our approach still faces.
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Immobilisation free in-solution kinetics using Flow Induced Dispersion
Analysis (FIDA)
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Flow induced dispersion analysis has been recently recognized as a powerful tool in
drug discovery research due to its capabilities in providing many information from little
amount of sample. It is possible to screen heterogeneity, stickiness, labelling quality and
also affinity determination in equlibrium. When introducing FIDA Neo detectors in 2024
which provide extra Lambda Dynamics to the detection system, in-solution kinetics software
had been also introduced. While affinity determination is a crucial information for many
researchers, association constant and dissociation constant remained unravelled by FIDA.
This no longer stands true.

Affinity determination is a crucial step in kinetics characterization. Premixing your
samples and injecting the complex to the equimolar concentration of interaction partner
prevents dissociation of interaction partner from the indicator, thus equilibrium state is
established during affinity measurement. Changing the system from premixing your samples
with each other and injecting the indicator itself to the interaction partner with varying
concentrations leads to formation of the complex but not in equilibrium state. (Fig. 1) This
change can be used for association constant determination based on the curve shift from
equilibrium state. Since affinity is known from premix measurement and association constant
is known from capmix measurement, it is possible to calculate dissocation constant which
is extremely useful compared to immobilization technique like surface plasmon resonance
or biolayer interferometry, where dissocation constant characterization is extremely
important for correct affinity determination, but it can be very time consuming, especially for
slow dissociating compounds.

Flow induced dispersion analysis is a truly unique technology. At the moment, this
technology is the only one capable of characterizing complete in-solution kinetics in the
world. The application portfolio is very versatile, from small molecules to large complexes.

45

SC2



13" International Conference Structure & Stability of Biomacromolecules, Kosice, September 9 — 12, 2025

Premix /\

=1
—= | A kA A
=

Complex size

Rh (nm)

Ko

Concentration of analyte protein

Rhijnm)

Equilibrium
condition .

-

Concentration of analyte protein

CE————ay

Fig. 1 The left image shows a typical binding curve under premix conditions (equilibrium) used to determine

Kb. The right image shows the same typical binding curve as in the left image, but inder non-equilibrium
conditions using capmix. The less amount of time allowed for interaction between binding partners the weaker

apparent Ko is observed (Opaque orange) compared to the equilibrium Kp (dotted line).
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Ultimate DSC, a new tool for protein characterization
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presenting: °M. CERNIK

aCalneos SAS, Clermont-Ferrand, France
bInstitut Neel CNRS, Grenoble, France
cUni-Export Instruments, s.r.o., Prague, Czech Republic

In biochemical, biophysical or pharmaceutical research, proteins are an important
subject in the development of new drugs or treatments.

The stability parameters of these proteins are necessary for all these developments.
It is therefore necessary to know, for example, the denaturation temperatures of the proteins
studied, as well as the energy involved in these denaturations (denaturation enthalpy and
temperature).

The technology most commonly used to access these thermodynamic parameters is
differential scanning calorimetry (DSC). One of the major problems with this technology is
the large quantity of protein required to obtain usable results: up to 1 ml per experiment, for
proteins that can sometimes be very expensive to produce.

In this context, Calneos has developed the Ultimate DSC, which allows the use of
less than 100 pL of sample in extractable crucibles. One of the advantages is the drastic
reduction in the amount of sample required to obtain usable thermograms. Another
advantage is the elimination of tedious and sometimes unreliable cleaning procedures.

This presentation will focus on the main points to carried out measurements, explain the
unique features as Joule effect calibration and real sample temperature measurement, and
conclude with results obtained with Lysosyme or RNase in PSB buffer at low concentration
and protein quantities.
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Thermodynamics of the transition of ferryl (F) to the oxidized form of
cytochrome c oxidase: implication for the proton pumping

aA. TOMKOVA, @T. SZTACHOVA, 2D. JANCURA, °M. FABIAN

@Department of Biophysics, Institute of Physics, Faculty of Science, University of P. J. Safarik in Kosice,
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In respiratory heme-copper oxygen reductases (HCOs), membrane bound
complexes, the energy released during the reduction of dioxygen is utilized to build the
transmembrane proton gradient by two mechanisms. One of these molecular mechanisms
is the proton pumping, which remains the essential problem in the enzymology of HCOs.
Large family of HCOs consists of cytochrome c¢ oxidases (CcOs) found in all eukaryotes and
some prokaryotes. In CcO electrons from cytochrome c are transferred through copper Cua
to heme a and finally to the catalytic heme a3-Cug center where O: is reduced to water. Most
of the current pumping models rely on the energy released by the transfer of electrons from
heme a to the two ferryl intermediates of heme a3 [1-3]. One of these ferryl forms, denoted
as F, is observed when three-electron reduced CcO reacts with O2. One-electron reduction
of this F state, producing the oxidized CcO (O), is assumed to release the main amount of
energy for the pumping [4, 5]. Here, utilizing the purified bovine CcO the enthalpy changes
of -13.6 kcal/mol ¢ (pH 8.0, 25 °C, | =0.145]) was determined by isothermal titration
calorimetry for the F-to-O transition initiated by the reduction with ferrocytochrome c. The
estimated AG of about - 24 kcal/mol for this reaction indicates that the reduction potential of
F/O couple is close to +1.3 V. However, the structural changes, associated with the redox
transition of heme a, are apparently the main driving force for the translocation of charges.

Acknowledgment. This work was supported by research grants of VEGA 0028/22.
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From Structure to Identification: Shimadzu Tools for Biomacromolecule
Research
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Deciphering the role of small structural motifs in aggregation of tau
protein

3A. POLAK, 2K. MARTONOVA, 3S. NJEMOGA, "E. BARRERA, 2R. SKRABANA

anstitute of Neuroimmunology, Slovak Academy of Sciences, Bratislava, Slovakia
bInstitute of Histology and Embryology (IHEM), National University of Cuyo (UNCuyo), CONICET, Mendoza,
Argentina

Intrinsically disordered proteins (IDPs), among them disordered neuroproteins, are
often prone to aggregation. IDPs lack a well-defined 3D structure, their hydrophobic and -
strand-promoting residues are more exposed to solution and post-translational modifications
can also shift them to amyloidogenic state. However, we have also identified another
potential regulators of amyloidogenesis — side-chain propelled rings (SPuRs) (1, 2). SPuRs
are formed by intramolecular interactions between side-chain (SC) atoms and main-chain
(MC) residues of a protein. An example of such SPuR is the hydrogen bond between SC
carboxyl of D387 (i) and MC G389 (i+2) nitrogen, identified on solved structure of tau386-
391 in complex with MN423Fab (2V17) (Fig. 1) (3). Originally, such interactions were
identified on crystal structures of globular proteins. Their function is related to their
localization at turns or loops and involves stabilization of secondary and terciary structures
of proteins, protein folding and shaping of active sites of proteins. However, when translated
to disordered proteins and, in our case specificaly tau protein, these motifs represent
potential structure regulation sites in otherwise disordered protein. We suspect they play a
role in either stabilization of aggregated forms or, on the other hand, in preventing
aggregation by stabilizing tau in physiologic state. Our aim is to verify and asses these
hypotheses by site-directed mutagenesis of residues creating the motifs and their
subsequent functional characterisation including dynamic ligt scattering, surface plasmon
resonance, in-cell fluorescence recovery after photobleaching and electron microscopy.

Fig. 1 (A) schematic representation of Asx-turn formed by SC-MC intramolecular hydrogen bond. (B) Structure
of tauss7-3e1 in complex with MN423Fab with highlighted Asx-turn (structure PDB ID 2V17).

Acknowledgment. This work was supported by European Union’s Horizon 2020 grant No 873127
(InterTau), APVV 21-0479, Vega 2/0125/23, 2/0141/23. The results were obtained under National
competence centre for high performance computing (project:311070AKF2) funded by European
Regional Development Fund, EU Structural Funds Informatization of society, Operational Program
Integrated Infrastructure.
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Design and Characterization of Circular DNA Minicircles as a Tool for
Studying Non-B DNA Structures

L.TRIZNA, D. PITKOVA, A. VARHA, V. VIGLASKY
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Kosice, Slovakia

Due to its conformational flexibility, DNA can form multiple non-canonical secondary
structures, commonly termed non-B DNA motifs including G-quadruplexes, i-motifs,
hairpins, triplexes, among others. The formation of such secondary structures is influenced
not only by the intrinsic DNA sequence but also by various environmental factors such as
temperature, pressure, pH, ionic strength, and/or the presence of molecular crowding agents
[1]. Accumulating evidence indicates that the formation of non-canonical DNA structures
contributes to multiple cellular processes, such as the regulation of gene expression at the
levels of transcription and translation, epigenetic modulation of chromatin architecture, and
DNA recombination. A growing body of research further suggests that the transient
formation of these structures may modulate the expression of genes implicated in
neurodegenerative disorders [2].

We have designed and characterized an artificial nanosystem based on circular DNA
molecules. To determine the structural properties of the resulting DNA minicircles, we
employed techniques such as circular dichroism spectroscopy, gel electrophoresis, and
atomic force microscopy. The minicircle architecture is assembled from strategically
designed single-stranded DNA sequences that serve as building blocks for the formation of
double-stranded circular DNA. Additionally, the system allows for the optional formation of
non-canonical DNA structures within the circular construct, enabled by the intentional
introduction of partial non-complementarity in a specific region of the building sequence. A
comprehensive approach to the preparation of artificial minicircles has been described [3].
Recently, our focus has been primarily on the incorporation of structural building blocks into
plasmid DNA using restriction endonucleases. This approach could allow us to analyze the
formation capacity and characteristics of non-B DNA motifs directly within the native cellular
context.

Acknowledgment. This work was funded by the EU NextGenerationEU through the Recovery and
Resilience Plan of the Slovak Republic under the project no. 09103-03-V05-00008 — VVGS-2023-
2958.
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Possibilities of measurement particle size, zeta potential and rheologic
behavior with Anton Paar instruments

R. LANDL
Anton Paar Slovakia s.r.o., Bratislava, Slovakia

Anton Paar is a leading manufacturer of high-precision instrumentation for the
physical and chemical characterization of materials. In the field of macromolecules and
proteins, the company provides innovative solutions for determining particle size, zeta
potential, and rheological properties—key parameters for understanding the stability,
structure, and functionality of both biological and synthetic systems. The Litesizer series
employs Dynamic Light Scattering (DLS) to precisely and reproducibly measure
hydrodynamic diameter and size distribution of protein aggregates or polymeric structures,
even at low concentrations. In addition, it enables zeta potential determination, which is
crucial for assessing colloidal stability and predicting aggregation tendencies in sensitive
protein formulations.

Complementary insights into functional behavior are provided by rheological
measurements, which reveal viscoelastic properties and molecular interactions within
macromolecular networks. Anton Paar’s advanced rheometers allow researchers to study
the behavior of proteins and biopolymers under various environmental and formulation
conditions, delivering valuable information for pharmaceutical research, biomaterials
development, and the food industry. By combining DLS, zeta potential, and rheology, Anton
Paar offers a comprehensive toolkit for protein and macromolecule characterization—from
particle size and electrostatic stability to functional performance—facilitating efficient
translation of laboratory research into practical applications.

