12™M INTERNATIONAL CONFERENCE

STRUCTURE AND STABILITY OF
BIOMACROMOLECULES

BOOK OF
CONTRIBUTIONS

5 -7 SEPTEMBER 2023, KOSICE, SLOVAKIA



O
Jﬁ,\&:ﬂ%
§ B DEPARTMENT OF BIOPHYSICS, IEP SAS

i‘(?r ‘,,;y!?‘f) SSB 2023
A, %‘gfy‘»j ¢
Ty
12™ INTERNATIONAL CONFERENCE STRUCTURE AND STABILITY oF BIOMACROMOLECULES
"SSB 2023"
QERIME/\/

QQ/
(@) % Q/\
w < —
E |‘| @
"\// 2] SLOVAK PHYSICAL SOCIETY
\S\/l// 640) S S

DEPARTMENT OF BIOPHYSICS,
INSTITUTE OF EXPERIMENTAL PHYSICS,

SAS, KOSICE
SLOVAK BIOPHYSICAL SOCIETY

SCIENTIFIC COMMITTEE ORGANIZING COMMITTEE
DIANA FEDUNOVA ANDREA ANTOSOVA
ZUZANA GAZOVA ZUZANA BEDNARIKOVA
DANIEL JANCURA VIKTORIA FEDOROVA

MIROSLAV GANCAR

JANA KUBACKOVA

MARIAN REIFFERS
KATARINA SIPOSOVA
DANA SVARCBERGEROVA

BOOK OF CONTRIBUTIONS, 12™ INTERNATIONAL CONFERENCE STRUCTURE AND STABILITY OF
BIOMACROMOLECULES SSB2023, SEPTEMBER 5 — 7, 2023, KOSICE, SLOVAKIA

EDITORS: RNDr. Zuzana Bednarikova, PhD., Mgr. Viktoria Fedorova, RNDr. Diana Fedunova, PhD.,
RNDr., Ing. Katarina Siposova, PhD.

REVIEWERS: doc. MUDr. Marek Dudés, PhD., doc. RNDr. Rastislav Varhag¢, PhD.
© INSTITUTE OF EXPERIMENTAL PHYSICS, SLOVAK ACADEMY OF SCIENCES
ISBN: 978-80-89656-26-4

EAN: 9788089656264

12™H STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 2 OF 116



DEPARTMENT OF BIOPHYSICS, IEP SAS
SSB 2023

GENERAL INFORMATION

TOPICS

Biomacromolecules:
e structural aspects
e aggregation
e activity
¢ factors influencing stability
¢ ligand binding and inhibition
e modifications and engineering
e bioinformatics, molecular and nanodesign
e applications in medicine, bio- and nanotechnologies
e experimental and computational strategies for structural and
conformational studies

VENUE

Auditorium of the Institutes
Institute of Experimental Physics, Slovak Academy of Sciences

Watsonova 47
040 01 KosSice

REGISTRATION

Registration is possible at the registration desk, which is located in the foyer of the
ground level of Institute.

Opening hours: Tuesday, September 5, 2023 14:00 - 17:00
Wednesday, September 6, 2023 8:30 - 9:00

INFORMATION

Please pay kind attention to the boards located in the foyer of the Institute and at the
entrance to the lecture hall (Auditorium of the Institutes) for further conference
information and updates.

CERTIFICATE OF ATTENDANCE

If a Certificate of Attendance is required, please refer to the registration desk.
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CATERING

Coffee Break: Coffee and tea with small snacks will be offered.
Lunch Break: A lunch will be provided in the Institute canteen starting at 13:00.
Vegetarian/ vegan options will be available.

INTERNET ACCESS
Password for WiFi SAV _internet access: 14WifiSAV17

PUBLIC TRANSPORT

The closest bus station is "Botanicka Zahrada" or "Havlickova". Tickets can be
purchased at the ticket machines at the bus stop or using UBIAN app. The price of 30
minutes’ ticket is € 1.00.

EMERGENCY SERVICES

Dial 112 for police, fire and ambulance.

PRESENTATION GUIDELINES

CONFERENCE LANGUAGE: English

ORAL PRESENTATION

Speakers are required to have their presentation ready on a USB key. Your slides
should be either in .pdf, .ppt or .pptx format.

Speakers using their own laptop are kindly asked to approach technical staff to clarify
the technical prerequisites and to coordinate the processes involved.

PRESENTATION TIME:

Invited talks - speaking time 30 min plus 5 min discussion
Short talks - speaking time 15 min plus 5 min discussion
Flash poster presentation - 5 min

POSTER GUIDELINES

Posters should have up to 90 cm (width) x 120 cm (height). Poster numbers will be
communicated to authors at the Registration Desk.

Poster session will be held in the Promatech building at 6" floor (grey building next to
the main building of the IEP SAS).
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SCIENTIFIC PROGRAM

TUESDAY, SEPTEMBER 5, 2023

14:00 - 17:00 REGISTRATION Foyer IEP

15:00 - 15:10 WELCOME ADDRESS
Diana Fedunova & Zuzana Gazova, |[EP SAS Kosice
Chairman: Zoldak, Gabriel

15:10 - 15:45 MAI SUAN LI PL1

Protein folding and dimerization on ribosomes

15:45 - 16:20 GRZEGORZ WIECZOREK PL2

The importance of deep insight into discreet structural features
of a target for successful drug design

16:20 - 16:55 DOROTA NIEDZIALEK PL3

The importance of proper treatment of electrostatics in
biomolecular modelling and drug design

16:55 - 17:25 COFFEE BREAK
Chairman: Niedzialek Dorota
17:25 - 18:00 GABRIEL ZOLDAK PL4
Interrogating chaperones by force
18:00 - 18:20 MICHAL GALA SC1

Computational evolutionary analysis of insertion and deletion
events in bacterial Hsp70

18:30 - 19:30 WELCOME PARTY

Foyer of the Institute of Experimental Physics, Watsonova 47

YOUNG SCIENTIST AWARD COMPETITOR
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8:30 - 9:00

9:00 - 9:35

9:35-10:10

10:10 - 10:30

10:30 - 11:00

11:00 - 11:35

11:35-11:55

11:55-12:15

12:15-12:35

12:35 - 12:55

13:00 - 13:30

14:00 - 14:35

14:35 - 15:10

DEPARTMENT OF BIOPHYSICS, IEP SAS
SSB 2023

WEDNESDAY, SEPTEMBER 6, 2023

REGISTRATION Foyer IEP
Chairman: Skrabana, Rostislav

ONDREJ CEHLAR PL5

Insights into the Alzheimer’s disease specific pre-aggregation
fold of tau proteins using conformational antibodies

MICHAL NEMERGUT PL6

Identifying a new aggregation hotspot in Alzheimer's disease:
Opportunities for drug discovery

VERONIKA DZUPPONOVA SC2

Supramolecular assembly of the pathological light chain under
reducing conditions

COFFEE BREAK

Chairman: Bauerova Vladena

VIKTOR ViGLASKY PL7

Occurrence and use of non-canonical nucleic acid structural
motifs in nanotechnology

ADAM POLAK SC3

Production of viral proteins and their characterisation

ANDREJ HOVAN SC4

Quenching of singlet oxygen in intracellular environment

IGNAZIO GARAGUSO - BECKMAN COULTER SC5

Why Analytical Ultracentrifugation to investigate biomolecules

KATERINA KOLKOVA - SPECION SC6
Modern methods for the analysis and characterization of
biomolecules

LUNCH
Chairman: Zahradnikova Alexandra
PAVEL KADERAVEK PL8

Study of the dynamics of flexible subunits of RNA polymerase
from Bacillus subtilis

ROSTISLAV SKRABANA PL9
Short-range folding of Intrinsically disordered proteins
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15:10 - 15:30

15:30 - 16:00

16:00 - 16:35

16:35 - 16:55

16:55-17:15

19:00 - 22:00

9:30 - 9:50

9:50 - 10:10

10:10 - 10:30

10:30 - 11:00

11:00 - 11:35

DEPARTMENT OF BIOPHYSICS, IEP SAS
SSB 2023

LAUTARO RIVERA SC7

Allosteric regulation of 14-3-3 protein family by Norharmane.
Effects on adipogenic differentiation of 3T3L1 cells

COFFEE BREAK
Chairman: Li, Mai-Suan
KATARINA STROFFEKOVA PL10

Effects of photobiomodulation on oxidative stress and alpha-
synuclein in 2D model of Parkinson's disease

MIROSLAV GANCAR SC8

Herbal extracts' effect on protein amyloid aggregation - individual
vs pooled constituents

VIKTORIA FEDOROVA SC9
Self-assembly of spider protein-DNA hybrids

CONFERENCE DINNER

(hotel Gloria Palace, Bottova 1, KoSice)

THURSDAY, SEPTEMBER 7, 2023

Chairman: Kaderavek Pavel

SU-CHUN HOW SC10

Fibril-based carrier systems for bioactive molecules

YOU-YEN LAI SC11

Development of multi-dimensional whey protein amyloid fibril-
based composite materials for various engineering applications

CHIA-YU CHANG SC12

Synthesis of poly(acrylic acid)-whey protein isolate amyloid fibril-
based hydrogel membranes for drug delivery

COFFEE BREAK

Chairman: Bednarikova Zuzana

MAZDAK KHAJEHPOUR PL11

lon-specific effects in biological systems
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11:35 - 12:45
13:00 - 13:30
14:00 - 15:30
15:30 - 16:00

16:00 - 16:35

16:35-17:10

17:10 - 18:00

DEPARTMENT OF BIOPHYSICS, IEP SAS
SSB 2023

FLASH POSTER PRESENTATIONS

LUNCH
POSTER SESSION 6" Floor, Promatech
COFFEE BREAK

Chairman: Khajehpour Mazdak
ALEXANDRA ZAHRADNIKOVA PL12

Ryanodine receptor inactivation by divalent ions

VLADENA BAUEROVA PL13

The effect of the central-helix mutations on the stability and
dynamic motion of the N-terminal domain of the human
ryanodine receptor 2

YOUNG AWARD CEREMONY
CONCLUDING REMARKS AND FAREWELL PARTY
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G. WIECZOREK, D. NIEDZIALEK
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modelling and drugdesign................oooiii 19
D. NIEDZIALEK, G. WIECZOREK

PL 4 Interrogating chaperonesbyforce..................ccooiiiiiiiii, 20
G. ZOLDAK
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proteins using conformational
antibodies.................. 22

O. CEHLAR, S. NJEMOGA, J. PIESTANSKY, Z. BEDNARIKOVA, R. SKRABANA, R.
CRHA, J. HRITZ, P. KADERAVEK, L. FIALOVA, B. KOVACECH

PL 6 Identifying a new aggregation hotspot in Alzheimer's disease:
Opportunities for drug diSCOVery .............c.cooiiiiiiiiiiiiea 24
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D. TUZINCIN, N. SALVI, V. ZAPLETAL, Z. JASENAKOVA, M. ZACHRDLA, P.
PADRTA, S. NARASIMHAN, T MARQUARDSEN, J.-M. TYBURN, H. SANDEROVA,
A. RABATINOVA, K. BENDOVA, L. KRASNY, L. ZIDEK, M. BLACKLEDGE, F.
FERRAGE, P. KADERAVEK

PL9 Short-range folding of intrinsically disordered
proteins........................ 28
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K. STROFFEKOVA, E. WETTER, S. TOMKOVA

PL 11 lon-Specific Effects in Biological Systems..........................l 32
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Protein Folding and Dimerization on Ribosomes

Mai Suan LI
Institute of Physics, Polish Academy of Science, Al. Lotnikow 32/46, 02-668 Warsaw, Poland

e-mail: masli@ifpan.edu.pl

In this talk | will discuss the following problems:

1. Ribosome is a molecular machine for protein synthesis which involves four phases
of translation - initiation, elongation, termination and ribosome recycling. This process
is an area of intense research due to the essential role of proteins to life. Recently we
have shown that electrostatic interactions govern extreme nascent protein ejection
times from ribosomes and can delay ribosome recycling [1].

2. The hydrophobic interaction, which plays a key role in protein folding, was well
studied in the aqueous environment. However, the water-mediated hydrophobic
interaction inside the ribosome exit tunnel has been poorly understood. Using
molecular dynamics simulation and umbrella sampling we showed that the
hydrophobic effect is weaker in the vestibule. These findings mean that nascent
proteins pass through a ribosome vestibule environment that can destabilize folded
structures, which has the potential to influence co-translational protein folding
pathways, energetics, and kinetics [2].

3. Using coarse-grain simulations of protein synthesis we showed that synonymous
mutations can influence the protein dimerization in solution. The structural and kinetic
origin of this effect is associated with misfolded states containing non-covalent lasso-
entanglements, many of which structurally perturb the dimer interface, whose
probability of occurrence depends on translation speed [3].

[11D. A. Nissley, Q. V. Vu, F. Trovato, N. Ahmed, Y. Jiang, M. S. Li, and E. P. O’Brien, J. Am. Chem.
Soc. 142, 13, 6103-6110 (2020).

[2]1 Q. V Vu, Y. Jiang, M. S. Li, E.P. O'Brien, Chemical Science 12, 11851 (2021).

[3] L. P. Dang, D. A. Nissley, I. Sitarik, Q. V. Van, Y. Jiang, M. S. Li, E. P. O’Brien, Synonymous
mutations can alter protein dimerization through localized interface misfolding involving self-
entanglements, doi: https://doi.org/10.1101/2021.10.26.465867.
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The importance of deep insight into discrete structural features of a
target for successful drug design

3G. WIECZOREK, *D. NIEDZIALEK

aMolecure S.A.Warsaw, Poland (https.://molecure.com/)
bLaboratory of Molecular Basis of Biological Activity, Institute of Biochemistry and Biophysics, Polish
Academy of Sciences, Warsaw, Poland

The understanding of the catalytic process of a targeted enzyme might be a very
important step of successful drug design process. Having an experimentally resolved
structure is a must. Yet, it is merely a starting point of the way towards understanding
the full picture of the enzyme's mechanism of action. | would like to show you a difficult
case study [1], when unraveling the enzyme's mode of action led to questioning the
current knowledge about its sole purpose.
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The importance of proper treatment of electrostatics in
biomolecular modelling and drug design

3D. NIEDZIALEK, °G. WIECZOREK

al aboratory of Molecular Basis of Biological Activity, Institute of Biochemistry and Biophysics, Polish
Academy of Sciences, Warsaw, Poland

bMolecure S.A.Warsaw, Poland (https://molecure.com/)

There are several levels of theory we can use for studying biomolecules. For example,
in case of RNAs and their interactions with molecular partners, the classical models fail to
properly estimate electrostatics that is crucial in highly polarized nucleic acid systems [1].
| would like to show you how to overcome these limitations by using a combination of
polarizable force field models and quantum mechanical calculations.
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funded by the National Science Centre.
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Interrogating chaperones by force
G. ZOLDAK=?
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bCenter for Interdisciplinary Biosciences, Cassovia New Industry Cluster, CNIC, KoSice, Slovakia

Protein stability plays a crucial role in ensuring the proper functioning of proteins
within biological systems. When the stability of proteins is compromised, it can result
in their unfolding and the formation of harmful aggregates in the body, often leading to
serious diseases. The information on protein stability and integrity of protein
substructures can be obtained using different techniques.

To gain insights into the mechanical aspects of proteins, | have been employing
single-molecule force spectroscopy over the last decade ['-%l. This technique has
recently utilized magnetic and laser optical tweezers to investigate chaperones and
their interactions with protein clients. By employing mechanical probing strategies, we
can uncover various facets of chaperone-client interactions. Firstly, when a chaperone
is subjected to external forces, it becomes possible to examine the intricate
mechanisms through which the chaperone interacts with and assists the client protein.
This allows for a deeper understanding of the inner workings of chaperones during
their interactions with client proteins. Secondly, by applying forces to protein clients,
scientists can scrutinize the precise actions of chaperones during the folding process.
This approach enables detailed investigations into the foldase, unfoldase, and holdase
activities of chaperones in real time. These studies provide direct observation of
chaperones' roles in facilitating the folding of client proteins.

Hsp70-ADP Hsp70+ATP Trigger factor Hsp33 Hsp60

Figure 1: 3D structures of a few selected chaperones, from left to right: E. coli Hsp70 in the ADP/ATP
form, helical lid shown in yellow, residues involved in peptide binding are shown as ball-and-sticks (PDB
codes: 2KHO, NMR-RDC/x-ray structure hybrid, 4B9Q) E. coli trigger factor and its touching arms in
yellow (PDB code: 1W26), the dimeric form of Bacillus subtilis Hsp33 with yellow C-terminal redox
sensing domain (PDB code: 1VZY), and E. coli Hsp60 and yellow Hsp10 aka GroEL/GroES structure
with highlighted apical domain, residues 191-376, as ball-and-sticks.

In my talk, | will present an overview of the various single-molecule mechanical
techniques employed in studying proteins. | also summarize recent investigations into
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the mechanical aspects of heat shock proteins, chaperone-mediated folding on the
ribosome, folding of SNARE proteins, and the involvement of chaperones in the folding
of membrane proteins. Additionally, we offer insights into the potential directions for
significant advancements in this field in the future.

Acknowledgment. This work was supported by research grants Slovak research and
development agency (No. APVV-18-0285), the Slovak Grant Agency VEGA No 1/0024/22,
EU H2020 TWINNING program GA. No. 952333 project CasProt, BioPickmol, ITMS2014+:
313011AUWE supported by the Operational Programme Integrated Infrastructure, funded by
the ERDF, and Open scientific community for modern interdisciplinary research in medicine
(OPENMED), ITMS2014+: 313011V455 supported by the Operational Programme Integrated
Infrastructure, funded by the ERDF.

References

Singh A., et al., Biophysical Journal, 2022, 121(23), 4729-4739
Zoldak G., Rief M., Biophysics Reviews, 2022, 3, 041301

Zoldék G. Nanomaterials, 2022, 12, 3524

Zoldak G., et al., Proc. Natl. Acad. Sci USA, 2013, 110, 18156-18161
Zoldak G., Rief M., Curr. Opinion Struct. Biol. 2013, 23, 48-57

aoaprp®Dd -

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 22 OF 116



pS ey DEPARTMENT OF BIOPHYSICS, IEP SAS
a«b{b\?’ SSB 2023
T
PL 05 PLENARY LECTURES

Insights into the Alzheimer s disease specific pre-aggregation fold
of tau proteins using conformational antibodies
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9 CEITEC MU, Brno, Czech Republic
¢ Faculty of Science, Department of Chemistry, Masaryk University, Brno, Czech Republic
" Institute of Molecular Modeling and Simulation (MMS), BOKU, Wien, Austria

A key yet unresolved question of the pathogenesis of Alzheimer’s disease (AD)
and other tauopathies is the cause and the mechanism of the transition from the
unstructured monomeric tau protein to the insoluble filaments deposited in the brain
tissue. In the physiological state, tau protein exists as a conformational ensemble of
interconverting structures and on the scale of transition from monomeric through
oligomeric and filamentous species we can observe conformations reacting with
specific antibodies, mainly with DC11, which is able to specifically discriminate
between tau proteins isolated from healthy brain and tau proteins isolated from the
brain of AD patient. The antibody recognizes also the recombinant truncated tau
proteins up to the shortest fragment tau321-391 [1].

