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EXPRESSION AND CHARACTERIZATION OF NOVEL S1/P1 NUCLEASE TbrN1 FROM
PROTOZOAN PARASITE TRYPANOSOMA BRUCEI

K. Adamkova, T. Koval, M. Trundova, J. Dohnalek

Institute of Biotechnology of the Czech Academy of Sciences, v.v.i., Prumyslova 595,
252 50 Vestec, Czech Republic
adamkova@ibt.cas.cz

S1/P1 nucleases are zinc-dependent phosphodiesterases
that are widely distributed among fungi, plants, bacteria
and protozoan parasites. While the biological roles of plant
and fungal representatives have been deciphered and they
have been extensively characterised, structural and bio-
physical data for bacterial members has only recently
emerged (studies of the Lpnl nuclease from Legionella
pneumophila and the highly active SmNucl nuclease from
Stenotrophomonas maltophilia) and the biological func-
tion of bacterial members is still unclear [1, 2, 3].

A substantial number of S1/P1 genes have also been
localised and identified in protozoan parasites, including
species of Leishmania, Plasmodium and Trypanosoma.
Several S1/P1 nucleases from Leishmania species have
been characterised, contributing to purine salvage and po-
tentially modulating host immune responses. However, no
structural or biochemical data is currently available for
homologues from Trypanosoma spp., the causative agent
of human African trypanosomiasis. As trypanosomatids
lack de novo purine biosynthesis, they rely entirely on sal-
vage pathways. It is therefore assumed that S1/P1 nu-
cleases act as extracellular nucleases, facilitating the
uptake of purines from host nucleic acids.

Here, we present the first expression and purification of
an S1/P1 nuclease from Trypanosoma brucei gambiense
(TbrN1), as well as its initial biochemical characterisation.
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The recombinant enzyme was produced in a eukaryotic ex-
pression system and then purified and assayed for nuclease
and 3’-nucleotidase activity. Preliminary assays indicate
activity towards RNA, single-stranded DNA (ssDNA),
double-stranded DNA (dsDNA), and 3’-mononucleotides,
with a slight preference for RNA as a substrate.

Given the absence of mammalian homologues and the
essential role of nucleic acids metabolism in protozoan
pathogens, TbrN1 is a promising candidate for mechanistic
investigation and potential therapeutic targeting.

1. Trundova et.al., Int J Biol Macromol., 114 (2018),
776-787.

2. Hus akova et. al. FEBS Letters, 597 (2023), 2103-2118.
3. Adamkova et. al., FEBS Journal, 292 (2025), 129-152.

4. Joshi & Dwyer, Journal of Biological Chemistry. 282
(2007), 10079 —10095.

The work was supported by the Czech Science Foundation
(25-175468) and the institutional support of IBT CAS, v.v.i.
(RVO: 86652036). CIISB, Instruct-CZ Centre of In-
struct-ERIC EU consortium, funded by MEYS CR infra-
structure project LM2023042 and European Regional
Development Fund-Project No. CZ.02.01.01/00/23 015/
0008175 are acknowledged for access to the CMS — core
facilities Protein Production and Structural Mass Spec-
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MUTATION-RESISTANT NEUTRALIZATION ANTIBODY AX677 RECOGNIZES
SPECIFIC EPITOPE ON THE INNER FACE OF SARS-COV-2 SPIKE PROTEIN RBD
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SARS-CoV-2, a positive sense single stranded RNA virus
has been responsible for Coronavirus disease 2019
(COVID-19), a respiratory illness and global pandemics.
Therapeutic antibodies proved to be an efficient tool to stop
SARS-CoV-2 infection in the hospitalized patients requir-
ing oxygen support in a risk of respiratory failure, how-
ever, they suffered from loss of potency due to frequent
mutations in new strains of virus which escaped from the

antibody binding. The principal question for COVID-19
and perhaps also future viral threats is whether there exists
a conserved epitope among virus variants, which can be
targeted by an antibody with neutralising potential.
Humanized IgGl chimeric monoclonal antibodies
AX290 and AX677 with non-overlapping epitopes were
developed after mice immunization with receptor binding
domain (RBD) and S-protein, respectively [1]. Interest-
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Figure 1. X-ray structures. A) The AX290 antibody. Tube thickness is proportional to B-factor, reflecting the flexibility; more flexible
regions are thicker. The heavy chain CDRs are marked in purple, with an arrow pointing to CDRH3, the most flexible loop (CDR defini-
tion is according to IMGT). B) AX677-RBD complex. The RBD surface is grey with the ACE2 binding site outlined by a dotted line.
AX677 is a cartoon model. The area recognized by AX677 is labelled by pink colour on the RBD inner face.

ingly, AX290 competed with ACE-2 binding to RBD,
whereas AX677 did not. Both antibodies had a high neu-
tralising potency and AX677 was insensitive to spike pro-
tein mutations in several virus variants of concern. Our aim
was to understand the molecular basis of antibody action
by describing the structures of AX290 and AX677 using
X-ray crystallography.

The Fab fragments of AX290 and AX677 were crystal-
lised alone and in the complex with the RBD of the spike
protein. We collected complete data sets for AX290 Fab
and AX677 Fab-RBD complex to 2.15A and 2.7A resolu-
tion, respectively. Structures were solved by molecular re-
placement in Phaser and refined by Refmac/Coot. The
paratope of AX290 is very flexible namely in the CDRH3
(Fig. 1A). The structure of the AX677-RBD complex re-
vealed localisation of antibody epitope on RBD. AX677
binds to the inner face of the RBD - a region known as the
“escarpment”- which is outside of the ACE2-binding inter-
face. The position of epitope correspond to the RBD-7¢
epitope community classification [2], however, AX677 re-

tain a high neutralization potency against authentic virus,
in contrast with the majority of RBD-7¢ antibodies. As ana-
lysed by PDBePISA server

(https://www.ebi.ac.uk/pdbe/pisa/), AX677-RBD inter-
face include RBD residues L368-Y369, S371-K378,
G404-D405, V407, N437, V503-G504 and Y508 (Fig.
1B). As the inner face of RBD is conserved across the
Sarbecovirus subgenus of Betacoronavirus , AX677 has a
potential to be one of the antibodies with neutralization
ability towards a large virus family and simultaneously in-
sensitive to mutations.

1. B. Kovacech, L. Fialova, P. Filipcik, R. Skrabana, M.
Zilkova et al., eBioMedicine, 76, (2022), 103818.

2. K. M. Hastie, L. Haoyang, D. Bediger, S. L. Schendel,
S.M. Dennison et al., Science, 374, (2021), 6566, pp.
472-478.

This work was supported by the NextGenerationEU
through the Recovery and Resilience Plan for Slovakia un-
der the project No. 09-102-03-V01-00021.
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A NEW ANTIBIOTIC RESISTANCE ENZYME FOR A CLASSIC TARGET: MrmA
REDIRECTS RADICAL SAM METHYLATION TO 23S rRNA A2058
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The ongoing evolution and spread of antimicrobial resis-
tance necessitate a deeper understanding of how resistance
mechanisms emerge and diversify. The radical SAM
methyltransferase family, exemplified by RImN and Cft,
modifies the bacterial ribosome but with divergent out-
comes: RImN methylates C2 of 23S rRNA nucleotide
A2503 as part of cellular physiology, while Cfr methylates
C8 at the same position, conferring broad resistance to
phenicols, lincosamides, oxazolidinones, pleuromutilins,
and streptogramin A (PhLOPS,).

Here, through comparative genomics of Clostridioides
difficile, we identify a novel radical SAM enzyme, MrmA,
which represents a dramatic evolutionary shift in substrate
specificity. MrmA methylates the nucleotide A2058-a ca-
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nonical antibiotic-binding site whose dimethylation by
Erm-family enzymes confers MLSg resistance. Remark-
ably, MrmA is the first radical SAM enzyme shown to tar-
get this position. By installing a novel C2 methylation at
A2058, MrmA specifically confers resistance to macro-
lides and streptogramin B but not to lincosamides.

The comparative analysis of MrmA, Cfr, and RImN re-
veals how conserved enzyme scaffolds evolve novel func-
tions. Together, these three enzymes provide a powerful
model to elucidate the molecular determinants that dictate
which nucleotide position is selected for methylation, of-
fering crucial insights into the general mechanism of sub-
strate selection by ribosomal methyltransferases and its
role in the evolution of antibiotic resistance.

C-TERMINAL DOMAIN OF DELTA, AN AUXILIARY RNA POLYMERASE SUBUNIT
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The RNA polymerase is an essential part of any living sys-
tem, but the delta subunit is not. Only a select group of bac-
teria have it, including the opportunistic pathogen
Staphylococcus aureus. Evidence suggests this delta sub-
unit contributes to the survival of this bacterium in the host
by increasing transcription specificity.

The N-terminal domain of delta is ordered and facili-
tates the binding to the beta prime subunit, while the C-ter-
minal domain is intrinsically disordered and it’s function
has only been hinted at so far. We have combined NMR
measurements, including PRE, with SAXS and we charac-
terised this CTD as an ensemble of structures.

In an older article (Kuban et al. 2019), an important
structural element “K-tract”, a patch of 7 lysine residues

was identified in the B. subtilis delta and compared with it’s
mutant, which had the “K-tract” removed. In contrast, S.
aureus lacks this element and we also studied it’s mutant,
that mimicks the “K-tract”. Identifying the functional dif-
ferences between the four aforementioned constructs will
help us to understand the detailed function of the delta sub-
unit.

Here we present structural differences between the four
aforementioned constructs contributing to functional di-
versity of the delta subunit in different bacteria.

This work was supported by the Czech Science Foundation
grants 22-12023S and 25-160378.
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STRUCTURE-GUIDED HUMANIZATION AND ENGINEERING OF A HIGH-AFFINITY
ANTI-PSMA ANTIBODY
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Prostate-specific membrane antigen (PSMA) is a clinically
validated cell-surface target in prostate cancer, motivating
development of antibody reagents with high affinity, strict
specificity, and favorable developability. Using the Fab
crystal structure of the murine anti-PSMA antibody 5D3,
we performed structure-guided framework selection and
CDR grafting to generate humanized variants and screened
their physicochemical characteristics and affinity/specific-
ity against human PSMA. One clone (5D3-6) consistently
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matched the parental antibody in target recognition and
showed the most favorable overall characteristics. Struc-
ture-assisted mapping of SD3/PSMA interface then guided
CDR mutagenesis to remove prominent sequence liabili-
ties while maintaining strong PSMA binding, yielding a
humanized anti-PSMA antibody optimized for down-
stream translational formats such as imaging, conjugation,
and therapeutic development.

CRYSTAL STRUCTURES OF mRNA CAP-FORMING ENZYMES: TVRNMT1 AND
Tv2’-O-MTASE OF TRICHOMANAS VAGINALIS

Benysek Jakub', Fajtova Pavla®, Chalupska Dominika', Boufa Evzen'
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542/2, Praha 6, 16610
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Trichomoniasis is a sexually transmitted infection of the
lower urogenital tract of women, and prostate and urethra
of men caused by the anerobic protozoan Trichomonas
vaginalis (Tv). Both sexes carrier the disease while men in-
habited by Tv are usually asymptomatic. When consider-
ing other non-viral sexually transmitted infections
trichomoniasis is the most prevalent worldwide [1]. Of
concern is that trichomoniasis increases the risk of trans-
mission of human immunodeficiency virus (HIV) in both
women and men. In addition, the infection is also associ-
ated with adverse outcomes during pregnancy. The disease
is underdiagnosed, and self-treatment of the infection by
patients is sadly also common. Current treatment of tricho-
moniasis relies on administration of 5-nitroimidazole
drugs. However, resistance has been increasingly recog-
nized and may occur in up to 10% of infections [2].

An encouraging path represents targeting essential
methyltransferases for parasite survival. The 5° cap mRNA
(messenger RNA) is an essential feature of eukaryotic
mRNA that is required for a stability and efficient transla-
tion. mRNA capping entails several enzymatic reactions
where cap methylation, catalysed by RNA (guanine-N7)
methyltransferase (RNMT) and conversion of a cap-0 to a

cap-1 structure by 2’-O-Methyltransferase (2°-O-MTase)
are common druggable targets [3]. As a result, successfully
installed cap-1 structure ensures high translational effi-
ciency and protects the mRNA of parasite from the host’s
innate immune system. For this reason, capping machinery
is essential for parasite survival and disruption of mRNA
modification is heavy desirable.

This work presents recently solved crystal structures of
these protozoan methyltransferases with a view of the cata-
lytic site, occupied by a co-factor competitive compound:
Sinefungin and byproduct of methylation reaction SAH
(S-adenosylhomocysteine). These preliminary crystal
structures accompanied with high-throughput in vitro and
in vivo screening of small inhibitory molecules (unpub-
lished data) provide a valuable structural insight into con-
secutive rational drug design.

1. Rowley J., et al.: Bulletin of the World Health Organiza-
tion 97(8), 548 (2019).

2. Graves Keonte J., et al.: Pathogens.;12(5) 692, (2023).

3. Issur M., Picard-Jean F., Bisaillon M.: Wiley Interdisciplin-
ary Reviews: RNA, 2(2), 184-192. (2011).
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MONTE CARLO SIMULATIONS OF MINIPROTEIN FOLDING SAMPLED WITH AN
AUTOENCODER
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Autoencoders are artificial neural networks used for
non-linear dimensionality reduction and have many di-
verse applications. The architecture consists of an encoder
transforming high dimensional inputs onto a low-dimen-
sional embedding called latent space, and a decoder, which
reconstructs these latent space values into the original high
dimensional data.

In the work presented here, we use an autoencoder
pretrained on diverse conformations of miniproteins for
generating protein structures based on input latent space
values. We sample from the structures generated by the
network using Metropolis Criterion and we show that run-
ning such Monte-Carlo simulation of the miniprotein sys-
tem provides a very computationally inexpensive way to
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visualize the structural behaviour of the studied
miniprotein, including folding, unfolding and other events.

We show the results of this method applied to four
model systems: Tryptophan Cage miniprotein, its
non-folding variant, Villin headpiece and PDZ domain.
We observe that although the distribution of structures
sampled this way is slightly different from one sampled
from sufficiently long classical molecular dynamics (MD)
simulation, it is also provided at a tiny fraction of the com-
putational cost of the MD simulation. We present the
method as a potential alternative to classical simulations
methods (like MD) that provide more accurate results, but
require orders of magnitude longer wall times for the calcu-
lations.

STRUCTURAL BASIS OF ASK1 REGULATION: FROM 14-3-3 MEDIATED INHIBITION
TO MKK7 SUBSTRATE RECOGNITION
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Apoptosis signal regulating kinase 1 (ASK1), also known
as MAP3KS5, is a crucial stress sensor from the mitogen-ac-
tivated protein kinase (MAPK) kinase kinase (MAP3K)
family, directing cells toward apoptosis, differentiation,
and senescence via the p38 and JNK signaling pathways
[1]. Dysregulation of ASK1 has been associated with can-
cer, inflammatory, cardiovascular, and neurodegenerative
diseases, among others. Hence, ASK1 activity has to be
strictly regulated to respond to stress stimuli appropriately.
In homeostatic condition ASK1 activity is negatively regu-
lated by 14-3-3 adaptor proteins, suppressing the activation
of the downstream MKK7/JNK axis [2,3]. Despite many
years of intensive research, there is no high-resolution
structure of multi-domain ASK1 in complex with 14-3-3
which has hindered functional and mechanistic under-
standing of ASK1 regulation. Elucidating the structural ba-
sis of 14-3-3-mediated ASKI1 sequestration and the
subsequent molecular recognition of the MKK?7 effector is
essential for understanding molecular mechanism of ASK1
regulation. Therefore, we aim to gain structural insights
into the ASK1:14-3-3 and ASK1:MKK7 complexes using
an integrated approach based on cryo-electron microscopy
(cryo-EM), hydrogen-deuterium exchange coupled to

mass spectrometry (HDX-MS), sedimentation velocity an-
alytical ultracentrifugation (SV-AUC), and analytical
size-exclusion chromatography (SEC).

In the present study, biophysical analyses by SV-AUC
demonstrate that ASK 1 undergoes homo-oligomerization,
forming dimers (200 kDa) and higher-order oligomers up
to tetramers. Upon 14-3-3 binding, the complex assemles
with multiple stoichiometries that exist in equilibrium be-
tween higher to lower states with a clear preference for 4:4
assembly (two ASK1 dimers forming a tetramer stabilized
by two 14-3-3 dimers). The formation of this 4:4 complex
was subsequently confirmed by SEC-MALS and cryo-EM.
The cryo-EM reconstruction showed that each of the
14-3-3 dimers stabilize the tetrameric arrangement of
ASK1 by binding the C-terminal segments of ASK1 chains
from opposite ASK1 dimers. The structure suggests that
tetramerization of ASK1 causes steric hindrance of the cat-
alytic centers of the kinase domains and presumably also
interactions between the kinase domains and the MAP2K
kinase substrate i.e. MKK?7, thus explaining the inhibitory
effect of 14-3-3 binding. In a preliminary cryo-EM struc-
ture of the ASK1:MKK7 complex, monomeric MKK?7 en-
gages a dimeric ASKI; distinct from the potentially
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inhibited ASK1:14-3-3 complex which adopts a higher or-
der oligomeric state. Together, these observations suggest
that ASK1 oligomeric state may regulate the accessibility
of the catalytic site and the substrate docking surface.