Fig. 1 Dynamic light scattering instrument
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14-3-3C¢ Variants as Modulators of Amyloid B Fibril Formation
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aZ. GAZOVA
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Aggregation of the amyloid-B (AB) peptide into fibrillar structures is a hallmark of
Alzheimer’s disease, and proteins that interfere with this process may provide valuable
mechanistic insights. Here, we examined the influence of dimeric and monomeric variants
of 14-3-3 proteins on AB40 fibril formation. The 14-3-3C protein, a multifunctional regulator
of diverse cellular processes, can exist in different oligomeric states (monomeric,
homodimeric, heterodimeric), which may influence its functional role. Recently, 14-3-3 has
been implicated as a potential modulator of amyloid fibrillation [1,2].

In this study, we examined the effects of dimeric and monomeric 14-3-3¢ variants on
AB40 fibril formation. Fluorescence-based aggregation assays demonstrated that both
proteins attenuate fibril formation in a concentration-dependent manner, though the
monomeric protein was consistently more effective. Kinetic analyses suggested that the two
variants interfere with distinct microscopic steps of the aggregation process. Atomic force
microscopy confirmed these findings, revealing marked differences in fibril morphology and
abundance depending on the protein variant and concentration. In addition, binding
experiments indicated weak and dynamic interactions between AB40 and 14-3-3C variants,
supporting a direct modulatory role.

Together, these findings indicate that the oligomeric state of 14-3-3( proteins plays a
key role in their capacity to modulate AB40 fibrillation, with monomeric variants showing
greater inhibitory potential than dimeric ones.

Acknowledgment. This work was supported by research grants the Slovak Research and
Development Agency under Contract no. APVV-22-0598, APVV-18-0284, Slovak Research Agency
VEGA 2/0141/25 and MVTS COST ML4ANGP. This project was also funded by the European Union's
Horizon Europe program under grant agreement No 101087124 (ADDIT-CE). Views and opinions
expressed are however those of the author(s) only and do not necessarily reflect those of the
European Union or European Research Executive Agency (REA). Neither the European Union nor
REA can be held responsible for them.
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Ribosome display selection of non-immunogenic staphylokinase with
improved fibrinolytic activity

M. TOMKOVA, M. NEMERGUT, I. PILIPCINCOVA, E. SEDLAK

Center for Interdisciplinary Biosciences, Technology and Innovation Park, University of P. J. Safarik in
Kosice, Kosice, Slovakia

Thrombotic events, such as stroke, myocardial infarction, and pulmonary embolism,
are common causes of mortality and disability worldwide. Recombinant staphylokinase
(SAK) has been identified as a potential alternative plasminogen activator for thrombolytic
therapy. However, the clinical use of wild-type SAK is restricted due to immunogenic
reactions triggered by its bacterial origin. To reduce immunogenicity, non-immunogenic SAK
variants have been engineered and evaluated. Recent clinical trials have shown that the
non-immunogenic SAK variant is not inferior to tPA in the treatment of acute ischemic stroke
[1]. However, non-immunogenic mutations in the SAK molecule may reduce its functional
activity and stability.

To address these limitations, we used protein engineering approaches, specifically
directed evolution, to improve the properties of SAK. Ribosome display was used to evolve
a staphylokinase variant with enhanced function, using the non-immunogenic SAK 42D 3A
as a template. Our primary aim was to increase plasmin binding affinity, assuming this would
enhance activity. After five rounds of ribosome display, we discovered a mutant with higher
fibrinolytic activity in vitro than the template. This mutant exhibited a clot lysis half-time of
38.3 £ 0.6 minutes, which is significantly faster than the template molecule (49.2 £ 3.3 min).
However, the mutant showed reduced stability.

These results indicate that directed evolution can be used to enhance the activity of
non-immunogenic SAK variants. However, further strategy optimization is required to
achieve improvements in both activity and stability.

This work was funded by the EU NextGenerationEU through the Recovery and Resilience Plan for
Slovakia under projects No. 09101-03-V04-00041, 09-102-03-V01-00021 and by the Slovak
Research and Development Agency (grant No. APVV-23-0013). The authors gratefully acknowledge
the excellent collaboration with the members of the Loschmidt Laboratories at Masaryk University.
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Programmability of protein-DNA bioconjugates self-assembly through
functional ligand
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Nowadays, there is a growing demand for bio-based, safe, and effective drug delivery
or healing-supporting mechanisms [1]. In this context, especially the amyloid protein-based
nanomaterials are emerging as promising candidates for biotechnological and biomedical
applications [2]. In addition, fibrillar morphologies of proteins with cross-B secondary
structure associated with pathological aggregation in human body (e. g. amyloid 3 or tau)
as well as proteins playing crucial roles in lower organisms, such as spider protein forming
webs or bacterial proteins essential for forming biofilms [3, 4].

Presented work provides insight into the synthesis of bio-nanomaterials capable of
binding biologically active ligands and act as biosensors or drug delivery systems.
Recombinant spider protein eADF4(16) was chemically modified and subcequently
conjugated with DNA aptamers, leading to the formation of protein-DNA bioconjugates that
retain the key physico-chemical properties of both individual components.

Additionaly, this approach further enables the formation of highly organized fibril-
based nanomaterials with programmable self-assembly through targeted ligand acting as
self-assembling agent. When appropriate conditions are applied, the protein moiety of the
conjugate undergoes fibrillization process, while DNA aptamers selectively bind ligands in
solution, thereby linking individual fibrils.

Two types of DNA aptamers were used for the synthesis of bioconjugates: i) DNA
oligomers targeting different exosites of human a-thrombin and ii) split aptamers forming
ternary complex with ATP. Experimental results demonstrate that protein-DNA
bioconjugates assemble into diverse higher-ordered morphologies in the presence of their
targeted functional ligand, following reproducible pattern. Optimization of the reaction
components concentrations and environmental factors, such as temperature, self-assembly
time, or ion concentrations, may enable to design of specific, desired morphologies suitable
for use as drug delivery systems.

Furthermore, DNA aptamers binding thrombin molecule are characterized by a G-
guadruplex secondary structure, which can be destabilized under proper conditions, leading
to ligand release. Such conditions include significant alterations on ion concentration
essential for stabilizing G-quadruplex or rapid temperature shift of the system. Identifying
optimal conditions that resemble the in vivo environment could lead to the origin of drug
transporting system able to controllably release of desired ligand.
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On the other hand, split aptamers are a great example for the use as the biosensors

of specific molecules in the living organisms.

In summary, the establishment of a programmable platform based on bioconjugates
synthesized in this study offers safe and effective drug transport/biosensoring foundation.
This approach is based the inherent properties of both, protein and DNA components,
including biocompatibility, biodegradability, and minimal immunogenicity.
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Computational study of the tau protein aggregation
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The hallmark of neurodegenerative diseases is the abnormal accumulation of tau
protein, transforming it from a soluble state into insoluble aggregates with unique structures
depending on the disease [1]. Understanding the exact molecular mechanisms behind this
aggregation and how post-translational modifications influence it still remains a significant
challenge for experimental research. To address this, we employ computational
approaches, specifically utilizing three variations of molecular dynamics simulations [2, 3],
to thoroughly investigate the fibrillization process of paired helical flaments observed in
Alzheimer's disease [4] and chronic traumatic encephalopathy type Il [5]. Our results
demonstrate that tau aggregation into these paired helical filaments predominantly occurs
at one end of the fibril, with considerable energetic differences for dissociation from the two
ends. Furthermore, phosphorylation (pSer324/pSer324 and pSer356) decreased the free
energy minimum of the fibril, showing cooperation of these phosphorylations in the fibril
stabilization. While histidine 329 protonation also contributes to fibril stabilization in both
diseases, the impact of histidine 374 protonation differs between the two conditions.

Acknowledgment. Funded by the European Union’s Horizon Europe program under the grant
agreement No. 101087124 — ADDIT-CE. This publication reflects only the author's view, and the
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Enhanced efficiency of Fes0.@SiO, with specific ligand layer in
magnetic separation RNA
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We have designed core-shell nanopatrticles that enhance the separation efficiency of
nucleic acids and genetic material during RT-PCR assays. The improvement has been
achieved by using a specific ligand modification of the nanoparticles’ surface. Fe304@SiO>
nanoparticles with a magnetic core size of around 10 nm and a silica shell were modified
with an outer layer of organic ligand. In this way, four different samples were prepared,
consisting of the same core-shell Fez04@SiO- system with different ligands attached to the
surface. The specific ligands were chosen to enhance the RNA binding efficiency and
differed from each other by functional groups. We characterised the prepared nanoparticle
systems and studied their structural, morphological, and magnetic properties and their
potential to bind nucleic acids by the extraction protocol and ethidium bromide fluorescence
displacement assay. Our study shows that the modification of the nanoparticle surface with
a suitable ligand results in a significant increase in the separation efficiency of RNA
molecules.
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Spider silk eADF4(C16) nanofibrillar protein hydrogels for biomedical
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Proteins exhibiting exceptional structural and functional properties are highly suitable
precursors for the development of hydrogels. Such hydrogels retain characteristics typical
of polymeric materials, yet their uniqueness arises from the diversity of structures and
biological functions of the proteins themselves. Characterized by excellent physicochemical
and biomimetic properties, biodegradability, and low immunogenicity, protein hydrogels can
be used in a variety of applications, such as tissue engineering, drug delivery, or
biotechnology in the form of biosensors. From a structural point of view, they are considered
to be three-dimensional networks composed of hydrophilic polymer protein structures that
have the ability to absorb water without being dissolved. Especially, amyloid-based
hydrogels, in particular, exhibit tunable biochemical and mechanical properties [1-3], as
amyloid proteins self-assemble into B-sheet-rich structures with remarkable stability and
nanomechanical properties [4, 5]. These hydrogels can be chemically modified to
incorporate functional ligands and bind macromolecules, polymers or small molecules,
enabling diverse applications in biomedicine and beyond [6, 7]. Their fibrous shape also
facilitates the cross-linking of chains with other polymers and the bridging of individual
nanostructures, making them versatile building blocks for composite materials [8]. For
example, the modified surface of nanofibrillar hydrogels provides numerous active sites,
thereby increasing the efficiency of functional materials, such as enhancing adsorption
capacity or supporting cell adhesion and growth. One such material is the recombinant
spider silk protein eADF4(C16), derived from the silk of the orb-weaver spider Araneus
diadematus.

Based on the ability of proteins to self-assemble into amyloid fibrils under specific
conditions, the present work aims to fabricate single-protein hydrogels using lysozyme and
the recombinant spider silk protein eADF4(C16). Additionally, we the second task was to
develop hybrid hydrogels by conjugating proteins/fibrils with functional DNAs via chemical
coupling. Understanding the organization of DNA hybrids within the hydrogel scaffold and
their role in binding and releasing functional ligands is crucial for the controlled fabrication
of nanostructured materials. We demonstrated the formation of nanohydrogels, consisting
of fibrillar networks stabilized by B-sheets, which can be assembled on top of simple protein
films. This technique can be applied on glass slides, enabling fluorescence assays and cell
culture experiments.
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When Structure Matters: How Linker Length and Coumarin Dimerization
Shape Anti-Amyloid Activity
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Protein aggregation into amyloid fibrils is a central feature of numerous human
amyloid-related diseases, such as Alzheimer's disease (APs> peptide) and systemic
amyloidosis. Although proteins differ in their amino acid sequence and native folds, amyloid
fibrils share a common cross-B-sheet architecture, making them attractive targets for small
molecule modulators [1]. Coumarins are bioactive aromatic compounds with reported
antioxidant and anti-amyloid activity [2], yet how specific structural modifications translate
into anti-amyloid efficacy is still an open question.