It was found that conformational antibodies DC11 and MN423 have catalytic
pro-aggregatory effects in tau aggregation assay, whereas the antibody DC8E8 has
inhibitory effects on tau filament formation [2]. This may imply possible mechanism of
induction of pathological tau conformation, in which the antibody prepared against
pathological tau imprints the pathological conformation into the physiological tau
proteins in solution and therefore speeds up the tau aggregation. The information
about conformatial epitopes of these antibodies are therefore of high significance.

To further uncover the binding mode of the conformational antibody DC11, we
have performed NMR epitope mapping using '3C,">N labeled tau321-391 and
recombinantly prepared Fab fragment of DC11 antibody. The overlay of HSQC spectra
showed the region of tau between residues 370-390 to be affected by the binding of
DC11, i.e. its C-terminal region. However, previous studies suggest the importance of
region 321-325 for the interaction of tau with DC11 antibody.

We have crystallized the Fab fragment of DC11 (Fig. 1) and used it for in silico
docking of tau peptides.

Moreover, we have shown the ability of tau321-391 to aggregate despite the
lack of aggregation prone VQIxxK hexapeptide regions.

The results highlight the importance of the R' region of tau, that was recently
shown to be important also for tau interaction with mictotubules [3]. This sequence

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 23 OF 116



DEPARTMENT OF BIOPHYSICS, IEP SAS
SSB 2023

forms the interface of rigid filament core and flanking fuzzy C terminal segment in
solved tauopathy filaments.

Figure 1 paratope of DC11 Fab fragment shown as a transparent surface colored
according to the electrostatic potential.

Acknowledgment. This work was supported by research grants APVV 21-0479, VEGA
2/0125/23 and 2/0141/23, MSCA-RISE 873127, and by iINEXT-Discovery, grant number
871037, and MSCA-RISE 873127, both funded by the Horizon 2020 program of the European
Commission.
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Identifying a new aggregation hotspot in Alzheimer's disease:
Opportunities for drug discovery

abM. NEMERGUT

aCenter for Interdisciplinary Biosciences, Technology and Innovation Park, P. J. Safarik University in
Kosice, Trieda SNP 1, 04011 Kosice, Slovakia
bl oschmidt Laboratories, Department of Experimental Biology, Faculty of Science, Masaryk University,
Kamenice 5, 625 00 Brno, Czech Republic

Apolipoprotein E (ApoE) €4 genotype is the most prevalent risk factor for late-
onset Alzheimer's Disease (AD) [1]. Although ApoE4 differs from its non-pathological
ApoE3 isoform only by the C112R mutation, the molecular mechanism of its
proteinopathy is unknown. Here, we reveal the molecular mechanism of ApoE4
aggregation using a combination of experimental and computational techniques,
including X-ray crystallography, site-directed mutagenesis, hydrogen-deuterium mass
spectrometry (HDX-MS), static light scattering and molecular dynamics simulations.
Treatment of ApoE €3/ €3 and €4/ €4 cerebral organoids with tramiprosate was used
to compare the effect of tramiprosate on ApoE4 aggregation at the cellular level [2].

We found that C112R substitution in ApoE4 induces long-distance (>15 R)
conformational changes leading to the formation of a V-shaped dimeric unit that is
geometrically different and more aggregation-prone than the ApoE3 structure. AD drug
candidate tramiprosate and its metabolite 3-sulfopropanoic acid induce ApoES-like
conformational behavior in ApoE4 and reduce its aggregation propensity. Analysis of
ApoE ¢€4/e4 cerebral organoids treated with tramiprosate revealed its effect on
cholesteryl esters, the storage products of excess cholesterol.

Our results connect the ApoE4 structure with its aggregation propensity,
providing a new druggable target for neurodegeneration and ageing.

Acknowledgment. This work was supported by research grants Slovak research and
development agency (No. APVV-18-0285), EU H2020 TWINNING program GA. No. 952333
project CasProt, BioPickmol, ITMS2014+: 313011AUW6 supported by the Operational
Programme Integrated Infrastructure, funded by the ERDF.
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Occurrence and use of non-canonical nucleic acid structural motifs
in nanotechnology

V. VIGLASKY, L. TRIZNA

Department of Biochemistry, Institute of Chemistry, Faculty of Sciences, Pavol Jozef Safarik
University, 04001 Kosice, Slovakia

Nucleic acids are capable of taking on different secondary structures, which
depend mainly on their sequence. Due to their unique properties, these structural forms
play a key role in gene expression in living cells. Therefore, the identification and
prediction of sequences forming non-canonical motifs in regulatory regions of the
genome is essential, for example, to find the specific target molecule that influences
the formation of such a motif. An alternative approach to search for sequences forming
non-canonical motifs has recently been developed in our laboratory [1,2]. In addition,
non-canonical motifs contain many aptamers that are applied in biomedical research
as sensing molecules and have recently been used to functionalize next-generation
nanoparticles.

In addition, non-canonical motifs contain many aptamers, which are applied in
biomedical research as sensor molecules and have recently been used to functionalize
next-generation nanoparticles.

Our recent advances in the structural stability of tetrahelical non-canonical forms
of nucleic acids and DNA nanorings and three-way junctions consisting of non-
canonical motifs will be presented, as well as a completely new motif predicted by us.

Acknowledgment. This work was supported by the Slovak Grant Agency (1/0347/23), and an
internal university grant (VVGS-PF-2022-2122). Funding for open access charge: Slovak
Grant Agency.
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Study of the Dynamics of Flexible Subunits of RNA Polymerase
from Bacillus subtilis
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The RNA polymerase found in Gram-positive bacteria is composed of multiple
subunits, some of which exhibit interesting dynamic behaviors at various timescales.
Nuclear magnetic resonance (NMR) is known as an unique technique capable of
delivering insights into protein motions with atomic resolution. While analyzing the
internal motion of structured proteins within the picosecond to nanosecond timescale
relies on a well-established approach involving relaxation rate measurements and
analysis [1], investigating the dynamics of intrinsically disordered proteins (IDPs)
proves notably more challenging task for multiple reasons (complexity of motions,
signal overlaps in NMR spectra, etc.).

This study presents an exploration of the C-terminal domain of the delta subunit
of RNA polymerase, which represents a disorder region posing particular investigative
challenges. In order to obtain detailed information about significant, slower segmental
motions occurring within the nanosecond timescale, a specialized NMR methodology
called high-resolution relaxometry [2] was employed. This approach resulted in a
collection of unprecedented amounts of data covering the relaxation of backbone
amides under a broad range of magnetic fields spanning two orders of magnitude. In
order to validate the analysis process, a novel NMR experiment was devised, enabling
the measurement of relaxation rates at an exceptionally low magnetic field strength
(0.33 T)[3] using a unique two-field NMR spectrometer [4]. This experiment
successfully confirmed the applied protocol and analysis methods.

Beyond its ability to study rapid picosecond-to-nanosecond motions, NMR
enables the exploration of slower structural rearrangements through the analysis of
relaxation dispersion experiments [5]. These experiments provide access to motions
at the microsecond-to-millisecond timescale. Such motions are typically associated
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with important biological functions of biomolecules and they were detected also within
domain 1.1 of the sigma subunit of the RNA polymerase.

Analyzing the results of relaxation dispersion experiments revealed that the
studied domain naturally inclines toward adopting a more disordered state, even at
room temperature. By extending the study to multiple temperatures, the
thermodynamic parameters associated with this transition were determined, and an
increasing significance of the observed event with rising temperatures was predicted.
Complementing the investigation was a functional characterization of domain 1.1 and
results clearly proved the biological importance of the identified phenomena.

This work was supported by the Czech Science Foundation grant Nos. GJ18-04197Y and 22-
12023S, from European Regional Development Fund-Project MSCA-fellow2@MUNI (No.
CZ.02.2.69/0.0/0.0/18 070/0009846) and grant no. ANR-18-CE29-0003 (NANO-DISPROQO),
provided by Agence Nationale de la Recherche. In addition, the project National Institute of
Virology and Bacteriology (Programme EXCELES, ID ProjectNo. LX22NPO5103) — Funded
by the European Union—Next Generation EU is acknowledged.
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Short-range folding of intrinsically disordered proteins
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a Institute of Neuroimmunology, Laboratory of Structural Biology of Neurodegeneration, Slovak
Academy of Sciences, Bratislava, Slovakia
b Institute of Chemistry, Analytical Department and Department of Structure and Function of
Saccharides, Slovak Academy of Sciences, Bratislava, Slovakia
¢ CEITEC MU, Brno, Czech Republic

Phenomenon of protein intrinsic disorder is gaining an increasing attention for
the past two decades [1]. In water solutions, intrinsically disordered (ID) proteins (IDPs)
and ID protein regions contain no stable three-dimensional structure. ID polypeptide
chain is nearly completely hydrated and highly flexible; therefore, IDP conformations
are composing a conformational ensemble (CE). Individual members of CE are
separated by a small energy barrier and easily interconvert [2].

Conformational and folding properties of proteins are dictated by the pattern of
hydrogen bonds created by them. Globular proteins have the polypeptide backbone
largely protected from solution; hydrogen bonds involving their main-chain atoms are
in majority intramolecular, forming well-known structural elements of beta sheets and
alpha helices. In contrast, IDPs satisfy hydrogen-bonding potential of their main chain
almost exclusively by intermolecular hydrogen bonding to the solvent molecules. It is
not yet clear how important could be hydrogen bonds if formed within the IDP
molecules.

Working with IDP tau we found some intramolecular hydrogen bonds between
side chain and main chain atoms, which may be important for the tau protein function.
We can observe these bonds in crystal structure of tau complexes [3]. They are formed
locally and create small 9-15 membered ring structures. Results of simulations indicate
that these rings are stable only for short periods of time and frequently renew their
existence. Quantum mechanics calculations revealed the proportion of rings in the
local CE; experiments on cell lines showed indications of their potential biological
significance

We identified in the literature various types of possible small hydrogen bond
rings and we are presenting their overview. The ring structures can be found in the
solved X-ray structures and/or detected experimentally on small dipeptides and
tripeptides, mostly in the gas phase.

For these structures we coined the name SPuRs — Side chain Propelled Rings.
It is hypothesized that these small ring structures influence the composition of IDP CE
and may regulate corresponding biological activity. In the future work we aim to
examine the SPURS also in other IDPs.
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Effects of photobiomodulation on oxidative stress and a-synuclein
in 2D model of Parkinson’s disease

aK. STROFFEKOVA, 2E. WETTER, 2S. TOMKOVA
aDepartment of Biophysics, Institute of Physics, PJ Safarik University, Kosice, Slovakia

According to the World Health Organization (WHO), the proportion of the world's population
over 60 years will nearly double from 12% to 23% by 2050. With this in mind,
neurodegenerations are projected to show up to a 66% increase, which poses a great socio-
economic impact. The etiology of the most neurodegenerations is not clear, however,
interactions between genetic and environmental factors, lifestyles and dietary factors were
shown to play a role in Parkinson’s (PD), Alzheimer (AD) diseases and ALS (amyotrophic
lateral sclerosis). Long-term/low dose exposure to metals, pesticides, solvents, and
petrochemicals are indicated as environment risk factors in PD, AD and ALS [1]. Parkinson’s
disease (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), referred to as Lewy
bodies [2]. It is now widely accepted that oxidative stress, impairment of mitochondrial
dynamics and function, calcium overload and balance disruption between apoptosis and
autophagy are the key mechanisms underlying the pathogenesis of both sporadic and familial
PD. PD was positively associated with two groups of pesticides, including rotenone (ROT) and
paraquat (PAR) [2]. The ROT and PQ are used extensively in in vitro and in vivo PD models.
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. In last decade, there are reports of the PBM beneficial effects in PD and AD,
and in treatment of traumatic brain injuries including stroke. PBM was shown to prevent
mitochondrial dysfunction and dopamine loss in Parkinson’s disease patients [3].

The aim of the present work was to study the PBM effects on oxidative stress and
aSNC in 2D cellular model of Parkinson's disease (PD). First, we have established
2D model of PD by using human neuroblastoma cell line SH-SY5Y and ROT treatment. To
model long term low concentration exposure, we treated SH-SY5Y cells 48 hrs with increasing
ROT concentration gradient from 100nM to 10uM. The SH-SY5Y viability decreased with
increasing ROT concentration. Cell viability decreased down to 50+3% at the concentrations
above 500nM. For our PD model, we have then used 200nM ROT, where SH-SY5Y viability
was 77+1%. As anext step, we determined that the PBM irradiation dose of 1J/cm? at
wavelength 808 nm had the most desirable effect on cell viability, it increased the ROT treated
cell viability by 20%. With the established framework of our model and PBM dose (200nM Rot
for 48hr, NiR 1J/cm?), we then investigate key aspects of PD in cells. We have shown that
ROT treatment induced mitochondria dysfunction and fragmentation, and that PBM prompted
mitochondria fusion. In the next step, we had investigated oxidative stress in mitochondria and
in whole cell in ROT treated cells. The chronic ROT treatment (200nM Rot for 48hr) significantly
increased level of superoxide in mitochondria, detected by specific fluorescent probe
MitoSOXRed, whereas PBM treatment decreased oxidative stress in cells exposed to ROT
comparable with the antioxidant N-acetylcystein (NAC) (Fig.1).
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B Figure 1. PBM effect on ROT induced
CTRL + NAC 24hr [T mitochondrial oxidative stress in SH SY5Y
s cells
o It has been shown previously that the
§§ e ROT PD models replicated clinical
U SS=__ pathological features such as

R dopaminergic cell loss and alpha-
synuclein (aSN) inclusions (Lewy
bodies and neurites) [2]. Therefore,

= e we have looked at level of a-synuclein
: (aSNC) in our cells. We have aimed to
ensty rane look at the levels of aSNC monomer

and aggregates with specificaly designed antibodies, respectively (ab138501, ab209538;
Abcam). Our results show that control SH-SY5Y cells have a low level of aSNC monomer.
ROT treatment increased aSNC monomer level. PBM further increased aSNC monomer level
in both, control and ROT cells. Level of aSNC aggregates are appreciably higher than aSNC
monomer in control and ROT treated cells. However, in contrast with aSNC monomer, PBM
treatment notably decreased level of aSNC aggregates in both, control and ROT cells (Fig.2).
This effect is most likely caused by autophagy activation, however, we have to do some more
investigation in this matter.

Figure 2. PBM effect on ROT
CTRL - asNC ager aSNC aggregates in SH SY5Y
+1J/cm? NiR 808nm B cel/s.

A

CTRL - SNCaggr

[ In conclusion, we have
‘ established ROT induced 2D
PD model using SH-SY5Y cells,
which displays increased
e " oxidative stress, impairment of

o i - <au - mitochondrial - dynamics and
e empanreenn fynction, and aSNC aggregates.
aSNCaggregates We have shown that PBM
treatment can alleviate PD

symptoms at the cellular level. These results can be the groundwork for a PBM therapy
research in more complex systems such as 3D organoids, in the animal model in vivo, followed

by possible preclinical studies.
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200nM ROT 48hr
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lon-Specific Effects in Biological Systems

M. KHAJEHPOUR, I. ASAKEREH, B. T. SHARAKI, H. REZASOLTANI

Department of Chemistry, University of Manitoba, Winnipeg, Manitoba, Canada State

The addition of salt to aqueous solvent affects the thermodynamics of bio-
molecules in an ion specific manner. The most well-known of these effects is seen in
the salt induced precipitations of proteins, where the rank ordering of ions in terms of
their precipitation efficacy results in the Hofmeister series. In addition to protein
precipitation, ion-specific effects are also observed in protein folding, protein
aggregation and enzyme kinetics. In this talk, we demonstrate a general methodology
for analyzing salt effects on bio-molecular processes through introducing salt specific
effects on folding and catalysis in a few model protein systems (RNase A, Melittin and
Paratox), and also suggest interaction mechanisms that may contribute to the
observed ion specificity.
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Ryanodine receptor inactivation by divalent ions

A. ZAHRADNIKOVA, J. PAVELKOVA, |. ZAHRADNIK

Department of Cellular Cardiology, Institute of Experimental Endocrinology, Biomedical Research
Center, Slovak Academy of Sciences, Bratislava, Slovakia

Ryanodine receptors play a central role in the excitation-contraction coupling of
skeletal and cardiac muscle cells, where upon cell excitation they release calcium from
the sarcoplasmic reticulum into the cytosol, and so trigger contractile response. The
skeletal isoform RyR1 and the cardiac isoform RyR2 differ in the physiological
mechanism of activation (voltage- vs calcium-dependent) but their regulation by small
cytosolic molecules (ATP, xanthines) and ions (Ca?*, Mg?*) is qualitatively similar. Also,
their molecular architecture is almost identical despite their overall sequence identity
of only 60% [1], and amino acid residues constituting the binding sites for the activators
Ca?*, ATP, and xanthines are conserved between isoforms [2]. At a low Ca?*
concentration in in vitro experiments, magnesium ions increase the EC50 of Ca®*-
dependent activation of both RyR isoforms. At high Ca2* concentrations, both ions
cause RyR inactivation, supposedly by binding to an inhibition site. Both divalent ions
seem to have equal inhibitory potency at both RyR isoforms [3], but the RyR1 isoform
is inactivated at much lower concentrations than RyR2. This observation was attributed
to a lower sensitivity of the RyR2 inhibition site compared to that of RyR1 [2]. The
respective inhibition sites, that is, positions of divalent ions in the inactivated RyR
structures, were not resolved yet in either RyR isoform. There are indications, however,
that the EF-hand region, containing the EF-hand motifs EF1 and EF2, as well as the
cytosolic segment between membrane helices S2 and S3 (S2S3 segment), are
involved in RyR inhibition by divalent ions. Functional studies based on scrambling of
the ion-coordinating residues of EF1 or introducing mutations leading to malignant
hyperthermia to the S2S3 residues F4732, G4733, or R4736 revealed that these
interventions decreased the sensitivity of RyR1 to inactivation, in some cases down to
the same level as observed in RyR2 [4,5]. However, the S2S3 residues are conserved
between RyR1 and RyR2; therefore, their contribution to the differences between
inactivation of RyR1 and RyR2 is not clear. Several cryo-EM structures of RyR1 in the
inactivated state are available, in which the EF-hand region and the S2S3 segment are
in close contact; however, Ca atoms were not observed there even when Ca?*
concentration in the reconstitution medium was very high. At the same time, Ca atoms
were observed at the activation site and in the ATP-binding cavity [6].