1. Ichijo, H. et al. Induction of apoptosis by ASK1, a mam-
malian MAPKKK that activates SAPK/JNK and p38 sig-
naling pathways. Science 275, 90-94 (1997).

2. Zhang, L., Chen, J. & Fu, H. Suppression of apoptosis sig-
nal-regulating kinase 1-induced cell death by 14-3-3 pro-
teins. Proc Natl Acad Sci U S A 96, 8511-8515 (1999)
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3. Honzejkova, K., Kosek, D., Obsilova, V. & Obsil, T. The
cryo-EM structure of ASK1 reveals an asymmetric archi-
tecture allosterically modulated by TRX1. eLife 13,
RP95199 (2024).

This study is supported by the Grant Agency of Charles
University (JB: 151324) and the Czech Academy of Sci-
ences (RVO: 67985823 of the Institute of Physiology). We
acknowledge CMS-Biocev of CIISB, and Cryo-electron mi-
croscopy and tomography core facility CEITEC MU of
CIISB, Instruct-CZ Centres, supported by MEYS CR
(LM2023042).

MURINE NKR-P1C, A KEY ACTIVATING RECEPTOR IN NK CELL IMMUNE
SURVEILLANCE
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Natural Killer (NK) cells are a part of the vast repertoire of
innate immune response agents in mammals. Amongst
their primary functions is a process called immune surveil-
lance. They use a variety of activating and inhibitory re-
ceptors on their surfaces to “scan” other cells in the
organism to determine whether their target cells are
healthy or infected, malignantly transformed, or otherwise
negatively altered [1].

One such activating receptor is the murine Natural
Killer Receptor — Protein 1C (mNKR-P1C). Despite being
first described over 50 years ago, its structure and natural
ligand are still unknown [2]. A lack of knowledge about
this activating receptor limits our understanding of its pre-
cise role in immune responses and regulation, which is es-
sential, as mice serve as model organisms and their NK cell
receptor repertoire differs from that of humans.

This project focuses on the recombinant production of
mNKR-PIC in two types of mammalian cell lines with
distinct N-glycosylation patterns. This allows mNKR-P1C
to be studied using several biophysical methods that could
help paint a comprehensive picture of the receptor’s struc-
ture and function. While the HEK293T cell line provides
wild-type human N-glycans, the HEK293S GnTT cell line
lacks N-acetylglucosaminyltransferase I, which means all
proteins are uniformly glycosylated with a simple mannose

motif, supporting their homogeneity and crystallizability.
Initially, we expressed a construct encompassing the entire
extracellular domain of mNKR-P1C in a HEK293S GnTI"
stable cell line, providing excellent yields; however, this
construct never crystallized. Next, we prepared a truncated
version of the extracellular domain of NKR-P1C lacking
the flexible hinge region. The second construct was tran-
siently produced in both HEK293T and HEK293S GnTT
cell lines. Based on previous structural studies of homolo-
gous receptors, such as a human NKR-P1, we believe that
truncating or removing the hinge can enhance protein sta-
bility and crystallizability [3]. The oligomeric state,
glycosylation, and disulfide bond patterns were assessed by
analytical ultracentrifugation and mass spectrometry.

1. Y. Chen, D. Lu, A. Churov, R. Fu, Mediators Inflamm.,
2020, (2020), 6437057.

2. L. L. Lanier, Annu. Rev. Immunol., 16, (1998), 359.

3. J. Blaha, T. Skalova, B. Kalouskova, O. Skofepa, D.
Cmunt, V. Grobarova, S. Pazicky, E. Polachova, C. Abreu,
J. Stransky, T. Koval, J. Duskova, Y. Zhao, K. Harlos, J.
Hasek, J. Dohnalek, O. Van¢k, Nat. Commun., 13, (2022),
5022.

This work was supported by the Czech Science Foundation
(25-184908).
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MOLECULAR BASIS OF DNA BINDING AND OLIGOMERIZATION BY REPLICATION
AND TRANSCRIPTION REGULATOR RTA OF EPSTEIN-BARR VIRUS
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Epstein—Barr virus (EBV) infects over 90% of the global
population and contributes to approximately 200,000 ma-
lignancies annually. Reactivation from latency into the
lytic cycle is initiated by the viral replication and transcrip-
tion activator (Rta), which binds Rta response elements
(RREs) and induces early lytic gene expression. Despite
Rta’s central role, the structural organization and
oligomeric state of Rta have remained insufficiently de-
fined.

Here, we combined biophysical, single-molecule, and
cellular approaches to characterize Rta structure and func-
tion. We demonstrate that Rta comprises a structured o.-he-
lical DNA-binding domain and an intrinsically disordered
transactivation domain. Biophysical analyses indicate that
Rta predominantly forms dimers in solution, whereas sin-
gle-molecule AFM reveals a population of tetrameric as-
semblies, suggesting dynamic higher-order oligomeri-
zation. Quantitative binding assays show that Rta binds
RRE-containing DNA with affinities in the nanomolar
range. Targeted mutations within the DNA-binding do-
main disrupt Rta-DNA interaction, reducing affinity to the
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micromolar range and indicating that mutated residues are
critical for specific recognition.

In EBV-positive P3HR1 cells undergoing chemically
induced lytic reactivation, Rta forms discrete nuclear foci,
including accumulations at the nuclear periphery, consis-
tent with spatially regulated lytic activation.

Together, these findings define the domain architec-
ture, oligomeric behavior, and DNA-binding properties of
Rta, providing a structural framework for understanding
EBYV lytic reactivation and informing efforts to target Rta
function therapeutically.

The research was primarily supported by Czech Science
Foundation (23-05241S). We acknowledge CEITEC
Proteomics CF and CF Biomolecular Interactions and
Crystallography of CIISB, Instruct-CZ Centre, supported
by MEYS CR (LM2023042, e-INFRA CZ (ID:90254)) and
European Regional Development Fund-Project ,,UP
CIISB* (No. CZ.02.1.01/0.0/0.0/18 046/0015974). We ac-
knowledge the CF CELLIM supported by MEYS CR
(LM2023050 Czech-Biolmaging) and Biological Data
Management and Analysis CF funded by ELIXIR CZ re-
search infrastructure (MEYS Grant No: LM2023055).

BIOPHYSICAL CHARACTERIZATION OF PROTEINS AND PROTEIN COMPLEXES BY
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Sedimentation Velocity Analytical Ultracentrifugation
(SV-AUC) is a powerful solution-based technique for ana-
lyzing the hydrodynamic and thermodynamic properties of
biomolecules. During ultracentrifugation, macromolecules
sediment in a high gravitational field and are monitored in
real time using UV/Vis absorption, fluorescence, or inter-
ference optics. The resulting sedimentation profiles are an-
alyzed using mathematical modeling to determine
molecular weight, shape, size distribution, oligomeric
states, and binding interactions.

We applied SV-AUC to characterize formation of the
ternary complex between CDK16, pCCNY, and 14-3-3

and determined its apparent dissociation constant. Com-
bined with site-directed mutagenesis and kinase activity as-
says, we identified key residues required for stable ternary
complex formation, which is essential for CDK16 activa-
tion.

This work demonstrates the utility of SV-AUC for
quantitative characterization of protein—protein interac-
tions and multicomponent complexes.

This work was supported by Czech Science Foundation
Grant No. 25-152228.
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WHEN LecB IS NOT ALONE: STRUCTURAL AND FUNCTIONAL ANALYSIS OF A
TWO-DOMAIN LECTIN
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"National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kamenice 5,
625 00 Brno
2Central European Institute of Technology, Masaryk University, Kamenice 5, 625 00 Brno
tereza.buranova@mail.muni.cz

LecB (PA-IIL) is one of two well-characterized lectins
from the opportunistic pathogen Pseudomonas aeruginosa
and plays a key role in host colonization and biofilm forma-
tion, particularly in immunocompromised patients such as
those with cystic fibrosis [1]. Homologous lectins have
also been identified in other pathogenic bacteria, including
Burkholderia cenocepacia [2]. Notably, several uncharac-
terized LecB-like proteins contain an additional N-terminal
domain of unknown function, suggesting potential func-
tional diversification within this lectin family.

This project aims to structurally and functionally char-
acterize a putative two-domain lectin comprising a canoni-
cal LecB-like carbohydrate-binding domain and an
N-terminal accessory domain. A candidate gene encoding
such a protein from an insect pathogen was identified
through bioinformatic analysis, cloned into expression
vectors, and expressed in E. coli. In addition to full-length
constructs, individual domains were expressed separately
to enable domain-specific characterization.

Purified proteins are being analyzed using biophysical
methods to assess oligomeric state, thermostability, and
sample homogeneity, and their carbohydrate-binding prop-
erties are under investigation. Extensive crystallization
screening was performed for both full-length proteins and
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isolated domains. The structure of the N-terminal domain
has been largely determined by molecular replacement and
is currently undergoing refinement. Crystallization of the
LecB-like domain is still being optimized. However, com-
parative analysis of predicted structures with canonical
LecB suggests potential differences in ligand-binding ar-
chitecture that may reflect altered specificity or regulatory
function.

These findings provide new insight into the structural
diversity of LecB-like lectins and contribute to understand-
ing bacterial adhesion mechanisms in pathogenic bacteria.

1. E. Mitchell, C. Houles, D. Sudakevitz, M. Wimmerova, C.
Gautier, S. Pérez, A. M. Wu, N. Gilboa-Garber, A.
Imberty, Nat Struct Biol., 12, (2002), 918.

2. 0. Sulék, G. Cioci, E. Lameignére, V. Balloy, A. Round, I.
Gutsche, L. Malinovska, M. Chignard, P. Kosma, D. F.
Aubert, C. L. Marolda, M. A. Valvano, M. Wimmerova, A.
Imberty, PLoS Pathog, 7, (2011), e1002238.

We acknowledge Core Facility Biomolecular Interactions
and Crystallography of CIISB, Instruct-CZ Centre, sup-
ported by MEYS CR (LM2023042). This work was sup-
ported by the Czech Science Foundation (project
21-296228).

PREPARATION AND CHARACTERIZATION OF OLIGOMERS FORMED BY
TRUNCATED tau PROTEINS /N VITRO AND IN SILICO

0. Cehlar'?, S Njemoga', A. Kovac'?, P. Majerova’, T. Sadecky?, V. Garaj? E. E. Barrera*

'Institute of Neuroimmunology, Laboratory of Structural Biology of Neurodegeneration, Slovak
Academy of Sciences, Bratislava, Slovakia
’Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Comenius University in Bratislava,
Bratislava, Slovakia
3Department of Galenic Pharmacy, Faculty of Pharmacy, Comenius University in Bratislava, Bratislava,
Slovakia
*Instituto de Histologia y Embriologia (IHEM), Consejo Nacional de Investigaciones Cientificas y Técnicas
(CONICET), CC56, Universidad Nacional de Cuyo, Mendoza M5502JMA, Argentina
ondrej.cehlar@savba.sk

Soluble oligomers are thought to be the toxic agents of sev-
eral neurodegenerative diseases and not the relatively inert
mature filaments. Oligomers can propagate between neu-
rons and could be isolated by in vivo microdialysis from
brain interstitial fluid. Tau oligomers can be induced in vi-
tro by seeding with amyloid-f3 (AP) oligomers or using tau
with modified cysteines [1,2]. However, intermediate fila-

ments with shorter amyloid interface compared to mature
filaments were observed early in the course of tau aggrega-
tion [3].

Previously we have summarized structural data about
oligomers formed by amyloid-B, a-synuclein, tau a prion
protein, that show substantial lack of structural information
about tau protein oligomers [4].
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Isolated in vitro tau oligomers prepared from truncated
tau were characterized by ion mobility mass spectrometry,
size exclusion chromatography, dot blot and western blot
using oligomer specific antibodies T22, All and
TOMA-1.

Moreover, representative structures of tau dimers and
trimers were obtained after clustering of coarse-grained
MD simulations. Set of previously reported small mole-
cules with potential to inhibit tau aggregation was docked
in the presumed binding pockets identified in these struc-
tures. The inhibition was probed by measuring the ThT sig-
nal of the aggregation reaction in the presence of
smallmolecules.

1. L. Lasagna-Reeves, C., Castillo-Carranza, D., Sengupta, U.
et al. Alzheimer brain-derived tau oligomers propagate pa-
thology from endogenous tau. Sci Rep 2, 700 (2012).

2. Gerson, J.E., Sengupta, U., Kayed, R. (2017). Tau Oligo-
mers as Pathogenic Seeds: Preparation and Propagation In
Vitro and In Vivo. In: Smet-Nocca, C. (eds) Tau Protein.
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Methods in Molecular Biology, vol 1523. Humana Press,
New York, NY.

3. Lovestam, S., Li, D., Wagstaft, J.L. et al. Disease-specific
tau filaments assemble via polymorphic intermediates. Na-
ture 625, 119-125 (2024)..

4. Cehlar, O.; Njemoga, S.; Horvath, M.; Cizmazia, E.;
Bednarikova, Z.; Barrera, E.E. Structures of Oligomeric
States of Tau Protein, Amyloid-f3, a-Synuclein and Prion
Protein Implicated in Alzheimer’s Disease, Parkinson’s
Disease and Prionopathies. Int. J. Mol. Sci. 2024, 25,
13049.

This research was funded by the EU NextGenerationEU
through the Recovery and Resilience Plan for Slovakia un-
der the project No. 09103-03-V04-00623. This work was
supported by research grants VEGA 2/0125/23 and
1/0825/25. This research was further funded by the Euro-
pean Union’s Horizon Europe program under the grant
agreement No. 101087124.

BIOPHYSICAL TECHNIQUES AT THE CENTRE OF MOLECULAR STRUCTURE

Tatsiana Charnavets
Institute of Biotechnology, BIOCEV, Priimyslova 595, Vestec, 25250, Czech Republic

Biophysical research facility of the Centre of molecular
structure is a shared resource for the characterization of
biomolecules that provides an access to instruments, tech-
nologies, expert consultation and training to researchers.
For the determination of size, molecular mass, structure
and stability of biomolecules, study of conformational
changes and thermodynamics of temperature transitions
are currently available: mass photometry (Two MP mass
photometer) circular dichroism spectroscopy (Chirascan
Plus CD spectrometer), spectrophotometry (Specord 50
Plus UV/Vis spectrophotometer), Fourier-transform infra-
red spectrometry (Vertex 70v spectrometer), fluorescence
spectrometry (photoluminescence spectrometer FLS1000),
differential scanning fluorescence (Prometheus NT.48),
multiangle dynamic light scattering (Zetasizer Ultra),
microplate reader (Tecan), differential scanning calorime-
try (Microcal VP-DSC). Isothermal titration calorimetry

(Microcal 1TC200 and PEAQ-ITC), microscale
thermophoresis (Monolith NT.115 and NT.LabelFree),
surface plasmon resonance (ProteOn XPR36) and
bio-layer Interferometry (OCTET R8), switchSENSE (He-
lix") techniques are available for the characterization of
biomolecular interactions.

Facility is a member of Instruct-ERIC and Czech Infra-
structure for Integrative Structural Biology (CIISB).

All relevant information is on the web pages:
https://www.ibt.cas.cz/cs/servisni-pracoviste/centrum-mol
ekularni-struktury/,
https://www.ciisb.org/open-access/core-facilities.

The Centre of Molecular Structure is supported by: MEYS
CR (LM2023042), project UP CIISB (CZ.02.1.01/0.0/0.0/
18 046/0015974), CIISB4HEALTH (CZ.02.1.01/0.0/0.0/
16 _013/0001776).
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STRUCTURAL BASIS OF ATP-MEDIATED INHIBITION OF MYCOBACTERIAL GMP
REDUCTASE

Michal Dolezal, Zdenék Knejzlik, Tomas Kouba, Anatolij Filimonénko, Hana Svachova,
Martin Klima, and Iva Pichova

Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Flemingovo namésti
542/2, 166 10 Prague, Czech Republic
michal.dolezal@uochb.cas.cz

GMP reductase (GMPR) catalyzes NADPH-dependent
conversion of GMP to IMP, a key metabolite in the
biosynthesis of all purine nucleotides. This reaction allows
mycobacteria and most other organisms to utilize guanine
nucleotides for the production of adenine nucleotides with-
out the need for de novo synthesis.

In our studies of purine metabolism in mycobacteria,
we use Mycobacterium smegmatis (Msm) as a model for
the infectious Mycobacterium tuberculosis (Mtb), the
causative agent of tuberculosis in humans.

In a previously published study [1], we demonstrated
that the enzymatic activity of MsmGMPR is allosterically
regulated by ATP and GTP. While ATP inhibits the enzy-
matic activity of MsmGMPR, GTP counteracts this inhibi-
tion, and thus restores the enzymatic activity.

Here, we combine X-ray crystallography, cryo-electron
microscopy, and biochemical binding assays to elucidate
the molecular basis of MsmGMPR regulation by ATP and
GTP [2]. MsmGMPR forms tetramers with four-fold axis
which further assemble into octamers with D4 symmetry.
The two tetramers in the octamer adopt either compressed
or extended conformation. ATP and GTP compete for a
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binding site located at the interface of the two tetramers.
We show that ATP stabilizes a compressed conformation
that inhibits the enzyme by restricting access to the active
site and preventing NADPH binding. In contrast, GTP
counteracts ATP binding, promoting an active conforma-
tion that enables catalysis.