Mono-coumarin derivatives (MCDs) Bis-coumarin derivatives (BCDs)
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Fig. 1 The chemical structure of the studied mono-coumarin derivatives (MCDs) and the bis-coumarin
derivatives (BCDs).

In this study, we investigated the ability of mono- (MCDs) and bis- (BCDs) coumarin
derivatives (Fig. 1) to modulate fibrillation of two structurally distinct proteins: the globular
protein - hen egg-white lysozyme (HEWL) and the intrinsically disordered AB4. peptide, and
explored their structure-activity relationship. The MCD1-MCD3 differed in the substituents
on the coumarin core, whereas the BCDs consisted of two coumarin units connected by a
flexible linker of varying length (3 (BCD3), 4(BCD4), 6(BCD6), or 7 (BCD7) methylene

groups) (Fig. 1).
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The anti-amyloid potential of the studied compounds was determined using
Thioflavin-T (ThT) fluorescence assay and atomic force microscopy. Interestingly, the anti-
amyloid activity of the studied compounds was different. Neither the presence of MCDs
during fibrillation nor the incubation with mature fibrils of both proteins altered fibril
morphology or abundance. In contrast, BCDs exerted substantial effects, highlighting a
strong dependence on both linker length and concentration. Among the tested derivatives,
BCD7 was the most potent, markedly inhibiting A4 aggregation at micromolar
concentrations and effectively disassembling mature fibrils, while HEWL fibrils exhibited little
susceptibility.

Kinetic analysis confirmed that BCD7 suppressed the characteristic sigmoidal
aggregation profile of APs> peptide, whereas BCD3 exerted only modest effects.
Computational modeling further supported these observations: molecular docking and
molecular dynamics (MD) simulations indicated that the extended linker in BCD7 enables
stable interactions with key residues in both the N-terminal region and hydrophobic core of
AB42 fibrils. Binding free energy calculations reinforced these findings, demonstrating
BCD7's superior affinity in line with experimentally observed potency.

Together, these findings highlight that dimerization of coumarin moieties combined
with an optimal linker length is the key structural feature for enhancing anti-amyloid activity.
Our results provide mechanistic insight into how small-molecule architecture governs
amyloid aggregation and offer valuable guidance for the rational design of next-generation
amyloid inhibitors.
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Analysing possible interaction of mitochondrial translocator protein
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Cardiac arrhythmias are among the leading causes of death worldwide. These
irregular heart rhythms can also result from ischemia/reperfusion, a process in which
fluctuations in nutrient and oxygen supply occur. During reperfusion, oxygen radicals
increase and at critical concentration, they flow out of the mi [1] influencing mitochondrial
membrane potential throughout the whole cell. The route for superoxide anions was
suggested by inner membrane anion channel, IMAC. Cardioprotective effects have been
observed at both the cellular and whole-heart levels following the application of specific
mitochondrial translocator protein (TSPO) ligands 4-chlorodiazepam (4CI-DZP), as well as
non-specific anion channel inhibitor 4,4'-diisothiocyano-2,2'-stilbenedisulfonic acid (DIDS).
While 4CI-DZP is believed to modulate chloride channel activity indirectly via TSPO, the
precise nature of this interaction remains unknown. Ponnalagu et al. (2006) showed that
isoform 5 of chloride intracellular channel (CLICS) is localized in the inner mitochondrial
membrane of cardiomyocytes and cardiomyoblasts and, therefore, is the most probable
candidate for the genetically unknown IMAC channel. We aimed to show whether the TSPO
protein is localized in the vicinity of CLIC5 protein, sufficient to enable any potential physical
contact.

We determined the colocalization of TSPO with CLIC5 protein. Both proteins were
visualized by immunofluorescence labeling (FlexAble Coralite kit for rabbit IgG, 488nm). The
images were acquired sequentially using Leica Sp8 STED 3X with 63X oil immersion
objective. Both proteins colocalized with Mitotracker Deep Red (Pearson coefficient for
TSPO was 0.8723 + 0.0441 (mean, SD, N=83) and for CLIC5 was 0.8936 * 0.0424 (mean,
SD, N=53). For the mutual colocalization of these two proteins, CLIC5 was stained using
Alexa 594 nm and TSPO was stained using FlexAble Coralite 488 nm. We quantified their
colocalization with Pearson coefficient (r = 0.8188 + 0.0523, mean, SD, N=85) and with
Mander’s coefficients that express the proportion of one signal colocalizing with the second
signal. The proportion of TSPO signal that colocalized with CLIC5 signal was 0.8135 +
0.0611 (mean, SD, N=86). On the hand, the proportion of CLIC5 signal that colocalized with
TSPO was smaller, 0.7766 + 0.0728 (mean, SD, N=86).

We used Forster resonance energy transfer (FRET) to analyze the protein-protein
interaction that has been suggested by Aon et al. (2009). FRET is observable when two
fluorophores are up to 10 nm apart, the efficiency of the energy transfer is sensitive not only
to the distance but also to the mutual position of the fluorophores and to their excitation and
emission spectral properties. For FRET measurement, we used Alexa 594 as donor
fluorophore due to its more appropriate spectral properties in comparison to FlexAble
Coralite 594. FlexAble Coralite 647 was used as acceptor. We used acceptor
photobleaching mode, the intensity of acceptor was bleached down to the background level
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within small regions of interest (ROIs) encompassing single mitochondrion or a small group
of mitochondria. We observed an increase in the donor intensity to 130% of its pre-bleach
value, with median efficiency 24% (median, Q1=17%, Q3=29%, N=1913 ROIs/90 cells).
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TSPO protein is a protein localized at the contact sites of the inner and the outer
mitochondrial membrane [3], sometimes it is referred to also as a protein of the outer
membrane only [2]. On the other hand, CLIC5 is localized in the inner mitochondrial
membrane, according to the study of Ponnalagu et al. (2016). Interestingly, when we
performed the FRET experiments with another protein from the outer mitochondrial
membrane, TOM20, we detected even higher efficiency of energy transfer (30%, Q1=26%,
Q3=33%, N=1456 ROIs/90 cells). The controls containing only donor or only acceptor
indicate that there is no other interference between the two fluorophores and that the
observed increase in the donor intensity should be the result of the resonance energy
transfer.

Our data imply that CLICS protein is localized in close apposition with TSPO protein,
near the outer mitochondrial membrane. Further experiments (like crosslinked co-
immunoprecipitation) are needed to show a possible functional connection between these
two proteins that could explain the sensitivity of the mitochondrial chloride channel to TSPO
ligands.
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Cancer therapy by magnetic hyperthermia: impact of cobalt ferrite
nanoparticles
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In recent years, magnetic nanoparticles (MNPs) have gained increasing attention as
promising agents for biomedical applications, owing to their ability to combine diagnostic
and therapeutic functionalities within a single platform. One of the most promising
therapeutic strategies is magnetic hyperthermia, in which MNPs exposed to an alternating
magnetic field are capable of converting electromagnetic energy into heat. This effect
enables the localised increase of temperature in tumour tissues, ultimately promoting cancer
cell death while minimising side effects on surrounding healthy tissues.

Within this context, cobalt ferrite (CoFe,0,) nanoparticles represent a particularly
attractive material due to their high magnetocrystalline anisotropy, chemical stability, and
well-defined magnetic behaviour. By tuning their size, morphology, and surface chemistry,
it is possible to significantly influence their magnetic behaviour and consequently their
efficiency as hyperthermia agents. Thermal decomposition is a suitable synthesis route for
producing highly crystalline CoFe,O, nanoparticles with controlled morphology, such as
spherical, cubic, or octapod-like shapes, enabling systematic studies on the impact of
nanoparticle design.

This contribution will address the potential of cobalt ferrite nanoparticles as
magnetothermal agents, with emphasis on the role of particle morphology and magnetic
properties in determining their suitability for cancer therapy.
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No. 1/0470/25.
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Over the past twenty years, ionic liquids (ILs) have become an important class of
solvents in biochemistry, biophysics, and biotechnology. They are organic salts composed
of an organic cation combined with an organic or inorganic anion. The nearly unlimited
number of possible combinations gives rise to their unique properties, which is why they are
often referred to as “designer solvents.” By carefully selecting the cation—anion pair, their
physicochemical properties - such as melting temperature, polarity, hydrophobicity, density,
viscosity, or solubility - can be precisely tuned [1]. Imidazolium-based ILs are among the
most widely studied ILs because their structure allows systematic tuning of side-chain
length, hydrophobicity, and functional groups. These variations strongly influence protein
stability, folding, and activity, making them valuable for probing solvent—protein interactions.
Their well-defined chemistry and broad availability also make them attractive candidates for
biotechnological applications involving proteins [2].
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Fig. 1 DSC thermogram of lysozyme in ILs with allyl-imidazolium cation at increasing concentrations in 2 mM
PP, pH 6.0. Lysozyme concentration is 140 uM.

We have studied the effect of imidazolium-based ionic liquids (ILs) with allyl, propyl,
and benzyl side chains, combined with chloride anion, across a wide concentration range
on the thermal stability, activity, and structure of lysozyme. The influence of cations differing
in hydrophobicity and geometry on lysozyme stability and activity was characterized to better
understand the mechanisms of protein stabilization. In addition to being widely used as a
model protein, lysozyme also serves as an antibacterial and anti-inflammatory agent in both
medicine and the food industry. Therefore identification of solvents capable to maintain or

enhance lysozyme stability and activity is of great importance for its biotechnological
applications.
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At pH 6, calorimetric measurements revealed that at lower ILs concentrations (10
mM, 25 mM, 50 mM), all tested ILs enhanced the thermal stability of lysozyme, as evidenced
by higher enthalpy change and elevated transition temperature. The effect of ILs with allyl
substituent was the most prominent (Fig.1). Complementary spectroscopic analyses (CD,
FTIR) together with fluorescence quenching confirmed that the native structure was
preserved under these conditions. Furthermore, the bacteriolytic turbidity assay using
Micrococcus lysodeikticus demonstrated increased enzymatic activity at these ILs
concentrations.

However, at higher IL concentrations (100 mM-1 M), both the thermal stability and
enzymatic activity of lysozyme decreased. CD spectra indicated alterations in tertiary
structure, while fluorescence data showed that ILs predominantly influenced the
microenvironment around tryptophan residues. The interactions between the selected ILs
and lysozyme are relatively weak, as follows from dynamic quenching. of lysozyme
fluorescence. Among the tested ILs, the benzyl-substituted cation exhibited the strongest
destabilizing effect. Since Trp62 and Trp108 are located in the active site, the results imply
that hydrophobic and —T interactions in this region contribute to modulating lysozyme
stability and activity. At higher concentrations, additional non-specific ionic interactions are
likely involved.

In conclusion, the selected ILs are capable of preserving the native state of lysozyme
and enhancing its activity in a concentration-dependent manner. These findings highlight
the potential of these ILs for further studies and applications in biotechnology.
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Breast cancer is one of the most common types of cancer worldwide. This invasive
disease has a poor prognosis for patients due to its aggressiveness. Therefore, it is
important to understand the mechanisms of the biological processes behind the disease
development and to propose an appropriate treatment.