To elucidate the mechanism of RyR inactivation we have analyzed Ca?* binding to the
EF-hands EF1 and EF2 in RyR1 and RyR2 using bioinformatics, and compared the
published structures of RyR1 and RyR2 in the closed, primed, open, and inhibited
conformations. We found that a stronger binding of Ca?*to EF1 and EF2 is predicted
to occur in RyR2 than in RyR1, contrary to expectations. We hypothesize that the
different sensitivity of RyR1 and RyR2 to divalent ion-induced inactivation is not caused
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by differences in ion binding but is very likely caused by a different transmission of the
inhibitory signal between the inhibition site and the channel gate. An additional
pathway should be present in RyR1, in which the occupied inhibition site promotes
inactivation directly by transmitting the signal from the EF-hand region to the gating
site via the S2S3 segment.
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The effect of the central-helix mutations on the stability and
dynamic motion of the N-terminal domain of the human ryanodine
receptor 2

V. BAUEROVA-HLINKOVA, T. HROMADKOVA, E. KUTEJOVA, J. A. BAUER

Institute of Molecular Biology Slovak Academy of Sciences, Dubravska cesta 21, 845 51 Bratislava,
Slovakia

Regular heart activity is one of the requirements of human life. Ryanodine
receptor 2 (hRyR2) plays a key role in this process. hRyR2 is a large homotetramer
(MW ~ 2.3 MDa) in which each subunit consists of nearly 5000 amino acids [1]; it is
expressed primarily in cardiac muscle. hRyR2 is a multidomain transmembrane protein
(Fig. 1A) localized to the sarcoplasmic reticulum (SR) membrane, where it provides
excitation-contraction coupling through a mechanism known as Ca?*-induced Ca?*
release (CICR) [1; 2]. hRyR2 dysfunction, which is often caused by point mutations in
its gene, is associated with several arrhythmias, including CPVT1, SCD, ARVC/D2,
SIDS, and heart failure; it is also associated with colorectal cancer
(https://www.hgmd.cf.ac.uk/ac/gene.php?gene=RYR2). The causes of these diseases
and their molecular mechanisms are, in many cases, unknown.

Fig. 1. A. Homotetrameric structure of human RyR2 determined by cryo-electron microscopy. View from
the cytoplasmic side. The N-terminal domain (NTD) is shown in blue and circled. B. Crystal structure of
the hRyR2 NTD determined by X-ray crystallography (PDB 4JKQ). The NTD consists of three
subdomains: A, B and C. The central helix (salmon) together with the residues whose mutations are
associated with cardiac arrhythmias are indicated.

The structure of the entire RyR2 homotetramer has been determined by electron
microscopy (Fig.1A) in both open and closed conformations [3] as well as in complex
with several modulators that regulate RyR2’s gating [4, 5, 6]. The structure of the N-
terminal domain of hRyR2 (NTD) was also determined by X-ray crystallography
(Fig.1B) [7] where an important role was revealed for the central helix in NTD stability.
In the central helix there are several residues — R414, 1419, R420 [8] and L433 (Fig.1B)

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 36 OF 116



J{\gﬁ‘ :
- 7\\\/ 231N S

y g DEPARTMENT OF BIOPHYSICS, IEP SAS
L, 70 SSB 2023
2 G557 ¢
T
I)';l)’

— whose mutations are asoociated with the diseases listed above. Our biophysical and
molecular dynamics studies showed that mutations in these residues can cause
substantial differences in the dynamic motion of the NTD subdomains, which might, at
least in part, modify the dynamics of the whole hRyR2 and in this way contribute to
cardiac arrhythmias.
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Computational evolutionary analysis of insertion and deletion
events in bacterial Hsp70

aM. GALA, °G. ZOLDAK

aDepartment of Biophysics, Institute of Physics, P. J. Safarik University, Kosice, Slovakia
bCenter for Interdisciplinary Biosciences, Technology and Innovation Park, P.J. Safarik University,
Kosice, Slovakia

Heat shock proteins 70 (Hsp70) are molecular chaperones that comprise a
nucleotide-binding domain (NBD) and a substrate-binding domain (SBD), the latter of
which is responsible for binding protein clients. Upon ATP binding to the NBD, the
interface between the a/f subdomains of the SBD undergoes conformational changes,
resulting in its opening and subsequent docking onto the NBD. The stabilization of
allosteric effects is facilitated by the interdomain contacts between the NBD and SBD
that have recently been established. Here, we investigate the impact of Hsp70
evolution on the formation of subdomain interfaces and their subsequent opening.
Insertion and deletion events, commonly referred to as indels, can significantly impact
mechanical events. This is due to the fact that such changes introduce a collective shift
in the pairing interactions at communicating interfaces. Through an analysis of multiple
sequence alignment data obtained from the Swiss-Prot/UniProt database, a number of
indel-free regions (IFR) have been identified within Hsp70. The two most sizable IFRs
are situated in interdomain regions that engage in allosteric conformational changes.
We speculate that the reduced probability of indel occurrence in these regions can be
attributed to the disruptive effects of indel events on the mechanical balance of the
protein, leading to functional impairment. The rational design of functional allosteric
machines necessitates the incorporation of a notion of balance among structural
components.
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program GA. No. 952333 project CasProt, BioPickmol, ITMS2014+: 313011AUW6 supported
by the Operational Programme Integrated Infrastructure, funded by the ERDF.
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Supramolecular assembly of the pathological light chain under
reducing conditions

aby. DZUPPONOVA, °G. ZOLDAK

aDepartment of Biophysics, Faculty of Science, Pavol Jozef Saférik University, Kosice, Slovakia
bCenter for Interdisciplinary Biosciences, Technology and Innovation Park, Pavol Jozef Safarik
University, Kosice, Slovakia

Protein stability is an important property necessary for correct functioning in
biological systems. When the stability is low, protein can misfold, which can lead to the
formation of aggregates that are often toxic for the cell. Protein misfolding can result in
serious diseases. Examples of such diseases include amyloidosis and multiple
myeloma of the immunoglobulin light chain. Multiple myeloma (MM) is haematological
malignancy characterized by the abnormal proliferation of plasma cells, which produce
excessive amounts of the monoclonal parts of antibodies known as light chains. These
light chains pass into the bloodstream and form extracellular deposits in vital organs,
causing significant damage. Understanding the molecular mechanisms underlying
protein aggregation and the influence of the physicochemical environment on the
conversion of functional proteins into harmful aggregates is crucial for developing
effective strategies to reduce the morbidity associated with these leukemic diseases.
Furthermore, identifying the critical steps involved in the aggregation process would
allow for the targeted development of drugs that can inhibit the formation of toxic
aggregates ['-3],

In our study [, we investigated the aggregation mechanism and structures of
pathological aggregates formed by the human multiple myeloma light chains (hLC)
after disrupting stabilizing disulfide bonds using different reducing agents. We
measured the aggregation kinetics in the presence of three commonly used disulfide
reducers (TCEP, DTT, and glutathione) and visualized the resulting aggregates using
a combination of light microscopy and advanced imaging techniques such as confocal
and super-resolution STED microscopy. Our findings revealed that the aggregation
kinetics could be described by two macroscopic rate constants based on the Finke-
Watzky model, which are associated with the nucleation and growth processes,
respectively. Surprisingly, we observed decreased growth rate constants at higher
protein concentrations. We interpret this observation as the involvement of an
aggregation-active monomer particle that becomes progressively depleted at high
concentrations due to shifts in the monomer/dimer equilibrium. By employing three-
dimensional visualization techniques at the submicrometer resolution, we observed
distinct branched morphologies of the final aggregates, specific to the reducing agents
used. These branched aggregates exhibited non-trivial fractal dimensions.
Consequently, disrupting the stabilizing disulfide bonds in hLC leads to forming large,
branched aggregates through a monomer-addition mechanism with unique structural
fingerprints (Fig. 1).
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Figure 2: 3D morphologies of light chain aggregates formed after reducing disulfide bonds using
different chemical reducing agents: TCEP, DTT, GSH or temperature. 3D morphologies were obtained
by the fluorescent labeling of LC with Abberior STAR RED dye and visualized by the STEDYCON
microscope.
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Production of Viral Proteins and Their Characterisation

abcA POLAK, aM. BENKO, 2A. BITALA, 9M. NEMCOVIC, al. NEMCOVICOVA

aBjomedical Research Center, Institute of Virology, Department of Viral Inmunology, Slovak Academy
of Sciences, Dubravska cesta 9, 845 05 Bratislava, Slovak Republic
bFaculty of Natural Sciences, Department of Molecular Biology, Comenius University in Bratislava,
Milynska dolina, llkovi¢ova 6, 842 15 Bratislava, Slovak Republic
CInstitute of Neuroimmunology, Laboratory of Structural Biology of Neurodegeneration, Slovak
Academy of Sciences, Dubravska cesta 9, 845 10 Bratislava
dInstitute of Chemistry, Department of Glycobiology, Slovak Academy of Sciences, Dubravska cesta 9,
845 38 Bratislava, Slovak Republic

The immunomodulatory protein UL144 is encoded in UL/’ locus of
cytomegaloviruses (CMV). The main function of viral immunomodulatory proteins is to
escape host immune system, which may lead to severe infections. The infections are
primarily threatening immune-deficient patients and pregnant women (1). Estimated
mean prevalence of CMV infections reached up to 83% of serum-positive patients in
2009 (2). Despite this, a specific therapy targeting human CMV infection has not been
fully developed yet. The main goal of our work was the preparation of UL144-wt (wild
type) protein and its glycosylation-deficient mutants since glycosylation has been found
to significantly alter UL144 binding affinity (3). Our next goal was the characterisation
of UL144 proteins binding to specific human receptors.

The produced proteins included: human CMV UL144-wt protein, RhUL144
protein from Rhesus CMV and two mutant proteins, UL144-dg (glycosylation-deficient
mutant) and UL144-N91 protein with mutation in position 91, abolishing glycosylation
on this site. We also produced two ligands to UL144-proteins: CD160 and BTLA
glycoproteins. All proteins have been detected by polyacrylamide electrophoresis
(SDS-PAGE) and Western blot method. Further identification was ensured using
tandem mass spectrometry (fig. 1). Two produced proteins, UL144-wt and RhUL144
had suitable concentration for protein crystallization. We used sitting-drop method for
their crystallization.

The main outcome was an estimation of binding affinity of mentioned proteins.
The binding of highly glycosylated UL144-wt was expected only to BTLA, whereas the
less-glycosylated RhUL144 proteins were expected to bind both BTLA and CD160.
Since UL144-dg and UL144-N91 glycosylation-deficient mutants have similar
glycosylation profile as RhUL144, similar binding was also expected (fig. 2).

We produced all studied proteins using Sf9-baculovirus expression system.
Surface plasmon resonance (SPR) method was used to estimate the binding affinity.
Our preliminary results confirmed the formation of UL144-wt—CD160 protein complex
as well as formation of RhUL144—-CD160 and RhUL144-BTLA complexes. In case of
UL144-N91 protein, both complexes were observed but with low affinity. We did not
manage to confirm expected binding between UL144-dg protein to either of the
glycoprotein ligands.

Our preliminary results are promising but require further study. The
understanding of mechanism underlying the interaction between viral
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immunomodulatory proteins and human immune system is of a high importance.
These data are crucial to develop better targeted strategies against viral infections.
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Fig. 1: Tandem mass spectrometry (MS/MS) of produced proteins with highlighted coverage. A — UL144-wt, B —
UL144-dg, C — UL144-N91. No data was obtained for RhUL144 protein, however, RhUL144 was clearly identified

using other methods.
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Fig. 2: UL144 cytomegalovirus proteins and their binding to human glycoproteins.
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Quenching of singlet oxygen in intracellular environment
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Singlet oxygen, which is the lowest excited state of molecular oxygen, plays a
crucial role in photodynamic therapy [1]. The process of singlet oxygen quenching
within the cellular environment has been extensively studied for many years. The
primary objective of this research was to determine the lifetime of singlet oxygen, which
would then allow the definition of an action radius [2-5]. Even though a lot of effort was
put into this research, there was no scientific consensus on the singlet oxygen lifetime
in cells. In this study, we tried to minimize the problematic parts of the previous studies
and we examined the quenching of singlet oxygen in U87MG glioblastoma cells at
various stages of apoptosis, utilizing hypericin as a photosensitizer. Through the
utilization of time-resolved singlet oxygen phosphorescence in conjunction with
transient absorption measurements, we observed changes in the quenching of singlet
oxygen at different phases of apoptosis. Additionally, we were able to identify two
distinct populations of hypericin, each exhibiting different triplet state lifetimes and
contributions to singlet oxygen phosphorescence. One population was localized within
the cellular environment, while the other was present in the plasma membrane and
membrane blebs that occur during apoptosis. The singlet oxygen lifetime
corresponding to the intracellular environment of U87MG cells was determined to be
0.4 us, with an increase observed as the level of apoptosis increased.

Acknowledgment. This work was supported by research grants VEGA 1/0557/20, APVV-21-
0333, internal grant of Faculty of Science UPJS in KoSice vvgs-2022-2184 and BioPickmol,
ITMS2014+: 31301 1AUWE from the Operational Program Integrated Infrastructure funded by
the ERDF.
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Why Analytical Ultracentrifugation to Investigate Biomolecules?

3l. GARAGUSO, °L. EHRARDT, "A. BHATTACHARYA

@ Beckman Coulter GmbH, Krefeld, Germany
b Beckman Coulter Life Sciences, Loveland, CO, US

The Analytical ultracentrifugation (AUC) is a biophysical technique that uses centrifugal
force to separate molecules dissolved in solution according to their size, buoyancy
density and anisotropy. The compounds are then detected by UV-visible absorbance
and Rayleigh interference or fluorescence. The AUC combines a wide dynamic range,
high particle-size resolution with high statistical accuracy as well as sensitivity. Being
a first-principle technique, AUC, does not require standards. The main variables
determined by AUC experiments are sedimentation, diffusion coefficients and partial
concentrations. Furthermore, the AUC provides information on the size and shape of
biomolecules in their native state as they exist in solution with virtually no limits on the
nature of the sample or solvent, i.e. any substance whose absorbance (or refractive
index) differs from that of the solvent can be analysed'. Thus, AUC is a widely
applicable technology providing relevant information for the study of thermodynamics
and macromolecular characteristics of nanopatrticles, colloidal systems, dispersions,
emulsions and biopolymers. This technology have been used to characterize proteins,
nucleic acids, carbohydrates?, and is well suited to determine the molar mass, particle
size, particle density, shape, stoichiometry®>® extinction coefficient® as well as
interaction parameters such as association constants and bonding properties’. In
addition, the wide dynamic range of measurement of the AUC can be applied to
compounds & with molecular masses ranging from a few hundred units, such as
sucrose ?; up to several millions such as organelles'® and viral particles ''-'2 requiring
small amounts of sample (18 to 450 L) even at low concentrations (down to 0.01g/L).

Although there has been a rapid development of both computational power and
tools for AUC analysis, this technology is definitely underutilised, considering
capabilities and potential, in the fields of biochemistry and molecular biology. Here we
present an overview of applications and case studies on the determination of chemical-
physical properties and interactions of biological macromolecules of common interest
such as Proteins, nucleic acids, drugs, Liposomes and viral vectors. Addressing
practical questions and highlighting the power of AUC for a reliable and robust analysis
of biomacromolecules.

Contact:
Ignazio Garaguso, Sr. Sales Specialist AUC Europe

Beckman Coulter GmbH
Europark Fichtenhain B 13 — D-47807 Krefeld, DE
T: +49 1743799785

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 45 OF 116



RN S
NE =y, DEPARTMENT OF BIOPHYSICS, IEP SAS
JX?@ f ,(r//! SSB 2023
AL a;Q,;u‘/)‘ pd

[;;’f)»

E: igaraguso@beckman.com
W: beckman.com

References

1. Demeler B. Measuring molecular interactions in solution using multi-wavelength analytical
ultracentrifugation: combining spectral analysis with hydrodynamics. The Biochemist. 2019;41(2):14-18.
doi:10.1042/BI004102014

2. Lebowitz J, Lewis MS, Schuck P. Modern analytical ultracentrifugation in protein science: A tutorial
review. Protein Sci. 2009;11(9):2067-2079. doi:10.1110/ps.0207702

3. Yang TC, Catalano CE, Maluf NK. Analytical Ultracentrifugation as a Tool to Study Nonspecific
Protein—DNA Interactions. Methods Enzymol. 2015;562:305-330. doi:10.1016/bs.mie.2015.04.009

4. Unzai S. Analytical ultracentrifugation in structural biology. Biophys Rev. 2017;10(2):229-233.
doi:10.1007/s12551-017-0340-0

5. Cole JL, Lary JW, Moody T, Laue TM. Analytical Ultracentrifugation: Sedimentation Velocity and
Sedimentation Equilibrium. Methods Cell Biol. 2008;84:143-179. doi:10.1016/S0091-679X(07)84006-4
6. Hoffmann A, Grassl K, Gommert J, Schlesak C, Bepperling A. Precise determination of protein
extinction coefficients under native and denaturing conditions using SV-AUC. Eur Biophys J.
2018;47(7):761-768. doi:10.1007/s00249-018-1299-x

7. Van Holde KE, Weischet WO. Boundary analysis of sedimentation-velocity experiments with
monodisperse and paucidisperse solutes. Biopolymers. 1978;17(6):1387-1403.
doi:10.1002/bip.1978.360170602

8. Scott DJ, Winzor DJ. Characterization of Intrinsically Disordered Proteins by Analytical
Ultracentrifugation.  In:  Methods in  Enzymology. Vol 562. Elsevier; 2015:225-239.
doi:10.1016/bs.mie.2015.06.034

9. Van Holde KE, Baldwin RL. Rapid Attainment of Sedimentation Equilibrium. J Phys Chem.
1958;62(6):734-743. doi:10.1021/j150564a025

10. Duong P, Chung A, Bouchareychas L, Raffai RL. Cushioned-Density Gradient Ultracentrifugation
(C-DGUC) improves the isolation efficiency of extracellular vesicles. Hancock R, ed. PLOS ONE.
2019;14(4):e0215324. doi:10.1371/journal.pone.0215324

11. Mullins EK, Powers TW, Zobel J, et al. Characterization of Recombinant Chimpanzee Adenovirus
C68 Low and High-Density Particles: Impact on Determination of Viral Particle Titer. Front Bioeng
Biotechnol. 2021;9:753480. doi:10.3389/fbioe.2021.753480

12. Richter K, Wurm C, Strasser K, et al. Purity and DNA content of AAV capsids assessed by analytical
ultracentrifugation and orthogonal biophysical techniques. Eur J Pharm Biopharm. Published online May
16, 2023. doi:10.1016/j.ejpb.2023.05.011

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 46 OF 116



ﬂfgw\%\}j DEPARTMENT OF BIOPHYSICS, IEP SAS
A TR, LHCY SSB 2023
A ‘«a}h\"’.‘ p'é
[;ﬂ)
SC 06 SHORT COMMUNICATIONS

Modern Methods for the Analysis and Characterization of
Biomolecules

K. KOLKOVA

SPECION, s.r.o., Budéjovicka 1998/55,140 00 Prague, Czech Republic

In our company presentation, we will introduce the latest trends and innovative
methods in the analysis and characterization of biomolecules. Our comprehensive
portfolio offers state-of-the-art solutions for biomolecular research, including protein
stability measurement, sample characterization and distribution, biomolecular
structure elucidation, and interaction studies.