Our results provide insight into how MsmGMPR senses
and responds to the cellular purine nucleotide balance, re-
vealing a novel mode of allosteric regulation by a CBS do-
main.

1. Knejzlik Z., Dolezal M., Herkommerova K., Clarova K.,
Klima M., Dedola M., Zbornikova E., Rejman D., Pichova
I.: FEBS J. 289, 5571 (2022).

2. Dolezal M., Knejzlik Z., Kouba T., Filimonénko A.,
Svachové H., Dedola M., Klima M., Pichova I.: Manuscript
a (2026).

The work was supported by the project National Institute of
Virology and Bacteriology (Programme EXCELES, ID
Project No. LX22NPO5103) — Funded by the European
Union — NextGenerationEU.

FROM GENE TO PROTEIN: LAUNCHING AN INTEGRATED PROTEIN PRODUCTION
SERVICE AT CEITEC MU

Radka Dopitova, Jifi Novaéek and Josef Houser

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

The efficient production of recombinant proteins is essen-
tial for structural biology, biochemistry and biomedical re-
search. The Biomolecular Interaction and Crystallography
Core Facility (CF BIC) at CEITEC Masaryk University has
established new protein production services utilising both
prokaryotic and eukaryotic expression systems, tailored to
the specific requirements of diverse target proteins. Our
services cover the full protein production workflow, in-
cluding construct design, cloning, expression screening,
scaling up and purification, all of which are supported by
standardised quality control. The E.coli platform enables

the rapid and cost-effective production of simple,
high-yield proteins, while the insect cell system (Sf9/High
Five) is ideal for producing complex eukaryotic proteins
that require proper folding, disulfide bond formation or
post-translational modifications. Combining these comple-
mentary expression systems allows us to adapt flexibly to
challenging targets and increases the overall success rate of
protein production projects. CF BIC currently offer a com-
plete portfolio of services for protein-based research, ac-
cessible to both the internal and external scientific
communities.
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STRUCTURAL COMPLEXITY IN BACTERIAL TRANSCRIPTION REGULATION

Adéla Fejfarova'? Markéta Soltysova', Irena Sieglova', Milan Fabry', Jana Skerlova',
Pavlina Rezaéova'

"Laboratory of Structural Biology, Institute of Organic Chemistry and Biochemistry, Prague, Czechia
’Department of Cell Biology, Faculty of Science, Charles University, Prague, Czechia

The process of gene expression comprises number of steps,
including transcription of DNA into RNA, translation of
RNA into protein, and protein posttranslational modifica-
tion. In bacteria, the regulation of the expression represents
the major response to environmental changes and is there-
fore critical for adaption and cell survival. Based on
the availability of different nutrients, bacteria turn on and
off different genes encoding for proteins of the respective
metabolic pathways. The whole metabolic machinery can
thus be regulated at the very beginning of the expression,
namely the initiation of transcription. For that, bacteria use
numerous transcription repressors belonging to various
protein families. Members of the GntR family, present
across diverse bacteria species, are mainly responsible
for regulation of enzymes utilizing catabolism of various
carbon sources (e.g. sugars). The family is defined by
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a conserved N-terminal DNA-binding domain (DBD) with
a winged-helix-turn-helix motif. The C-terminal effector
binding domain (EBD) distinguishes these regulators into
five subfamilies. When an effector binds the EBD, the tran-
scription repressor loses its ability to bind DNA, which
consequently leads to activation of transcription. Al-
though there are thousands of such repressors across most
bacterial species, their mechanism of action is poorly un-
derstood on the structural level. Here we present the pre-
liminary structural biology data on the prototypic member
GntR, from the model organism of gram-positive bacteria
Bacillus subtilis. By the method of cryogenic electron mi-
croscopy (cryo-EM), we try to understand the molecular
mechanism behind the protein-DNA complex formation,
the oligomeric arrangements, and their changes upon
effector binding.

FORCE-FIELD DEPENDENT CHANGES IN THE CONFORMATIONAL ENSEMBLE OF
Tau(210-240) UNDER TUNED PROTEIN-WATER INTERACTIONS

Thomas Fellmeth'? and Jozef Hritz'®

"Central European Institute of Technology, Masaryk University, Kamenice 5, Brno, 625 00, Czech Republic
2National Centre for Biomolecular Research, Masaryk University, Kamenice 5, Brno, 625 00, Czech Republic
3Depan‘mem‘ of Chemistry, Faculty of Science, Masaryk University, Kamenice 5, Brno,

625 00, Czech Republic

Tau is a prominent intrinsically disordered protein (IDP)
that regulates mikrotubule assembly and stability. [1] Un-
der pathological conditions, hyperphosphorylated tau de-
taches from microtubules, aggregates into fibrils, and
forms neurofibrillary tangles, a primary hallmark of Alz-
heimer’s disease (AD) in the human brain. [2] Elucidating
tau fibril formation mechanisms is crucial for understand-
ing AD neurodegeneration. Molecular dynamics (MD)
simulations offer insights into the temporal evolution of tau
fibrillization, with coarse-grained (CG) models extending
accessible length and time scales far beyond all-atom simu-
lations. However, standard CG force fields often fail to
capture IDP flexibility, yielding overly compact conforma-
tions. [3]

This study assesses the accuracy of SIRAH 2 [4] and
Martini 3 [5] force fields in modeling the monomeric
conformational ensemble of Tau(210-240). Validation in-
corporates experimental NMR data, including chemical
shifts and 3J coupling constants, alongside radius of gyra-
tion measurements. Both unmodified force fields produce
excessively collapsed structures, an issue counteracted by
enhancing water-protein interactions via reparameteri-

zation. SIRAH 2 demands more extensive repara-
meterization than Martini 3, yielding fair reproduction of
global properties like radius of gyration for SIRAH, while
Martini 3 shows severe deviations from experiment. De-
spite global improvements, local structural properties re-
main less changed. The reparameterized models better
describe the Tau(210-240) ensemble, aligning with experi-
mental observables.

Computational resources were provided by IT4In-
novations, funded by the Ministry of Education, Youth and
Sports of the Czech Republic via the e-INFRA CZ project
(ID: 90254). This work was further supported by the Brno
Ph.D. Talent Scholarship from the Brno City. Municipality
and by the European Union’s Horizon Europe program
under grant agreement No. 101087124 (ADDIT-CE).

1. E. M. Mandelkow and E. Mandelkow, Biochemistry and
cell biology of tau protein in neurofibrillary degeneration.
Cold Spring Harb Perspect Biol., 4:¢a006247, 2012.

2. B.Falcon et al., Tau filaments from multiple cases of spo-
radic and inherited alzheimer’s disease adopt a common
fold. Acta Neuropathol, 136(5):699-708, 2018.
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3. P.Latham and B. Zhang, Unifying coarse-grained force
fields for folded and disordered proteins. Current Opinion
in Structural Biology, 72:63-70, 2022.

4. M. R. Machado et al., The SIRAH 2.0 Force Field: Altius,
Fortius, Citius. J. Chem. Theory Comput, 15(4):2719-2733,
2019.
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5. S.J. Marrink et al., The MARTINI force field: coarse
grained model for biomolecular simulations. J. Phys.
Chem. B, 111:7812-7824, 2007.

ExTraMD — A SERVICE FOR EFFICIENT EXTENSION OF MOLECULAR DYNAMICS
SIMULATIONS IN LATENT SPACE

Samuel Gorta, Ales Krenek
CERIT-SC, Masaryk University

Molecular dynamics (MD) simulations provide detailed in-
sight into biomolecular systems but are often limited by the
high computational cost of long trajectories. Recent ad-
vances in latent space modeling demonstrate that molecu-
lar dynamics can be approximated in a low-dimensional
latent representation, enabling the generation of long tra-
jectories from relatively short simulations. We present
ExTraMD, a planned service that implements latent space
simulation techniques based on the Molecular Latent Space
Simulators framework and makes them available as an
easy-to-use, automated tool. ExTraMD will allow users to
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upload MD trajectories, train latent dynamical models, and
generate statistically consistent extended trajectories with
minimal manual intervention. The service is being de-
signed with a focus on scalability, GPU acceleration, and
integration into existing molecular dynamics workflows.
ExTraMD will be integrated into the MD Dashboard envi-
ronment and connected to trajectory search and data repos-
itories, enabling seamless use within established
simulation pipelines. The goal is to lower the barrier for
applying latent MD modeling and to support efficient
exploration of slow and rare biomolecular processes.

CHARACTERIZATION OF THE AIRE INTERACTOME IN TRANSCRIPTIONAL
REGULATION

Alexandra Gredova'?, Vaclav Veverka'?

'Institute of Organic Chemistry and Biochemistry of the CAS, Flemingovo ném. 542/2, 160 00, Praha
?Charles University, Prague, Czech Republic
gredova@uochb.cas.cz

The Autoimmune Regulator (AIRE) is a transcription fac-
tor for maintaining central immune tolerance. It functions
by driving the expression of tissue specific antigens
(TSAs) within medullary thymic epithelial cells, a process
essential for the clonal deletion of self-reactive T cells. Mu-
tations in the AIRE gene result in Autoimmune Polyen-
docrinopathy ~ Candidiasis ~ Ectodermal  Dystrophy
(APECED).

Despite its known physiological importance, the pre-
cise molecular mechanisms by which AIRE coordinates

transcriptional regulation remain poorly defined. In this
study, we developed a systematic panel of AIRE truncation
and domain-specific constructs to map its interactome. Us-
ing pull-down assays coupled with mass spectrometry, we
aim to identify novel interacting partners across different
AIRE domains.

These findings will advance our understanding of
eukaryotic transcriptional regulation and the fundamental
mechanisms of immune tolerance.
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MICROTUBULE-ASSOCIATED PROTEIN TPPP1 EXPANDS THE MICROTUBULE
LATTICE

Lenka Grycova, Sara Jarosova, Marcus Braun, Zdenek Lansky

Institute of Biotechnology, Czech Academy of Sciences, BIOCEV; Vestec, Czechia

Tubulin Polymerization Promoting Protein 1 (TPPP1) is a
microtubule-associated protein implicated in microtubule
organization and stability. Microtubules are structurally
and chemically heterogeneous polymers defined by their
lattice conformation, nucleotide state, post-translational
modifications (PTMs), or tubulin isotype composition.
How microtubule-associated proteins interpret and alter
this multilayered identity remains largely unclear. Here, we
show that TPPP1 is a state-dependent reader and regulator
of microtubule identity. We show that TPPP1 binds coop-
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eratively to compacted microtubule lattice, inducing local
lattice expansion. In addition TPPP1 displays differential
binding to microtubules distinguished by PTM patterns
and tubulin isotype composition, suggesting that TPPP1
can act as a selective expander of distinct microtubule sub-
set in the cell. Together, our findings support a model in
which TPPP1 integrates structural and biochemical signals
to selectively remodel specific microtubules, potentially
influencing their dynamic behavior.

EFFECT OF 14-3-3 PROTEIN FAMILY ON Tau PROTEIN FIBRE FORMATION

G. Kucinskas'?, R. Halova', A. Kozelekova'? K. Kralova'?, V. Volko'?, 0. Sedo?, J. Hritz"%?

"National Centre for Research, Faculty of Science, Masaryk University, Kamenice 5,
625 00, Brno, Czech Republic
2Central European Institute of Technology, Masaryk University, Kamenice 5, 625 00, Brno, Czech Republic
3Department of Chemistry, Faculty of Science, Masaryk University, Kamenice 5,
625 00 Brno, Czech Republic
r.halova@mail.muni.cz

Tau protein aggregation into fibres is a hallmark of Alzhei-
mer’s disease and related tauopathies. The 14-3-3 protein
family, highly abundant in the brain, modulates Tau
phosphorylation, microtubule binding, and aggregation
propensity. Recent studies demonstrate that the 14-3-3(
isoform significantly inhibits fibrillization of GSK3p-
-phosphorylated full-length Tau (2N4R), as evidenced by
Thioflavin T assays, electron microscopy, AFM, chemical
crosslinking, and NMR showing direct interactions.[1]
Similarly, stoichiometric binding of 14-3-3¢ dimers pro-
motes dissociation of phosphorylated Tau from micro-
tubules, enhances cytosolic solubility, suppresses liquid-
liquid phase separation (LLPS) and amyloid-like aggrega-
tion, thereby preventing pathological seed formation.[2]

This study aims to gain deeper insights into the interac-
tion between GSK3B-phosphorylated full-length Tau
(2N4R) and the 14-3-3( protein.

Funded by the European Union’s Horizon Europe pro-
gram under grant agreement No. 101087124 (ADDIT-
CE).

1. G. Kucinskas, A. Kozelekova, K. Kralova, V. Volko, O.
Sedo, J. Hritz, Int. J. Biol. Macromol., 278, (2025),
135792.

2. J. Hochmair, M. C. M. van den Oetelaar, L. Ravatt, L.
Diez, L. J. M. Lemmens, R. Ponce-Lina, R. Sankar, M.
Franck, G. Nolte, E. Semenova, S. Mohapatra, C. Ottmann,
L. Brunsveld, S. Wegmann, Commun. Biol., 8, (2025),
8548.
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STRUCTURAL CHARACTERIZATION OF THE 16S rRNA METHYLTRANSFERASE
RsmH FROM STAPHYLOCOCCUS AUREUS

Anna Hanzlikova'?, Evzen Boufa'

'Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague,
Czech Republic
2Deparl‘ment of Biochemistry, Charles University in Prague, Prague, Czech Republic

Post-transcriptional methylation of 16S rRNA is a con-
served bacterial modification that regulates ribosomal
function and facilitates adaptation to environmental stress.
RsmH is a SAM-dependent cytosine-N4-methyltransfe-
rase that catalyzes methylation of C1402 within the decod-
ing center of 16S rRNA, a modification associated with
virulence and stress tolerance in Staphylococcus aureus. In
this study, the RsmH gene from S. aureus was cloned into a
recombinant expression vector for heterologous produc-
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tion. The recombinant protein was purified to homogene-
ity, and subsequent crystallization trials were performed in
the presence of sinefungin, a SAM analog. Analysis of
high-resolution X-ray diffraction data allowed us to deter-
mine the previously unresolved crystal structure of RsmH
from S. aureus. These findings provide a structural frame-
work for mechanistic investigations and may support fu-
ture structure-based drug development strategies targeting
methicillin-resistant S. aureus (MRSA).

DETECTION OF NEUROCHEMICAL BRAIN PROFILES IN RATS USING gH MRS

Iveta Harastova-Pavlova'?, Eva Drazanova'?, Lucie Kratka', Petra Amchova®,
Maria Hrickova®, Ondrej Macicek', Jiri Vitous'*, Radovan Jirik', Jana Ruda-Kucerova®

'Institute of Scientific Instruments of the Czech Academy of Sciences, Brno, Czech Republic
2Depan‘ment of Condensed Matter Physics, Faculty of Science, Masaryk University, Brno, Czech Republic
3Department of Pharmacology, Faculty of Medicine, Masaryk University, Brno, Czech Republic
4Department of Biomedical Engineering, Faculty of Electrical Engineering and Communication,

Brno University of Technology, Brno, Czech Republic

Proton magnetic resonance spectroscopy (‘H MRS) is a
non-invasive method that enables in vivo characterization
of brain neurochemistry at the molecular level, linking me-
tabolite composition to cellular structure and function. In
this study, 'H MRS was applied to detect region-specific
neurochemical profiles in the rat brain and to assess meta-
bolic alterations induced by disease models and pharmaco-
logical interventions.

9.4 T high-field '"H MRS allowed reliable quantifica-
tion of key brain metabolites, including N-acetylaspartate
(NAA), choline-containing compounds (Cho), total
creatine (tCr), glutamate (Glu), glutamine (Gln), myo-
inositol (mlIns), and taurine (Tau). These metabolites re-
flect neuronal viability, membrane turnover, energy metab-
olism, neurotransmission, and astroglial function,
providing insight into molecular structure-function rela-
tion- ships relevant to structural biology.

In the olfactory bulbectomy rat model of depression,
significant neurochemical alterations were detected in the

hippocampus and cortical regions, indicating impaired
neuronal metabolism, astroglial dysfunction, and altered
osmoregulation. Specifically, changes in NAA and choline
levels suggested neuronal dysfunction and membrane re-
modeling, while reduced taurine levels reflected impaired
modulation of neurotransmitter activity.