In the present work, SKBR3 cells (ductal breast carcinoma) were subjected to a
selective treatment in which a metal-organic framework (MOF) as a transport system and
methylene blue (MB) as a photosensitising agent enabled photodynamic treatment (PDT).
Despite the modification of the particles by amination, the selectivity of the particles was not
uniform and PDT led to a heterogeneous response of the cells. To better understand this
effect, we proposed a single cell approach using photopolymeric chambers prepared by two-
photon polymerization direct laser writing that can confine a certain number of cells. Using
optical tweezers, SKBR3 cells treated with MOF-MB were transported into microchambers
and exposed to PDT. The reaction of the cells was detected in the following hours. For
multimodal detection, the samples were fixed in paraformaldehyde and immunostatined
against HER2 receptors and a-tubuline, which are significantly altered by the PDT process.

In summary, the observation of single cells in photopolymer chambers revealed the
correlations between the uptake of nanoparticles (MOF) and photosensitiser (MB) by
SKBR3 cells and PDT efficacy in these cells. This approach can be improved by the
delivery/inclusion of different phenotypes of cells in the microchamber, which could further
enable the monitoring of the microbehaviour of cancer cells compared to non-cancer cells.

Acknowledgment. This work was supported by the Slovak Research and Development Agency, grant
APVV-21-0333, and by the grant agency of the Ministry of Education, Science, Research and Sports
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Cholesteryl-anchor mediated non-covalent aptamer functionalization of
B-Casein self-assemblies towards therapeutic potential
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B-Casein is a naturally amphiphilic milk protein that spontaneously forms nanoscale
micelles, making it a promising drug delivery platform [1, 2]. Nucleic acid aptamers are short
single-stranded DNA or RNA oligonucleotides that fold into three-dimensional structures,
enabling specific binding to molecular targets, such as cell-surface biomarkers [3]. The
sgc8c DNA aptamer binds PTK7 receptor overexpressed on leukemic T cells and has been
employed for targeted cancer detection and therapy [4]. The functionalization of B-casein
micelles with aptamers remains largely unexplored.

We investigated the non-covalent anchoring of a cholesteryl-TEG modified sgc8c
DNA aptamer to 3-casein micelles. B-casein at 0.2, 2, and 5 mg/mL was prepared in 10 mM
sodium phosphate buffer (pH7) at 25 °C under stirring for 2 h, then filtered (0.2 um) and
incubated with sgc8c or cholesteryl-TEG-sgc8c aptamers at 0.5, 2, or 5 uM for 2 h.

Dynamic light scattering results showed that at 0.2 mg/mL, the B-casein based
structures were heterogeneous (Z-average ~46 nm, PDI 0.70); increasing concentration of
B-casein (2 mg/ml and 5 mg/ml) yielded more compact (31 nm and 28 nm) and uniform
micelles (PDI 0.46 and 0.43), consistent with micellization behavior.

Agarose gel electrophoresis showed significant retardation of aptamer mobility at
higher B-casein concentrations, indicating binding. At 2 mg/mL B-casein, 2 uM aptamer had
clear binding, while at 5 uM some aptamers remained free. In contrast, at 5 mg/mL 3-casein
even 5uM aptamer was retained. The cholesteryl-TEG significantly enhanced aptamer
anchoring: binding and reduction in free aptamer were more pronounced than with
unmodified sgc8c, likely due to stronger hydrophobic interactions between the cholesteryl
moiety and the micellar core.

These findings suggest that cholesteryl-TEG tag enables efficient non-covalent
insertion of sgc8c aptamer into B-casein micelles with potential applications for delivering
therapeutics to leukemic cells.
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Multitarget In Vitro Evaluation of a Novel Quinacrine Analog:
Interactions with DNA, RNA, HSA and Topoisomerase Inhibition
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Low-molecular-weight ligands represent some of the most promising drug candidates
in modern chemotherapy due to their broad spectrum of pharmacological effects. Studying
their physicochemical properties and biological activity is essential to understanding their
mechanisms of action and enabling further structural optimization. [1]. Acridine derivatives
represent one class of such molecules and are known for their wide range of biologically
significant activities, including anticancer, antiviral, antibacterial, antiprotozoal, antimalarial
and numerous other effects. The pharmacological attractiveness of acridines stems mainly
from the planar character of the azaheterocyclic chromophore that can be structurally
modified in various positions and allows interaction with all sorts of biomolecular targets [2].
Differently substituted acridine derivatives have been proven to interact with DNA and RNA
structural motifs, while also acting as potent topoisomerase inhibitors and cytotoxic agents,
all of which emphasizes their importance in the search for novel anticancer therapeutics [3-
5].

Our recent work was focused on studying the interactions between a novel quinacrine
structural analog (QAL, Fig. 1) and various target biomacromolecules, including calf thymus
DNA (ctDNA), single-stranded polyriboadenylic acid (polyA), double stranded
polyriboadenylic-polyribouridylic acid (polyAU), human serum albumin (HSA) and
topoisomerases (Topo) | and Il. The results of absorption spectroscopy experiments
disclosed the compound’s ability to bind with all three tested polynucleotides, although a
slight preference for single-stranded polyA structural motif was observed (Kp = 2,29 x 104
mol-t.dm?3) in comparison to double stranded motifs (K= 0,56 x 10* mol-.dm3). Binding of
QAL to the polynucleotides was further confirmed by shifts observed in emission and circular
dichroism spectra, as well as thermal denaturation assays. In the latter, we observed the
compound’s ability to stabilize the double-stranded motifs by 5,5 °C (ctDNA) and 10,8 °C
(polyAU), while also being able to induce the formation of a stable self-structured form of
polyA (Tm = 73,0 °C). Additionally, QA1 was confirmed to spontaneously bind to HSA with
high affinity (K, = 0,86 — 1,70 x 10° mol*.dm?3). This interaction is presumably mediated
through hydrophobic interactions and occurs mainly in binding site | of the [IA subdomain,
while a minor fraction of the molecules possibly binds to site Ill. Finally, the compound was
also tested for its inhibition activity against Topo | and Il. The results of these assays
revealed that QAL selectively inhibits Topo | over Topo Il and that the inhibition is primarily
mediated through its ability to intercalate between DNA base pairs. In summary, our findings
offer valuable insights into the pharmacological profile of QA1 and provide basic foundations
for further research of its biological activity.
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Fig. 1 Chemical structure of the studied compound QAL.
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Novel betulinic acid-based ionic liquids: synthesis and anti-breast
cancer activity
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Among its many biological activities observed in vitro, betulinic acid has shown strong
potential as an anti-breast cancer agent by inhibiting multiple key enzymes in signaling
pathways and cellular receptors [1]. It also exhibits synergistic effects with conventional
chemotherapeutics and increases the chemosensitivity of chemoresistant tumor cells [2].
Additionally, it may reduce inflammation, thereby altering the tumor microenvironment,
which contributes to tumor growth inhibition and activation of cell death mechanisms [3].

Despite the significant potential of betulinic acid (BA) in anticancer therapy, no
pharmacological applications have been approved due to its poor water solubility and,
consequently, low bioavailability. Therefore, BA formulations with improved
physicochemical properties and preserved or enhanced biological activity are in demand.
Recently, we discovered that converting BA into organic salts based on amino acid ester
cations may improve its solubility, cytotoxicity, and selectivity in hormone-dependent and
triple-negative breast cancer cells (TNBC) [4, 5].

Here, we report the synthesis of three new betulinic acid (BA) salts with arginine ethyl
ester, glutamic acid ethyl ester, and glutamic acid isopropyl ester cations. H NMR, 13C NMR,
and FTIR spectroscopy confirmed the structures of the compounds. The melting points and
thermal stability of the BA derivatives were also assessed.

The cytotoxic effects of the three novel compounds on triple-negative breast cancer
(TNBC) cells were evaluated by measuring mitochondrial activity using the colorimetric MTT
assay. The estimated half maximum inhibition concentration (IC50) is within the micromolar
range. We observed a slight increase in the cytotoxicity for the salt containing glutamic acid
isopropyl ester compared to the acid form of BA and its sodium salt. Additionally, we found
that all compounds were able to induce apoptosis through a caspase-dependent
mechanism. A decrease in metastatic potential and suppression of colony formation in
TNBC cells were also observed.
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Raman characterization of the biocompatible photoresist Ormocomp
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Photopolymer microstructures fabricated through two-photon polymerization direct
laser writing (TPP-DLW) are extensively utilized in live cell experiments as scaffolds or
containers that precisely localize cells in specific locations. Ormocomp is a biocompatible
photoresist material appropriate for TPP-DLW applications. When polymerized under near-
threshold conditions, Ormocomp exhibits high elasticity. The flexibility of Ormocomp
microstructures is influenced by the degree of conversion, which is significantly affected by
the polymerization laser power and writing speed.

Recently, flexible Ormocomp microrobots have been developed to be captured by
optical tweezers for applications involving indirect single-cell manipulation [1].
The fabrication process of these microstructures must be optimized to achieve
the necessary flexibility. This study employs Raman spectroscopy to quantitatively assess
the degree of conversion of the photopolymer. The ratio of selected Raman lines significantly
alters with an increase in polymerization laser power. Furthermore, non-trivial behavior is
observed when the writing speed is varied. Our findings will facilitate the further
development of flexible Ormocomp microstructures.
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Raman spectroscopy (RS) is a non-invasive, label-free spectroscopy technique
that identifies molecular vibrations (each spectrum acts as a unique fingerprint
of the substance) and is well-suited for biomedical use due to weak signal of water. When
combined with microscopy, it enables high-resolution spectral analysis and chemical
imaging of a variety of samples, including biological specimens [1-3]. The integration of RS
with other techniques like fluorescence microscopy or optical coherence tomography (OCT)
holds significant potential for multimodal bioimaging since it combines molecular specificity
(from RS) with structural or functional information from other modalities, offering thus a more
comprehensive view of biological samples [4, 5]. This methodology is currently gaining
importance in medicine, especially for the diagnosis, treatment, and targeting of tumors
with enhanced safety and efficacy. In this context, an important related task involves
designing, preparing, and investigating effective functional modular nanoparticles intended
for use in both bioimaging and cancer treatments. Particularly, an attention for targeted drug
delivery is focused on micro- and mesoporous nanoparticles, especially organometallic
frameworks (MOF), due to their high drug-loading capacity, kinetic and thermodynamic
stability, high biocompatibility, low cytotoxicity, and the potential for surface functionalization
[6-8].

In this study, we employ UiO-66 and its derivative UiO-66-NH, nanopatrticles [9, 10]
as potential drug delivery carriers, taking advantage of their porous structure that enables
the entrapment of a large number of hydrophilic drug molecules. We focus on 5-fluorouracil
(5FU), a chemotherapeutic agent widely recognized as one of the most effective and
commonly used drugs for treating various types of cancer [11, 12]. The favorable Raman
properties of the selected MOF nanoparticles were investigated to evaluate their potential
for modular functionality. Their reference vibrational spectra were recorded to optimize the
methodology and identify specific spectral markers. Subsequently, UiO-66-NH,
nanoparticles were detected within different cells to examine cellular responses to the 5FU
biological activity. Finally, Raman microscopy in combination with OCT and multiphoton
microscopy was used to examine interactions between UiO-66-NH2 nanoparticles
and patient-derived organoids of colorectal cancer. Our approach demonstrates
the multimodal potential of MOF for bioimaging and their modularity in drug delivery.
Improving this system through targeted surface modification would lead to controlled
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delivery and simultaneous therapy, which could significantly improve the success of cancer
treatment.
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Insulin, a vital peptide hormone for glucose regulation and diabetes management, is
prone to forming insoluble amyloid fibrils under certain physicochemical conditions, posing
significant challenges in both therapeutic administration and industrial production.
Phytoalexins, a class of low-molecular-weight secondary metabolites produced by plants in
response to pathogenic stress, are known for their broad pharmacological activities,
including antibacterial, antifungal, anti-inflammatory, antidiabetic, and anticancer effects.