Quality and the generation of significant datasets play a crucial role in our research.
Efficient data collection in a short time frame and with minimal resource consumption
has become a key objective. We will present solutions in the field of biotechnology that
feature a high degree of automation, low consumable material costs, and allow
operation without the need for deep knowledge of a single technique. These solutions
also generate extensive datasets, often through a platform-based measurement
approach.

Distinguished companies such as Refeyn, Applied Photophysics, Redshift, Symcel,
and Horiba will be showcased at the conference, presenting advanced technologies
including Mass Photometry, Circular Dichroism, Differential Scanning Fluorimetry,
Microfluidic Modulation Spectroscopy, and others.

Attendees of our presentation will gain insight into cutting-edge modern
technologies, with an invitation to follow for demonstrations and webinars of selected
technologies.
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Allosteric regulation of 14-3-3 protein family by Norharmane
Effects on adipogenic differentiation of 3T3L1 cells

L. RIVERA, 8S. MULLER, 2E. BARRERA, 2M. UHART, #°D.M. BUSTOS

al aboratorio de Integracion de Senales Celulares, IHEM (CONICET-UNCuyo), Mendoza, Argentina
bFCEN, UNCuyo, Mendoza, Argentina

14-3-3 proteins constitute a family of seven mammalian paralogs that participate
in a plethora of cellular processes mainly through protein-protein interactions. It is
estimated that more than 10% of the human proteome could participate as target
proteins. Even though 14-3-3 targets don’t share any defined structural motif, our
analysis show that intrinsic structural disorder and the presence of phosphorylated Ser
or Thr residues are common and needed elements for binding [1, 2, 3, 4, 5, 6]. Arecent
breakthrough in our research has unveiled an allosteric site governing two distinct
conformations (open/closed) of 14-3-3. These conformations exhibit differing affinities
towards phosphorylated partners. Through virtual screening of this region, we
identified a family of compatible ligands named B-carbolines, which prompt the protein
to adopt the closed state. To validate our bioinformatics approach, we conducted a pull-
down experiment using one such ligand, Norharmane (9H-Pyrido[3,4-B]indole).
Results revealed that the 14-3-3 partner R18 exhibited increased binding only when
Norharmane was added post incubation of 14-3-3 and R18. Pre-incubation of 14-3-3
with Norharmane obstructed R18's interaction. Furthermore, we explored the impact
of Norharmane on 14-3-3 activity in a biological process. Drawing from previous
findings indicating 14-3-3y's inhibitory effect on adipogenic differentiation of 3T3L1
cells [7, 8], we assessed adipogenic potential under Norharmane treatment with or
without reduced 14-3-3y expression. Norharmane-treated 3T3L1 cells exhibited
reduced lipid droplet accumulation, an effect absents in 14-3-3y knockdown cells. This
suggests Norharmane's potential to influence adipogenic differentiation via 14-3-3y
modulation. Our findings provide initial evidence about a novel allosteric regulatory
mechanism of 14-3-3 proteins by Norharmane and reveal new concepts about 14-3-3
nature.

Acknowledgment. This work is being supported by research grant CONICET (National
Scientific and Technical Research Council - Argentina) and Marie Sklodowska Curie Action
RISE (Research and Innovation Staff Exchange) grant.
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Herbal extracts' effect on protein amyloid aggregation - individual
vs. pooled constituents

aM. GANCAR, °E. KURIN, #Z. BEDNARIKOVA, &J. MAREK, °S. BITTNER FIALOVA,
S. DOKUPILOVA, P. MUCAJI, °M. NAGY, 3Z. GAZOVA

aDepartment of Biophysics, Institute of Experimental Physics Slovak Academy of Sciences,
Watsonova 47, 040 01, Kosice, Slovakia
bDepartment of Pharmacognosy and Botany, Faculty of Pharmacy, Comenius University Bratislava,
Odbojarov 10, 832 32, Bratislava, Slovakia

The propensity of proteins to aggregate into amyloid structures is a pressing

concern in various health disorders. Notably, insulin, a crucial therapeutic for diabetes,
undergoes aggregation, resulting in undesired fibrillar deposits and iatrogenic injection
amyloidosis. Seeking innovative avenues for mitigating amyloidosis is essential.
Herbal extracts, with their diverse molecular components, offer promise for effective
treatments.
This comprehensive investigation explored the anti-amyloidogenic potential of seven
distinct compounds sourced from Camellia sinensis and Origanum vulgare,
encompassing their equimolar combinations against insulin amyloid aggregation. Our
evaluation employed a multifaceted approach, integrating the thioflavin T fluorescence
assay, infrared spectroscopy, atomic force microscopy imaging, and in silico
calculations.

Our results demonstrate the pronounced anti-amyloid activity of Origanum vulgare
extracts, evident through their lower effective concentrations required for inhibiting
insulin amyloid aggregation. However, limited synergistic interactions were noted
among the compounds within this extract. Conversely, constituents from Camellia
sinensis notably delayed the onset of insulin amyloid aggregation under specified
conditions, revealing multiple potentiating synergies. Molecular docking studies further
provided insights into the mechanistic foundations of our in vitro observations.

In summary, our study identifies specific bioactive compounds with individual
efficacy in counteracting insulin amyloid aggregation. We elucidate their modulatory
impacts on the aggregation process and decode the intricate interplay of synergistic
and antagonistic interactions stemming from their equimolar combinations. This
research enriches our understanding of the potential of natural compounds sourced
from Camellia sinensis and Origanum vulgare as therapeutic agents for amyloid-
related disorders, illuminating their underlying molecular mechanisms. The findings
underscore the promise of these compounds for future therapeutic interventions.

Acknowledgement: This work was supported by the Slovak Research and Development
Agency under Contracts no. APVV 18-0284 and APVV SK-TW-21-0004; Slovak Grant Agency
VEGA grants: 1/0284/20, 1/0226/22, 2/0164/22 and 2/0176/21.

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 50 OF 116



ﬂfgw\dt}i‘“j DEPARTMENT OF BIOPHYSICS, IEP SAS
A TR, LHCY SSB 2023
. ~'.);§J\ﬂ): S
[;If)
SC 09 SHORT COMMUNICATIONS

Self-assembly of spider protein-DNA hybrids

aV. FEDOROVA, T. BIRO, ®K. SIPOSOVA, °M. HUMENIK

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy of Sciences, Kosice,
Slovakia
bDepartment of Biophysics, Institute of Physics, P. J. Safarik University in Kosice, Kosice, Slovakia
°Department of Biomaterials, Faculty of Engineering Science, Universitét Bayreuth, Bayreuth,
Germany

Protein self-assembly is a spontaneous process based on non-covalent
interactions between molecular subunits without the requirement of external energy
sources, resulting in the formation of highly organized aggregates [1]. Such self-
assembled molecules forming numerous structures, e.g. fibrous, helical, or tubular,
include pathological and functional amyloid proteins sharing typical cross-f3 structures
arranging perpendicularly along the axis of the amyloid fibril [2,3]. Moreover, the
possibility of chemical modification by attaching functional ligands, e.g.
oligonucleotides with specific functions, to peptides or proteins and further alteration of
physical and chemical conditions which stimulate self-assembly of the proteins,
enables us to form bio-inspired nanomaterials with desired structure and
programmable function by the ordered self-assembly process [4]. Among amyloid
proteins, spider silk fibers stand out for their extraordinary properties, including
mechanical strength, biocompatibility, and biodegradability alongside the absence of
immune response in living organisms predetermining them for practical use in different
industries. However, since spiders are known for their often cannibalistic behaviour, a
way of producing recombinant spider silk proteins in commonly used host organism E.
coli has been introduced. Here, the recombinant spider protein eADF4(C16) derived
from the functional protein ADF4 of the dragline fibroin 4 from the European garden
spider Araneus diadematus, which possesses 16 repetitions of module C has been
used [5,6]. Using the ,click-chemistry® reaction approach, the spider protein has been
coupled by the thrombin-binding oligonucleotides TBA15 and TBA29, respectively.
Phosphate ions has been proven to trigger the formation of protein fibrils [4], while K*
ions are essential for the proper composition of secondary structures of DNA
oligomers, which Na* stabilizes [7]. Therefore, we focus on monitoring the kinetics of
the self-assembly of the DNA-modified eADF4(C16) protein in order to evaluate the
effect of different experimental conditions and the presence of ions on the self-
assembly process and morphology of fibrils as well using a combination of
biophysical/biochemical techniques. Detailed understanding of the self-assembly
process of amyloid proteins and their structure will allow us to fabricate hybrid protein-
DNA fibrils that are able to form self-organized highly ordered structures with specific
binding sites able to attach relevant ligands, for instance, biomacromolecules including
enzymes or drugs that could be controllably released.
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Fibril-based carrier systems for bioactive molecules

a¥Yy-Yuan YANG, 2You-Ren LAl PSu-Chun HOW and aSteven S.-S. WANG

' Department of Chemical Engineering, National Taiwan University, Taipei 10617, Taiwan
2Department of Chemical Engineering and Biotechnology, Tatung University, Taipei 104, Taiwan

The connection between amyloid fibril buildup and a range of disorders, such as
Alzheimer's, Parkinson's, Huntington's, type |l diabetes, and prion diseases, is widely
acknowledged. Evidence has indicated the importance of protofibrillar assemblies and
oligomers, rather than the fibrils themselves, in causing tissue damage. Additionally,
amyloid fibrils have been found to possess physiological functions across diverse
organisms. Moreover, the unique properties (e.g., remarkable stability, resilience, and
multifaceted of amyoid fibrils make them promising candidates for various applications
in biomedicine and biotechnology. We have made attempts to develop diverse carrier
systems, such as hydrogels and microcapsules, with amyloid fibrils derived from the
milk proteins, B-lactoglobulin (B-LG) and whey protein isolate (WPI), via different
methods. We have not only characterized the structural properties but also examined
the key features and relevant functions of the as-synthesized amyloid fibril-based
carriers. Our results have demonstrated that these carriers are able to efficiently
encapsulate bioactive molecules, particularly those with hydrophobic and lipophilic
traits. Our research work has highlighted the potential of amyloid fibril-based hybrid
materials as carriers/matrices to encapsulate or delivery drug and/or bioactive
molecules.
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Development of Multi-Dimensional Whey Protein Amyloid Fibril-
Based Composite Materials for Various Engineering Applications

You-Ren LAl and Steven S.-S. WANG*
Department of Chemical Engineering, National Taiwan University, Taipei 10617, Taiwan

sswang@ntu.edu.tw

Food protein wastes have been identified as one of the contributing factors to
climate change. Recent research indicates that the adverse environmental impacts of
food protein wastes include a high carbon footprint, chemical pollution, and biodiversity
loss [1]. Approximately 240 million tons of whey are produced globally each year. The
surplus of whey proteins is a crucial issue for the dairy industry due to environmental
concerns caused by its high biological oxygen demand [2]. Therefore, efforts have
been directed toward exploring sustainable and eco-friendly approaches for valorizing
food protein wastes into advanced sustainable materials. Amyloid fibril formation is a
generic property of all polypeptides. Under appropriate conditions, proteins can form
amyloid fibrils by self-assembly. Moreover, amyloid fibrils of proteins (including food
proteins) exhibit remarkable characteristics, such as high aspect ratio, high charge
density, excellent stiffness, outstanding chemical stability, good biocompatibility and
biodegradability, and diversity of functional groups [3, 4]. These features make them
promising advanced materials in the applications of biomedical engineering,
environmental engineering, and nanotechnology [3, 4]. Therefore, amyloid fibril
formation is considered an attractive strategy for reinforcing food protein function and
valorizing food protein wastes.

Our research is aimed at synthesizing multi-dimensional amyloid-based
materials (e.g., one-dimensional composites, two-dimensional membranes, and three-
dimensional aerogels) using whey protein, a by-product of the dairy industry.
Additionally, our work explores the applications of amyloid fibrils as functional materials
in relevant biochemical and environmental engineering fields, such as nanocatalyst
carriers, electrode surface modifiers, drug delivery vehicles, heavy metal adsorption
films, and oil-water separation aerogels. For example, one-dimensional silver
nanoparticle-decorated whey protein amyloid fibrils (AgNP/WPI-AF) composites were
synthesized using photochemical/chemical routes and used as catalysts for the
chemical catalytic reduction of methylene blue [4]. The AgNP/WPI-AF composites
were also utilized as the electrode surface modifiers for the electrochemical detection
of environmental pollutants (e.g., p-nitrophenol). The two-dimensional carboxymethyl
cellulose/whey protein amyloid fibril (CMC/WPI-AF) membranes were fabricated using
chemical crosslinking coupled with phase inversion and used as the drug delivery
vehicles for the in vitro release of cationic and hydrophobic drugs [5]. The CMC/WPI-
AF membranes were also utilized as adsorbents for the physical adsorption/removal
of heavy metal ions. Through polysaccharide modification, we have prepared three-
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dimensional chitosan-modified whey protein amyloid fibril aerogels, which could be
applied in the oil-water separation and water-in-oil (W/O) emulsion separation. In our
research, amyloid fibrils derived from food proteins were employed to create eco-
friendly and sustainable composites, membranes, and aerogels. We believe the
outcome from our research may contribute to the circular economy.
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Synthesis of Poly(Acrylic acid)-Whey Protein Isolate Amyloid Fibril-
Based Hydrogel Membranes for Drug Delivery

Chia-Yu CHANG and Steven S.-S. WANG*
Department of Chemical Engineering, National Taiwan University, Taipei 10617, Taiwan

sswang@ntu.edu.tw

The unique structural characteristics and biocompatibility of amyloid fibrils make
them promising biomaterials, which can be used in a variety of applications in the fileds
of Biotechnology and Engineering. In this study, poly(Acrylic acid) (PAA) and whey
protein isolate amyloid fibril (WPI-F) were utilized to synthesize the hydrogel
membranes, which serve as carriers for both cationic and anionic drugs, such as
vitamin C (VitC) and metformin (MEF). The fibrillar structure of WPI-F was verified
using ThT binding assay, Congo red binding assay, FTIR, and TEM. The formation of
PAA-WPI-F hydrogel membranes through graft polymerization was confirmed via FTIR
analysis. Zeta potential measurements showed the negatively charged nature of the
hydrogel membranes. In addition, compression test revealed that the presence of WPI-
F could enhance the mechanical strength of as-synthesized hydrogel membranes. The
drug-loaded PAA-WPI-F hydrogel membranes were subjected to in vitro drug release
test and the drug release kinetics was examined using UV-visible spectrophotometry.
Four different models (e.g., First order, Higuchi, Korsmeyer-Peppas (KP), and
Peppas—Sahlin (PS) models) were employed to fit and analyze the in vitro drug release
data. Furthermore, the relevant rate constants and parameters were determined
accordingly.

Acknowledgment. This work was supported by the grants from the National Science and
Technology Council (NSTC), Taiwan.
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Unique structural conformations affect the overall catalytic process
of the phosphopantetheine adenylyltransferase in a highly virulent
ESKAPE pathogen

N. AHMAD, P. SHARMA, S. SHARMA, T. P. SINGH
Department of Biophysics, All India Institute of Medical Sciences, New Delhi, India, 110029
Email: nabbu1412@gmail.com
Keywords: coaD, PPAT, Coenzyme-A biosynthesis, ESKAPE pathogens.

Klebsiella pneumoniae is a gram-negative non-motile, encapsulated, lactose-
fermenting, facultatively anaerobic, rod-shaped, pathogenic bacterium which is a
leading cause of hospital-acquired infections. It is an opportunistic pathogen which
colonizes the mucosal surfaces causing serious infections including pneumonia, UTIs,
and bloodstream infections in hospitalized and immunocompromised individuals.
Because of the rapid emergence of the multidrug-resistant strains of the species, it is
the need of the hour to identify potential drug targets.

Coenzyme-A (CoA) is required as an essential cofactor in several metabolic
reactions. The biosynthesis of CoA in bacteria occurs in five steps which are catalysed
by four different enzymes. Pantothenate kinase (PanK), Phosphopantothenoyl-
cysteine decarboxylase (PPCS) (catalysing the second and third steps),
Phosphopantetheine adenylyltransferase (PPAT), and Dephospho-CoA kinase
(DPCK). PPAT catalyzes the penultimate step of the pathway and involves the transfer
of an adenylyl group from Adenosine-triphosphate (ATP) to 4'-phosphopantetheine
(PhP) yielding 3'- dephospho-coenzyme A (dPCoA) and pyrophosphate (PP;). Though
PanK is a master regulator of CoA biosynthesis, PPAT is involved in the pathway
regulation when regulation at the PanK step is circumvented by the feedback-resistant
mutation thereby, making it an effective drug target.

We have determined the crystal structure of the PPAT enzyme from Klebsiella
pneumoniae (KpPPAT) at 2.59 A resolution. The crystals belonged to tetragonal space
group P44212 with cell dimensions of a=b=72.82 A and ¢=200.37 A. The asymmetric
unit shows the presence of three crystallographically independent molecules A, B, and
C. The structure determination shows that each KpPPAT molecule folds into six a-
helices, and five B-helices arranged as B1-a1-f2-a2-33-a3-B4-n1-a4-B5-a5-a6. This
arrangement leaves a narrow cleft that extends deep into the centre of the molecule
which represents the substrate binding site.