Importantly, 'H MRS was sensitive to both chronic and

acute pharmacological manipulation. Chronic treatment
with citalopram induced distinct metabolic changes pre-
dominantly in the hippocampus, whereas acute administra-
tion of methamphetamine resulted in rapid neurochemical
alterations in cortical regions. These findings demonstrate
the ability of '"H MRS to capture dynamic neurochemical
responses to pharmacological interventions in vivo.
Our results highlight 'H MRS as a valuable tool bridging
structural biology and neuroscience by enabling the detec-
tion of subtle molecular changes related to brain dysfunc-
tion and therapeutic modulation, with potential applica-b
ility in identifying biomarkers of neurodegeneration.
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STRUCTURAL AND FUNCTIONAL CHARACTERIZATION OF IRIPIN-7 FROM IXODES
RICINUS REVEALS DETERMINANTS OF PROTEASE SPECIFICITY

Petra Havlickova', Klara Martinkova', Jan Kotal', Petr Pachl?, lvana Kuta Smatanova',
Jindrich Chmelar’

"Faculty of Science, University of South Bohemia in Ceske Budejovice, Ceske Budejovice, 37005,
Czech Republic
%Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Prague,
16000, Czech Republic
havlip04@prt.jcu.cz, chmelar@prf.jcu.cz

Ticks secrete serine protease inhibitors (serpins) via their
saliva to modulate host inflammatory and hemostatic re-
sponses during blood feeding. Although serpins share a
conserved fold and inhibitory mechanism, subtle variations
within the reactive centre loop (RCL) can profoundly influ-
ence protease specificity [1].

Here, we present a structural and functional character-
ization of the tick serpin Iripin-7. To investigate determi-
nants of specificity, Iripin-7 was compared with the
homologous serpin iripin-2, previously characterized as
IRS-2 in [2]. Sequence alignment revealed conservation of
the RCL required for inhibitory activity, with differences
observed in the predicted P1 site.

Protease inhibition assays demonstrated significant
functional divergence despite overall sequence similarity.
Iripin-2 exhibits a narrow specificity, primarily targeting
chymotrypsin-like proteases [2]. In contrast, Iripin-7 inhib-
its a broader spectrum of enzymes, with strongest effects
observed for inflammatory proteases and related targets.
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Together, these findings show that high RCL similarity
does not necessarily translate into equivalent protease
specificity. Instead, subtle structural features within the
recognition region contribute to target selection and func-
tional diversification. This work provides structural insight
into how closely related serpins evolve distinct biological
roles in modulating host defense pathways.

1. Marijanovic, E. M., Fodor, J., Riley, B. T., Porebski, B. T.,
Costa, M. G. S., Kass, 1., Hoke, D. E., McGowan, S., &
Buckle, A. M. (2019). Reactive centre loop dynamics and
serpin specificity. Scientific reports, 9(1), 3870.
https://doi.org/10.1038/s41598-019-40432-w.

2. Chmelar, J., Oliveira, C. J., Rezacova, P., Francischetti, 1.
M., Kovarova, Z., Pejler, G., Kopacek, P., Ribeiro, J. M.,
Mares, M., Kopecky, J., & Kotsyfakis, M. (2011). A tick
salivary protein targets cathepsin G and chymase and in-
hibits host inflammation and platelet aggregation. Blood,
117(2), 736-744.
https://doi.org/10.1182/blood-2010-06-293241.

CHEMILUMINESCENT DEOXYRIBOZYME SENSORS FOR DNA-EDITING ENZYMES

Martin Jakubec'?, Michal Svoboda', Jaroslav Kurfiirst'?3, Katerina Svehlova',
Vaclav Veverka'*, and Edward A. Curtis’

'Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague,
166 10, Czech Republic
2Department of Genetics and Microbiology, Faculty of Science, Charles University in Prague, Prague
128 44, Czech Republic
3Dep. of Informatics and Chemistry, University of Chemistry and Technology, Prague 166 28, Czech Rep.
*Dep. of Informatics and Chemistry, University of Chemistry and Technology, Prague 166 28, Czech Rep.
curtis@uochb.cas.cz

DNA editing enzymes such as those in the APOBEC fam-
ily of cytidine deaminasesplay important roles in both nor-
mal and pathogenic function, while engineered enzymes
offer exciting new possibilities for genome editing. Despite
their importance, widely-used assays for DNA editing en-
zymes are time consuming and expensive. Here we de-
scribe a new assay for DNA editing enzymes in which the
substrate in the reaction is a chemiluminescent deoxy-
ribozyme called Supernova. Editing alters the sequence of
Supernova, which results in a change in catalytic activity
and light production. By analyzing a dataset of Supernova
variants previously identified by selection and high-

throughput sequencing, it was possible to generate sensors
with a wide range of specificities. Sensors were also devel-
oped for APOBEC3A, a cytidine deaminase which con-
verts C to U in single-stranded DNA and RNA. These
include a turn-off sensor that produces light 14-fold slower
after incubation with recombinant APOBEC3A than in its
absence, and a turn-on sensor that generates light 10-fold
faster after incubation with APOBEC3A than in its ab-
sence. Assays that use these sensors are faster and less ex-
pensive than existing ones, and should be particularly
useful for applications such as high-throughput screening.
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PROTEIN PRODUCTION FACILITY — DNA & PROTEINS FOR YOUR RESEARCH

Veronika Klaps ova, Tereza Kolaréikova, Agnieszka Szmitkowska, Lenka Vidrnova,
Miroslava Alblova

Centre of Molecular Structure, Institute of Biotechnology, Czech Academy of Sciences, Primyslova 595,
252 50 Vestec, Czech Republic
veronika.klapstova@ibt.cas.cz

The Protein Production core facility at the Centre of Mo-
lecular Structure (CMS) of the Czech Infrastructure for In-
tegrative Structural Biology (CIISB), part of Instruct-ERIC
centre, offers comprehensive services covering every step
of protein production from DNA to the purified protein.
These include gene cloning into expression vectors, site-di-
rected mutagenesis, and expression, followed by protein
purification.

Our cloning services include both traditional cloning
using restriction enzymes and restriction free (RF) method-
ologies. Furthermore, we perform small-scale expression
and solubility tests using various Escherichia coli strains
under different conditions. As an alternative to prokaryotic
expression, we can provide protein production in human
embryonic kidney cells (HEK293T, Expi293, and
Expi293F GnTI-) or in baculoviral expression systems us-
ing Sf9 and HighS insect cells. Finally, we offer large-scale
production and purification of target proteins.

For protein purification, we employ a range of steps, such
as Strep-Tactin XT and immobilized metal chelate affinity
chromatography (IMAC), both on FPLC or in gravity flow
setups. We also provide ion-exchange chromatography and
size exclusion chromatography using Superdex 75 and
Superdex 200 columns (10/300 Increase or Hiload
16/600). Customers may request adaptations of standard-
ized protocols or provide us with established protocols. All
services can be ordered individually or as a single
end-to-end package.

The Biocev Protein Production core facility is a part of
CMS operated by the Institute of Biotechnology, Czech
Academy of Sciences. The Centre of Molecular Structure is
supported by: Czech Infrastructure for Integrative Struc-
tural Biology (CIISB), Instruct-CZ Centre of In-
struct-ERIC  EU consortium, funded by MEYS CR
infrastructure project LM2023042) and OP JAK project
“Innovation of Czech Infrastructure for Integrative Struc-
tural Biology” (no. CZ.02.01.01/00/23_015/0008175).

Cloning Small-scale Large-scale
and/or expression and expression in
mutagenesis solubility tests E. coli

in E.coli

S ) '
b ELY st
Protein Production in Multistep protein
production in mammalian purification
insect cells expression
systems

Figure 1. Services of the Protein Production core facility in CMS.
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CORRECTION FOR MULTI-LATTICE TRANSLOCATION DEFECTS IN DIFFRACTION
DATA FROM CRYSTALS OF ZINC-DEPENDENT NUCLEASES

P. Kolenko'?, K. Adamkova', J. Wenz'?, T. Koval', J. Dohnalek’

'Institute of Biotechnology, Czech Academy of Sciences, Priimyslova 595, 252 50 Vestec, Czechia
2Czech Technical University in Prague, Bfehova 7, 115 19 Prague, Czechia
kolenpe1@cvut.cz

Crystallization of biological macromolecules is one of the
key methods in structural biology. The growth of well-dif-
fracting crystals is essential for structure determination us-
ing crystallographic methods. For the majority of

experiments, crystallization still represents a trial-and-er-
ror approach. Crystals are usually evaluated according to
their physical appearance, for example their size, visual de-
fects, or intergrowth of multiple crystals. However, visual
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Figure 1. a) Scheme of lattice translocation defect. Unit cells (dashed line) containing a macromolecule (ellipse) of a crystal domain
are translocated by a translocation vector (arrow). b) Uncorrected observed electron density contoured at the level of 1 ¢ is shown for
the residue Glu1080 of the FtsK motor domain (PDB code 2IUS). ¢) Observed electron density contoured at the level of 1 & after cor-
rection for LTD is shown for the same residue as in b). Apparently, correction for LTDs may play a crucial role and affect fine struc-

tural details.

inspection does not prevent internal disorder or other struc-
tural properties that may become apparent only after expo-
sure to X-rays, such as twinning, diffraction anisotropy, or
lattice translocation defects (LTDs). Moreover, some of
these effects are difficult to detect even from visual inspec-
tion of diffraction images, for example merohedral twin-
ning or LTDs.

LTD represents a situation in which a crystal contains
more than one identical lattice domain that is transla-
tionally shifted by a translocation vector. LTDs modify the
profiles of a subset of reflections, generate off-origin peaks
in the native Patterson map, and distort the observed elec-
tron density [1]. If not taken into account, this phenomenon
may significantly affect the success of the structure-deter-
mination process. Fortunately, it can be easily corrected by
applying several calculation procedures.

Crystals of zinc-dependent nucleases S1 from Aspergi-
llus species and SmNucl from Stenotrophomonas malto-
philia frequently suffer from LTDs. Correction for LTDs
was crucial for the precise interpretation of atomic resolu-
tion studies of complexes of both nucleases with
ribonucleotides [1, 2]. Similar observations have been
made in diffraction data from other complexes of the nu-
cleases that have not been published yet.

Recently, we developed a Python 3 module named
TRANSLOCATION. The module is easy to install using the
‘pip’ command and supports various multiple file formats,

including MTZ, mmCIF, SCA, HKL, and hkl. We tested
the module on a set of structures deposited in the PDB. In
all cases, we achieved a decrease in R values, R-gap (Rpee —
Ryok), and a significant improvement in the calculated
electron density maps, which facilitated the interpretation
of experimental observations. For example, the corrected
electron density for the residue Glu1080 in crystal structure
of FtsK motor domain indicates an alternative rotameric
state (PDB code 2IUS, Figure 1). Although there are more
methods of correction for LTDs, our approach is the only
one that enables correction for more than one translocation
within a crystal. The method is also ready for implementa-
tion in other automated pipelines.

1. K. Adamkova, T. Koval, L. H. Oestergaard, J. Duskova,
M. Maly, L. Svecova, T. Skalové, P. Kolenko, J. Dohnalek,
Acta Cryst D78, (2022), 1194-1209.

2. K. Adamkova, M. Trundova, T. Koval’, B. Hus akova, P.
Kolenko, J. Duskova, T. Skalova, J. Dohnalek, FEBS Jour-
nal, 292, (2025), 129-152.

This work was supported by the Czech Science Foundation
(25-17546S), and by the Czech Academy of Sciences
(86652036). CIISB, Instruct-CZ Centre of Instruct-ERIC
EU consortium, funded by MEYS CR infrastructure project
LM2023042 and European Regional Development
Fund-Project No. CZ.02.01.01/00/23 _015/0008175 is ac-
knowledged for providing access to all facilities at CMS in
BIOCEY for this project.
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CRYO-EM TOWARDS VISUALIZATION OF SMALL MOLECULES

Pavel Brazda, Vita Vidmar, Joao Catarino, Anatolij Filimonénko, Kiran Telukunta,
Tomas Kouba

Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague,
Czech Republic
tomas.kouba@uochb.cas.cz

The Cryo-EM core facility at IOCB Prague has established
a state-of-the-art infrastructure to advance structural biol-
ogy, with a particular emphasis on the visualization of pro-
tein complexes bound to small-molecule ligands. The
facility provides comprehensive end-to-end services, in-
cluding sample preparation and characterization, grid
screening, high-resolution data acquisition, and single-par-
ticle analysis, supported by a dedicated high-performance
computing cluster.

The purpose-built underground facility is engineered to
ensure exceptional environmental stability. It incorporates
a passive multilevel antivibration foundation, an integrated
in-wall cooling system, and an automated liquid nitrogen
distribution network. The instrumentation portfolio in-
cludes a 300 kV Thermo Fisher Scientific Krios G4, a 200
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kV Thermo Fisher Scientific Glacios, and a JEOL
JEM2100plus transmission electron microscope.

The platform is designed to enable high-resolution
structural studies approaching sub-2A resolution. A key
strategic objective is also implementation of three-dimen-
sional (3D) electron diffraction methodologies, facilitating
structural characterization of small molecules, including
products of chemical synthesis and natural compounds.

Together, this integrated cryo-EM and 3D electron dif-
fraction infrastructure will provide a powerful framework
for structural analysis of biologically relevant
macromolecules and small-molecule systems, thereby ac-
celerating translational research in chemical biology and
drug discovery.

BUILDING LEGOS: PURIFICATION AND REASSOCIATION OF BACILLUS SUBTILIS
RNA POLYMERASE INITIATION COMPLEX

A. Kozakova', M. Cerny'? L. Zidek"?, D. Tuzinéin', L. Krasny®

"National Centre for Biomolecular Research, Masaryk University, Kamenice 5, Brno 62500, Czech Republic

2Central European Institute of Technology, Masaryk University, Kamenice 5, Brno 62500, Czech Republic

3L aboratory of Microbial Genetics and Gene Expression, Institute of Microbiology of the Czech Academy of
Sciences, v.v.i., Videriska 1083, Prague 4 14220, Czech Republic

RNA polymerase (RNAP) is the central enzyme of the tran-
scription machinery, responsible for synthesizing RNA
from a DNA template. In Gram-positive bacteria such
as Bacillus subtilis, RNAP consists of multiple subunits
and regulatory components, including ¢ factors that direct
promoter recognition and initiation of transcription. The
primary o factor 6* controls transcription of housekeeping
genes during vegetative growth, whereas the alternative 6
factor 6" governs the general stress response.

This work focuses on the recombinant expression, puri-
fication, and reassociation of B. subtilis RNAP core sub-

units together with ¢* and c® to assemble transcription
initiation complexes on synthetic DNA scaffolds. Focus of
this work is placed on optimizing purification to obtain
pure and stable protein components suitable for the com-
plex formation. The resulting reassociated initiation com-
plexes will provide a foundation for structural and
functional studies of ¢ factor—dependent transcription ini-
tiation in B. subtilis using cryo-electron microscopy
(cryo-EM) and nuclear magnetic resonance (NMR) spec-
troscopy.
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PROBING THE SPECIFICITY OF FLUORESCENT DEOXYRIBOZYMES USING
SINGLE-STEP SELECTIONS AND MACHINE LEARNING

Zuzana Kralova'?, Lukas Isler'?, Martin Volek'?, Ménica Jandova', Jaroslav Kurfiirst'>, and
Edward A. Curtis’

'Institute of Organic Chemistry and Biochemistry, Prague, Czech Republic
’Department of Genetics and Microbiology, Faculty of Science, Charles University, Prague, Czech Republic
Department of Informatics and Chemistry, University of Chemistry and Technology, Prague, Czech Republic
edward.curtis@uochb.cas.cz

The ability of proteins and nucleic acids to form specific
binding sites for ligands is critical for biological function,
and methods to modulate biochemical specificity are im-
portant for fields such as enzyme engineering and drug de-
sign. Here we systematically investigated the specificities
of self-phosphorylating deoxyribozymes that convert the
coumarin substrate 4-MUP into a fluorescent product using
biochemical assays, single-step selections, and machine
learning. Activity assays using a panel of 20 catalytic mo-
tifs and 10 substrates that generate different types of sig-
nals when they are dephosphorylated revealed that these
deoxyribozymes are extremely specific for 4-MUP. To
identify mutations that change specificity, we constructed a
library based on a self-phosphorylating fluorescent deoxy-
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ribozyme called Aurora. A series of single-step selections
yielded variants that react with 4-MUP and the structurally
similar substrate diFMUP, but not with the more distinct
substrates pNPP and ELF. Pairwise analysis of sequences
in the 4-MUP and diFMUP datasets revealed four muta-
tions that modulate Aurora specificity. The effects of these
mutations were confirmed using biochemical assays, and
could be predicted using models developed by machine
learning. Taken together, our results show how single-step
selections can be used to identify mutations that change the
specificity of a deoxyribozyme. They also highlight how
machine learning can be used to model complex datasets
from in vitro selection experiments.

MOLECULAR DYNAMICS BEYOND COMMANDLINE

Ales Krenek, Adrian RosSinec, Filip Krasa, Samuel Gorta, Terézia Saninakova, Tomas Pavlik
CERIT-SC, Masaryk University

Nowadays, handling MD simulations requires far more
than running a simulation with a set of magic commands,
analysing results, and publishing a paper. Both better user
experience and ubiquitous FAIR principles are re-
quired. We introduce an ecosystem of services developed
in e-Infra CZ focused on molecular dynamics.

MDDB is a European-wide activity which provides dis-
tributed infrastructure of repositories specialized on MD
data. We aim at provisioning CZ national node built on top
of National Repository Platform services/capacities allow-
ing CZ users to publish large-scale MD data using the
aligned interfaces.

MDFind extends successful AlphaFind (3D structure
based search in Alphafold database) with the capabilities to
search in MD trajectories at three levels: metadata, geomet-

rical similarity of trajectory frames with a query structure,
and similarities of essential characteristics of whole trajec-
tories.