Our study aimed to examine the destructive effect of indole phytoalexins and their
synthetic derivatives (Phy 7 to Phy 16) on insulin amyloid fibrils using ThT and Nile Red
fluorescence assays and atomic force microscopy (AFM). Based on the results of
fluorescence assays, three phytoalexins - Phy 7 (Cyclobrassinin), Phy 9 (2-phenylamino-
4,9-dihydro-1,3-thiazino[6,5-b] indole) and Phy 11 (N,N'-bis(4,9-dihydro-1,3-thiazino[6,5-
blindol-2-yl) benzene-1,4-diamine) exhibited strong ability to destroy insulin amyloid fibrils,
suggesting a notable capacity to interfere with the hydrophobic and B-sheet-rich region
stabilizing insulin fibrils. These the most active phytoalexins and one less active compound
(Phy 14), included for comparison, were selected for detailed concentration-dependent
studies in the range of 70pM to 700 uM. Among them, Phy 7 exhibited the highest
destructive effect on insulin amyloid fibrils with a DCs, value of 21.9 uyM (ThT assay) and
20.5 uM (Nile red assay), followed by Phy 11 and Phy 9. In comparison, Phy 14 showed
significantly lower activity with a DCs, of 802.0 uM (ThT assay) and 1084.5 uM (Nile red
assay). As presented in Fig. 1, AFM imaging showed reduced insulin fibrillar structures after
treatment with the most potent phytoalexins Phy 7 and Phy 11, which is consistent with their
high destructive activity observed in the ThT and Nile Red assays. The obtain results
indicate the structural- and concentration-dependence of phytoalexin's derivatives to destroy
insulin fibrillar aggregates.

The cytotoxicity of the studied Phy compounds on HEK-293 cells was assessed using
the lactate dehydrogenase (LDH) assay. Analysis of the results revealed that compounds
Phy 7 and Phy 11 did not exhibit any cytotoxic effects on HEK-293 cells.

This study identifies promising phytoalexin candidates, particularly Phy 7 and its
derivative Phy 11 (bis-indolyl derivative substitution) as novel non-cytotoxic amyloid fibril-
destroying agents. It highlights the potential of phytoalexins in combating insulin
amyloidosis.
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Insuin Fibril IF +Phy 7 IF +Phy 11

Fig. 1 AFM images of 10 uM insulin fibrils alone and in the presence of studied Phy 7 and Phy 11 after 16 hrs
incubation at 37 °C with 300 rpm shaking. All images are 10 x 10 ym with a scale bar representing 4 um.
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Chronic lymphocytic leukemia (CLL) is primarily characterized by the accumulation
of abnormal B lymphocytes. However, growing evidence suggests that the disease also
affects non-malignant blood cells, including red blood cells (RBCs). Alterations in RBC
morphology, deformability, and mechanical properties may contribute to microcirculatory
disturbances and tissue hypoxia in CLL, yet they remain underexplored.

In this study, we combine atomic force microscopy (AFM) and microfluidic flow
analysis to assess changes in the biophysical properties of RBCs in CLL.

RBCs are isolated from healthy donors, untreated CLL patients, and CLL patients
undergoing therapy with either Obinutuzumab/Venetoclax or Ibrutinib. AFM is used to
assess cell morphology, membrane roughness (Rrms), and stiffness (elastic modulus, Ea).
Microfluidic image flow analysis is employed to quantify RBC deformability based on the
elongation index (El) across a range of shear rates (89—625 s™).

AFM analysis reveals that RBCs from untreated CLL patients have significantly
reduced membrane roughness and increased stiffness compared to healthy controls, along
with a shift from the typical biconcave discocyte morphology to pathological forms
(echinocytes and spherocytes). Obinutuzumab/Venetoclax therapy restores membrane
roughness to levels approaching those of the controls, but the membrane stiffness remains
unchanged. In contrast, Ibrutinib treatment normalizes both the roughness and the stiffness.

Consistent with the nanomechanical analysis, microfluidic measurements confirm
that RBCs from untreated CLL patients exhibit significantly lower El values at all shear rates,
indicating poor deformability. RBCs from patients treated with Ibrutinib- show substantial
recovery of deformability, with El values approaching those of healthy controls at lower and
intermediate shear rates. However, at high shear rates (535-625 s™), El remains
significantly reduced, suggesting incomplete recovery of membrane flexibility.
Obinutuzumab/Venetoclax-treated patients are to be characterized in the future.

This study demonstrates that CLL is associated with profound biophysical alterations
in RBCs, which are differently affected by Obinutuzumab/Venetoclax and Ibrutinib therapy.
Thus, our findings highlight the importance of evaluating RBC stiffness and deformability as
potential markers of disease severity and treatment efficacy.
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Human serum albumin (HSA) is the most abundant protein of blood plasma and plays
an important role in the regulation of colloidal osmotic pressure. Due to its ligand-binding
capacities, it is also responsible for being a transport protein for both endogenous (such as
fatty acids, hormones, toxic metabolites (e.g. bilirubin), bile acids, amino acids, and metals)
and exogenous substances (a wide variety of drug molecules) [1-5]. The binding property of
albumin reduces the toxicity of many drugs and prolongs their half-life, as drugs compete
for binding at specific sites. So albumin has significant role in the pharmacokinetics and
pharmacodynamics of many drugs [6].

In this study, we investigated the binding properties of three 2-thiophenecarboxylate
(Tio2c) complexes with different central metal atoms Ag(l), Zn(ll) and Ga(lll), [Ag(Tio2c)]2
(AgTio2c), {[Zn2(Tio2c)4]2}n (ZnTio2c) and [Ga(Tio2c)s]-H.O (GaTio2c) to HSA using
fluorescence spectroscopy. Fluorescence quenching experiments were conducted at four
different temperatures, and the binding constant (Kp), Stern—Volmer quenching constant
(Ksv), and bimolecular quenching constant (Kq) were calculated for each complex. Based
on the result, all complexes exhibited spontaneous binding with moderate affinity (K, ~10*
M™) to a single binding site on HSA. The Ksv values of AgTio2c, ZnTio2c, GaTio2c were
recorded also in the order of 10* M. AgTio2c exhibited dynamic quenching, while ZnTio2c
showed static quenching behavior associated with ground-state complex formation.
Thermodynamic parameters (AH, AS and AG) were also calculated and indicated that the
binding process is endothermic and primarily driven by hydrophobic interactions. These
findings suggest that these complexes can effectively bind to HSA, affecting their biological
transport and activity. Among them, the AgTio2c complex appears to be the most suitable
for biological applications. However, further testing is needed to determine its complete
bioavailability.
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Hsp70-SBD as a Therapeutic Modulator: Biophysical and Structural
Perspectives in Light Chain Amyloidosis

M. NEMERGUT, M. TOMKOVA

Center for Interdisciplinary Biosciences, Technology and Innovation Park, University of P. J. Safarik in
Kosice, Kosice, Slovakia

Light chain amyloidosis is a protein misfolding disorder characterized by the
deposition of monoclonal immunoglobulin light chains as insoluble amyloid fibrils in tissues
and organs, leading to progressive dysfunction. Current treatments mainly focus on reducing
amyloidogenic light chain production through chemotherapy or monoclonal antibody
therapies, yet effective methods to directly prevent or reverse amyloid fibril formation remain
limited. The Hsp70 chaperone system plays a crucial role in protein homeostasis by
assisting protein folding, preventing aggregation, and facilitating the degradation of
misfolded proteins. This study aims to explore Hsp70 chaperone-based strategies to
mitigate light chain aggregation and their potential for future therapeutic development. In the
first step, we developed an effective method for producing soluble Hsp70-SBD in sufficient
guantity and quality, allowing us to perform basic biophysical characterization, including anti-
aggregation properties against the JTO light chain involved in multiple myeloma. We are
now developing new variants with higher specificity and improved anti-aggregation
properties using evolutionary techniques like yeast display.
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Role of proline-, cysteine-, and poly-L-lysine coated magnetic
nanoparticles in amyloid aggregation
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Proteins and peptides that aggregate into amyloid fibrils with a characteristic cross-
B-sheet structure are the hallmarks of a group of diseases known as amyloidoses [1].
Magnetic nanoparticles (MNPs) could variously interfere with the amyloid aggregation of
proteins depending on their physico-chemical properties, such as surface area, size, shape,
charge, and concentration. Amino acid functionalization of MNPs surface provides a more
extensive surface area to interact with macromolecules allowing them to be used as
potential anti-amyloid agents [2].

In this study, we investigated the effect of magnetic nanoparticles (MNPSs)
functionalized with proline (Pro-MNPs), cysteine (Cys-MNPs), and poly-L-lysine (PLL-
MNPs) on the fibrillization of a-lactalbumin (a-LA). a-LA, a small globular, acidic and Ca?*-
binding protein present in mammalian milk, can be used as a model protein for amyloid
aggregation in vitro. Amino acid-functionalized nanoparticles (aa-MNPs) were synthesized
using a precipitation method [3]. Their hydrodynamic diameter, zeta potential, and isoelectric
point were characterized by dynamic light scattering and laser Doppler velocimetry. The
effect of aa-MNPs on a-LA fibril formation and preformed fibrils was analyzed using
Thioflavin T fluorescence assay and atomic force microscopy (AFM). Lactate
dehydrogenase (LDH) assay was used to determine cytotoxicity of studied nanoparticles.
The results demonstrated that aa-MNPs disaggregate preformed a-LA fibrils and inhibit fibril
formation, depending on their concentration, size, surface charge, and specific surface area.
Kinetic parameters of a-LA fibril formation - including lag time, half-time of aggregation, and
aggregation rate constant - were determined from growth curves (Fig.1). All aa-MNPs
caused a significant decrease in steady-state fluorescence intensities. The presence of Cys-
MNPs and Pro-MNPs led to the shortening of the lag phase, on the other hand, PLL-MNPs
prolonged the lag phase. Determined DCso and ICso values (concentration of aa-MNPs
causing a 50 % decline in fluorescence intensities corresponding to 50 % fibrils destruction
or inhibition of fibrils formation) suggest that Pro-MNPs has the strongest inhibitory effect on
fibril formation (lowest ICso value), while Cys-MNPs exhibited the highest disaggregation
activity (lowest DCsg value). These findings were confirmed by AFM imaging. Samples from
disaggregation experiments using Cys-MNPs showed small aggregates and free aa-MNPs,
whereas fibrillization in presence of Pro-MNPs revealed significantly shorter fibrils compare
the fibrils formed alone. Cytotoxicity, assessed by LDH assay and optical microscopy of
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human kidney cells (HEK293) treated with aa-MNPs, indicated relatively high toxicity of PLL-
MNPs and low toxicity of Pro-MNPs.