A key difference in the structure of KpPPAT when compared with those from
other species is the position of the side chain of Met74 in the substrate binding site.
This unique conformation adopted by Met74 due to its stabilization by neighbouring
residues, prevents the binding of PhP in the same orientation as that in EcPPAT due
to steric clashes. Also, the PhP binding in the active site region cannot be stabilised
owing to the different orientations of Lys42, Pro40, and Pro44. These unique structural
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constraints prevent the proper alignment of the phosphate group of the PhP molecule
between two positively charged amino acids, Lys42 and Arg88.

Overall, we conclude that due to these unique structural conformations in
KpPPAT, the overall catalytic process of the enzyme is affected, thereby, making the
coenzyme-A pathway less relevant. This could be due to the adaptation of the
bacterium to fulfil its demand for coenzyme-A through other means. Also, the feedback

inhibition process seems to suffer because the structural constraints remain true during
the binding of CoA and dPCoA.
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Research, New Delhi, India.
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Hofmeister anions' influence on the amyloid aggregation of a-
lactalbumin

A. ANTOSOVA, M. GANCAR, J. MAREK, Z. GAZOVA

Institute of Experimental Physics Slovak Academy of Sciences, Watsonova 47, 040 01 Kosice,
Slovakia

Calcium binding, globular whey protein a-lactalbumin (a-LA) gained attention in
drug, vitamin, and bioactive compound delivery. a-LA is a unique protein from which
many nanostructures (such as nanoparticles, nanotubes, nanodisks, and nanofibers)
can be derived for different applications in food science and technology or drug delivery
[1, 2].

Our goal was to study the influence of selected anions (SO4+2", CH3COO", H2PO4,
Br, NOs", ClOy) in the form of sodium salts on the a-lactalbumin amyloid aggregation
to prepare specific amyloid fibrils for their further biotechnological applications. The
aggregation kinetics, morphology of prepared amyloid fibrils and secondary/tertiary
structures of native a-LA and a-LA fibrils have been studied using ThT fluorescence,
ATR-FTIR and CD spectroscopy, and AFM. We have observed selected anions
affecting the characteristics mentioned above of a-LA fibrils differently. The effect of
studied anions on kinetic parameters of a-LA amyloid formation (tLag, tHaLF) strongly
correlates to their position in the Hofmeister series (HS). tLag and thaLr prolongated but
followed the anions” order in HS, except for the tLag and thacr in the case of large and
strongly hydrated HoPO4? and CHsCOOQO-, respectively. Distinctly shortest lag and half
phases were observed for strongly hydrated anion SO4?. a-LA aggregates formed in
the presence of studied salts were visualised using AFM. The presence of CHzCOONa
(Fig.1), NaH2PO4 and NaBr resulted in many long fibrils. Furthermore, fibrils formed in
the presence of CH3COONa have the highest B-sheets content and the least amount
of random secondary structure. Smaller amounts of shorter fibrils were formed in the
presence of Na>SOs (Fig. 1), NaNOs and NaClO4. This may be related to the fact that
the tertiary structure of a-lactalbumin was intensively altered in the presence of these
anions (Fig. 1). Discussed tertiary structure changes are described by a high WSD
value obtained from weighted spectral difference analysis. Except for Na2SQas, the fibril
B-sheets content obtained by ATR-FTIR decreases, corresponding to the position of
the anions in HS - from CH3COONa to NaClO4. These findings are essential to clarify
the mechanism of a-LA amyloid assembly and the possible application of its fibrils in
biotechnology.
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Fig. 1. AFM images of 10 M a-LA fibrils prepared in the presence of Na,SO,4 and CH;COONa.
Near-UV CD spectra of native 90 yM a-LA in the presence of 300 mM NaxSO, (violet line) and
CH3COONa (red line) at pH 2.0. a-LA dissolved in the water at pH 2.0 (dotted grey line) served as
a control.
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Isolation and HPLC identification of fengycin isolated from Bacillus
coagulans strain 9FT27 from Equine skin

az BEDLOVICOVA, PE. STYKOVA, °N. SURIN HUDAKOVA, cM. MADAR

aDepartment of Chemistry, Biochemistry and Biophysics, University of Veterinary Medicine and
Pharmacy, Komenského 73, 041 81, Kosice, Slovakia
bEquine Clinic, University of Veterinary Medicine and Pharmacy, Komenského 73, 041 81, Kosice,
Slovakia
¢Department of Microbiology and Immunology, University of Veterinary Medicine and Pharmacy,
Komenského 73, 041 81, KoSice, Slovakia

Fengycin is the surface-active biosurfactant compound produced by various
microorganisms including the genus Bacillus. Biosurfactants in general possess
biological activities, e. g. antimicrobial, antibiofilm or antiadhesive properties leading to
applications as antiinfective agents [1]. The strain 9FT 27 was isolated from the equine
skin of a healthy broodmare of Norik breed Muran Plain type, that was kept on pasture
in the Center of Horse breeding in Dob8ina, Slovak Republic. The 16S rRNA gene of
this bacteria was submitted to the GenBank database and published under the
accession number Bacillus coagulans OFT27 (AN: MN559543). The strain was
deposited in Czech Culture Collection of Microorganisms (Brno, MUNI) as Bacillus
coagulans Biocenol™ 9FT27 CCM 9014 under the Budapest treaty [2]. The aim of this
study was to isolate and identify the lipopeptide biosurfactant fengycin. For isolation of
fengycin was used standard methods described in our previous study [3]. For
identification of fengycin the UHPLC with DAD detection was used.

Acknowledgment. This work was supported by the Slovak Research and Development Agency
under the contract No. APVV-16-0203 and by the project of the Ministry of Education, Science,
Research and Sport of the Slovak Republic VEGA 1/0372/22.
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Monomerization of 14-3-3 C proteins modulates the aggregation of
B-amyloid peptides

aZ. BEDNARIKOVA, PA. KOZELEKOVA, ®J. HRITZ, 3Z. GAZOVA

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy of Sciences, Kosice,
Slovakia
bCEITEC MU, Brno, Czech Republic; Department of Chemistry, Faculty of Science, Masaryk
University, Brno, Czech Republic

Pathophysiology of Alzheimer’s disease is tightly associated with intracellular
tau protein and extracellular AB peptide deposits consisting of insoluble amyloid fibrils
formed by these poly/peptides. The 14-3-3 proteins are one of the most abundant
adaptor proteins expressed in the brain. They can be found extracellularly in the
exosomes and cerebrospinal fluid of people with neurodegenerative diseases.
Emerging studies describe 14-3-3 interactions with amyloidogenic proteins having a
protective role through the sequestration of toxic, pathological proteins or chaperone-
like activities. Most of these studies focus on amyloidogenic proteins with 14-3-3
binding motifs, such as tau protein or a-synuclein. On the other hand, studies about
the impact of 14-3-3 proteins on AR peptide aggregation are very limited. Therefore,
the AB anti-aggregation potential of 5 recombinant 14-3-3C proteins was tested by in
vitro Thioflavin T (ThT) fluorescence, infrared spectroscopy (FTIR), and atomic force
microscopy (AFM). The ICs, values (the concentration of 14-3-3 protein with 50 %
inhibitory potential) determined from dose-dependent curves and the kinetics of fibril
formation were used to assess the 14-3-3s potency. We have shown that
phosphorylated monomeric mutant pS58 and monomeric mutant LEMK have the most
substantial anti-aggregation potential. Our data suggest that dimer dissociation to
monomers and increased hydrophobicity may be crucial in the anti-aggregation
potential of 14-3-3 proteins.
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Sugar as a cure — understanding the anti-amyloid potential of
carbohydrate-amino acid hybrids

aB. BOROVSKA, ®°M. TVRDONOVA, 2Z. BEDNARIKOVA, 2Z.GAZOVA

aDepartment of Biophysics, Institute of Experimental Physics, Slovak Academy of Sciences, KoSice,
Slovakia
bDepartment of Organic Chemistry, Institute of Chemical Sciences, Faculty of Science, P.J. Saférik
University, KosSice, Slovakia

Amyloid fibrils are highly ordered and stable protein aggregates with high
content of B-sheets in hydrogen-bonded cross- conformation. /n vivo, such structures
can accumulate in cells and tissues, causing cell death, tissue and organ malfunction,
often with fatal outcomes. Currently, more than 50 amyloid-related diseases are
incurable and have unclear origins. Therefore, great scientific attention is directed
towards understanding the mechanism of amyloid formation and designing molecules
with the potential to either prevent amyloid formation or break down the amyloid
aggregates into structures with as low side effects as possible. One of the mainly
described anti-amyloid mechanisms is the disruption of the amyloid stabilizing
elements such as hydrophobic, hydrogen and mi-stacking interactions [1]. Previously,
we showed that tripeptides composed of aromatic amino acids destroy ABso amyloid
fibrils [2]. Similarly, the sugar-amino acid derivatives act like B-breakers; destabilize
the amyloid fibrils by binding to their hydrophobic core [3].

Based on these results, we designed 12 carbohydrate-amino hybrids consisting

of furanoid sugar and aromatic amino acids: furanoid sugar with amino acid moiety at
the position C-3 or C-4 of the furanose skeleton (a-and B-amino acids) (15t group),
conjugates of furanose with single aromatic amino acid (2"¢ group) or with aromatic
dipeptides (3 group). We studied the potential of these compounds to destroy the
amyloid fibrils of intrinsically disordered AR peptide (AB4oF) and HEW lysozyme
amyloid fibrils (LAF). The Thioflavin-T fluorescence assay and atomic force microscopy
(AFM) assessed the destroying potential of carbohydrate-amino acid conjugates. The
potential of the studied molecules as drug candidates was predicted by in
silico ADMET factors.
The studied hybrids were more prone to destroy the ABoF while were inactive towards
LAF. The highest destruction potential on AB4oF displayed compounds of the 1%t group,
while the destroying activity of the 2" group did not show any significance. On the
other hand, the effect of 3 group’s compounds was profoundly dependent on the
amino acid composition. Furanoid sugar a-amino acid1and its dipeptide
derivatives 8 (Trp-Trp) and 11 (Trp-Tyr) were the most potent anti-AB fibrils
compounds decreasing the number of amyloid fibrils by approx. 70 %. The ADMET
calculations showed that the furanoid amino acids (15t group) and compounds 4 and 7
(2" group) also satisfy the drug-likeness rule.
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We have found that furanoid sugar-amino acid conjugates interfere with amyloid
fibrils of AB4o peptide and lysozyme differently. Our results emphasize the importance
of the structural elements of potent inhibitors. Conjugated aromatic rings and hydroxyl
groups of tyrosine are essential features in destroying amyloid fibrils of the ABa4o
peptide.
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Effect of boceprevir on the lipid mesophases
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COVID-19 is an infectious disease caused by the virus SARS-CoV-2. According
to WHO statistics, COVID-19 caused nearly 7 000,000 casualties, and the number is
still growing even today. The available vaccines are effective in prevention, but their
effectiveness is reduced by mutations in the spike protein. When prevention fails,
treatment is necessary. Only two antivirals are authorised in the European Union
(remdesivir and a combination nirmatrelvir/ritonavir) and one antiviral is being
evaluated for market authorisation, molnupiravir [1].

In our study, we focus on boceprevir, an MP™ inhibitor, as a potential SARS-
CoV-2 antiviral. Boceprevir (BCP) is a repurposed peptidomimetic drug and was used
to derive inhibitors with higher potency, including nirmatrelvir [2]. We studied the effect
of boceprevir on two different types of membrane phospholipids: phosphatidylcholine
(PC) and phosphatidylethanolamine (PE). The molecule of PC has a cylindrical shape,
PCs are preferentially packed in bilayers forming a lamellar phase one dimensional
periodical structure. A smaller headgroup of PE and unsaturated acyl-chains leads to
a conical shape of the molecule with tendency to aggregate into nonlamellar phases,
particularly inverted hexagonal phase Hi. Hj is a two-dimensional periodical structure,
consists of lipid tubules with the headgroups oriented toward the interior; tubules are
arranged in a hexagonal symmetry. Hy phase can serve as a simple model of
membrane fusion. Membrane fusion is an essential for the main cell processes, such
as endocytosis and exocytosis.

1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) was selected from PCs
for the study. At 35°C, DMPC forms a lamellar liquid-crystalline phase Lq, which is
natural state of the biological membrane. Egg yolk phosphatidylethanolamine (EYPE)
selected for the study, forms Lq and Hy phase in the studied temperature range from
40 to 80°C.

The structural and thermodynamic properties of the DMPC-BCP system were
monitored by small-angle X-ray scattering (SAXS) and differential scanning calorimetry
(DSC). The diffractograms show typical peaks for the lamellar phase in the
liquid-crystalline state Lq with repeat distance d = 6.32 + 0.02 nm for molar ratios
BCP/DMPC < 0.01 mol/mol. At higher content of the drug, two lamellar phases were
detected with slightly different repeat distances, and different thermodynamic profiles:
DSC revealed one peak with similar T, as for pure DMPC and the second one is shifted
to lower temperatures.

The formation of the H phase of our model BCP/EYPE was investigated in the
temperature range 40-80°C. EYPE shows 3 sharp peaks at t < 54°C, typical for a
lamellar phase Lq, we found the repeat distance d ~ 5 nm. The onset of the Lo — H
transition for EYPE was detected at 54°C. With an increasing molar ratio BCP/EYPE,
the onset temperature was shifted to a higher value with maximum 64°C, at molar ratio
0.1 mol/mol. After reaching the maximum, the onset temperature drops to 57°C for the
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highest studied molar ratio 0.5 mol/mol. With increasing temperature to 70°C, the
system shows a coexistence of lamellar Lo and hexagonal phase H;, for
BCP/EYPE<0.1 mol/mol. In addition, we detected the coexistence of a lamellar,
hexagonal and a cubic phase in mixtures of BCP/EYPE > 0.1 mol/mol (Fig.1 leff). From
the positions of the peaks, we resolved the structure as a cubic Pn3m phase. Further
heating of the system (80°C) caused vanishing of the lamellar phase (Fig. 1 right).

BCP is insoluble in water, the drug incorporates into the lipid bilayer and induces
thermodynamic and structural changes. In the bilayer containing DMPC, we observed
a fluidizing effect of the drug. On the other hand, BCP stabilises the lamellar packing
of the EYPE membrane, and the onset of H) phase is shifted to the higher temperature.
Moreover, the formation of a cubic phase was detected in mixtures
BCP/EYPE > 0.1 mol/mol. Bicontinuous cubic phases (like Pn3m) attract attention
because of their ability to facilitate transport through the biological membrane, and in
the formulation of sustained-release dosage forms.
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Figure 1. SAXS patterns at 70°C (left) show the coexistence of lamellar and non-lamellar phases at
molar ratios higher than 0.1 mol/mol included. We observed the complete transition from lamellar phase
to non-lamellar phases at 80°C (right). Black triangles denote reflexions of the cubic phase.

Acknowledgement: SAXS experiments were performed at BL11-NCD beamline at Alba
Synchrotron with the collaboration of Alba staff. This work was supported by projects VEGA
1/0223/20, APVV-21-0108 and UK/369/2023.

References

1. European Medicines Agency: COVID-19 treatment: authorized, (2023).
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-
disease-covid-19/treatments-vaccines/treatments-covid-19/covid-19-treatments-authorised
(accessed July 18, 2023).

2. Y.R. Alugubelli, Z.Z. Geng, K.S. Yang, N. Shaabani, K. Khatua, X.R. Ma, E.C. Vatansever, C.C.
Cho, Y. Ma, J. Xiao, L.R. Blankenship, G. Yu, B. Sankaran, P. Li, R. Allen, H. Ji, S. Xu, W.R. Liu,
A systematic exploration of boceprevir-based main protease inhibitors as SARS-CoV-2 antivirals,
Eur J Med Chem. 240 (2022) 1-11.

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 67 OF 116



- (K N g
3 :’?f \“?’,*‘g’g DEPARTMENT OF BIOPHYSICS, IEP SAS
S, (T SSB 2023
A, — Py‘)‘n_‘ S
[;If)
PO 07 POSTERS

Determination of kinetics stabilizers reducing the formation of light
chain protein deposits in multiple myeloma
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Multiple myeloma is the second most common oncohematological disease
characterized by the accumulation of neoplastic plasma cells in the bone marrow.
Malignant plasma cells produce increased levels of abnormal forms of immunoglobulin
or only a part of them called M-protein. In 15% of multiple myeloma cases neoplastic
plasma cells overexpress only free abnormal light chains (LC) of immunoglobulin G
without the presence of a heavy chain [1]. Most LCs would be excreted by the kidneys.
However, due to misfolding pathological forms of the LCs show lower stability and tend
to form protein deposits in vital organs, for example heart or kidneys. Deposits of the
immunoglobulin light chain are highly resistant to proteolysis, which allows them to
accumulate and makes them difficult to remove from organs [2]. Additionally, these
deposits are highly toxic to cells and cause organ dysfunction or even organ failure [3].

Current therapy primarily focuses on the eradication of malignant clones of
plasma cells. However, the treatment primarily uses cytotoxic chemotherapy, which is
often poorly tolerated by MM patients. Nevertheless, the potential strategy could
involve the reduction of the formation of light chain deposits by “kinetic stabilizers”.
They are small molecules able to interact with LCs, stabilize the native structure and
prevent their misfolding [4]. This strategy was successfully used to reduce the
formation of deposits in transthyretin amyloidosis (TTR). TTR stabilizers (tafamidis)
decreased the mortality of patients with transthyretin amyloid cardiomyopathy [5] [6].
Finding molecules that would stabilize light chain structure and prevent the formation
of its protein deposits could be used as a potential treatment for patients with light
chain multiple myeloma.
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lonic liquids as a powerful amyloid formation-inducing tool

aD. FEDUNOVA, aV. VANIK, 2A. ANTOSOVA, 2Z. BEDNARIKOVA, aJ. MAREK,
aM. GANCAR, M. GUNCHEVA, 3Z. GAZOVA
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The amyloid fibrils have been gaining interest as potential novel biomaterials
due to their high stability, strength, elasticity or resistance against degradation. The
great effort is focused on developing strategies to regulate amyloid aggregation in vitro
in order to optimize amyloid fibril fabrication as well as to contribute to the
understanding of the fundamental principles of amyloid aggregation. Among the crucial
conditions affecting the protein self-assembly into amyloid fibrils are solvent properties
[1]. lonic liquids (ILs) are novel solvents consisting of organic cation and
organic/inorganic anion. ILs are called “designer solvents” due to the tunability of their
physico-chemical properties based on the variability of their composition.