MDDash provides generic environment for running
MD simulations and analyses. The simulation protocol, in
the form of Jupyter notebook, is recorded thoroughly for
further reuse. Simulation hyperparameters
(multiprocessing, domain decomposition, GPU use...) are
tuned for optimal performance semi-automatically. MD
data repositories are interfaced for both down- and upload.
Integration of advanced functionalities (like ExTraMD,
ML technique to extend MD trajectories considerably) is
planned.
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AUTOMATED HIGH-RESOLUTION CRYO-FIB-SEM VOLUME EM ENABLES
SUB-VOLUME AVERAGING OF CELLULAR STRUCTURES

Pavel Kiepelka', Jana Moravcova', Zuzana Trebichalska', Elena Buglakova? Lenka
Smerdova', Hana Nedozralova', Jaroslav Stranik', Maria Rosario Fernandez-Fernandez**?,
Pavel Plevka', Anna Kreshuk?, Jifi Novaéek’

'CEITEC, Masaryk University, Brno, Czech Republic
’EMBL Heidelberg, Heidelberg, Germany
3Instituto de Biomedicina y Biotecnologia de Cantabria (IBBTEC)-Consejo Superior de Investigaciones
Cientificas (CSIC). Santander, Cantabria, Spain
“Centro de Investigacion en Nanomateriales y Nanotecnologia (CINN-CSIC). El Entrego, Asturias, Spain
®Instituto de Investigacion Sanitaria del Principado de Asturias (ISPA). Oviedo, Asturias, Spain
*Correspondence to: Jifi Novacek (jiri.novacek@ceitec.muni.cz) and Pavel Kfepelka
(pavel.krepelka@ceitec.muni.cz)

Conventional volume electron microscopy (volume EM)
provides three-dimensional views of cellular organization
but commonly relies on chemical fixation, dehydration,
and heavy-metal staining. These preparative procedures
can perturb native ultrastructure and impose fundamental
limits on achievable resolution and interpretability.
Cryo-volume electron microscopy (CVEM) overcomes
these limitations by enabling three-dimensional imaging of
vitrified cells and tissues in a near-native state, thereby pre-
serving biological architecture and molecular context.
Here, we present an integrated experimental and com-
putational workflow for high-fidelity CVEM that system-
atically addresses imaging geometry, ion species selection,
and data-processing strategies. This optimized approach
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enables robust acquisition of volumetric datasets with high
structural preservation and contrast. Using CVEM, we
achieve isotropic resolutions of approximately 15-20 nm
in vitrified cellular and tissue samples. Notably, the result-
ing data quality is sufficient to enable, to our knowledge,
the first application of sub-volume averaging in unstained
volume EM samples.

To promote accessibility and reproducibility, we further
provide an open-source software implementation of the
complete workflow. Together, these advances establish
CVEM as a powerful platform for high-resolution,
near-native three-dimensional cellular imaging and expand
its applicability for quantitative structural analysis.

MASS PHOTOMETRY AS A CONVENIENT TOOL IN SQ ASSESSMENT ROUTINE

M. Kubiékova', J. Holkova', J. Houser'*

"Biomolecular Interactions and Crystallography Core Facility, CEITEC Masaryk University,

Kamenice

753/5, 62500 Brno, Czech Republic
National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kamenice 753/5,
62500 Brno, Czech Republic
monika.kubickova@ceitec.cz

The Core Facility Biomolecular Interactions and Crystal-
lography at CEITEC MU in Brno serves as a central hub for
biophysical analysis of proteins, nucleic acids and other
macromolecules. It provides access to advanced instru-
mentation, focusing on the biophysical techniques for sam-
ple characterization and interaction studies. The
combination of various methods allows for detailed analy-
sis of the sample in a short time and spares precious re-
sources of the subsequent high-end techniques. Since the
methodology in the field of biomacromolecular studies de-
velops rapidly, it is necessary to perform regular upgrades
of the instrumentation. At the end of 2024, Mass photome-
ter TwoMP completed with MassFluidix HC add-on device
has been installed and successfully used in numerous
projects.

Protein homogeneity
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Figure 1. Protein homogeneity check.
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Mass photometry (TwoMP with MassFluidix HC) en-
ables the measurement of various types of biomolecules
across a broad mass range (30 kDa—5 MDa). With only a
very small amount of sample (ng), the method provides
precise characterization of native samples under different
buffer conditions. It enables the detection of high-affinity 240
interactions, and—when combined with the MassFluidix
HC add-on device—can also be extended to medium-affin- :
ity interactions. Thanks to its easy handling and rapid e i
workflow, the method has strong potential to become a
standard tool not only for quality control in bio-project
workflows, but also for gaining insight into interaction
and stability studies.

,, CIISB, Instruct-CZ Centre of Instruct-ERIC EU consor-
tium, funded by MEYS CR infrastructure project
LM2023042 and European Regional Development
Fund-Project ,, Innovation of Czech Infirastructure for In- 0 250 500 750 1000
tegrative Structural Biology™ (No. CZ.02.01.01/00/ vl

23 015/0008175), is gratefully acknowledged for the fi-

nancial support of the CF Biomolecular Interactions and
Crystallography. * Figure 2. DNA homogeneity check
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USE OF BIOINFORMATICS IN THE DEVELOPMENT AND OPTIMIZATION OF
CATALYTICALLY ACTIVE DNA

Jaroslav Kurfiirst" 2, Martin Volek" 3, Raman Samusevich" ?, Edward Curtis'

'Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague 160 00,
Czech Republic
2Department of Informatics and Chemistry, University of Chemistry and Technology, Prague 166 28,
Czech Republic
3Department of Genetics and Microbiology, Faculty of Science, Charles University in Prague, Prague 128 44,
Czech Republic

In vitro selection is a powerful tool for exploring the func-  convoluted, we are developing new methods to understand
tional potential of nucleic acids. Large pools of randomly  these datasets and use these results to complement our re-
synthesized DNA molecules (on the order of 107 -1015se-  search in the wet-lab. One of our recent advances focuses
quences) are incubated with potential substrates. Active  on the optimization of a deoxyribozyme from our lab called
molecules are separated from inactive ones, the active frac-  Aurora. We use the idea of secondary structure libraries
tion is amplified by PCR and the process is repeated until ~ and machine learning to model and further explore the se-
activity is detected. Next gen sequencing of the reaction = quence space encoded by our ibraries to search for new,
product provides valuable information about selected func-  more active variants of Aurora.

tional motifs. As the patterns hidden in the data can be very
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SIMULATION MODEL OF THE MITOCHONDRIAL RIBOSOME

Rudolf Kvasnovsky , Michal Kolar
University of Chemistry and Technology, Prague

Mitochondrial ribosomes (mitoribosomes) are biomacro-  phosphorylation (OxPHOS), which is essential for the
molecular complexes located within mitochondria. A production of cellular energy in the form of ATP. The reac-
mitochondrion is a cellular organelle responsible for sev-  tions of the respiratory chain are carried out by respiratory
eral crucial biochemical pathways. One of the most impor-  chain complexes (RCCs). The genetic information for the
tant is the respiratory chain followed by oxidative  synthesis of several essential RCC subunits is encoded in
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the mitochondrial genome (mtDNA). Mitoribosomes are
responsible for performing the final step of mtDNA ex-
pression - mitochondrial translation. Taken together,
proper mitoribosomal function directly affects one of the
central processes of cellular metabolism. Therefore, a de-
tailed understanding of mitoribosomal behaviour is of
great importance. This project aims to build an all-atom
simulation model of the complete mitoribosome in the
presence of ions and explicit solvent, to perform molecular
dynamics (MD) simulations, and to analyse the obtained
trajectories. Special attention will be paid to selected spe-
cific regions of the mitoribosome in order to describe their
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structural dynamics. To the best of our knowledge, this
would represent the first ever all-atom simulation model of
the complete mitoribosome under such conditions. In the
future, this project may contribute, for example, to the de-
velopment of more efficient antibiotics. Mitoribosomes
evolved from bacterial ribosomes and share many struc-
tural similarities with them. Therefore, describing the
differences in antibiotic interactions between bacterial
ribosomes and mitoribosomes at the atomic level is
essential for achieving a breakthrough in this field.

DEVELOPMENT AND APPLICATION OF CATALYTIC DNA MOLECULES

Patrik Lettrich"?, Martin Volek'?, Katefina Svehlova'?, Jaroslav Kurfiirst'?, Tereza
Sramkova'?, Rachel Sgallova™?, Martin Jakubec'? Zuzana Krafova'? Katefina Duskova',
Karolina P$enakova'?, Kristyna Pokorna'? Lukas I$ler'?, Kristyna Patkova'?, Mana
Barmakhshad'? Ménica Jandova', Adéla Matyasova'?, Edward A. Curtis'

'Institute of Organic Chemistry and Biochemistry ASCR, Prague, Czech Republic
?Charles University, Prague, Czech Republic
SUniversity of Chemistry and Technology, Prague, Czech Republic
edward.curtis@uochb.cas.cz

The double helix is well-suited for the storage of genetic in-
formation. However, the functional potential of DNA is far
greater than this canonical role might suggest. Our group
uses a method called artificial evolution to learn more
about the interesting and useful things that DNA can do.
This involves purifying rare molecules with a desired prop-
erty (such as the ability to bind a ligand or catalyze a reac-
tion) from large random sequence libraries. Here we
provide an overview of DNA enzymes recently discovered
in our group that generate chemiluminescent, fluorescent
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and colorimetric products. These DNAzymes generate sig-
nals using a fast and easy workflow, can be engineered to
only generate signals in the presence of specific inputs, and
can be used for applications like high-throughput screen-
ing. We also describe the development of new methods to
explore sequence space using structured libraries and sin-
gle-step selections. Our work highlights the potential of
catalytic DNA and shows how it can be used to solve real
world problems.

IDENTIFICATION OF KEY REGIONS IN AGGREGATION-PRONE dGAE FRAGMENT
OF Tau

K. Martonova, A. Polak, S. Njemoga, O. Cehlar, M. Skrabanova, K. Tomkova, R. Skrabana

Institute of Neuroimmunology, Slovak Academy of Sciences; Bratislava, 845 10, Slovakia
katarina.martonova@savba.sk, rostislav.skrabana@savba.sk

Intrinsically disordered protein (IDP) tau is a driving force
of the progression of neurodegenerative tauopathies. In the
physiological state, it binds microtubules, regulates axonal
transport, and neurite outgrowth; while in its pathological
state it undergoes conformational transitions, which pro-
mote assembly into fibrils. Tau’s aggregation-prone dGAE
fragment (tau 297-391) retains the ability to assemble into
fibrils and seed the aggregation of full-length tau [1,2].
Sidechain Propelled Rings (SPuRs) are small, 9-15
membered ring elements of protein secondary structure.
Derived from observations in crystal structures and sup-
ported by molecular simulations, these SPuRs may modu-
late conformational behavior, as well as influence the

recognition of dGAE by monoclonal antibodies [3,4]. Two
distinct SPuRs located at positions S305 and D387 were re-
vealed by previously solved crystal structures of anti-
body-tau complexes: PDB ID 2V17 (Fab MN423 bound to
the PHF core C-terminus) and PDB ID 5MO3 (Fab DC8ES8
bound to a 14-mer tau peptide) [5,6].

To elucidate the structural and functional contribution
of these SPuRs, we designed dGAE mutants modifying the
native SPuR architecture. Substitutions S305A and D387A
avoid SPuR formation, whereas D387N is expected to pre-
serve ring formation due to preservation of hydro-
gen-bonding capacity (Fig. 1A). Double-mutant constructs
(S305A/D387A and S305A/D387N) targeting both sites
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Figure 1. A) Schematic representation of the tau dGAE fragment showing the positions of engineered substitutions (S305A, D387A,
D387N) and antibody epitopes recognized by DC8E8, DC11, DC25, DC190, and MN423 used for affinity measurements, B)

SDS-PAGE analysis of five purified dGAE mutants and wild type protein.

were generated to assess potential cooperativity between
these transient structural elements.

Mutated dGAE were prepared by site-directed muta-
genesis, wild-type and mutant dGAE variants were ex-
pressed in E. coli and purified by cation exchange
chromatography followed by size-exclusion chromatogra-
phy (Fig. 1B). We tested the effect of mutations on binding
to antibodies DC8ES8, DC25, DC190, DC11 and MN423
by SPR and their impact on tau aggregation in vitro.

1. M. Goedert, R. A. Crowther, S. H. W. Scheres, M. G.
Spillantini, Cytoskeleton, 81, (2024), 95-102.

2. K. Kitoka, A. Lends, G. Kucinskas, A. L. Bula, L.
Krasauskas, V. Smirnovas, M. Zilkova, B. Kovacech, R.
Skrabana, J. Hritz, K. Jaudzems, Angew. Chem. Int. Ed.,
63, (2024), €202407821.
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3. R. Skrabana et al., Mater. Struct. Chem. Biol. Phys.
Technol., 29, (2023), 144.

4. G.]. Bartlett, C. T. Porter, N. Borkakoti, J. M. Thornton, J.
Mol. Biol., 324, (2002), 105-121.

5. J. Sevcik, R. Skrabana, R. Dvorsky, N. Csokova, K. Igbal,
M. Novak, FEBS Lett., 581, (2007), 5872.

6. R. Skrabana, M. Novak, Protein Data Bank, (2018), PDB
ID: 5MO3.

This work was supported by the grants APVV 21-0479,
VEGA 2/0125/23 and 2/0141/23, by NextGenerationEU
through the Recovery and Resilience Plan for Slovakia un-
der project No. 09-102-03-V01-00021, and by the SAS
Grant Programme for PhD students APP0774.

ULTRAFAST PHOTOPHYSICS OF AXITINIB BY TRANSIENT ABSORPTION
SPECTROSCOPY AND FEMTOSECOND STIMULATED RAMAN SPECTROSCOPY

Atripan Mukherjee ?, Andrej Hovan 3 Jakub Dostal?, Miroslav Kloz?, Jonatan Johannesson®,
Gabriel Zoldak®, Gustavo Fuertes ° and Krishna Khakurel ?

°Extreme Light Infrastructure ERIC, Dolni Brezany CZ-25241, Czech Republic
b Faculty of Science, Faculty of Science, Pavol Jozef Safarik University in KoSice, Park Angelinum 19, KoSice
040 01, Slovakia
“Institute of Biotechnology Czech Academy of Sciences, Vestec CZ-25250, Czech Republic

Photopharmacology has emerged as a promising strategy
for locally inhibiting the activity of enzymes, thereby en-
abling spatially confined targeting of specific enzymes and
minimizing systemic side effects. Among several such ini-
tiatives axitinib ,a tyrosine kinase inhibitor, has been dem-
onstrated to be optically switchable between active and
inactive forms via light-induced isomerization. Although
its steady-state optical properties have been characterized,
an in-depth understanding of the underlying photophysical
processes, particularly on ultrafast timescales, remains
lacking. In this work, we investigate the ultrafast

photophysics of the cis—trans isomerization of axitinib. Us-
ing femtosecond time-resolved spectroscopy, we identify
two distinct kinetic processes associated with the
cis-to-trans isomerization, with characteristic time con-
stants of X and Y, and three kinetic processes for the
trans-to-cis isomerization, with time constants of A, B, and
C. These results provide a detailed mechanistic insight into
the photoisomerization dynamics of axitinib, with implica-
tions for its rational design and optimization as a photo-
pharmacological agent.
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SURFACE-ENRICHED HCMV UL141 IS ENDOH-RESISTANT IN VIRIONS AND
ENGAGES SOLUBLE RECEPTORS BY SPR

I. Nemé&oviéova', A. Bitala', M. Benko', S. Lenhartova', M. Nemé&ovié&?

'Biomedical Research Center, %Institute of Chemistry, Slovak Academy of Sciences, Bratislava, Slovakia
ivana.nemcovicova@savba.sk

Human cytomegalovirus (HCMV) encodes an extensive
repertoire of immunomodulators that counter diverse host
defenses and thereby support lifelong persistence and rein-
fection. The glycoprotein UL 141 is a particularly versatile
factor: it restricts surface display of the DNAM-1/CD96
ligands CD155 and CD112 and inhibits TRAIL death re-
ceptors, and recent evidence links UL141 to virion entry
complexes. In our preliminary analyses, UL141 was the
most abundant viral protein detected at the infected-cell
plasma membrane, approaching gB levels, and it was pres-
ent from early times and maintained across infection, con-
sistent with rapid turnover and recycling at the cell surface.
Virion-associated UL141 was full-length and predomi-
nantly EndoH-resistant, indicating maturation through the
secretory pathway prior to incorporation. Using surface
plasmon resonance with intact virions, we further observed
that virion-displayed UL141 engages soluble receptors but
with detectable binding restrictions, suggesting a regu-
lated, context-dependent interaction landscape on the parti-
cle. To rationalize UL141 multireceptor capacity,

A UL141/anti-TIGIT B

Molar Ratio

Koules/ Mole of Injectant

Molar Ratio

Molar Ratio

Structure-guided interface prediction on the UL141-
TRAIL-R2 structure highlighted two high-probability pro-
tein—protein interfaces: an accessible region on the N-ter-
minal Ig-like domain and a surface on the back of the
C-terminal domain, both characterized by exposed
B-strands/a-helices and permissive despite glycan shield-
ing. In parallel, ITC with an engineered clinical anti-TIGIT
antibody supports that UL141 recapitulates key TIGIT-like
structural determinants relevant to CD226-axis ligand rec-
ognition, while preserving a distinct mode for TRAIL-R2
engagement (Figure 1). Together, these data position
UL141 as a virion-displayed, receptor-competent immuno-
evasin with separable binding surfaces, strengthening its
promise as a therapeutic target and motivating systematic
dissection of UL141 cognate interactions on virions.