In summary, our results suggest that the coating of nanoparticles with studied amino-
acids play a crucial role in influencing amyloid aggregation. These findings suggest diverse
mechanisms of MNPs’ anti-amyloid effect and help understand the impact of different
surface modifications on protein amyloid aggregation. Our results indicate that Pro-MNPs
effectively inhibit a-LA fibril formation while exhibiting low cytotoxicity, making them
promising candidates for anti-amyloid therapeutics.
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Fig. 1 Kinetic profiles of a-lactalbumin (a-LA) fibril formation alone (grey diamonds) and in the presence of aa-
MNPs: Cys-MNPs (red triangles), PLL-MNPs (blue circles), and Pro-MNPs (green squares) (w/w ratio - a-LA:
aa-MNPs = 1:1) measured using ThT assay. The error bars represent the average deviation of multiple
measurements (n = 5). The curves were obtained by the Boltzmann sigmoidal function fit of the average
experimental values.
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Non canonical 3WJ DNA motif — helical ligand interaction
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Kosice, Slovakia

Non-canonical DNA motifs are interesting molecular targets for the scientific
community due to their ability to regulate various physiological processes at the gene level
and may serve as building blocks in the development of biodegradable nucleic acid-based
nanostructures [1]. There are some specific DNA sequences that have the potential to
accept so-called three-way junctions (3WJs). These branched structures consist of three
double-stranded chains forming a central cavity, have a threefold symmetry with an almost
flat pyramidal arrangement. The specific binding of helical ligands to the central cavity of the
3WJ has the potential to dynamically regulate the physical and chemical properties of such
nanoparticles. The [MLs]** type ligands used in our work bind non-covalently to the
hydrophobic DNA cavity of 3WJ [2]. We analyzed the effect of helical ligands on the topology
and stability of DNA 3WJ motifs using electrophoretic and spectral methods, and in addition
we also monitored their overall denaturation profile using the TGGE method.
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Fig. 1 Structure of helical ligands used in our work.
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Structural characterization of the amyloid-forming protein RIPK1
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In nature, various functional amyloids have evolved to carry out essential biological
processes. Their assembly conformations result from selective evolutionary pressure to
optimize structure for function.

An example of functional amyloid involvement can be found in necroptotic signaling
pathways, where distinct homomeric and heteromeric assemblies mediate signal
transduction and execution. Upon activation of canonical necroptosis, receptor-interacting
protein kinase 1 (RIPK1) self-associates and becomes activated, subsequently recruiting
RIPK3 monomers to form a heteromeric complex known as the “necrosome”. This complex
serves as a nucleation seed for further homomeric RIPK3 amyloid assembly. The resulting
RIPKS3 fibrils then act as a scaffold for the oligomerization of the pseudokinase MLKL, which
ultimately executes necroptosis through membrane disruption. A similar mechanism
operates in non-canonical necroptotic pathways, where RIPK1 engages in alternative
heteromeric complexes—such as with Z-DNA binding protein 1 (ZBP1) or TIR-domain-
containing adaptor-inducing interferon- (TRIF)—that also lead to RIPK3 amyloid formation
and MLKL-mediated membrane permeabilization [1].

All amyloidogenic interactions within these pathways rely on a short amyloid-forming
sequence known as the RIP homotypic interaction motif (RHIM). While the structural
features of the RHIM have been elucidated for RIPK3 in both human and mouse, the
corresponding region in human RIPK1 remains uncharacterized. To address this gap, we
aimed to determine the structure of the human RIPK1 RHIM in order to better understand
the molecular basis of RHIM-mediated specificity in signaling complexes.

To this end, we employed an integrative approach combining solid-state nuclear
magnetic resonance (SSNMR) and cryo-electron microscopy (cryo-EM). SSNMR
measurements on isotopically diluted fibrils—fibrils made of U-*3C,*>*N RIPK1 mixed with an
excess of non-labeled RIPK1—revealed the local fold of monomeric layers within the fibril
identifing side-chain conformations at atomic resolution (Fig. 1A). In parallel, cryo-EM
imaging of multiple fibril orientations enabled the resolution of the macromolecular
architecture, including the symmetry, helical twist, and axial rise of the stacked protomers
within the fibril (Fig. 1B) [2].
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As a result, we resolved a high-resolution structure of the assembled RIPK1 RHIM,
revealing interprotomer interactions that appear critical for monomer incorporation and fibril
stabilization. To validate these findings, we introduced single-amino-acid mutations and
demonstrated that individual residues can modulate both homomeric and heteromeric RHIM
assemblies, providing insight into the specificity of these interactions. Based on our
structural and mutational data, we propose a mechanism by which the ordered assembly of
RIPK1 enables RIPK3 nucleation during canonical necroptosis [2].
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Fig. 1 Resolved structures of human RIPK1 RHIM fibrils. (A) SSNMR obtained model of hRIPK1 protomer
showing a core of three beta-strands, residues labeled. (B) Maps resulted from cryo-EM characterization of
hRIPK1 fibrils showing pitch, rise and widht parameters. Adapted from ref 2.
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Exciton and electron transfer in photosynthetic complex

M. PUDLAK
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Purple phototropic bacteria's photosynthetic complex transports light and electrons
with ultrafast speed, and transforms light into chemical energy in reaction centers with high
efficiency. We show that electrons are directed by the vibration modes into the needed site
where they are localised [1]. We describe the exciton transport between the light-harvesting
complex LH1 and the reaction center dimer. We also describe the hot electron transfer (ET).
This type of ET can be used in the bacterial reaction centers. The electron-hole separation
is more efficient in this case. The result is high productivity of chemical energy by solar
energy in biological systems [2].
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Biogenic Magnetosome-mediated disassembly of protein amyloid fibrils
triggered by ultrasound and magnetic field
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Amyloid fibrils, highly ordered protein aggregates formed by insulin and lysozyme,
are implicated in neurodegenerative and metabolic diseases due to their exceptional stability
and resistance to enzymatic degradation. Although considerable advances have been made
in deciphering the molecular underpinnings of amyloidogenesis and in developing novel anti-
amyloid therapeutics, a definitive and universally effective cure remains elusive. A diverse
array of strategies has been investigated to inhibit fibril formation, induce fibril disassembly,
or enhance their clearance, among which nanotechnology-driven platforms employing
nanoparticles have garnered significant attention.

In this study, we investigated the potential of naturally occurring biogenic
magnetosomes, Fez04 nanocrystals enveloped by a phospholipid membrane and organized
in chain-like structures to promote the disassembly of amyloid fibrils. Using Thioflavin T
fluorescence assays and atomic force microscopy, we assessed fibril degradation under
various conditions, including passive incubation with magnetosomes and stimulation by
ultrasound (US) and alternating magnetic fields (AMF). Magnetosomes alone induced
concentration-dependent disruption of fibrils, but combined US and AMF treatment markedly
enhanced disassembly, even at low nanopatrticle doses (Fig.1). This synergistic effect likely
arises from localized heating via magnetic hyperthermia, mechanical stress from magneto-
mechanical motion, and ultrasound-induced acoustic streaming and cavitation, which
together destabilize the stable cross- sheet network. Notably, combined treatment reduced
the magnetosome concentration required for 50% disassembly of fibrils more than a six-fold
enhancement.

ENHANCED AMYLOID FIBRILS
DISASSEMBLY

ULTRASOUND

treatment

ALTERNATING
MAGNETIC FIELD

treatment

Fig. 1 Schematic presentation of Stimuli-Responsive Disassembly of Amyloid Fibrils by Biogenic
Magnetosomes under Ultrasound and Magnetic Fields
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These findings demonstrate that biogenic magnetosomes, when combined with
physical stimuli, provide a powerful, non-pharmacological approach for amyloid clearance.
This strategy may offer new opportunities for therapeutic intervention in amyloid-related
disorders, particularly where conventional treatments are limited, and highlights the potential
of nanoparticle-assisted physical methods for future biomedical applications.
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Beyond Oxidative Stress: Cytochrome c in Alzheimer’s Pathogenesis
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The etiology of Alzheimer’s disease (AD) is highly complex, and the molecular
determinants driving its onset and progression remain only partially elucidated. Among the
proposed mechanisms, oxidative stress is considered a central contributor, not only through
induction of lipid peroxidation and membrane destabilization, but also by promoting amyloid-
B (AB) production via 3-secretase activation. These events may establish a self-perpetuating
cycle of AB accumulation and oxidative injury, driven by reciprocal interactions between A
peptides and cellular membranes. Within this pathogenic framework, cytochrome ¢ (Cyt c)
emerges as a protein of particular interest due to its diverse biological functions, including a
critical role in redox homeostasis. In this study, we investigated the impact of Cyt ¢ on AB@-
40) aggregation dynamics, fibril stability, and morphological features. Our findings reveal a
pronounced anti-amyloidogenic activity of Cyt ¢, with lysine residues identified as key
mediators of this effect. To substantiate these observations, we extended our analyses to
apo-Cyt c, free lysine, and poly-lysine derivatives. In summary, these results highlight Cyt c
as a potential modulator of AB-associated pathology and underscore its broader relevance
in the molecular landscape of AD pathogenesis.
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Development of protocol for covalent functionalization of B-casein
micelles with DNA aptamers for potential targeted delivery
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Casein micelles, naturally occurring nanostructures derived from milk proteins, have
gained significant interest in biomedical applications due to their biodegradability,
biocompatibility and ability to encapsulate therapeutics as potential nanocarriers in drug
delivery. They possess amphiphilic properties that are suitable for encapsulation of
hydrophobic as well for hydrophilic therapeutics [1]. Caseins with their carboxyl groups)
(from aspartate/glutamate residues) provides reactive sites for modification with targeting
ligands, such as nucleic acid aptamers. DNA/RNA aptamers are single-stranded
oligonucleotides with high specificity and affinity for certain molecules, making them
attractive candidates in biosensing and targeted cancer therapy [2]. Their covalent
crosslinking onto casein nanostructures could enhance the selective delivery of therapeutic
agents to cancer cells, thereby improving treatment efficacy and reducing side effects.

In this study, we focused on the sgc8c aptamer, which specifically binds to the protein
tyrosine kinase-7 (PTK7), a biomarker overexpressed on the surface of certain cancer cells
[3]. The conjugation of this aptamer (10 mM) to B-casein (2 mg/ml) was performed through
EDC/NHS-mediated coupling reaction with concentrations 2 mM/5 mM and 20 mM/50 mM,
respectively at the condition: 4h at 25°C or 24h at 4°C (Fig. 1). EDC/NHS conjugation is a
widely used method for covalently linking molecules, through the formation of amide bonds
between carboxyl groups and amino groups.
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Fig. 2 Schematic illustration self-assembly of b-casein micelles and covalent conjugation with DNA aptamer
via carbodiimide chemistry using EDC/NHS coupling agents for as potential drug delivery cancer targeting
system.
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The reaction time, temperature, and ratio of EDC/NHS to reactants need to be
optimized for different applications. Samples were examined by dynamic light scattering
(DLS) and agarose gel electrophoresis. DLS measurements revealed an increased
hydrodynamic diameter Z-average (nm) following EDC/NHS treatment, while the
polydispersity index (PDI) decreased, particularly at higher concentrations for both reaction
conditions (4 h at 25°C and 24 h at 4°C). This is due to mutual crosslinking within the micelles
and between the micelles. Individual micelles may get covalently bonded into larger units
which are more rigid [4]. Crosslinking creates a more uniform size distribution resulting in
lower PDI. The presence of DNA aptamers did not significantly affect the hydrodynamic size.
However, some [(-casein—aptamer conjugates exhibit retarded migration in agarose gel
electrophoresis, while others migrate freely, indicate successful conjugation alongside the
presence of unbound aptamers. This highlights the need for optimization and purification to
enhance the specificity and efficacy of these conjugates for further applications in targeted
cancer therapy.