In this work, we have studied the effect of several series of ILs containing
imidazolium- or cholinium-based cations and amino acid-based or Hofmeister series
anions on the amyloid aggregation of insulin (IN) and lysozyme (LZ). Using the
combination of spectroscopic, calorimetric and microscopic methods along with
docking calculations, we have characterized the effect of ILs on the kinetics of
formation and morphology of the amyloid fibrils. We have found that the kinetics of
amyloid aggregation of both proteins depends on the ILs concentration, charge and
hydrophobicity of used ions. Hofmeister series rank anions according to their effect on
protein stability, solubility or activity. We have found that all selected Hofmeister anions
were able to induce the formation of LZ amyloid fibrils or accelerate the kinetics of IN
amyloid aggregation depending on concentration and anion type. Moreover, at higher
concentrations, the kinetics parameters followed the reverse Hofmeister series
([HSO47] > [CH3COO] > [CI] > [NO37] > [BF47]), pointing out the direct interactions of
anions with protein surface mediating the effect along with non-specific electrostatic
shielding. The important role of the electrostatic interactions was observed also for the
amino acid-based anions. The most effective accelerators of IN amyloid aggregation
kinetics were anions with an additional charge on the side chain (Lys, Glu) combined
with either cation. On the other hand, ILs containing hydrophobic Trp anion inhibited
the formation of insulin amyloid fibrils, which is in agreement with previous findings that
an effective inhibitor might contain a planar aromatic ring capable of interfering with 3-
sheet-rich structures - an inherent composition of amyloid fibrils. The inhibiting effect
was also observed in the presence of non-polar lle anion. The interference with the
hydrophobic protein core is an important factor modulating the amyloid aggregation
kinetics of IN. ILs consisting of the n-alkyl imidazolium cations [n = 4, 6, 8, 10]
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accelerated/inhibited kinetics of IN amyloid aggregation in dependence of
concentration and n-alkyl chain length. ILs cations interact with the amyloidogenic
(amyloid aggregation-prone) hydrophobic region of IN, with the affinity increasing with
the increase of the n. These specific interactions, along with the non-specific
interactions with the hydrophobic patches on the protein surface and electrostatic
screening, may contribute to the change from promoting amyloid fibrillization to
inhibiting it.

The studied ILs were able to modulate the morphology of obtained amyloid
fibrils of LYS and IN. The formed fibrils possess needle-like morphology with different
heights, lengths or ability to associate laterally or into big clusters in dependence on
ILs concentration and composition. The variability of fibril morphology was not based
on the changes in the secondary structure of proteins, but mainly on the number and
arrangement  of
protofibrils into
fibrils. The highest
variability in fibril
morphology was
found in  the
presence of n-
alkyl-imidazolium
ILs producing
fibrils with lengths

o i%/5)7 ~ J
i A ] —
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varying from 212
to 1021 nm. Figure: AFM image of the Insulin amyloid fibrils (10 M) formed in: (left)
We water solution, pH 1.6; (right) 25 mM 1-octyl-3-methvlimidazolium chloride.

conclude that all of

the examined ILs were able to modulate the amyloid fibrilization of selected proteins
and produce morphologically different fibrils. The effect of ILs was specifically driven
by a sensitive balance and interplay between specific protein-ion and ion-water
interactions and non-specific long-range electrostatic shielding. The application of ILs
as modulators of protein amyloid aggregation is beneficial for further utilization of fibrils
in biotechnological applications and understanding the molecular mechanism of
protein amyloid aggregation and stability in complex solvents such as ILs.
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Functionalization of g-casein micelles with fluorescently-labeled
DNA aptamers for targeting cancer cells

Z. GARAIOVA, I. KRALOVA, M. ZVARIK, M. VELISKOVA, T. HIANIK

Department of Nuclear Physics and Biophysics, Faculty of Mathematics, Physics and Informatics,
Comenius University, Bratislava, Slovakia

B-casein is an amphiphilic milk protein that can self-assemble into the micellar
nanostructures. These structues are interesting for their potential drug delivery
applications including cancer therapy [1,2].

Aptamers are short nucleic acid sequences which can fold into the unique
structure and bind targets, e.g., oncomarker receptors, with high affinity and specificity
[3]. Funcionaliztion of casein structures with aptamers has not been studied in sufficient
details so far.

We focused on the preparation and modification of 3-casein micelles with sgc8c
DNA aptamers that specifically bind to protein tyrosine kinase 7 (PTK7), which is highly
expressed in the membranes of the leukemic cells [4]. The aptamers were fluorescently
labeled (Atto542) and conjugated with a cholesteryl-TEG linker (Chol-sgc8c-Atto542).
The micelles were prepred from 3-casein (2 mg/ml) in sodium-phosphate buffer (10
mmol/l, pH 7) in the presence of CaCl> (10 mmol/l) or without CaCl> under constant
stirring for 1.5 h at 25 °C, followed by filtration through a 0.2 ym pore size filter. The
filtered micelles were modified with aptamers (2 pymol/l) under constant stirring for 2h
at laboratory temperature (approx. 20 °C). The prepared formulations were analyzed
by fluorescence measurements using a) microplate reading and b) size exclusion
chromatography (SEC-HPLC) on a 30 nm size pore column.

The fluorescence signal (Aex =510 £ 10 nm, Aem = 580 + 30 nm) from microplate
reading was observed to be quenched upon the incubation of sgc8c with B-casein as
well as with CaClz. The fluorescent signal originated from the internal fluorescence of
B-casein (Aex = 295 nm, Aem = 343 nm) and from the Atto542-fluorescence of aptamer
(Aex = 540 nm, Aem = 565 nm) were obtained by SEC-HPLC. The fluorescence peak of
B-casein had a 2-arm profile that eluted at 3.4 min and 5 min suggesting a presence
of its different variants (A1, A2/B) or oligomeric forms. The fluorescent signal
corresponding to shorter elution time of B-casein decreased for the complexed sample
of B-casein + Chol-sgc8c-Atto 542, and the fluorescence signal from the aptamer was
partly shifted to this region. Similar behaviour was observed for the complexed sample
in the presence of CaClz. In both cases, aptamers being not coeluted — signal at later
retention times (6 min) was also observed, indicating the presence of unbound Chol-
sgc8c-Atto 542, too.

Obtained results suggest interaction of fluorescently labelled Chol-sgc8c-Atto
542 aptamer with B-casein, the most preferably with its slightly bigger variant/form
possessing probably more hydrophobic regions that complement the hydrophobic
nature of aptamer cholesteryl-moiety.
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Archaeal FKBPs: Peculiarities in structure and function

Anchal Manisha GOEL
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FKBPs are one of the classes of peptidyl prolyl cis—trans isomerases. Cis—trans
isomerization of peptidyl-prolyl bonds is the rate limiting step in protein folding [1].
PPlases (EC 5.2.1.8) catalyse this step and thereby accelerate protein folding [2].
PPlase function has been studied in eukaryotes and bacteria, but very little is
known about their role in archaeal organisms. Eukaryotes and bacteria often have
multiple copies of various PPlase homologs with variation in functions from PPlase
activity to receptor signalling and signal transfer [3].

The current study is an attempt to understand the mechanistic working of the
archaeal FKBPs. We studied the distribution of FKBP homologs in the five archaeal
phyla. Subsequently we studied their phylogenetic evolution, conservation of
functional amino acids residues, and structural variation in native states of proteins
to throw light on their molecular function in comparison to other orthologs found in
bacteria and eukaryotes. We have structurally and functionally characterized the
FKBP from a halophile Haloferax mediterranei. It exhibits both PPlase and
chaperone activity. Interestingly it also exhibits inhibition of B-amyloid formation.
This is the first biophysical characterization of any archaeal FKBP. This will
contribute to our understanding proteostasis in archaea and also serve as model
system for understanding protein folding disease.
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Spectroscopic elucidation of the binding mechanism between
novel 2,6,9-trisubstituted acridine derivatives and calf thymus DNA
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Acridine derivatives represent one of the most versatile compounds in multiple
fields of current pharmacotherapy. Their biological activity stems particularly from the
ability of the planar azaheterocyclic ring to interact with various biomacromolecules.
Nonetheless, this activity can be enhanced by structural modifications of the acridine
moiety, mainly in position 9 as well as in other positions (e.g. 2,3,6). 9-substituted
acridines exhibit anticancer, antibacterial, antiprotozoal, antioxidant, antimalarial,
antifungal and numerous other pharmacologically important effects [1,2]. Acridine
derivatives belong to the class of low-molecular-weight ligands, the most attractive
modern chemotherapeutics. These small molecules tend to interact with DNA as their
target biomacromolecule. Such interactions are of non-covalent nature and comprise
three major binding modes — intercalation, groove binding and electrostatic interaction.
The mechanisms of ligand-DNA interactions may be deciphered with the aid of various
spectroscopic techniques and such investigation is advantageous in elucidating the
binding parameters of a given molecule [3]. In our study, we have employed different
spectroscopic methods to ascertain the mode of interaction between three novel 2,6,9-
trisubstituted acridine derivatives A1-A3 (Fig. 1) and calf thymus DNA (ctDNA). The
UV-Vis absorption spectra of all studied compounds displayed hypochromic and
bathochromic shifts upon addition of ctDNA and observed isosbestic points confirmed
the formation of a complex between ctDNA and derivatives A1-A3. Fluorescence
spectra measured at three different temperatures displayed a single emission band for
each compound in the wavelength range of 480-495 nm and this fluorescence was
gradually quenched as ctDNA was being added to the sample. Circular dichroism
spectra of ctDNA exhibited considerable alterations in the intensity of both the positive
and negative band upon interaction with the acridine derivatives A1-A3. Finally,
thermal denaturation studies revealed significant alterations in Tm value of the used
ctDNA sample that have arisen upon complex formation with the ligands A1-A3 (4,89-
6,44 °C). In summary, all of the aforementioned results seem to indicate that acridine
derivatives A1-A3 interact with ctDNA predominantly through an intercalative
mechanism, which is also typical for numerous acridine-based compounds.
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Fig. 1 Chemical structure of studied acridine derivatives A1-A3.
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Examination of “high-energy” metastable state of the oxidized
bovine cytochrome c oxidase: proton uptake and reaction with
H20:
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Cytochrome c¢ oxidase (CcO) catalyzes the electron transfer from
ferrocytochrome c¢ to molecular oxygen and contributes to the formation of
electrochemical proton gradient on inner mitochondrial membrane [1]. One of the
current models of the proton pumping relies on the existence of a high-energy
metastable Oy state, which is formed immediately after oxidation of the fully reduced
CcO with the oxygen. In the absence of external electron donor, the high-energy On
form should relax to the resting oxidized form (O) [2]. It was proposed that the catalytic
heme as-Cus center of these two forms should differ in a protonation state and the
transition of On-t0-O is associated with a proton transfer into this center [3]. In this
work, employing a stopped-flow and UV-Vis absorption spectroscopy, we investigated
a proton uptake during the assumed relaxation of On. It is shown, using pH indicator
phenol red, that from 100 ms up to ~10 minutes after reoxidation of the fully reduced
CcO, there is no uptake of a proton from medium (pH 7.8). Moreover, ligation state and
protonation of Tyr244, located at the vicinity of the catalytic center, were examined by
interaction of O and On with H202. Identical kinetics of the interaction of H-O> with both
O and Os indicate the same ligation state of the catalytic site and protonation state of
Tyr244 in both forms of the oxidized CcO. These results together with previous findings
[4] suggest that the ligation and protonation state of the catalytic center should be the
same in both forms of the oxidized CcO, or relaxation of the catalytic center during the
Ox-to-0 transition occurs in few milliseconds.
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Molecular design of novel papain-like protease inhibitors with
potential antiviral activity against SARS-CoV-2
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Slovak republic

The pandemic of the new coronavirus SARS-CoV-2, which causes the severe
acute respiratory syndrome COVID-19, represents a long-term threat to the health of
the population. The subject of this study is based on previous results in the
development of SARS-CoV-2 inhibitors [1]. The topic lies in the computational
molecular design and optimization of aminophenylethylbenzamides (APEB) and other
potential inhibitors that bind to the papain-like protease PLP™ of the SARS-CoV-2
coronavirus and inhibit its proteolytic, deubiquitination, and delSGylation activity, which
is directly related to the dramatic course of COVID-19 disease [2-5].

The objective of the study is to design and optimize novel chemical structures
that are capable of inhibiting PLP™ protease and to predict inhibitory potencies and
pharmacokinetic parameters of the proposed drug candidates. Other goals of the study
are to clarify the detailed mechanism of action of APEB and to propose quantitative
structure-activity relationships (QSAR) of PLP™ inhibitors based on inhibitory activity
data from similar compounds taken from the literature that inhibit PLP™ of SARS-CoV-
2 at micromolar concentrations. The most perspective compounds will be synthesized
and evaluated later for inhibitory activities in enzyme inhibition assays. The most
important contribution of our study is the improvement of the structures of known PLP™
inhibitors, which are expected to reach inhibitory concentrations at the nanomolar
concentration scale.

The project uses rational structure-based drug design, molecular modeling, and
computer simulation methods based on molecular mechanics, molecular dynamics,
and quantum chemistry, which are available in the Small Molecule Discovery Suite
software package (Schrédinger, Inc., USA). This software also offers an ideal graphical
interface for working with protein structures, enzymes or receptors, their processing,
and preparation, for demanding computational simulations, the design, and
preparation of suitable ligands, and calculation of binding energies and other
parameters of intermolecular interactions between a ligand and receptor. [6]

Based on the QSAR correlation between the calculated binding energies (AEy;,)

and the observed inhibitory potencies 1C5,"® taken from the literature (R? = 0.85), we
have designed a new series of PLP™ inhibitors of the class of APEB. In the first phase,
we have generated a larger combinatorial library of inhibitors of PL’™ and screened
them by docking to the active site of PLP™. The calculated AE,;, and predicted inhibitory
concentrations resulting from the QSAR model (IC5,°") were used to identify a dozen
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new APEB molecules with stronger binding affinity to the target PLP™. For the resulting
best APEB analogues, the ADME properties were also predicted by means of the
QikProp program (Schrédinger, Inc., USA). Taking all these steps into account, we
discovered perspective APEBs with predicted 1C5," values in the micromolar to
nanomolar concentration range with favorable pharmacokinetic properties.

The results are consistent with the initial hypothesis that the extension of known
APEB structures to reach the S, and S, pockets of the catalytic site of PLP™, when also
complemented by an electrophilic caping group capable of a strong interaction with
catalytic cysteine residues, will enhance the binding affinity of APEB. Closure of the
BL2 loop also plays a significant role in stabilizing the enzyme-inhibitor complex by
covering the S; and S, pockets of the substrate channel.

These results provide a significant step towards the development of new specific
and potent inhibitors of SARS-CoV-2 PLP® and show that the APEB pharmacophore
skeleton could be suitable for the design of potent inhibitors against coronaviruses.
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Effect of Remdesivir on the Exogenous Pulmonary Surfactant

aA. KESHAVARZI, 2A. Asi SHIRAZI, 2M. KLACSOVA, J.C. MARTINEZ, 2D. UHRIKOVA

aDepartment of physical chemistry of drugs, Faculty of Pharmacy, Comenius University Bratislava,
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The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), identified
as the causal agent of Corona virus disease 2019 (COVID-19), exerted massive
pressure on the healthcare system. To prevent development of respiratory failure,
which is the leading cause of mortality in COVID-19, different strategies were employed
to fight back COVID-19 such as: direct targeting SARS-CoV-2 infection, symptomatic
treatment and supportive care.

SARS-CoV-2 infects different cells in the human body, including type |lI
pneumocytes, cells responsible for the production of pulmonary surfactant (PS). PS is
a complex of lipids (~90%) and proteins, covering the alveoli of the lungs, which
reduces surface tension at the air-liquid interface and facilitates breathing. Severe case
of SARS-CoV-2 infections causes a fatal condition called COVID-19-related acute
respiratory distress syndrome (CARDS) due to decrease PS level and its altered
composition [1]. PS could be highly beneficial for the treatment of COVID-19 for
different reasons. The first reason is that CARDS pathophysiologically resembles
neonatal respiratory distress syndrome [2] (the only case for which exogenous PS is
currently indicated for), therefore, exogenous PS itself can be used as treatment.
Another reason is that due to its nature and composition, it could carry membrane-
impermeable drug molecules to the distal region of the breathing surface, which are
alveoli.

Remdesivir (Rem), the first approved treatment for severe COVID-19, is a
nucleoside analogue with broad-spectrum activity against RNA viruses. In SARS-CoV-
2, Rem causes delayed chain termination after incorporation into the replicating RNA
and, therefore, prevents transcriptional and translational processes in viral replication.
Pulmonary delivery of Rem in addition to intravenous infusion increases clinical
efficacy; however, it is crucial to analyse how the incorporation of Rem can affect PS
properties.

We focused on the changes in the biophysical properties of the lipid bilayer of
exogenous PS, Curosurf (porcine-derived, the only registered exogenous PS
preparation in Slovakia) as a result of incorporation of Rem. Fig. 1 panel A indicates
the DSC thermograms of Curosurf — Rem mixture. The temperature of the main phase
transition (Tm) of Curosurf was found at 27.3 + 0.1 °C. Increasing the content of Rem
the mixture reduces the temperature of the main phase transitionto Tm =24.2 £ 0.1 at
molar ratio n rem/N curosurt = 0.5. The reported value for the partition coefficient K, for
Rem, Kp ~ 100 [3], indicates that the molecule affects the hydrophobic region of the
lipid bilayer.
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The structural changes of the Curosurf — Rem mixtures were studied in the
presence of 2 mmol.I"" CaCl; in hydration medium (NaCl 150 mmol.I'") to shield the
negative surface charge of Curosurf. SAXS patterns indicate a lamellar phase at 20
and 50 °C. At 20 °C, the repeat distance of Curosurf d =8.10 + 0.01 nm decreases by
adding Rem up t0 N rem/N curosurt = 0.3 with d = 7.48 + 0.01 nm (Fig1. Panel B).

In conclusion, our study of the biophysical characteristic of Curosurf — Rem
mixtures indicates that remdesivir does not destabilise the lamellar structure of PS;
however, its high content affects the temperature of gel-to-liquid-crystalline phase
transition.