Financial supports provided by the Slovak Research and
Development Agency (APVV-24-0351) and the Scientific
Grant Agency of the Slovak Republic (VEGA-02/0049/26)

are gratefully acknowledged.

UL141 surface accessibility

uL141

TRAIL-R2

TRAIL-R2
uL141

(Age Calculated probability area
—"0 LOW - = HIGH

Figure 1. (A) Measurement of interaction between UL141 and engineered clinical anti-TIGIT antibody using ITC. (B) UL141 surface
accessibility for receptor binding. Structure of UL141 (surface) in complex with TRAIL-R2 (cartoon). N-glycosylation sites were mod-
eled with a high mannose glycans (black). Area A and B indicate available and accessible protein binding sites on UL141.
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UNCOVERING THE ASSEMBLY OF THE RISC-LOADING COMPLEX

Nikola Noskova'?, David Buchta'?, Richard Stefl'?

"CEITEC-Central European Institute of Technology, Masaryk University, Brno, Czechia
®National Centre for Biomolecular Research, Faculty of science, Masaryk University
Brno, Czechia
nikola.noskova@ceitec.muni.cz

Argonaute and Dicer proteins are key components of
RNA-dependent gene silencing. In mammals, Argonaute-2
(Ago2) functions as the primary effector of microRNA
(miRNA)-mediated gene regulation. Following Dicer-me-
diated processing of precursor miRNAs (premiRNAs),
Ago?2 is selectively loaded with mature miRNA guides to
form the RNA-induced silencing complex (RISC). Despite
more than two decades of extensive research, the molecular
rules and structural basis governing guide-strand selection
and loading remain only partially understood. Notably,
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multiple studies suggest that Dicer and its cofactor
TARBP2 (or PACT) play important roles in facilitating the
accurate and efficient loading of Ago2. Here, we present
our preliminary efforts to characterize the molecular inter-
actions between Ago2 and the Dicer—TARBP2 complex, as
well as the specific contributions of each component dur-
ing the RISC-loading process. Our structural biology ap-
proach provides insights into the roles of the individual
components and sheds light on the overall mechanism of
RISC assembly.

METHYLTRANSFERASES Rv2847c (CysG), Rv0470c (PcaA), AND Rv2954c AS
POTENTIAL ANTI-TUBERCULOSIS DRUG TARGETS

Elizaveta Nosova, Evzen Boura, Kamil Hercik, Tomas Otava

Institute of Organic Chemistry and Biochemistry of the Czech Academy of Science, Flemingovo namésti
542/2, Praha 6, 16610

Mycobacterium tuberculosis (Mtb), the causative agent of
tuberculosis, remains one of the leading causes of death
from infectious disease worldwide. The emergence of
multidrug-resistant and extensively drug-resistant strains
highlights the urgent need for novel therapeutic targets that
are mechanistically distinct from currently used antibiotics.
S-adenosyl-L-methionine (SAM)-dependent methyltrans-
ferases represent an underexplored yet promising class of
drug targets due to their essential roles in bacterial metabo-
lism, cell wall biosynthesis and stress adaptation.

This work focuses on the structural and biochemical
characterization of three Mtb methyltransferases: Rv2847¢
(CysG), Rv0470c (PcaA), and Rv2954c. Rv2847¢ encodes
a multifunctional uroporphyrinogen III methyltransferase
involved in tetrapyrrole biosynthesis, contributing to
siroheme and cobalamin production, pathways important
for redox metabolism and intracellular survival [1].
Rv0470c (PcaA) is a cyclopropane mycolic acid synthase
that modifies mycolic acids in the mycobacterial cell wall,
directly influencing cell wall architecture, virulence and
persistence within macrophages [2]. Rv2954c¢ is predicted
to participate in lipid-associated methylation processes
linked to complex cell envelope components, which are
critical for host-pathogen interactions and immune modu-
lation [3].

This study is aimed at identifying and enabling the de-
velopment of novel potential inhibitors targeting these en-
zymes. By characterizing their catalytic mechanisms,
cofactor-binding pockets and structural determinants of
substrate recognition, this work establishes a foundation
for structure-based inhibitor discovery and contributes to
expanding the pipeline of candidate antitubercular agents.

1. Minias, A.; Gasior, F.; Brzostek, A.; Jagielski, T.; Dziadek,
J. Cobalamin Is Present in Cells of Non-Tuberculous My-
cobacteria, but Not in Mycobacterium Tuberculosis. Sci
Rep 2021, 11, 12267.
https://doi.org/10.1038/s41598-021-91430-w.

2. Rao, V.; Fujiwara, N.; Porcelli, S. A.; Glickman, M. S.
Mycobacterium Tuberculosis Controls Host Innate Immune
Activation through Cyclopropane Modification of a
Glycolipid Effector Molecule. J Exp Med 2005, 201 (4),
535-543. https://doi.org/10.1084/jem.20041668.

3. Simeone, R.; Huet, G.; Constant, P.; Malaga, W.; Lemassu,
A.; Laval, F.; Daffé, M.; Guilhot, C.; Chalut, C. Functional
Characterisation of Three O-Methyltransferases Involved
in the Biosynthesis of Phenolglycolipids in Mycobacterium
Tuberculosis. PLoS ONE 2013, 8 (3), €58954.
https://doi.org/10.1371/journal.pone.0058954.
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COMPARISON OF 5-FLUOROTRYPTOPHANE AND 6-FLUOROTRYPTOPHANE
LABELLING IN 14-3-3 PROTEINS

A. Naplavova', J. Novotna', T. Juraskova?, J. Hritz"?

!National Centre for Biomolecular Research, Masaryk University, Kamenice 5, Brno, 625 00, Czechia
’Department of Biochemistry, Masaryk University, Kamenice 5, Brno, 625 00, Czechia
SCentral European Institute of Technology, Masaryk University, Kamenice 5, Brno, 625 00,
Czechia
Jana.novotna@mail.muni.cz, jozef.hritz@ceitec.muni.cz

F nuclear magnetic resonance (NMR) spectroscopy is a
powerful approach for studying biomacromolecules and
their interactions. The '°F isotope is 100% naturally abun-
dant, magnetically active, and possesses a gyromagnetic
ratio approximately 83% that of 'H, providing high sensi-
tivity without isotopic enrichment. [1, 2, 3, 4] Because flu-
orine is absent from native biomacromolecules, '’F NMR
enables background-free detection and highly sensitive
monitoring of local structural changes. [3,5]

Site-specific incorporation of fluorinated amino acid
analogues offers a versatile strategy for introducing "°F
probes into proteins. A cost-effective strategy for protein
labelling, particularly for fluorination of tryptophan resi-
dues, is supplementation with fluorinated amino acid pre-
cursor such as fluoroindole. [1,3] Tryptophan’s indole ring
can be selectively fluorinated at positions 4, 5, 6, or 7. [1]
This unique tool allows us to study interactions between
proteins and their binding partners as well as confor-
mational changes of the proteins such as folding and un-
folding with a simplified view whilst keeping the protein
and/or its partners intact. [1, 6, 7]

Here, we compare incorporation of 5-fluorotryptophan
and 6-fluorotryptophan into the 14-3-3¢ protein. We assess
protein yield, labelling efficiency, and key biophysical
characteristics relative to the non-fluorinated protein. Fur-
thermore, we analyse the resulting 1D "’F NMR spectra to
evaluate sensitivity and suitability for monitoring
conformational changes and ligand interactions.

1. Angela M. Gronenborn, CellPress 30 (2022), pp. 6—14.

2. N.S. Troelsen et al., Angew. Chem. Int. Ed. 59 (2020), pp.
2204-2210.

3. P.B. Crowley, C. Kyne, and W. B. Monteith, Chem.
Commun. 48 (2012), pp. 10681-10683.

4. J. L. Kitevski-LeBlanc and R. Scott Prosser, Progress in
Nuclear Magnetic Resonance Spectroscopy 62 (2012), pp.
1-33.

5. N. G. Sharaf and A. Gronenborn, Methods in Enzymology,
Academic Press, 2015.

6. M. A. Danielson and J. J. Falke, Annu Rev Biophys Biomol
Struct. 25 (1996), pp. 163-195.

7. A.Néplavova, A. Kozelekova, R. Crha, A.M. Gronenborn,
J. Hritz, International Journal of Biological
Macromolecules 305 (2025) 141253.

This project has received funding from the European Un-
ion’s Horizon Europe program under the grant agree-
ment No. 101087124 — ADDIT-CE. We acknowledge CF
Biomolecular  Interactions and  Crystallography of
CIISB and CEITEC Proteomics Core Facility of CIISB, In-
struct-CZ Centre, supported by MEYS CR (LM2023042)
and European Regional Development Fund-Project ,,In-
novation of Czech Infrastructure for Integrative Struc-
tural  Biology“(No. CZ.02.01.01/00/23 015/ 000817
5). CIISB, Instruct-CZ Centre of Instruct-ERIC EU consor-
tium, funded by MEYS CR infrastructure project
LM2023042 and European Regional Development Fund-
Project ,, Innovation of Czech Infrastructure for Integra-
tive Structural Biology* (No. CZ.02.01.01/00/23 015/
0008175), is gratefully acknowledged for the financial sup-
port of the measurements at the Josef Dadok National
NMR Centre.
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PHL2: A BLACK SHEEP OF THE PLL LECTIN FAMILY

E. Paulenova'?, G. Paulikova'? D. Pokorny'?, F. Melicher'?, M. Mikyskova'?,
M. Wimmerova'??

"CEITEC - Central European Institute of Technology, Masaryk University, Kamenice 5, Brno, 625 00,
Czech Republic
2National Centre for Biomolecular Research, Masaryk University, Kamenice 5, Brno, 625 00, Czech Republic
3Department of Biochemistry, Masaryk University, Kotlaiska 2, Brno, 611 37, Czech Republic
eva.paulenova@ceitec.muni.cz

Lectins are a well known saccharide recognizing proteins
with an irreplaceable role in many fundamental natural pro-
cesses. They mediate cell-cell interactions on molecular
level and play an important role in interactions between mi-
croorganisms and hosts [1]. Our research is focused on
studying a PLL lectin family: seven-bladed beta propeller
lectins from entomopathogenic bacterium Photorhabdus
spp. Photorhabdus bacteria are known for complicated
life-cycle, including mutualism with a nematode host and
pathogenicity towards insects [2]. On top of that, P.
asymbiotica is also a potent emerging human pathogen [3].

This contribution is focused on the PHL2 lectin, the
newest member of the PLL family [4]. All members of the
PLL family are highly similar on the sequence level (se-
quence identity 56-81%) and they share common structural
fold (seven-bladed beta propeller). The recombinant PHL2
was produced in E. coli and purified by affinity chromatog-
raphy on the D-mannose agarose resin. PHL2 saccharide
specificity was screened by glycan-array and top ligands
were further analysed by isothermal titrational calorimetry.
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Suprisingly, PHL2 prefers D-glucose and glucosylated lig-
ands over sugars containing L-fucose. This is unique within
the PLL family, where all other members prefer to bind
fucosylated saccharides. Detailed study of potential PHL2
binding sites and comparison with other family members
will be presented and possible reasons for different
saccharide specificity discussed.

1. Lis H, Sharon N. Chem Rev. 1998, 98, 637-74.

2.  Waterfield NR, Ciche T, Clarke D. Annu Rev Microbiol.
2009,63: 557-574.

3. Mulley G, Beeton M, Wilkinson P, et al. PLoS ONE, 2015,
10(12):¢0144937.

4. Paulenova E, Dobes P, Melicher F, et al. Glycobiology.
2025, 35(7), cwaf033.

This work was supported by GACR (21-29622S). Experi-
ments performed at Biomolecular Interactions and Crys-
tallography Core Facility are supported by CIISB project
of MEYS CR (LM2023042).

CORE FACILITY FOR CRYSTALLIZATION AND DIFFRACTION OF PROTEINS AND
NUCLEIC ACIDS,
CENTRE OF MOLECULAR STRUCTURE, IBT CAS, BIOCEV

Jifi Pavli¢ek, Jan Stransky, Kristyna Adamkova, Lenka Hola, Lubica Skultétyova, Jan
Dohnalek, Maros$ Huli¢iak

Institute of Biotechnology, Czech Academy of Sciences, Prumyslova 595, 25250 Vestec, Czech Republic
jiri.pavlicek@ibt.cas.cz

The Centre of Molecular Structure at IBT CAS (BIOCEV,
Vestec, Czech Republic) is a sophisticated complex of sci-
entific core facilities specializing in structural biology. Ser-
vices are provided via the Czech Infrastructure for
Integrative Structural Biology (CIISB) and the European
infrastructure for structural biology Instruct-ERIC. Its
crystallization and diffraction core facility uses among
other equipment also automated robotic systems for
high-throughput crystallization experiments and special-
ized crystallization hotels with comprehensive imaging ca-
pabilities. Diffraction part of the facility provides services
for characterization of protein structure using single crystal
X-ray diffraction and small-angle X ray scattering for anal-

ysis of liquid samples. The quality of high-intense X-ray
beams is enabled by using MetalJet sources (Excillum).

A notable technological feature is the SONICC instru-
ment (Formulatrix) integrated with the RI1000 crystalliza-
tion hotel. This system employs Second Harmonic
Generation (SHG) and Ultraviolet Two-Photon Excited
Fluorescence (UV-TPEF) techniques, enabling unprece-
dented detection of micro- and nanocrystals. Such precise
screening is crucial for advanced methodologies, allowing
researchers to analyze crystallization experiments with ex-
ceptional sensitivity and precision.

The crystallization robots have recently been upgraded,
enabling the robotic setting of experiments at either 20 °C
or 10 °C. The crystallization hotel’s software environment
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was also upgraded to ensure long-term sustainability and
automated scoring using multiple evaluation algorithms.
The facility’s equipment represents the latest technol-
ogy in structural biology research, facilitating complex
crystallization and diffraction experiments, as well as de-
tailed structural analysis of biomacromolecular complexes.
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The Centre of Molecular Structure is supported by: Czech
Infrastructure for Integrative Structural Biology (CIISB),
Instruct-CZ Centre of Instruct-ERIC EU consortium,
funded by MEYS CR infrastructure project LM2023042)
and OP JAK project ,, Innovation of Czech Infrastructure
for Integrative Structural Biology* (No. CZ.02.01.01/00/
23 015/0008175).

THE ODD ONE OUT: INVESTIGATION OF THE 14-3-3n THERMOSTABILITY

E. Pirnosova', A. Kozelekova"? T. P. Fellmeth" 2, J. Hritz"?

"National Centre for Biomolecular Research, Masaryk University, Kamenice 5, Brno, 625 00, Czechia
2Central European Institute of Technology, Masaryk University, Kamenice 5, Brno, 625 00, Czechia
epirnosova@mail.muni.cz, jozef.hritz@ceitec.muni.cz

The 14-3-3 proteins are a ubiquitously expressed family of
eukaryotic regulators with multiple isoforms in most or-
ganisms: two in Saccharomyces cerevisiae, two in
Drosophila melanogaster, twelve in Arabidopsis thaliana,
and seven in mammals including humans [1]. The seven
mammalian isoforms are named 3, v, €, {, n, 6, and o.
They form a complex cellular regulatory hub. Despite high
sequence conservation, the 14-3-3 isoforms differ in
interactomes, expression levels in various tissues, biophys-
ical properties, and preferred oligomeric states [2-4].

This work focuses on the biophysical properties of hu-
man 14-3-3C, which we have found to have a significantly
lower melting temperature than other human 14-3-3
isoforms. We confirmed this using differential scanning
calorimetry (DSC) and further studied human 14-3-3n
phosphorylated at the Ser59 residue. Previous work of our
colleagues showed that Ser58 phosphorylation in human
14-3-3¢ induces monomerization of the isoform and low-
ers the melting temperature by ~10 °C [5, 6]. We observed
similar behaviour for Ser59 phosphorylated 14-3-31, with
an unfolding onset at 39 °C. These findings highlight
isoform-specific differences that may relate to their distinct
roles in physiological and pathological processes.

1. M. Rosenquist, P. Sehnke, R. J. Ferl, M. Sommarin, C.
Larsson, J. Mol. Evol. 51, 446458 (2000).

2. A. Aitken, Plant Mol. Biol. 50, 993-1010 (2002).

3. G. Gogl, K. V. Tugaeva, P. Eberling, C. Kostmann, G.
Trave, N. N. Sluchanko, Nat. Commun. 12, 1677 (2021).

4. M. B. Yaffe, K. Rittinger, S. Volinia, P. Caron, A. Aitken,
H. Leffers, S. Gamblin, S. Smerdon, L. Cantley, Cell 91,
961-971 (1997).