Acknowledgment. This work was supported by research grant of VEGA agency (Project No.
1/0554/23).

References

1. Sadiq, U., Gill, H., & Chandrapala, J. (2021). Casein micelles as an emerging delivery system for bioactive
food components. Foods, 10(8).

2. Ning, Y., Hu, J., & Lu, F. (2020). Aptamers used for biosensors and targeted therapy. Biomedicine &
pharmacotherapy, 132, 110902.

3. Sicco, E., Baez, J., Ibarra, M., Fernandez, M., Cabral, P., Moreno, M., Cerecetto, H., & Calzada, V. (2020).
Sgc8-c Aptamer as a Potential Theranostic Agent for Hemato-Oncological Malignancies. Cancer
biotherapy & radiopharmaceuticals, 35(4), 262-270.

4. Huang, G. P., Shanmugasundaram, S., Masih, P., Pandya, D., Amara, S., Collins, G., & Arinzeh, T. L.
(2015). An investigation of common crosslinking agents on the stability of electrospun collagen scaffolds.
Journal of biomedical materials research. Part A, 103(2), 762-771.

100



13" International Conference Structure & Stability of Biomacromolecules, Kosice, September 9 — 12, 2025

Directed Evolution in Action: Engineering Haloalkane Dehalogenase
Variants for Enhanced Activity
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Halogenated aliphatic compounds, with chlorinated derivatives being particularly
prevalent, constitute a structurally diverse class of organic pollutants characterized by their
notable environmental persistence and pronounced toxicity. Haloalkane dehalogenases
(HLDs) represent a highly promising class of enzymes capable of catalyzing the
dehalogenation of haloalkanes, thereby facilitating their enzymatic detoxification.
Consequently, HLDs are integral to bioremediation strategies aimed at mitigating the
ecological impact of these recalcitrant contaminants [1]. Haloalkane dehalogenases are
hydrolytic enzymes, which catalyze the cleavage of the halogenated compounds. HLDs
belong to the a/B-hydrolase superfamily and are composed of two domains — a/pB-hydrolase
domain and the cap domain (Fig.1). The active site is in the cavity at the interface of the
domains and is composed of the catalytic pentad of the amino acids and two access tunnels
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Fig. 1 Tertiary structure of HLD DhaA and topology of catalytic pentad inside the active site of DhaA [PDB:
4HZG].

We exploit Halo Tag technology in selection of HLDs, which are represented by
enrichment of the genes encoding HLDs using ribosome display (RD). After the 4th round
of the RD, we obtained variants of input DhaA115 protein, RD4-32 and RD4-37. Circular
dichroism and differential scanning calorimetry showed that evolved variants are properly
folded and stable, even the thermal stability of both DhaA variants is decreased. On the
other hand, analysis of their catalytic activities showed that RD4-37 variant possesses
increased catalytic activity in comparison with DhaA115 protein. Preliminary structural
analysis suggests that the observed changes in activities of evolved variants are caused by
the mutations in the access tunnels.
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Novel Bruton’s Tyrosine Kinase Inhibitors and Human Red Blood Cells
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Chronic lymphocytic leukemia (CLL) remains an incurable disease despite advances
in conventional chemotherapy. Recently, novel targeted therapies, particularly those
inhibiting Bruton’s tyrosine kinase (BTK), have shown promise in improving patient
outcomes. While these agents have been widely studied for their antitumor efficacy, their
effects on red blood cells (RBCs) remain poorly understood.

This study investigates the in vitro effects of the conventional BTK inhibitor - lbrutinib
(IBR) and two newly synthesized BTK inhibitors, namely 2-(2-hydroxy-3-
methoxybenzylidene)-1-(1H-benzimidazol-2-yl)hydrazine (compound 1) and 3-(2-amino-
1H-benzo[d]imidazol-1-yl)-N'-(2-hydroxy-4-methoxybenzylidene)propanehydrazide
(compound 2) on the nanomechanical and rheological properties of RBCs from healthy
donors via atomic force microscopy (AFM) and a microfluidic system (BioFlux). Among a
series of N-substituted 1H-benzimidazole-2-yl hydrazone derivatives, compounds 1 and 2
demonstrated strong antiproliferative activity against HG-3 cells, a model for chronic
lymphocytic leukemia. Their respective half-maximal inhibitory concentrations (ICs,) were
17.6 uM for IBR, 3.42 uM for 1, and 6.67 uM for 2. Notably, at a concentration of 20 nM,
compound 1 exhibited twice stronger the in vitro inhibitory activity against BTK compared to
IBR.

Atomic force microscopy revealed that untreated RBCs exhibited an average
membrane roughness (Rrms) of 4.09 + 1.2 nm and Young’s modulus value (Ea) of 441 + 46
kPa. Treatment with IBR resulted in dose-dependent decreases in membrane roughness
and increased membrane stiffness (Young's modulus), suggesting cytoskeletal disruption.
In contrast, the newly synthesized compounds 2 and 1 caused less pronounced effects on
membrane roughness and elasticity compared to IBR. Compound 2 showed a reduction of
Rrms at higher concentrations, while 1 exerted a significant effect only at 12.5 uM, indicating
a dose-specific interaction. Young's modulus measurements revealed that 2 and 1
significantly reduced membrane stiffness at concentrations of 12.5 and 25 pM, suggesting
a softening effect on the RBC membrane, likely due to alterations in the underlying
cytoskeletal structure.
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Microfluidic analysis revealed that Ibrutinib caused dose-dependent changes in RBC
aggregation behavior. Initial disaggregation occurred at a low concentration of 6.25 uM,
followed by partial recovery at 12.5 pM. At higher doses (25 pM), IBR promoted the
formation of fewer, but denser aggregates and clusters. Compound 2 induced more stable
but fewer aggregates, while 1 showed mild effects without clear dose dependency, indicating
a minimal impact on membrane adhesive interactions.

This pilot study demonstrates that the observed biophysical alterations reflect
differential impacts on cytoskeletal organization and membrane—protein interactions among
the tested compounds. Our data suggest that 2 and 1 exert a lower hemotoxic effect than
Ibrutinib, supporting their potential as safer therapeutic alternatives in targeting BTK while
minimizing erythrocyte-related side effects. RBC biophysical properties - membrane
roughness, stiffness, and aggregation degree emerge as sensitive indicators of drug-
induced changes and can serve as effective biomarkers of cytoskeletal integrity and
membrane remodeling.
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Active-matter systems consist of “active particles,” with self-propulsion. Their
grouping is subject of many studies (colloidal systems, animals, human crowds etc.) where
similar behavioral rules were found. Our research interest is focused in study of models valid
for both — living animals and microrobots [1, 2]. The model input is the position and
orientation of active particles during experiment captured by a camera and recorded as
video file. In this contribution we describe the experimental setup and the video analysis
software related to both — microrobots (hexbugs) and living animals (shrimps).

Video analysis of microrobots. We exploited small (4.4 cm length) toy robot “Hexbug
nano” supplied with pair of 6 rubbery legs that move the robot forward by vibrating electric
motor. Due to this simple and low-cost construction is hexbug popular also among physicists
as a model of active matter. Experimental setup consists of measuring area encircled by
permanent magnets that push away the magnet glued on to top of hexbug. The excentricity
of loading on the top of hexbug has influence to its trajectory [3] and can be exploited for its
correction.

Magnets

Fig. 1 Experimental setup (left), detected positions, orientation and ID (right).
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In video analysis software, each frame from video file is initialy transformed into
binary image by comparing pixel value with given threshold. Subsequently a hierarchical
contours detection is applied where only inner contours are detected (white drawings on the
black hexbug body). From such contours we compute the positions and main axis
orientations of all hexbugs. The bars perpendicular to the main axis can serve as a “bar
code” to get unique ID for each hexbug (see Fig. 1 right). Software is based on C++ version

of OpenCV library using Visual Studio 2022 environment.

Video analysis of shrimps’ movement. Experimental animals
(1-4 shrimps) are placed into a circular Petri dish illuminated by
a homogeneous light from the bottom. Camera with resolution
1920x1080 records 10 min. video from each experiment. The
sophisticated software ,idtracker.ai [4] performs analysis based
on the machine learning. Initially, the selected video images
where segmented to create a training set for a model. After
training, the model is able to find a position of shrimps on the
whole video including crossing ones (see Fig. 2). We extended
existing software by adding modules for computing of
orientation (angle 0-360 degrees) and interpolation of angles in
positions where angle is not possible to find. Interactive enter of
missing or manual correction of wrongly detected values is
possible. We have also developed modules for video
stabilization and replay showing resulting (x, y, angle) values
along with video. Our modules were created in C++/winrt using
Visual Studio development environment.

=

Fig. 2 Crossing shrimps
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Infrared spectroscopy is an important and widely used analytical tool in the fields of
biology, chemistry, pharmacy and medicine. Dipole-active modes can offer key information
on the structural and conformational properties of small molecules but also larger structures
such as proteins. Since protein absorption in the infrared range is relatively low, large
guantities of protein are typically required for analysis. One way to overcome this issue is
the use of surface enhanced infrared absorption spectroscopy (SEIRA). As a rule, local
electrical fields are strongly enhanced by plasmonic effects on rough or patterned metal
surfaces. Conventional processes of manufacturing sensors with different spot areas are
extremely costly [1] and cause difficulties with SEIRA [2]. Some nanostructures are currenly
designed as gold nanopatrticles with a protecting layer.

Gold nanoparticles of the extremely small size regime (< 3 nm) undergo remarkable
changes in the atom packing structure and in their optical properties. These atomically
precise nanoclusters induce a breakup of the continuous energy levels into discrete energy
levels [3], but these unique molecular-like properties are highly dependent on the size and
structure of the clusters [4]. Due to their enhanced optical and biocompatibility properties
and the ease with which the structures can be produced, these ultrasmall nanoparticles
(nanoclusters) are attracting growing interest in research and seeing use in a variety of bio-
applications [4]. Among the great superiorities of nanoclusters, the family of atomically
precise thiolate-protected gold Auzs(SR)is nanoclusters has been studied for potential
applications in the fields of sensing, cancer therapy and catalysis [5].

In this study, we describe a simple approach for the preparation of complexes
consisting of Auzs(SG)1s and iron-containing proteins through variable degrees of non-
covalent interactions. The cytochrome c (cyt ¢) was found to be the most attractive iron-
containing protein due to its widely reported multiple functions and catalytic activities
[6]. When is adsorbed on glutathione-coated Auzs nanoclusters, the broadband enhanced
detection of infrared vibrational signatures of cytochrome ¢ was performed within a matter
of minutes. The structure of the Auzs hanosensor also eliminates the need for complicated
immobilization procedures or lengthy processes with aptamers. The Auzs sensor was also
found to possess the capacity to selectively distinguish iron-containing proteins from
non-iron containing models. The infrared SEIRA technique therefore constitutes a viable
alternative to existing approaches. On this basis, the Au2s(SG)1s sensor offers considerable
promise as a plattform for monitoring and assessing cytochrome c in future applications.