L e e S BN B S p
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Fig1. Panel A: DSC profiles of Curosurf in presence of Rem as a function of Rem/Curosurf
mole ratios. Panel B: SAXS patterns of Curosurf-Rem mixtures at 20 °C.
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A fluorescence study of algal-based ghost vesicles as potential
gene delivery systems
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It is of biotechnological interest to develop delivery systems for the transport of
a variety of bioactive molecules. Lipid-based synthetic vesicles (liposomes) have been
extensively studied as gene delivery systems. The advantages of such delivery
systems arise from their basic physicochemical properties - they consist of a lipid
bilayer surrounding the aqueous core. This allows encapsulation and protection of
active hydrophilic molecules such as nucleic acids. Their rapid excretion, toxicity, and
immunogenicity limit clinical applications. Therefore, the search for alternative
bioinspired materials that are freely available and fulfill environmental friendliness and
sustainability is becoming increasingly important. The unicellular marine microalga
Dunaliella tertiolecta with a thin elastic plasma membrane and a glycocalyx surface
layer has been shown to be a suitable cell model for vesicle preparation [1]. The
hypoosmotic shock of soft cells causes the cells to burst, the intracellular contents are
released, and the membrane fragments are spontaneously reconstructed into vesicles
that better mimic the complexity of natural biomembranes [1,2].

Our present fluorescence study aimed to (i) follow the condensation of DNA (calf
thymus) by algal-based ghost vesicles (AGs), and (ii) visualize the interaction of AGs
with DNA (pEGFP-N1 plasmid) using calcium ions as mediators of this interaction. For
fluorescence spectroscopy, lyophilized AGs rehydrated with 5 mmol/l NaCl solution
were used. Samples were prepared at a ratio of AGs/DNA = 5 wt/wt. After incubation
with CaCl, ethidium bromide (EtBr, rex = 260 nm), a DNA fluorescent probe, was
added at DNA/EtBr = 6 mol/mol. Fluorescence intensity was measured at Aem = 606
and 683 nm. To monitor the size of aggregates, side scatter was measured at Lex = Lem
= 600 nm. Data were corrected for the intensity of the blank sample (EtBr in solvent)
and then normalized to the intensity of the reference sample without CaCl.. All
measurements were performed at 25 °C. For confocal imaging, AGs were stabilized
with Tris-HCI buffer and MgClz (both at a final concentration of 10 mM, pH 8.0). Plasmid
was added at a ration of AGs/plasmid =800 wt/wt. After incubation with CaCly,
fluorescent dye Dil was added at a final concentration of 2 pmol/l.

The fluorescence spectra of the samples show two maxima: at Amax = 606 and 683 nm,
corresponding to the emission of DNA+EtBr and residual chlorophyll in AGs [1],
respectively (Fig. 1. left). When AGs interact with DNA, they create a steric barrier
against intercalation of EtBr into DNA. This is manifested as a decrease of
fluorescence intensity with increasing CaCl> concentration at both ima, but more
pronounced at 606 nm (Fig. 1. middle). The reference samples, pure AGs and
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AGs+DNA, show no pronounced dependence on CaCl> concentration. However,
CaCl: itself condenses DNA significantly, with a decrease of lhorm almost threefold of
the total decrease observed in samples with AGs. In the presence of AGs, ~ 60% of
the DNA is still accessible to EtBr. The size of the aggregates formed increases up to
ccaciz2 = 10 mmol/l for all sets of samples examined, except for pure DNA, where the
size decreases dramatically even at the lowest ccaciz examined (Fig. 1, right). The
highest values of scattered intensity were obtained for AGs+DNA+EtBr samples,
indicating complexation of AGs with DNA.
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1Fig. 1. Emission fluorescence spectra of
selected samples (left).  Normalized
fluorescence emission intensity at 606 nm
(middle) and normalized scattered light
intensity (right) as a function of CaCl
concentration.

« Fig. 2. Overlapping confocal images of the Dil-
stained AGs (red) + pPEGFP-N1  plasmid
(green) system at Ccacl, = 30 mmol/l.

Fig. 2A shows confocal images of AGs (diameter: 4-5 ym) complexed with
plasmid DNA fluorescing green on the membrane, indicating that the concentration of
30 mmol/l CaCl> was sufficient to shade the electrostatic repulsion between two
negatively charged moieties. In some cases, the spherical structure of the AGs was
disrupted (Fig. 2B), which might indicate the initial formation of structures with long-

range order, as previously described for various synthetic lipid+DNA systems [3].
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Thinking outside the binding-pocket: in silico design of novel
allosteric regulators of 14-3-3
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The 14-3-3 protein family, consisting of seven distinct mammalian paralogs,
has emerged as a pivotal mediator in numerous cellular processes. Despite exhibiting
some functional redundancy, recent evidence underscores their evolutionary and
biochemical diversity. These proteins function by binding, either as a monomer or
dimer, to phosphorylated Ser and Thr residues within disordered domains of partner
proteins through a conserved amphipathic groove on their surface [1, 2, 3, 4, 5].
Consequently, 14-3-3 proteins have garnered significant attention as attractive targets
for drug discovery. Various reports have explored the utilization of small molecules to
achieve competitive inhibition or partner stabilization, focusing on the well-defined
ligand binding groove [6]. In order to detect distinct druggable hot-spots, we decided
to make a virtual screening of 2x108 compounds using ZINC database over a monomer
of 14-3-3. For this, we used Autodock 4.0 for molecular docking and excluded the
region that belongs to the canonical binding pocket. After manual selection of top
docking poses, we detected a list of 50 compounds that belong to a family of 3-
carbolines with high affinity binding to a specific region located on the opposite face of
the main binding groove of 14-3-3. We decided to use Norharmane (9H-Pyrido[3,4-
Blindole) as a first approach for further in silico assays. Molecular dynamic simulations
demonstrated that the amino acids that conform such cavity drive the dynamics of the
whole protein. The presence of Norharmane induced a conformational shift, causing
the protein to transition into a closed state. This conformational change obstructs
partner accessibility to the primary groove. Further on, to obtain paralog specific
compounds, a set of endogenous beta-carbolines were studied with a combination of
pharmacophore based docking and enhanced molecular dynamics simulations,
selecting candidates by binding affinities and residence times. Collectively, our findings
underscore the existence of small molecules like members of the beta-carboline family
with the potential to modulate 14-3-3 proteins through a novel allosteric site. The
convergence of in silico, in vitro, and in vivo methodologies holds promise for the
discovery and optimization of active agents that selectively target this site across
distinct 14-3-3 paralogs. This novel regulatory mechanism adds a layer of complexity
to the intricate network of 14-3-3 protein interactions, fueling the quest for innovative
therapeutic interventions.
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Detection of cytochrome c aggregates with polyanions using
thioflavin T
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Thioflavin T (ThT) is a fluorescence dye, generally used for staining amyloid
tissues or detection of amyloid fibrils in solutions. The binding of ThT to amyloid
aggregates causes the occurrence of fluorescence emission in the 475-600 nm region
after excitation in the 440—-450 nm region. In contrast, very low emission quantum
yields of ThT are observed in the presence of native proteins as well as unfolded or
partially folded monomeric protein conformations. Since ThT binding only slightly
affects the early stages of fibrillization, this method is also suitable for in situ fibril
detection and monitoring of kinetics of fibril formation. In spite of extensive study the
precise mechanism of ThT interactions with biosystems in not understood in detail yet.
Several studies on the mechanism of ThT-fibril interactions have been reported (1). 3-
sheets, as major components of amyloid fibrils, contain cavities and channels, which
can serve as possible ThT binding sites. ThT emission changes after binding to
amyloids were attributed to formation of highly fluorescent dimers, excimers, or
micelles. Recent findings suggest another mechanism based on ThT behavior as
molecular rotor. For the molecular rotors, fluorescence quantum yield significantly
increases with increasing viscosity or rigidity of microenvironment due to the
decreased torsional relaxation in the molecule. Thus, free rotation of benzothiazole
and benzaminic rings around shared C-C bond is blocked in ThT-amyloid complexes,
leading to significant increase of fluorescence yield. The fluorescent conformer was
also observed in complex of ThT with an a-helical protein acetylcholinesterase, in
which planarised conformation of ThT were formed due to the -1t stacking interactions
with protein aromatic residues. The fluorescent conformer with lower quantum vyield
was also observed after binding to B-sheet structure of monomeric non-amyloid protein
B2-microglobulin (2). The entrapment of ThT molecules in amyloid fibrils leads to
formation not only fluorescent conformers, but also to optically active conformers. This
induced circular dichroism was for example observed for ThT complex with insulin
amyloid fibrils. However, the induced optical activity of ThT was also found after binding
to a-helical polygutamic acid lacking the B-sheet structure or aromatic side-chains.
Moreover, the polyglutamic acid binds ThT in conditions even before the polypeptide
becomes fully a-helical. The authors suggest that docking interaction of ThT with
different protein targets may be more unspecific as previously assumed. In order to
test the possible variability of ThT interactions with other than regular secondary
structures, we have studied the complexes of ThT with non-peptide chiral polyanions
— heparin and nonchiral — polystyrene sulphonate (PSS)(3). These polyanions possess
different charged groups, hydrophobicity and charge density. Heparin s
glycosaminoglycan, consisting of sulphate and carboxylate groups and it is one of the
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most negatively charged biomacromolecules without regular tertiary structure. The
structurally related glycosaminoglycans such as heparan sulphates are part of blood
coagulation pathways. They form stable complexes with thrombin and antithrombin
protease systems and other proteins (4). True physiological role of heparin in the body
remains still unclear. The potential role of heparin in transport of positively charged
drugs or other biologically active compounds has been studied. Polystyrene
sulphonate possess together with negatively charged sulphonate groups also
hydrophobic styrene rings. This macromolecule is used as potassium binder for
patients suffering from hyperkalaemia — abnormal high blood serum potassium levels.
It has been shown that PSS forms complexes with ThT and enhances the formation of
ThT excimer (5). Our aims was to obtain the best possible knowledge about the
formation of the aforementioned aggregates and firbils and their subsequent detection
using ThT. We used different techniques such as spectrofluorimeter, zetasizer and
electrophoresis.
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Triterpenoid-based ionic liquids with enhanced antitumor potency
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Betulinic acid (BA) is a naturally occurring pentacyclic terpene known for its
inhibitory effects on various malignancies, including colon, lung, hepatic, liver, cervical,
head-neck, breast, thyroid cancer leukemia, melanoma, and various blastoma [1]. The
reported half-maximum inhibition constants (ICso) for BA are in the micromolar range
[2]. Notably, BA has been found to suppress glucose uptake and lactate production in
breast cancer cells, and it exhibits anti-diabetic, anti-lipidemic, anxiolytic, anti-
depressant, anti-viral, anti-bacterial, neuroprotective, and protective effects on the
cardiovascular system [1].

To enhance the water solubility and potentially improve the biological activity
and selectivity of BA, tailored conversion of BA into ionic derivatives has been
explored. For instance, Zhao et al. reported that cholinium betulinate showed three
times higher anti-HIV viral activity and 100 times higher solubility than BA [3]. lonic
liquids containing cholinium and benzalkonium cations and betulinate anion
demonstrated enhanced activity against melanoma, neuroblastoma, breast
adenocarcinoma, and epidermoid carcinoma, with up to 5 times lower ICso compared
to control experiments with BA [4]. Furthermore, trihexyltetradecylphosphonium
betulinate exhibited higher selectivity against five cancer cell lines compared to other
betulinic acid organic salts and BA [5].

In this study, our focus lies on the synthesis and characterization of novel
betulinate amino acid ethyl esters, denoted as [BA][AAE] (1), and the evaluation of
their cytotoxic effect on neoplastic (MCF-7; MDA-MB-231; HT-29 cells) and non-
transformed cell lines (3T3 cells).

General structure of the target compounds
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For the three cell lines, the estimated ICso values vary within the range between
2.5 and 50 umol/L. While the native BA and its AAE salts generally exhibit similar
cytotoxic effects toward MDA-MB-231 and HT-29 cells, most of [BA][AAE] derivatives
have shown an enhanced cytotoxic effect on MCF-7 cells compared to BA. It is
noteworthy that, with the exception of the threonine-based derivative, all other novel
BA salts showed lower or no toxic effect on 3T3 cells.

In summary, these findings suggest the potential utility of [BA][AAE] derivatives
in the development of targeted therapies for specific cancer types with reduced toxicity
to non-transformed cells.
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Adenine nanolayers on model metal oxide surfaces: XPS and
NEXAFS study
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Adenine is part of many natural bioactive compounds, important intracellular
intermediates and pharmaceuticals. Elementary biomolecules (including adenine), a
constituent blocks of nucleic acids, are also the building blocks of the genetic code. At
the same time, TiO2 is a biocompatible material widely used in orthopedic/dental
medicine and has received extensive attention in the surface science community. By
combining biotechnology and materials science, we are given tremendous
opportunities to create new materials and integrated components.

To our knowledge, no detailed spectroscopic investigation is reported on
adenine/TiOx and adenine/TiO2 (110) systems. Therefore, the aim of this work is to
study the adenine interaction with the polycrystalline TiOx and TiO2 (110) surfaces by
XPS and NEXAFS methods.

The TiOx polycrystalline film (d=30 A) on the titanium foil surface was obtained by
thermal oxidation of the cleaned Ti foil at the T=650 K and oxygen pressure 1x1077 torr.

The TiO2 (110) surfaces was cleaned in UHV by using cycles of Ar* sputtering
and annealing at 650-700 °C. The adenine nanolayers on the titanium oxide surfaces
were obtained by thermal deposition in vacuum.

Al Ka X-Ray source (1486.6 eV) was used to measure of the O 1s, C 1s, N 1s
and Ti 2pse2 core level spectra. NEXAFS measured with synchrotron radiation was
normalized to the incident photon flux.

For study the stability of obtained structures after heating in vacuum at T=50, 75,
100, 125, 150, 200 and 250 °C the thickness of the adenine film decreases.

NEXAFS spectra (Fig. 2) were taken at the C and N K-edges using the carbon
and nitrogen KVV Auger yields, at normal (NI, 90°), magic (MA, 55°) and grazing (Gl,
10°) incidence of the photon beam with respect to the surface.

Accordingly, the method of obtaining titanium oxide on the polycrystalline Ti foil
has been developed. Adenine thin adlayers on titanium oxide surfaces were obtained
by thermal evaporation in vacuum. The mechanism of interaction of adenine molecules
with the titanium oxide surfaces was established by analysis of XPS, SRPES and
NEXAFS spectra.
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Fig.1. C K; N K-edge NEXAFS spectra (at 175C) of adenine adlayers on TiO2(110)
surface measured in Gl (black), MA (red) and NI (blue) geometry.
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Exciton transfer between LH1 antenna complex and photosynthetic
reaction center dimer
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Purple phototropic bacteria have importance in biophysical treatment due to
their ability to transform light into chemical energy in reaction centers. We deal with the
exciton transfer in the antenna complex and electron transfer in the reaction center.
We show that electrons are directed by the vibration modes into the needed site where
they are localized [1]. We describe the exciton transport between the light-harvesting
complex LH1 and the reaction center dimer. It was shown that the dimer does not act
as a trap for exciton. The rate of backward exciton transfer depends on the number of
chlorophyll molecules which create the LH1 antenna ring complex [2].
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Strategies for SERS detection of selected (biomacro)molecules
with key importance for human health and environmental
protection: nucleic acids and glyphosate
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Long-term use of different molecules, such as pesticides, together with their
subsequent accumulation in the environment as well as increasingly frequent
and significant impact on humans and living organisms, has become an important
issue. Therefore, itis crucial to perform both ‘on-site’ quick screening of these
molecules and monitor them in water, soil, and in food, as well as to investigate their
impact on living beings by studying, inthe first plan, their interaction
with biomacromolecules. Raman spectroscopy (RS), and especially surface-enhanced
Raman spectroscopy (SERS), seems to be a very suitable - highly sensitive and
selective - analytical technique providing ‘on-site’ quick and cost-effective sample
screening without the need for the sample pre-treatment [1]. Besides, it can be also
used to study important (biomacro)molecules and their interactions. RS as a technique
of the "fingerprint" provides specific structural information at the level of molecules
(i.e., information about intra- and inter-molecular vibrations) what allows us to use it to
study chemical changes caused during various processes, interactions or
environmental change. Due to the well-defined and low-intensity spectrum of water,
RS is also a suitable technique for the study of biological samples.

The present work is devoted to SERS detection of selected (biomacro)
molecules important for human health and related to environmental protection.
The foremost - analytical - research line is based on the detection and analysis of very
low concentration levels of a widely used, broad-spectrum herbicide glyphosate.
The biophysical research line is aimed to develop an efficient methodology to study
interaction profiles of the selected molecules with biomacromolecules (nucleic acids)
using appropriate SERS substrates.

Glyphosate, widely known under its trade names Roundup®, is used for weed
control in agricultural production fields. In the 20th century, its use increased
dramatically due to the introduction of pesticide-resistant crops [2]. Toxicological
studies indicate that chronic exposure to this herbicide is potentially carcinogenic
and can induce different diseases [3, 4]. Glyphosate is currently approved in the EU
until 15 December 2023 [5]. In this context, ‘on-site’ identification and quantification
of chemicals such as glyphosate are essential to promote food safety, human health,
national security risk assessment and disease diagnosis. Though, glyphosate SERS
spectra show rather weak signals leading to not so low limit of detections by a direct
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method [1, 6]. The reason is its high polarity, which seriously hinders the approach
of the molecule to the surface of metallic nanostructures. Jan et al. proposed
an indirect method for colorimetric determination of glyphosate [7] which inspired us
to develop an innovative approach based on the SERS technique for selective
and sensitive glyphosate detection.

SERS study of such immense and negatively charged molecules as nucleic
acids is not a trivial task. Moreover, the use of visible and near-infrared excitations
(present in the Laboratory of Raman spectroscopy at the Department of Biophysics,
UPJS in Kosice) is neither the most appropriate. However, research works can be
found dealing with the possible solutions to these issues [8, 9]. Based on these works,
we have prepared and tested a new class of positively-charged colloids [10] in place
of the traditional negatively-charged ones in order to implement them into the SERS
study of nucleic acids and their interaction with selected (pesticide) molecules.
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Effect of Polymyxin B on the Pulmonary Surfactant Bilayer
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MARTINEZ, 2D. UHRIKOVA
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Pulmonary surfactant (PS) is a vital lipoprotein complex that reduces the surface
tension at the air-liquid interface of the alveoli, preventing them from collapsing during
expiration. PS deficiency is life-threatening and is treated by administering exogenous
PS preparations. Curosurf (porcine-derived exogenous PS) is the sole registered and
clinically used preparation in Slovakia. To address economic and ecological concerns,
synthetic PS preparations have gained interest. A previous study examined a model
system (DPPCPOPC/PLPC/POPG = 50:24:16:10 wt%) that closely mimics native PS
[1]. However, the SP-B protein is challenging to synthesize due to its unique 3D
structure. Recent findings indicate that polymyxin B (PxB) exhibits in vitro surface
activity indistinguishable from analogous mixtures containing the native protein SP-B
of PS [2]. Polymyxin B, indicated against gram-negative bacteria, is a cyclic
amphipathic decapeptide antibiotic carrying +5 charges and an acyl chain at the N-
terminus.