5. A.Kozelekova, A. Naplavova, T. Brom, N. Gasparik, J.
Simek, J. Houser, JI. Hritz, Front. Chem. 10, (2022).

6. Z.Trosanova, P. Lousa, A. Kozelekova, T. Brom, N.
Gagparik, J. Tungli, V. Weisové, E. Zupa, G. Zoldak, J.
Hritz, J. Mol. Biol., 434, (2022), 167479.
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struct-CZ Centre, supported by MEYS CR (LM2023042)
and European Regional Development Fund-Project ,,In-
novation of Czech Infrastructure for Integrative Structural
Biology “(No. CZ.02.01.01/00/23_015/0008175).
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PLASMA X-RAY SOURCE FOR TIME-RESOLVED DIFFRACTION IN ELI

Yelyzaveta Pulnova "%, Roya Garayeva °, Borislav Angelov ', lulia Baranova’,
Anna Zymakova ', Jakob Andreasson ', Krishna Khakurel ' and Jaroslav Nejdl *

" ELI Beamlines Facility, Extreme Light Infrastructure (ERIC), Dolni BfeZany, Czechia
2 Faculty of Mathematics and Physics, Charles University, Prague, Czechia
3 Czech Technical University in Prague, Prague, Czechia
yelyzaveta.pulnova@eli-beams.eu

We present a pulsed X-ray source delivering sub-picosec-
ond pulses at a repetition rate of 1 kHz. The radiation is
generated by focusing an intense laser onto a copper target,
producing characteristic 8 keV emission suitable for
time-resolved diffraction experiments. The broadband
bremsstrahlung component enables X-ray absorption mea-
surements.

Comprehensive characterization of the plasma X-ray
source (PXS) performance, driving laser parameters, and
available end-station capabilities is provided [1]. We report
the first powder diffraction snapshot of the organic com-
pound azobenzene.
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Figure 1. PXS layout.
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(a) (b)

Figure 2. Two-dimensional X-ray powder diffraction from
4-Phenylazophenol (a) collected with a continuous X-ray tube
source

The PXS system is equipped with a Jungfrau detector, en-
abling precise shot-to-shot flux normalization and im-
proved signal-to-noise ratio. The implementation of a
pump—probe setup, planned for 2026, is also presented.

1. Pulnova, et al. (2025). Compact laser-driven plasma X-ray
source for time-resolved diffraction, spectroscopy and im-
aging experiments at ELI Beamlines. J. Synchrotron Rad.
32, 486-495.

IDENTIFICATION OF INHIBITORS OF THE POLYMERASE DOMAIN OF THE DENGUE
VIRUS

Skofepa Jan, Zilecka Eva, Boura Evzen, Nencka Radim

Institute of Organic Chemistry and Biochemistry of the Czech Academy of Science, Flemingovo namésti
542/2, Praha 6, 16610

Dengue virus is a globally significant pathogen responsible
for hundreds of millions of infections worldwide each year,
yet no specific antiviral therapy is currently available. The
viral RNA-dependent RNA polymerase (RdRp), the C-ter-
minal domain of the NS5 protein, is essential for genome
replication and represents an attractive antiviral target.
This study aimed to evaluate synthetically modified nu-
cleotides as potential inhibitors of the RdRp domain of

dengue virus type 2. Recombinant RdRp was expressed in
E. coli and purified using affinity, ion-exchange, and
size-exclusion chromatography. Its activity was analyzed
in vitro using an RNA template, and reaction products were
resolved by denaturing PAGE. Several tested compounds
inhibited RdRp activity. For the most active compounds,
ICs, values in the single to low tens of micromolar range
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were determined, indicating moderate inhibitory potency
and providing a basis for further optimization.
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REGULATION OF Nedd4-2 BY NDFIP ADAPTOR PROTEINS

M. Slavik"2, A. Brzezina?®, K. Kohoutova?®, T. Obsil?>?, V. Obsilova?

"Dept. of Biochemistry, Faculty of Science, Charles University in Prague, Czech Republic
?Institute of Physiology of the Czech Academy of Sciences, Laboratory of Structural Biology of Signalling
Proteins, Division BIOCEV, Czech Republic
Department of Physical and Macromolecular Chemistry, Faculty of Science,

Charles University, Czech Republic
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Nedd4-2 ubiquitin ligase is a member of the Nedd4 family
of HECT-type E3 ligases, comprising a calciumdependent
C2 domain, four WW domains mediating protein-protein
interactions, and a HECT domain with catalytic activity.
Nedd4-2 is the last enzyme in the ubiquitination cascade,
where it is responsible for recognizing the target substrate
and transferring ubiquitin molecules to its lysine residues.
The reason for its intensive research is the fact that this E3
ubiquitin ligase is associated with many pathophysio-
logical phenomena, including Liddle syndrome, which in-
volves abnormally high activity of epithelial sodium
channels (ENaC) caused by dysfunctional Nedd4-2 [1].
Possibilities for regulating the function of Nedd4-2 include
autoinhibition caused by intramolecular interactions be-
tween the C2 domain and WW3-4 - with the HECT domain
[2], activation of the locked state by calcium ions [2], and
intermolecular interaction with proteins through WW do-
mains [3-4].

In our work, we investigate how Ndfip adaptor proteins
modulate Nedd4-2 in vivo in order to understand how the
regulatory mechanism works. We propose the hypothesis
that Ndfip adaptor proteins are able to loosen the locked
structure of Nedd4-2 (regardless of the presence of calcium
ions) by binding PY motifs to WW domains, thereby sig-
nificantly accelerating the transfer of ubiquitin to the target
substrate. To test this hypothesis, we used analytical gel fil-
tration, analytical ultracentrifugation, ubiquitination as-
says with liposome, and, in the future, we plan to use
hydrogen deuterium exchange coupled with mass spec-
trometry (HDX-MS). As part of the project, it was neces-
sary to purify Ndfip constructs (Ndfipl and Ndfip2)

P50

without a transmembrane domain together with the entire
Nedd4-2 in E. coli. Furthermore, analytical gel filtration
chromatography was used to demonstrate that Ndfip pro-
teins do indeed interact with Nedd4-2. Analytical ultracen-
trifugation was used to determine the dissociation constant
of these complexes at the submicromolecular level, which
will enable us to perform HDX-MS to elucidate the struc-
tural mechanism of this experiment. The positive effect of
Ndfip proteins on the kinetics of Nedd4-2 auto-
ubiquitination and on the ubiquitination of the protein sub-
strate ASK1 (apoptosis signal-regulating kinase 1) was
also confirmed.

1. Goel P, Manning JA, Kumar S. NEDD4-2 (NEDDA4L): the
ubiquitin ligase for multiple membrane proteins. Gene 557,
1-10 (2015).

2. Janosev M, Kosek D, Tekel A, Joshi R, Honzejkova K,
Pohl P, Obsil T, Obsilova V. Structural basis of ubiquitin
ligase Nedd4-2 autoinhibition and regulation by calcium
and 14-3-3 proteins. Nat Commun. 16, 4875 (2025).

3.  Pohl P, Joshi R, Petrvalska O, Obsil T, Obsilova V.
14-3-3-protein regulates Nedd4-2 by modulating interac-
tions between HECT and WW domains. Commun Biol. 4,
899 (2021).

4.  Mund T, Pelham HR. Control of the activity of WW-HECT
domain E3 ubiquitin ligases by NDFIP proteins. EMBO
Rep. 10, 501-7 (2009).

This study was supported by the Czech Science Foundation
(V.0., grant number: 26-20379S), the Czech Academy of
Sciences (RVO: 67985823 of the Institute of Physiology).

DESIGN OF PROTEINS BY METADYNAMICS IN THE SEQUENCE SPACE
Vojtéch Spiwok

University of Chemistry and Technology, Prague

Protein design has become a viable alternative to the
prospection of natural proteins (enzymes, binding proteins,
etc.) or protein engineering. Recently, this field has been
revolutionized by the introduction of machine learning.
One of protein design strategies is to sample amino acid se-
quences and score them using structure prediction tools

such as ESMfold. Monte Carlo simulated annealing has
been used as a sampling algorithm. Here we replace simu-
lated annealing with more efficient parallel tempering
metadynamics. Metadynamics can be used to disfavor sam-
pling of previously sampled protein designs, thus acceler-
ating sampling of various properties of designed proteins,
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e.g. secondary structure composition, net charge, or
hydrophobicity. The approach can be used to evaluate the
designability of proteins that differ in these properties.
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Support: COST (ML4NGP - CA21160, LUC 24136) and
ELIXIR CZ (LM 2023055).

NATIVE PURIFICATION AND STRUCTURAL CHARACTERISATION OF RNA
POLYMERASE COMPLEXES FROM BACILLUS SUBTILIS

J. Srogoit!, T. Koval”, T. Kouba? J. Duskova', K. Adamkova', M. Trundova', D. Pospisilova’®,
L. Krasny®, J. Dohnalek’

'Institute of Biotechnology of the Czech Academy of Sciences, BIOCEV, Vestec, Czech Republic
?Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague,
Czech Republic
3Institute of Microbiology of the Czech Academy of Sciences, Prague, Czech Republic
jirisrogon@gmail.com, tomas.koval@ibt.cas.cz

The bacterial RNA polymerase (RNAP) is a dynamic
multi-subunit molecular machine. Its activity and regula-
tion depend on temporal interactions with additional fac-
tors [1]. Structural studies of these assemblies are
frequently challenging, mainly because of the difficulty of
isolating intact, native complexes in sufficient quantities
and with consistent stoichiometry. This challenge is partic-
ularly pronounced in some Gram-positive organisms, as
RNAP interacts with species-specific regulatory proteins
such as the 6 subunit [2].

In this contribution, we present a workflow for the na-
tive purification of RNAP complexes from Bacillus
subtilis. The strategy combines affinity capture followed
by chromatographic steps to preserve unstable interactions
while removing contaminants and partially associated as-
semblies.

The resulting samples were analysed by biochemical
and biophysical methods and used for structural characteri-
sation using cryogenic electron microscopy. Our data pro-
vide insight into the architecture of the B. subtilis RNAP
core (afB e subunits) [1] and its association with the &
subunit.

By successfully isolating the d-associated RNAP com-
plex, we provide evidence that these interactions persist
under in vivo conditions. This highlights developing native
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purification, despite the difficulties, as an indispensable
approach for structural studies.

1. Darst, S.A.: Bacterial RNA polymerase. Curr Opin Struct
Biol. 11, 155-162 (2001).

2. KubanV, Srb P, Stégnerové H, Padrta P, Zachrdla M,
Jasefiakova Z, Sanderova H, Vitovska D, Krasny L, Koval’
T, Dohnalek J, Ziemska-Legiecka J, Grynberg M, Jarnot P,
Gruca A, Jensen MR, Blackledge M, Zidek L. Quantitative
Conformational Analysis of Functionally Important Elec-
trostatic Interactions in the Intrinsically Disordered Region
of Delta Subunit of Bacterial RNA Polymerase. J] Am
Chem Soc. 2019 Oct 23;141(42):16817-16828. doi:
10.1021/jacs.9b07837. Epub 2019 Oct 10. PMID:
31550880.

The work was supported by the institutional support of IBT
CAS, v.v.i. (RVO: 86652036) and Czech Science Founda-
tion, grants 23-06295S and 25-16037S. CIISB, Instruct-CZ
Centre of Instruct-ERIC EU consortium, funded by the
MEYS CR infrastructure project LM2023042 and OP JAK
project “Innovation of Czech Infrastructure for Integrative
Structural — Biology”  (no. CZ.02.01.01/00/23 015/
0008175), is gratefully acknowledged for the financial sup-
port of the measurements at the CMS core facility Biophys-
ical Methods and the Cryo-Electron Microscopy and
Tomography Core Facility at CEITEC of CIISB, part of In-
struct-ERIC. Access to the laboratory of Cryogenic
Electron Microscopy at IOCB Prague is acknowledged.

DIFFRACTION TECHNIQUES IN CENTRE OF MOLECULAR STRUCTURE:
EMPLOYING HIGH-END X-RAY TECHNOLOGIES FOR LABORATORY STRUCTURAL
BIOLOGY

J. Stransky, J. Pavli¢ek, J. Dohnalek, M. Huli€¢iak

Centre of Molecular Structure, Institute of Biotechnology, CAS v. v. i., Primyslova 595, Vestec near Prague
Jan.stransky@ibt.cas.cz

The Centre of Molecular Structure (CMS) provides ser-
vices and access to state-of-art instruments, which cover a
wide range of techniques required by not only structural bi-

ologists. CMS operates as part of the Czech Infrastructure
for Integrative Structural Biology (CIISB), and European
infrastructures Instruct-ERIC and MOSBRI. CMS is orga-

© Krystalograficka spole¢nost



&

Materials Structure, vol. 32, no. 1 (2026)

59

nized in 5 core facilities: CF Protein Production, CF Bio-
physics, CF Crystallization of Proteins and Nucleic Acids,
CF Diffraction Techniques, and CF Structural Mass Spec-
trometry.

CF Diffraction Techniques employs two laboratory
X-ray instruments equipped with high flux MetalJet X-ray
sources: a single crystal diffractometer D8 Venture
(Bruker) and a small angle X-ray scattering instrument
SAXSpoint 2.0 (Anton Paar). The configurations of both
instruments represent the top tier of possibilities of labora-
tory instrumentation. Apart from standard applications, the
instruments are also extended for advanced experiments:
the diffractometer is equipped with the stage for in-situ
crystal diffraction, X-ray flourscence detector and crystal
dehydration, SAXS is equipped with in-situ UV-Vis spec-
troscopy and a liquid chromatography system for SEC-
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SAXS. The setups enable easy access and fast turn-around
of samples under different conditions, but also collection of
high quality end-state data without further need for syn-
chrotron data collection in many cases. CF Diffraction
Techniques provides services in synergy with the other
CFs on-site, therefore scientific questions can be quickly
answered as they emerge from the experiments.

The Centre of Molecular Structure is supported by: MEYS
CR (LM2023042); project Czech Infrastructure for Inte-
grative  Structural  Biology for Human Health
(CZ.02.1.01/0.0/0.0/16_013/0001776) from the ERDEF;
UP CIISB (CZ.02.1.01/0.0/0.0/18_046/0015974), ELIBIO
(CZ.02.1.01/0.0/0.0/15_003/0000447), and MOSBRI from
EU Horizon 2020 (No. 101004806).

PHOSPHORYLATION OF MICROTUBULE-ASSOCIATED PROTEIN 2c BY
SERINE/THREONINE KINASES AND THE EFFECT OF PHOSPHORYLATION ON ITS
INTERACTIONS

Rébert Sandor'?, Séverine Jansen’, Jitka Plucarova'?, Subhash Narasimhan'?,
Alice Lanikova'?, Jozef Hritz'**, Lukas Zidek'?

"National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Brno, Czech Republic
2Central European Institute of Technology, Masaryk University, Brno, Czech Republic
’Department of Chemistry, Faculty of Science, Masaryk University, Brno, Czech Republic
*Izidek@chemi.muni.cz

Cytoskeletal microtubule-associated proteins (MAPS) reg-
ulate the stability and dynamics of the microtubules. Inside
the neurons, occurrence of various MAPs differs. Tau, as-
sociated with the pathology of the Alzheimer’s disease, is
present mostly in axons, whereas microtubule-associated
protein 2 (MAP2) is found in dendrites. Both Tau and
MAP2 are classified as intrinsically disordered proteins
(IDPs) and play a vital role in neuronal development. They
are subjected to frequent post-translational modifications
(PTMs), in particular phosphorylation by various protein
kinases. Phosphorylation is the key regulatory mechanism
that has been shown to have a significant impact on their
function, interactions with their binding partners and in-
volvement in neuropathologies.

Utilizing NMR spectroscopy, we investigated the
phosphorylation of the juvenile form of MAP2, MAP2c, by
Ser/Thr kinases cAMP-dependent protein kinase A (PKA),
extracellular signal-regulated kinase 2 (ERK2) and glyco-
gen synthase kinase 3 (GSK3p). We identified the
phosphorylated residues, monitored the phosphorylation
kinetics and observed the influence of phosphorylation on
the interactions of MAP2¢ with physiologically relevant
binding partners, e.g., the regulatory proteins 14-3-3¢ and
SH3 domains of tyrosine kinases.

Notable differences were observed in phosphorylation
rates and patterns, as well as mutual cross-talks between

the respective protein kinases. Priming of GSK3f3 by PKA
resulted in an enhanced GSK3 activity and an increased
phosphorylation rate of the residues close to the main PKA
phosphorylation site Ser435. On the other hand, prior
phosphorylation of MAP2c by ERK2 substantially de-
creased the phosphorylation of Ser435 by PKA.

Phosphorylation of MAP2¢c by PKA increased the
binding affinity of 14-3-3C to MAP2c. This can be seen by
considerable decrease of the intensities upon binding of
14-3-3C around PKA’s main phosphorylation sites Ser184,
Ser189, Thr220 and Ser435. ERK2 mediated
phosphorylation of MAP2c¢ resulted in markedly weaker
binding of the SH3 domains of protein kinases Fyn, Abl
and the adaptor protein Grb2.