Acknowledgment. This work was supported by research grants VEGA 2/0034/22, APVV23-0013 and
MVTS SK-TW Supra-Sight.
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Detection of changes in DNA secondary structure caused by exposure
to the conazole fungicide prothioconazole
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Prothioconazole (PTC) is a broad-spectrum fungicide used to protect canola,
mustard, poppy, rice, and cereals [1]. Together with tebuconazole, it is the main active
substance of the new fungicide formulation Tilmor®. It provides plants with excellent
protection against fungal diseases. It blocks ergosterol biosynthesis, thereby preventing the
formation of cell membranes of the pathogen. It differs from other azole active substances
in that it affects the pathogen at multiple sites, the onset of action is very rapid and it is
distributed acropetally into the plant, thus providing plants with long-term fungicidal
protection [2]. Despite the above positive effects on target organisms, PTC is also
characterized by adverse effects on non-target organisms [3]. These include nausea,
endocrine disruption [4], and elevated levels of reactive oxygen species, which can result in
lipid peroxidation, tissue destruction, DNA damage [5], some adverse cardiovascular effects,
and other physiological disorders [6]. Consequently, analysis of the impact of PTC on the
structure and stability of the DNA molecule can provide valuable insights for a
comprehensive understanding of the potential risks posed by the fungicide PTC.

The interaction of PTC with calf thymus DNA was investigated by spectroscopic
methods (absorption and fluorescence spectroscopy) supplemented by viscosity
measurements and by studying the changes in thermodynamic parameters in the DNA
denaturation process. By adding DNA to the PTC solution, a slight decrease in absorbance
intensity was observed in the region of the triazole heterocycle of PTC (at 204 nm). On the
other hand, there is an increase in absorbance in the region of 240 nm in the presence of
DNA, due to which we assumed that PTC interacts with the DNA macromolecule.
Fluorescence measurements were accompanied by quenching of PTC fluorescence by
increasing DNA concentration. In addition to a significant decrease in emission intensity, a
bathochromic shift of the maximum emission wavelength by 3 nm was also observed. We
also detected the appearance of a new peak at 370 nm when PTC interacted with DNA,
which is likely due to the existence of unbound DNA, and this phenomenon is the result of
nonradiative energy transfer between PTC and DNA [7]. The binding constant between DNA
and the pesticide PTC determined by fluorescence spectroscopy was 4.8x10% L/mol,
excluding the intercalation mode of interaction. Similarly, viscosity measurements did not
confirm the possibility of PTC intercalation into the DNA structure. The calculated
thermodynamic parameters suggest the incorporation of PTC into the groove of the DNA
macromolecule by hydrogen and/or hydrophobic bonds as well as destabilization of the DNA
secondary structure.

Acknowledgment. This work was supported by research grant VEGA 1/0240/25 - Combined
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non-target organisms.
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Ryanodine receptors (RyRs) are calcium channels responsible for calcium release
from the endoplasmic/sarcoplasmic reticulum. The three mammalian isoforms, namely
RyR1, RyR2, and RyR3, have ~70% sequence identity and similar overall structure [1]. RyR
mutations are associated with genetic disorders such as malignant hyperthermia (RyR1),
catecholaminergic polymorphic ventricular tachycardia (CPVT), and neurological disorders
(RyR3) [1]. The RyR core (the C-terminal quarter), where the binding sites for the regulators
Ca?*, Mg?*, ATP and caffeine are located [2], has a high density of mutations [3].

Here we aimed to evaluate the reliability of structures of the core of human RyR
isoforms, predicted by the AlphaFold 3 server [4], from the viewpoint of structural validity
and similarity to experimentally determined structures.

Fig. 1 shows the top AlphaFold 3 predictions. In all isoforms, the flexible DR1
region, which is not resolved in the experimental structures, was replaced by a chain of
11 glycine residues. While the overall shapes of all three isoforms are similar, the
structures differ in the length and charge of the luminal loop, and RyR2 additionally
displays a positively charged (blue) region above the cytoplasmic side of the membrane.

Fig. 1 AlphaFold-predicted structures of human RyR1(A), RyR2(B), and RyR3(C) isoforms. The surface is
colored by the electrostatic potential.

Structural validation was performed using MolProbity [5], focusing on the distribution
of Ramachandran outliers (Rama Z score), number of clashes per 1000 residues
(ClashScore) and overall structure quality (MolProbity score). The predicted models
demonstrated acceptable structural quality (Tab. 1). Comparison of the AlphaFold 3 models
to the experimental structures with the best resolution showed a good overall Alignment
Score. The models most closely resembled the experimentally observed closed-state
conformation (RMSD < 2 A). Interestingly, there were no differences between the deviations
of individual isoforms from the respective closed state structures, although only RyR1 and
RyR2 structures are present in the AlphaFold 3 template database.
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Tab. 1 MolProbity Validation and structure comparison of RyR1, RyR2, and RyR3 isoforms.

RyR1 RyR2 RyR3
Rama Z Score 0.84+0.06 0.79+0.44 1.10+0.09
Clash Score 11.66+1.22 9.19+0.35 10.32+0.51
MolProbity Score 2.13+0.10 1.94+0.03 1.90+0.09
Reference state RyR1 RyR2 RyR3
Reference PDB ID 8VvaJ TUAS 9CTE
Closed Alignment Score 5171.8 5192.9 5005.5
n/RMSD (A) 1034 /1.964 1031/1.193 990/ 1.299
Reference PDB ID 5ToV 7TUA9 9C1F
Open Alignment Score 5125.6 5114.9 4899.5
n/RMSD (A) 1052/ 7.244 1031/ 2.098 1001/ 2.366
Reference PDB ID 7TDG - -
Inactivated Alignment Score 4930.3 - -
n/RMSD (A) 1040/ 2.489 - -

These data show that the structural quality of AlphaFold models is satisfactory and

comparable to the quality of the experimental structures [3]. The ability of AlphaFold 3 to
predict distinct conformational states and the conformational variability of a large dataset
of AlphaFold models will be analyzed in the poster and the potential of AlphaFold 3 for
investigating allosteric regulation and the effect of pathogenic mutations on RyR function
will be evaluated.
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E. WETTER, M. MAJEKOVA

Institute of Experimental Pharmacology and Toxicology, Centre of Experimental Medicine, Slovak Academy
of Sciences, Bratislava, Slovakia

Recent research has emphasized the importance of disrupted calcium signaling in
various pathological processes. A key role in maintaining calcium homeostasis is ensured
by a calcium ATPase SERCA, which pumps calcium ions from the cytoplasm into the lumen
of the reticulum. The activity of SERCA, which can be decreased under pathological
conditions, can be enhanced by activators, usable in the treatment of chronic diseases.
Inhibition of SERCA activity can lead to apoptosis, which can be used in the treatment of
oncological diseases.

While the mechanism of SERCA inhibition is mostly known (due to the abundance of
3D structures), the mechanism of allosteric activation has not been elucidated to date.
Therefore, we decided to collect and systematically compare the available SERCA
conformations corresponding to individual catalytic steps (Fig. 1).
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Fig. 1 Scheme of catalytic steps for active transport of calcium ions by SERCA.

The structures have been aligned using MUSTANG structure alignment in YASARA
to study structural differences among the structures and compared concerning RMSD
values and ligands present.
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This contribution presents the ProteoForce project aimed at establishing Slovakia’s
first advanced laser optical tweezers laboratory dedicated to single-molecule force
spectroscopy. The initiative builds on Nobel Prize-winning technology developed by Arthur
Ashkin and is focused on the in-depth analysis of mechanical properties of clinically relevant
proteins, particularly clients of the Hsp70 chaperone family, including membrane proteins.

The laboratory will be equipped with state-of-the-art laser optical tweezers and
confocal fluorescence allows for measurement molecular forces with high subnanometer
resolution. The project investigates force propagation within proteins during, for example,
chaperone-assisted folding. Using engineered protein variants and optical tweezers force-
clamp techniques, we are planning to analyze site-specific mechanical responses and
conformational transitions in real time.

Further objectives include establishing national and international research
collaborations, promoting open science principles via FAIR-compliant data sharing, and a
training early-stage researchers. The laboratory infrastructure will also serve as a platform
for high-risk/high-gain exploratory research on membrane protein mechanics and
chaperone—client interactions under load, leveraging advanced biochemical modifications
and fluorescence labeling.

This effort should make Slovakia visible on the map of European biophysical research
infrastructures and contribute directly to strategic goals in fundamental science.
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Resilience Plan for Slovakia under the project No. 09103 03-V03-00008.
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Al-ldentified Compounds Influence AR, Fibril Formation and Stability
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The aggregation of amyloid- (AB42) peptides into fibrils is a hallmark of Alzheimer's
disease (AD). We developed a knowledge graph-enhanced drug-target interaction (DTI)
prediction framework to identify potential inhibitors of AB a2 fibril formation and disruptors of
pre-formed fibrils. A key innovation of our approach lies in protein representation learning:
we enriched protein embeddings by integrating structural features from Node2Vec applied
to a biomedical knowledge graph with contextual sequence representations from
ProteinBERT. This dual-embedding strategy enabled more comprehensive protein
characterization. The model demonstrated strong predictive performance across multiple
metrics (AUC = 0.972, Precision = 0.914, Recall = 0.931, Accuracy = 0.921, AUPR = 0.970).
Using this framework, we screened compounds from the TCMSP, ETCM, and TCMID
databases, leading to the selection of nine candidate molecules (T1-T9) with predicted anti-
AD activity. Specifically, their anti-amyloid activities were tested in this study through
Thioflavin T (ThT) fluorescence assay at a 1:5 protein-to-compound ratio (20 uM AB42, 100
MM compound, 50 mM sodium phosphate buffer, pH 7.4). Among the tested compounds,
only T1 significantly reduced fibril formation (by approximately 45%, Fig. 1A) and disrupted
pre-formed fibrils (decreasing the ThT signal by roughly 75%, Fig. 1B). T2 showed similar
but less pronounced effects. Interestingly, T3 did not inhibit fibril formation but appeared to
destabilize pre-formed fibrils. In contrast, T4, T5, and T6 facilitated fibril formation and had
only moderate disrupting activity, while T7, T8, and T9 showed weak inhibitory potential
without notable disruption of fibrils.
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Fig. 1 ThT fluorescence intensities normalized to control (ABa2 fibrils formed alone) showing the effects of
compounds T1-T9 on Aa2 fibril formation (A) and pre-formed ABa: fibrils (B) at a 1:5 protein-to-compound
ratio. The data represent averages from three independent wells with standard deviation.
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Atomic force microscopy imaging confirmed T1's effectiveness in both inhibiting fibril
formation and disrupting pre-formed fibrils, whereas T2 and T3 yielded inconclusive results,
requiring further investigation. These findings highlight T1 as a promising candidate for AD
treatments and underscore the value of Al-driven compound screening, with ongoing studies
to clarify the effects of T2 and T3.

Acknowledgements. This work was supported by the Slovak Research and Development Agency
under the Contract no. APVV-22-0598, APVV- and APVV-SK-CN-23-0025; and the National Natural
Science Foundation of China (Grant 82173746).
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