In this study, we compared the effect of PxB on a model system of PS and Curosurf.
The thermotropic phase transition was assessed using differential scanning
calorimetry (DSC). We figure out that the PS model system and Curosurf undergo a
gel to liquid-crystalline phase transition at a temperature of Tm ~ 28.1 and Tm ~ 26.8
°C, respectively. DSC thermograms of the PS model system in the presence of PxB
indicate an increase in the main phase transition temperature (Tm) with the addition of
PxB reaching its maximum at 7 wt% of PxB where Tm ~ 32 °C. At the higher content of
PxB (up to 20 wit%), the Tm values show minimal variation, indicating that further
additions of PxB have a limited impact on the thermal behavior of the complex. In
contrast, PxB has no substantial effect on the Tm of Curosurf. The impact of PxB on
the vesicles’ surface charge was examined using electrophoretic light scattering (ELS)
technique. Zeta potential measurements were conducted to assess the surface charge
of the vesicles of the PS model system and Curosurf at 20 and 50°C. The PS model
system had zeta potential values of -16.8 + 0.8 mV and -11.4 + 3.6 mV at 20 and 50
°C, respectively. On the other hand, Curosurf had a zeta potential of -10.5 + 1 mV at
20 and 50 °C. We observed an increase in the surface charge of the vesicles of both
systems across the entire range of PxB content studied (up to 20 wt%) at both studied
temperatures. The structural changes were characterized using small-angle X-ray
scattering (SAXS) analysis. The SAXS patterns of the PS model system and Curosurf
at 40 °C show peaks typical for a lamellar phase. Repeat distances d = 9.42 + 0.19
and d = 8.54 + 0.25 nm are distinguished for the pure PS model system and Curosurf,
respectively. We observed that with the addition of PxB, the d value of both studied
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systems decreased. At the highest studied content of PxB (10 wt%), the repeat
distance value of the PS model system and Curosurf reaches d = 6.07 + 0.01 and d =
6.28 + 0.02 nm, respectively. This behavior indicates that PxB interacts with the outer
leaflet of the studied bilayers through electrostatic interactions between three extended
positively charged diaminobutyric acid residues of PxB and negatively charged
phosphate and carboxyl groups of phospholipids that result in partial incorporation of
PxB into the bilayer [3]. In conclusion, the presence of PxB does not hinder the lamellar
packings of the PS model system and Curosurf. Obtained results may be insightful for
future studies for exogenous PS-drug combined therapy.
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VEGA1/0223/20, APVV17-0250, and FaF/28/2023.

References

1. Calkovska A, Linderholm B, Haegerstrand-Bjérkman M, Pioselli B, Pelizzi N, Johansson J, Curstedt
T. (2016). Phospholipid composition in synthetic surfactants is important for tidal volumes and
alveolar stability in surfactant-treated preterm newborn rabbits. Neonatology, 109(3), 177—185.

2. Cajal Y, Rogers J, Berg OG, Jain MK. (1996). Intermembrane Molecular Contacts by Polymyxin B
Mediate Exchange of Phospholipids. Biochemistry, 9;35(1),299-308.

3. Jiang, X., Zhang, S., Azad, M. A. K., Roberts, K. D., Wan, L., Gong, B., Yang, K., Yuan, B., Uddin,
H., Li, J., Thompson, P. E., Velkov, T., Fu, J., Wang, L., Li, J. (2020). Structure-Interaction
Relationship of Polymyxins with the Membrane of Human Kidney Proximal Tubular Cells. ACS
Infectious Diseases, 6(10), 2110-2119.

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 97 OF 116



SRR
3 §’ \“?;,*‘;'g DEPARTMENT OF BIOPHYSICS, IEP SAS
S, (T SSB 2023
A, ~'ky‘1‘l)_‘ cS

[;ﬂ)
PO 23 POSTERS

New ferrocene-containg pyrazole/pyrimidine analogues of
curcumin as inhibitors of amyloid-f§ peptide aggregation
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Due to the low bioavailability of curcumin, structural modifications are an
important approach to improve stability and pharmacological activity. While the
presence of the methylene group and the B-diketone moiety contributes to the rapid
degradation of curcumin, various curcumin derivatives without the B-diketone moiety
have been synthesized, most of which have maintained or improved their biological
activities.? Heterocyclic derivatives and analogues of curcumin, among others, have
been the subject of numerous research papers® and show promising results in the
treatment and diagnosis of Alzheimer's disease (AD)*. The AD is associated with slow
degeneration of neurons due to the accumulation of amyloid  (AB) plaques (which is
called AB peptide aggregation) and tau neurofibrillary tangles (NFTs) in the brain.
Protein amyloid fibrils have great significance in biology and medicine in relation to
their pathological role in numerous neurodegenerative diseases, but they also play a
vital role in the function of living organisms. Even though the inhibition of amyloid
fibrillation processes is of great interest, and many molecules have been investigated
for their ability to interfere with amyloid aggregation of proteins, efficient low-molecular
weight inhibitors of amyloid aggregation are thus far not available. Atomic force
microscopy and fluorescence analysis have been utilized to investigate the amyloid
aggregation of AB peptide in the presence of new pyrazole and pyrimidine analogues
of curcumin (Fig.1). The experimental data have shown that they possess ability to
affect AB fibrillogenesis in a dose-dependent manner. The formation of AR peptide
amyloid fibrils and the disassembly of preformed fibrils is significantly affected by each
of the tested compounds, however, the strongest effect is observed for pyrimidine
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Figure 1: Chemical structures of the ferrocene-containing (a) pyrazole and (b) pyrimidine analogues of curcumin
derivatives, indicating their structure-dependent anti-amyloidogenic activity. The
apparent half-maximal inhibiting (ICso) and half-maximal disassembly (DCso) values of
compounds were found to be in the micromolar concentration range.
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Photopolymer microstructures for intercellular drug transport
studies
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Our long-term goal is to investigate cell-cell interactions and intercellular
signaling in well-defined conditions using low-number cell systems. Photopolymer
microstructures prepared by two-photon polymerization direct laser writing (TPP-DLW)
are well suited for the construction of small containers confinig a few cells.
Furthermore, TPP-DLW-prepared optically trappable microstructures can be used in
conjunction with optical tweezers to transport cells into containers.

We report on the fabrication of cell micro-containers and optically trappable cell
micro-manipulators prepared by TPP-DLW. The structures were made of
OrmoComp®, the biocompatible [1] photoresist frequently employed in tissue
engineering [2]. The manipulators were used in a buldozer-like regime to transfer non-
adherent leucemic Jurkat cells into small containers.

The new systems were utilized to study the intercellular transport of the
photoactive drug Hypericin in well defined geometries. Two types of cells, with and
without Hypericin, were combined in a sigle container at the beginning of the
experiment. The evolution of Hypericin localization was followed by confocal
microscopy. The results help to distinguish between different drug transport
mechanisms.
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Fatty acids in the bovine serum albumin structure influence binding
parameters in its interaction with fungicide prothioconazole
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Serum albumins are the most abundant plasma proteins and contribute to a
significant number of transport and regulatory processes. Bovine serum albumin (BSA)
has extraordinary binding properties. It can bind under physiological conditions, not
only fatty acids, peptides, and proteins but also low molecular weight endogenous and
exogenous molecules [1, 2]. The presence of fatty acids that bind to multiple sites in
BSA can affect the binding of many ligands, such as drugs, and toxic agents, including
pesticides [3, 4].

We have studied the interactions between conazole fungicides represented by
prothioconazole (PTC) as the ligand and BSA on the molecular level. Our study has
been concerned to its different influence on BSA containing fatty acids and the protein
free of fatty acids (BSAs), respectively.

Measurements of fluorescence spectra at different temperatures combined with
theoretical binding analysis have used in our study.

Table 1. Summarization of binding and thermodynamic parameters for PTC interaction with
BSA and BSA;, respectively.

Complex | T (°C) Ka (L/mol) n AG (kd/mol) | AH (kd/mol) | AS (J/mol.K)
PTC/BSA 25 1.30x10*+0.01 | 0.99 +0.02 | -18.97 +0.08 | -73.03 +0.03 | -181.40 = 0.01
30 1.04x10*+£0.01 | 0.97 £0.03 | -18.07 £0.02
37 8.02x10%+0.01 | 0.93+0.02 | -16.79 £0.02
PTC/BSA;| 25 6.45x105+0.05 | 1.06 £ 0.01 | -32.94 + 0.002 | -84.85 + 0.02 | -174.18 £ 0.07
30 2.89x105+0.08 | 0.99 +0.01 | -32.07 £ 0.003
37 1.66x10°+£0.06 | 0.95 +0.01 | -30.85 + 0.001

From Table 1, we can see that association constants characterizing a strength of
interaction have increased when the protein has not contained any fatty acids. Even
the difference in their values reaches up to a multiple of one order. This fact leads to a
supposition that the presence of the fatty acids within the BSA structure does not
support a stronger binding of the PTC molecule within the BSA macromolecule. It looks
like the fatty acids absence facilitates the incorporation of PTC inside the protein.

12™ STRUCTURE AND STABILITY OF BIOMACROMOLECULES | SSB 2023
PAGE 101 OF 116




DEPARTMENT OF BIOPHYSICS, IEP SAS
SSB 2023

Thermodynamic parameters calculated using Van't Hoff equation (Table 1,
columns 5-7) help us to determine a type of interaction. The negative values of AG
indicate spontaneous reaction, and the negative values of AH and AS suggest that the
hydrogen bonds and van der Waals forces play a major role in the incorporation [5].
Our data (Table 1) fulfill these conditions, and we can proclaim that the PTC molecule
interacts with the BSA macromolecule by hydrogen bonds or van der Waals forces.
Moreover, the negative values of AG indicate that these binding processes are
spontaneous. Looking at column 5 in Table 1, we can see a significant difference in
Gibbs free energy between PTC/BSA and PTC/BSAs complexes, which shows a higher
energetic release in the binding of PTC into BSA¢in comparison with PTC incorporation
into BSA.

In conclusion, we can state that conazole fungicide prothioconazole interacts
with bovine serum albumin, which is free of fatty acids easier than the bovine serum
albumin containing the fatty acids. We suppose that the fatty acids localized in the BSA
molecule probably represent some barrier for facilitated PTC molecule incorporation
into the BSA macromolecule.
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Thrombosis, which refers to the formation of blood clots in specific areas, has a
considerable medical impact. The acute arterial thrombosis is the main underlying
factor for the majority of myocardial infarction (heart attacks) and approximately 80%
of strokes. Collectively, these conditions represent the leading cause of mortality in
developed countries. (Mackman, 2008). Prompt treatment with thrombolytic drugs can
restore blood flow before major brain damage has occurred and improve recovery after
stroke (Wardlaw et al., 2014). An ideal thrombolytic agent is expected to prevent re-
occlusions, has higher fibrin specificity, decrease bleeding complications, be retained
in the blood for a longer time to minimize dosage and be less antigenic for repetitive
usage. However, thrombolytic drugs have shown limited efficacy and notable
hemorrhagic complication rates, offering potential for enhancement (Nikitin et al.,
2021).

Bacterial staphylokinase (SAK) is a small-size plasminogen activator, which
hinders the systemic degradation of fibrinogen and reduces the risk of severe
hemorrhage. It has a high tendency to make fibrin-bound plasminogen turn into
plasmin through formation of equimolar (1:1) complex with plasmin, which can activate
inactive zymogen plasminogen to its active form, plasmin. SAK is considered to be a
promising thrombolytic agent with properties of cost-effective production and negligible
side effects (Nedaeinia et al., 2020).

In order to enhance SAK's effectiveness and to minimize potential adverse
effects, it is crucial to enhance its affinity and selectivity towards plasmin. This can be
achieved through the method of directed evolution of proteins, a highly effective
method for customizing protein properties to achieve new or improved functionalities.
In our study, we utilized ribosome display, to evolve new SAK variants, thus modifying
SAK protein characteristics. Here we provide basic characterization of the variants
obtained through the aforementioned method. In addition, we outline the fundamental
biophysical properties and explain the purification process of certain mutant forms.

Acknowledgment. This work was supported by the grant agency of the Ministry of Education,
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Curcumin is a natural bioactive substance extracted from turmeric that has
many pharmaceutic activities such as anti-oxidant, anti-tumor and anti-inflammatory
properties. Nevertheless, the curcumin is very poorly soluble in water resulting into
limitation of its bioavailability and application in drug delivery or food industry [1]. This
can be adjusted by suitable nanocarriers. The casein micelles are supramolecular
structures and offer high potential as nanocarriers. They possess amphifilic properties
that make them proper for encapsulation of hydrophobic as well for hydrophilic drugs
[2].

Both constituents have been studied mostly individually for their various
properties and mainly for benefits in drug delivery, but the mechanism of their
interaction is needed to undergo further investigation. We have focused to study the
interaction between curcumin and (-casein by the fluorescence spectroscopy and
dynamic light scattering methods investigating the effect of 1, 5, 10 and 50 yM
curcumin concentrations on the internal casein fluorescence (Aex = 290 nm, Aem =
350 nm) and hydrodynamic diameter together with polydispersity index (PDI),
respectively.

The micelles were prepared from B-casein (2 mg/ml) in Na-phosphate buffer
(PB, 10 mM, pH 7) in the presence of CaClz (10 mM) or without CaCI2 under constant
stirring for 1.5 h at 25 °C, followed by filtration through a 0.2 ym pore size filter.

The hydrodynamic diameter of casein micelles was 27.32 +1.07 nm (PDI = 0.44)
and increased to 63.95 +0.54 nm, (PDI=0.08) in the presence of CaCl.. The observed
increase in the size and reduced PDI indicates more homogenous distribution that
confirm stabilizing effect of CaClz on casein nanostructures. The addition of curcumin
did not affect significantly the size of casein micelles either without or with CaClz. Zeta
potential was also examinated. The presence of all investigated concentrations of
curcumin decreased the tryptophan fluorescence intensity from casein micelles.

Acknowledgment. This work was supported by VEGA grant 1/0554/23.
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Membrane-bound respiratory cytochrome c¢ oxidases (CcO) catalyze oxygen
reduction by ferrocytochrome ¢ (¢%*). Four cofactors facilitate electron transfer in CcO:
Cua, the iron of heme a (Fea), the iron of heme as (Feas), and Cug. Cua is the first
electron acceptor from ¢2*. These electrons are rapidly redistributed between Cua and
Fea and then electron flow continues from Fea to the catalytic Feas-Cug center, where
O:is reduced to water. The energy released during ET from ¢®* to Oz in CcO drives
the formation of an electrochemical proton gradient on the inner mitochondrial
membrane in eukaryotes. Proton gradient is built by two different mechanisms and one
of them is a proton pumping [1]. In spite a large progress in understanding of the
pumping by respiratory oxidases its mechanism has not been elucidated yet. The
reduction of Oz to H2O at the catalytic binuclear center (BNC) occurs through a
sequence of several oxy-intermediates. It is quite certain that from these intermediates,
two ferryl states, P and F, are involved in the H* pumping [2]. The reduction of F by
one electron transfer to BNC leads to the formation of the oxidized CcO (0O). The
energy released by this reaction should be sufficient to pump at least one H* through
the membrane and transfer one proton into BNC. However, the amount of energy
liberated at this stage was estimated only indirectly [2].

In this work, we determined the amount of released energy, the enthalpy change
(AH), associated with the transition of F-to-O. The transition of F-to-O was monitored
by UV-Vis spectrometry and in parallel measurement, the AH of this reaction was
registered by isothermal titration calorimetry. The results showed the reduction of F by
c?* is linked with the change of enthalpy -10.3 kcal/mol (0.44 eV) (pH 8.0, 5 °C) that is
sufficient for a transfer of 2 positive charges through the membrane during the
mitochondrial respiration.
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Bovine serum albumin (BSA) is an unglycated globular protein found in blood
plasma. Many endogenous and exogenous compounds (drugs, hormones,
xenobiotics, and fatty acids) that enter the bloodstream are transported and eliminated
as a result of forming a complex with serum albumins. BSA contributes to the osmotic
pressure and maintenance of blood pH, increases the solubility of hydrophobic drugs
in plasma, and affects blood circulation, metabolism, and efficacy of drugs [1].

Crystallographic studies have shown that the structure of BSA consists
predominantly of a - helices and no B - folded sheet [2]. The presence of fatty acids
that bind to multiple sites in BSA can affect its conformation after the binding of many
ligands, such as drugs, and toxic agents, including pesticides [3].

In this contribution, the conformation changes of BSA containing fatty acids and
BSA fatty acids free (BSAr) due to the binding of conazole fungicides represented by
prothioconazole (PTC) have been studied.

Biophysical methods of optical spectroscopy (absorption spectroscopy, 3D
fluorescence spectroscopy, optical dichroism spectroscopy) were used in the study.

~
o
=]

Fluorescence intensity (a.u.)
Fluorescence intensity (a.u.)

Fig. 1 3D fluorescence spectra of BSA without (a) and in the presence of PTC in the
concentration ratio 1:16 (b)

In Fig. 1, we can see the decreasing tendency of peak 1 after adding PTC to BSA
solutions. This decrease suggests the binding of PTC near Tyr or Trp of individual
proteins, which is consistent with fluorescence measurements (not shown). We can
also observe the reduction of peak 2, which indicates changes in the peptide structure
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(Fig. 1). Its decreasing tendency after PTC binding indicates that there is a slight
destabilization of individual proteins and a slight unfolding of the polypeptide chain
leading to conformational changes [4]. A significant difference in the intensities of
peaks 1 and 2 between PTC/BSA and PTC/BSAs complexes has been recorded (not
shown). This result correlates with CD spectroscopy measurements (Table 1).

Table 1. a — helix content in BSA and BSAys, respectively, after PTC incorporation into the
protein as obtained by CD spectroscopy.

Complex | a - helix content
BSA 56.16 %
BSA/PTC 1/5 55.50 %
BSA/PTC 1/9 53.20 %
BSAs 47.57 %
BSA/PTC 1/5 38.90 %
BSA/PTC 1/9 36.99 %

CD results suggest that PTC may interact with amino acid residues of the BSA
polypeptide chain, resulting in slight protein destabilization and a more open
conformation [5]. After the binding of PTC to the proteins, there is a considerable
difference in an a — helix content between BSA and BSA¢(Table 1).

In conclusion, we can state that conazole fungicide prothioconazole affects the
conformation of bovine serum albumin, which is free of fatty acids more significantly
than the bovine serum albumin containing fatty acids. We suppose that the BSA is
more vulnerable when fatty acids are not localized in the protein molecule.
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