All in all, our study shows that MAP2c is substantially
phosphorylated by PKA, ERK2 and GSK3p. Site-specific
phosphorylation by these kinases regulates its ability to in-
teract with the physiologically relevant binding partners.
Mutual influence of the respective kinases modulates site
preferences and rate of phosphorylation of individual resi-
dues. These findings may suggest that phosphorylation of
MAP2c by these protein kinases possibly plays an impor-
tant role in regulation of its activity in vivo and may induce
direct downstream effects.
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STRUCTURE OF THE LE3 PHAGE INFECTING LEPTOSPIRA BIFLEXA

Hana Simeékova, Laura Lisa, Anna Stefanik Sobotkova, Zuzana Hlavenkova, Jan Bifiovsky,
Tibor Fuzik, Danyil Grybchuk, and Pavel Plevka

CEITEC Masaryk University, Kamenice 753/5, 625 00 Brno, Czech Republic

Phage therapy based on lytic bacteriophages complements
conventional treatment approaches to combat increasing
antimicrobial resistance. Reduced antibiotic susceptibility
has also been reported in Leptospira, a genus of Gram-neg-
ative spirochetes responsible for leptospirosis in humans
and animals. Leptospira biflexa serves as a non-pathogenic
bacterial model to study leptospiral biology and phage in-
fection. Bacteriophage LE3 is one of the few described
lytic phages infecting L. biflexa.

In our study, we determined the structure of phage LE3
using cryo-electron microscopy. The virion exhibits a typi-
cal tailed bacteriophage morphology, comprising a 65 nm
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icosahedral capsid, a contractile tail 65-80 nm in length,
and a 30 nm baseplate. Furthermore, the thin, elec-
tron-transparent morphology of L. biflexa allows direct vi-
sualization of phage particles within cells and facilitates
structural analysis of phage assembly intermediates.

This work was supported by the European Research Coun-
cil (ERC), project BioPhage (No. 101162285), by the
NETPHARM  project (No. CZ.02.01.01/00/22 008/
0004607), and by the project National Institute of Virology
and Bacteriology (Programme EXCELES, ID Project No.
LX22NPO5103) — Funded by the European Union —
NextGenerationEU.

MOLECULAR INSIGHT INTO 5 RNA CAPPING WITH Np,Ns BY BACTERIAL RNA
POLYMERASE

V. M. Serianni”?, J. Skerlova', A. Knopp Dubéankova', A. Skriba', H. Svachova', T. Vuékova',
A. Filimonénko', M. Fabry', P. Rezaéova', T. Kouba', H. Cahova'

'Institute of Organic Chemistry and Biochemistry of the CAS, Flemingovo n8m. 2, Prague, Czechia
2Charles University, Faculty of Science, Department of Cell Biology, Vinicna 7, Prague, Czechia
Jjana.skerlova@uochb.cas.cz

RNA capping with dinucleoside polyphosphates (Np,Ns)
has recently been found in both prokaryotic and eukaryotic
cells. Dinucleoside polyphosphates, also known as
alarmones, are directly incorporated into RNA transcripts
by RNA polymerase, which can utilize them as non-canon-
ical initiating nucleotides [1, 2]. We explored by cryo-EM
how exactly these compounds bind into the active site of

Non-canonical transcription initiation

bacterial RNA polymerase

NT strand

alarmone

Np.N-capped RNA

RNA polymerase during transcription initiation, using
open-bubble DNA templates in combination with dinucle-
oside polyphosphates and Thermus thermophilus RNA
polymerase. We found that both nucleobase moieties of
dinucleoside polyphosphates can pair with the DNA tem-
plate (Figure 1). While the proximal nucleobase pairs with
the template in a canonical Watson-Crick manner, the dis-

distal base

proximal base

reversed canonical
Watson-Crick Watson-Crick
pairing pairing

Figure 1. Structural analysis of transcription initiation with dinucleoside polyphosphates (Np,Ns).

© Krystalograficka spole¢nost



&

Materials Structure, vol. 32, no. 1 (2026)

61

tal nucleobase pairs non-canonically in a reverse Wat-
son-Crick manner. Our work sheds light on the molecular
mechanism of transcriptional 5’ capping with dinucleoside
polyphosphates [3].

1. O. Hudecek, R. Benoni, P. E. Reyes-Gutierrez, M. Culka,
H. Sanderova, M. Hubalek, L. Ruligek, J. Cvacka, L.
Krasny, H. Cahova, Nat. Commun., 11, (2020), 1052, DOI:
10.1038/s41467-020-14896-8.

2. R.Benoni, M. Culka, O. Hudec¢ek, L. Gahurova, H.
Cahova, ACS Chem. Biol., 15 (7), (2020), 1765, DOI:
10.1021/acschembio.0c00178.

3. V.M. Serianni, J. Skerlova, A. Knopp Dubankova, A.
Skriba, H. Svachova, T. Vuckova, A. Filimonénko, M.
Fabry, P. Rezatova, T. Kouba, H. Cahova, Nat. Chem.
Biol., (2026), DOI: 10.1038/s41589-025-02134-5.

This work is supported by the Project OP JAC
CZ.02.01.01/00/22_008/0004575 RNA  for therapy,
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Co-Funded by the European Union. We acknowledge
funding from the European Research Council Executive
Agency under the European Union’s Horizon Europe
Framework Program for Research and Innovation (grant
no. 101041374, StressRNaction). We thank the staff of the
CEITEC facility for access to the Krios microscope and the
Czech Infrastructure for Integrative Structural Biology
(CIISB) Instruct-CZ Center, supported by the Ministry of
Education, Youth and Sports of the Czech Republic
(LM2023042), the European Regional Development
Fund-Project ‘UP CIISB’ (no.
CZ.02.1.01/0.0/0.0/18_046/0015974) and the European
Regional Development Fund-Project ‘Innovation of Czech
Infrastructure for Integrative Structural Biology’ (no.
CZ.02.01.01/00/23 _015/0008175).

CONTRIBUTION OF THE INSTITUTE OF NEUROIMMUNOLOGY SAS, BRATISLAVA
TO THE ADVANCED PROTEIN BIOTECHNOLOGY CONSORTIUM

M. Skrabanova, A. Polak, K. Martonova, K. Tomkova, S. Njemoga, O. Cehlar, R. Skrabana

Institute of Neuroimmunology, Slovak Academy of Sciences; Bratislava, 845 10, Slovakia
michaela.skrabanova@savba.sk , rostislav.skrabana@savba.sk

The Advanced Protein Biotechnology Consortium (APBC)
is a unique scientific and innovation project, the aim of
which is to strengthen cooperation between academia and
the biotechnology industry, support the emergence of inno-
vative and cutting-edge solutions in the field of protein bio-
technology and contribute to the development of the
regional economy. The project is designed to have a signif-
icant regional, national and international impact — it will
support economic growth by the development of the
start-up ecosystem and a competitive high-tech sector, but
above all it aims to create new possibilities for talented Slo-
vak and foreign young scientists and to support the return
of Slovak experts from abroad.

The APBC is leaded by the University of Pavel Jozef
Safarik in Kosice, Slovakia, comprises other two institutes
of Slovak Academy of Sciences and four international part-
ners including research institutions from Czechia, Ger-
many, Netherland and United Kingdom. Two non-
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academic partners from Slovakia and Czechia complement
the project team.

Institute of Neuroimmunology’s contribution to the
APBC consists in building and supplying a wide portfolio
of eukaryotic (E. coli) and prokaryotic (insect cells, CHO
and HEK cell lines) expression systems, protein purifica-
tion platforms, start-of-the-art biophysical methods for
protein characterization (light scattering and calorimetry
methods, CD and FTIR spectrometry, high-throughput
SPR and BLI instruments, stopped-flow methods) and
X-ray crystallography. The Institute also offers
immunogenicity testing of candidate therapeutics devel-
oped by Consortium. We will present the results achieved
by the Institute in the first year of project implementation.

This work was supported by the NextGenerationEU
through the Recovery and Resilience Plan for Slovakia un-
der the project APBC, No. 09-102-03-V01-00021.
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Guglielmo Tedeschi, Vojtéch Spiwok

University of Chemistry and Technology, Prague

Molecular Dynamics simulations provide insights on the
biomolecular motion, however it is intrinsically limited by
timescale separation. Rare events such as folding,
conformational transitions, or allosteric rearrangements of-
ten occur on timescales that exceed those accessible to
standard MD. Enhancing sampling methods, such as
Metadynamics, addresses this limitation by enhancing
sampling along a set of Collective Variables (CVs), which
act as low-dimensional descriptors of the system’s slow de-
grees of freedom. However, the effectiveness of meta-
dynamics critically depends on the quality of the chosen
CVs, suboptimal variables can lead to inefficient, or in-
complete, exploration of the free-energy surface. The iden-
tification of physically meaningful and dynamically
relevant CVs therefore remains a central challenge in en-
hanced sampling.

CVFormer is a Transformer-based autoencoder for the
extraction of CVs from Molecular Dynamics trajectories.
The model compress conformational information into a
low-dimensional latent space (typically 2D), suitable for
driving enhanced sampling simulations such as meta-
dynamics. By analyzing this reduced representation, we
can not only characterize metastable states and transition
pathways, but also trace back which structural degrees of
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freedom are responsible for shaping the learned collective
variables.

A key aspect of the approach is the fully data-driven se-
lection of CVs. Instead of relying on handcrafted
descriptors, the model learns representations directly from
molecular dynamics trajectories. Attention weights pro-
vide residue-level importance scores, enabling the identifi-
cation of structural regions that contribute most strongly to
the learned collective variables. This interpretability is
complemented by mutual information analysis within the
latent coordinates, allowing a quantitative assessment of
dependency and redundancy.

The methodology is demonstrated on the Trp-cage
mini-protein, a well-established benchmark for folding and
conformational studies. CVFormer successfully learns a
low-dimensional representation that captures the essential
folding landscape and separate metastable states.

The analysis highlights specific residues with dominant
contributions to the learned CVs, in agreement with known
structural determinants of Trp-cage stability.

The selected CVs were subsequently used to bias
metadynamics simulations, leading to efficient enhance-
ment of conformational transitions and accelerated cross-
ing of free-energy barriers.

BEYOND IC5¢: A RE-ENGINEERED STOPPED-FLOW KINETIC FRAMEWORK FOR
HUMAN CARBONIC ANHYDRASE INHIBITION STUDIES

V. Vaieéka', A. Hofrova?3, J. Hritz?®

"Department of Chemistry, Faculty of Science, Masaryk University, Kamenice 735/5, 625 00 Brno,
Czech Republic
National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kamenice 735/5, 625
00 Brno, Czech Republic
SCEITEC - Central European Institute of Technology, Zerotinovo nam. 617/9, 601 77 Brno, Czech Republic
484009@muni.cz

Carbonic Anhydrases (CAs) comprise a ubiquitous and di-
verse enzyme family that regulates inorganic carbon ho-
meostasis in tissues, cells and subcellular compartments.
As such, CAs are involved in a wide range of cellular pro-
cesses, including energy metabolism, photosynthesis,
membrane transport, or cell adhesion. The human genome
encodes 15 homologous CA isozymes that differ in expres-
sion patterns, localization, oligomeric state and catalytic
activity. Among these, isozymes [X and XII receive greater
attention due to their extensive expression in many solid tu-
mours relative to healthy tissues. [1]

A distinctive branch of CA research focuses on the de-
velopment of isozyme-selective inhibitors targeting CA 1X
and XII. [2] The inhibition assay most commonly em-
ployed in these studies measures initial reaction rates for
conventional ICsy determination. Its core principle, estab-
lished by Khalifah in 1971 [3], involves detection of pro-
tons released during the enzymatic reaction via

pH-indicator absorbance in a stopped-flow setup. As con-
temporary studies often report dozens of compounds with
activities and selectivities within an order of magnitude,
the methodology becomes increasingly insufficient in ac-
curacy, reproducibility, and throughput for cross-compara-
tive or structure-activity relationship (SAR) studies.
Furthermore, the exact protocol is poorly documented and
concerns have been raised regarding the experimental and
publication practices involving a substantial part of the ex-
isting literature. [4]

In this poster, a re-engineered version of the CA assay
is presented, based on the original 1971 article. The revised
approach incorporates explicit signal-to-substrate concen-
tration conversion, internal referencing to spontaneous and
uninhibited reaction rate referencing, and differential ki-
netic modeling. Inhibition constants (K;) are derived di-
rectly from fitted kinetic parameters, rather than converted
from ICs, values, and are complemented by statisti-
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cally-derived error estimates. Properly annotated, the new
methodology is capable of both greater accuracy and
throughput, and should improve quality of data (and life) in
the field.

1. Lee, S.-H., & Griffiths, J. R. (2020). How and Why Are
Cancers Acidic? Carbonic Anhydrase X and the
Homeostatic Control of Tumour Extracellular pH. Cancers,
12(6). https://doi.org/10.3390/cancers12061616.

2. ZakSauskas, A., Paketuryte-Latve, et al. (2025). Affinity
and Selectivity of Protein—Ligand Recognition: A Minor
Chemical Modification Changes Carbonic Anhydrase
Binding Profile. Journal of Medicinal Chemistry, 68(16),
17752-17773.
https://doi.org/10.1021/acs.jmedchem.5¢c01421.
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3. Khalifah, R. G. (1971). The Carbon Dioxide Hydration
Activity of Carbonic Anhydrase: I. STOP-FLOW
KINETIC STUDIES ON THE NATIVE HUMAN
ISOENZYMES B AND C. Journal of Biological Chemist-
ry, 246(8), 2561-2573.
https://doi.org/https://doi.org/10.1016/S0021-9258(18)6232
6-9.

4. Jonsson, B.-H., & Liljas, A. (2020). Perspectives on the
Classical Enzyme Carbonic Anhydrase and the Search for

Inhibitors. Biophysical Journal, 119(7), 1275-1280.
https://doi.org/10.1016/j.bp;j.2020.08.020.

STRUCTURAL CHARACTERIZATION OF METTL21A INHIBITION BY NOVEL SMALL
MOLECULES

Vasko Michal"? Kocek Hugo'?, Bouia Evzen', Nencka Radim'

'Institute of Organic Chemistry, and Biochemistry of the Czech Academy of Sciences, Prague, Czech Re-
public
’Department of Genetics and Microbiology, Faculty of Science, Charles University, Prague, Czech Republic
3Faculty of Chemical Technology, University of Chemistry and Technology, Prague, Czech Republic

Methyltransferase-like protein 21A (METTL21A) is a
S-adenosyl-L-methionine ~ (SAM)—-dependent  lysine
methyltransferase that modifies molecular chaperones, in-
cluding Hsp70 family proteins and the co-chaperone
BAG3. These post-translational modifications enhance
protein stability and reduce degradation. Recent studies
link METTL21A activity to hepatocellular carcinoma pro-
gression and metastasis, highlighting its emerging disease
relevance; however, no selective small-molecule inhibitors
have yet been reported.

Here, we designed and synthesized small-molecule in-
hibitors of METTL21A and evaluated their biochemical
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activity. Recombinant METTL21A was expressed and pu-
rified for structure-based studies, and co-crystallization ex-
periments were conducted with selected compounds. We
determined and refined a high-resolution crystal structure
of METTL21A in complex with a representative inhibitor,
revealing key features of ligand binding to the SAM-bind-
ing site. These findings provide a framework for inhibitor
optimization and support METTL21A as a potential thera-
peutic target.
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SIMULATION OF ELECTRON TRANSFER ON BIOMOLECULAR BRIDGES BY
NON-ADIABATIC MOLECULAR DYNAMICS

Jitka Vyslouzilova, Zdenék Futera

Faculty of Science, University of South Bohemia, BraniSovska 1760,
370 05 Ceské Budgjovice, Czech Republic

Molecular electronics utilizes (bio)organic molecules and
organometallic complexes as parts of electronic devices to
manufacture, for example, highly sensitive biocompatible
sensors. Tuning and further development of such devices
require an understanding of electron transport mechanisms
and processes, as well as structural details. These could be
provided by computer simulations based on quantum cal-
culations and molecular dynamics techniques. However,
the theoretical description of the (bio)molecular junctions
remains challenging due to the interplay between discrete
molecular electronic states and quasi-continuous electronic
states of the metallic contacts and electrodes. Moreover,
the soft-matter nature of the organic compounds requires
the involvement of thermal motion, vibrations, and
non-adiabatic electron-transfer events. Therefore, an ex-
plicit treatment of coupled electronic and nuclear dynamics
is needed.

In this work, we employ non-adiabatic molecular dy-
namics (NAMD) with the Fewest Switches Surface Hop-
ping (FSSH) method [1] to simulate electron-transfer
processes in model molecular bridges. The simulations are
performed using the open-access LIBRA modular library
[2], which enables not only the simultaneous propagation
of nuclear motion and the population of the related elec-
tronic states, but also state-of-the-art modifications and de-
velopments needed for the treatment of heterogeneous
molecule/metal interfaces. We demonstrate the feasibility
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Figure 1. Computed transmission obtained by FSSH on Tully’s
DAC model.

of these calculations on several model systems, ranging
from Tully’s models [1] to small rigid molecules treated
neglect-of-back-reaction

under the approximation

Figure 2. Atomistic model of BDT.

(NBRA) to atomistic junction models based on ben-
zene-1,4-diammine (BDA) and benzene-1,4-dithiolate
(BDT) molecules. These methodology benchmarks and de-
velopments are presented in the context of intended appli-
cations on complex biomolecular electronic devices based
on redox proteins that are investigated in our group.
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