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Dear Colleagues in Virology and Bacteriology,

1t is our pleasure to welcome you to the NIVB Meeting 2025, the fourth and final annual meeting of the National Institute
of Virology and Bacteriology (NIVB), taking place once again in the historic town of Kutnd Hora from 4™ to 7" November
2025. This meeting marks not only an opportunity to reconnect with our colleagues, exchange ideas, and showcase
scientific achievements, but also the culmination of a highly successful multi-year project.

Over the past four years, thanks to the support of the Czech Recovery Plan and the dedication of our teams, the NIVB has
achieved remarkable results. Our 30 research teams from 8 Czech institutions have published numerous high-impact
papers, organized workshops, and established strong inter-institutional collaborations. These achievements reflect the
power of collective effort and the growing synergy within our scientific community.

The primary mission of the NIVB has been to enhance collaboration across disciplines and regions, providing
a communication platform for sharing knowledge, fostering cooperation, and addressing key challenges in virology and
bacteriology. This final meeting is a moment to reflect on the lasting impact of the NIVB project.

., We thank all participants for their contributions, including 30 oral presentations and 57 posters, highlighting the breadth
and depth of research within the NIVB network. We hope the collaborations and networks fostered through the NIVB will
continue to inspire scientific excellence in the years to come.

Zdenék Hostomsky, Robert Vacha, Iva Pichovad, and Sdrka Simovd

@ Use of this work is governed by the Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and copying of the work in any medium, provided the work title, authors,
BY

source and license are properly credited.
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Bacterial pathogens resistant to antibiotics (ATB) are
becoming an increasingly serious global problem. Current
ATB targeting bacterial biosynthetic processes are facing
emerging resistant strains. An attractive target for the
development of antibacterial compounds is the cytoplasmic
membrane as the composition of bacterial and mammalian
cell membranes differs, resulting in different biophysical
propemes In contrast to majority of classical antibiotics
requiring metabolically active bacterial cells, membrane
targeting antimicrobials are capable of also killing persistent
(dormant) bacteria. Antimicrobial peptides (AMP) and host
defense peptides (HDP) are examples of membrane-active
compounds that represent the first line of defense in many
multicellular organisms and possess a broad range of
biological activities. However, their clinical usage is limited
by their in vivo toxici-ty, stability, limited bioavailability, and
large production costs.

We are developing lipophosphonoxins (LPPO) — antimic-
robial compounds belonging to the class of small molecule
membrane targeting agents (SMMTA, Figure 1). Their
general structure consists of four modules: a nucleoside
module (NM), a polar module (PM), a hydrophobic module
(HM), and a phos-phonate connector module (CM). The first-
generation LPPO (LPPO I) demonstrated excellent
bactericidal activity against various Gram-positive species.
We have shown that at their bactericidal concentrations,
LPPO act via the disruption of the cytoplasmic membrane?.
The second-generation LPPO (LPPO II) have redesigned PM
to bear more polar charges. LPPO II increased their efficacy
to Gram-positive and extended bacteri-cidal activity to Gram-
negative bacteria®. Their antibacterial activity, however, is
abolished in the presence of serum albumins.
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Fig. 1. Schematic modular structure of LLPO (left) and examples
of first two generations LPPO (right)

By introducing LEGO-LPPO (Linker-Evolved-Group-
Optimized-LPPO, Figure 2), modular configuration was
modified to include two LPPO units symmetrically attached
by CM at the ends of linker module (LM), NM was omitted.
Redesign of molecular skeleton brought improvements in
ant1m1crob1a1 activity and eliminated interactions with serum
albumins®. Because of chiral nature of phosphorus atoms in
the connector modules the first generation LEGO-LPPO
molecules are isolated as a mixture of three diastereoisomers.
Here we present design and synthesis of new generation
LEGO-LPPO-II based on connector modules with defined
chirality.
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Fig. 2. Schematic modular structure of LEGO-LPPO (left),
example of LEGO-LPPO (right)

In LEGO-LPPO-II), phosphonate-based CM of LEGO-
LPPO I was replaced by glycerol moiety and the synthesis
was planned from enantiomerically pure starting materials
using enantiospecific reactions to obtain final products with
defined chirality. These new SMMTA were prepared in both
configura-tions and testing of their antibacterial and hemolytic
activities and cytotoxicities are currently under way.
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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 without
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', we demonstrated that
the enzymatic activity of MsmGMPR is allosterically
regulated by ATP and GTP. While ATP inhibits the
enzymatic activity of MsmGMPR, GTP counteracts this
inhibition, 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?.
MsmGMPR forms tetramers with four-fold axis which further

NADP*+E-XMP* - open flap

NADP*

X

extended octamer
active conformation

1st tetramer

NADP*+E-XMP* x GMP+ATP
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2nd (opposite) tetramer

compressed

Fig. 1. Conformational changes in the flap region of MsmGMPR
induced by ligand binding
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assemble into octamers with D4 symmetry. The two tetramers
in the octamer adopt either compressed or extended
conformation. ATP and GTP compete for a 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 conformation that enables catalysis.

Our results provide insight into how MsmGMPR senses
and responds to the cellular purine nucleotide balance,
revealing a novel mode of allosteric regulation by a CBS
domain.
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Second  messenger  signaling  through  cyclic
dinucleotides (CDNs) such as c-di-AMP, c-di-GMP, and
cGAMP regulates critical processes in pathogemc bacteria,
including virulence and survival'. In Borrelia, the causative
agent of Lyme disease, c-di-AMP is synthesized from ATP by
c-di-AMP synthase CdaA and degraded to AMP by
phosphodiesterase DhhP (Fig. 1a). While altered expression
of CdaA does not change intracellular concentrations of c- d1-
AMP, genetic inactivation of DhhP leads to its accumulation®.
Thus, c-di-AMP levels in Borrelia are primarily regulated by
thP. Genetic inactivation of DhhP in Borrelia is lethal both
in vitro and within a mammalian host?, making DhhP an
attractive therapeutic target. The absence of DhhP
homologues in humans suggests that specific DhhP inhibitors
could exhibit high selectivity, minimizing potential off-target
effects on human cyclic nucleotide metabolism.

In this study, we present the crystal structure of DhhP,
revealing that the enzyme forms asymmetric dimers with
coordinated open and closed conformations, suggesting an
alternating mechanism for substrate processing (Fig. 1b-c).
We demonstrate that DhhP contains a unique heterometallic
binuclear active site with specifically positioned manganese
and iron ions, challenging the prevailing paradigm of homo-
bimetallic active centers in bacterial phosphodiesterases
(Fig. 2).
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Fig. 1. c-di-AMP metabolism and the DhhP overall structure
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Fig. 2. Detailed view of the heterobimetallic DhhP active site
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Additionally, we show that DhhP can be effectively
inhibited by CDN analogs, in which phosphate linkages are
substituted with vinylphosphonate groups. We demonstrated
their ability to inhibit the growth of B. burgdorferi and disrupt
spirochete morphology. These compounds represent the first
reported inhibitors of any bacterial c-di-AMP specific
phospho-diesterase and establish proof-of-concept for specific
targeting of these enzymes and further research of c-di-AMP
roles in bacterial cells.
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Fig. 3. DhhP inhibition in vitro and in cultured B. burgdorferi
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Viral methyltransferases (MTases) are essential enzymes
that secure efficient RNA translation and protect viral
transcripts from host innate immunity by participating in the
capping of their 5’ ends. These enzymes have emerged as
highly attractive antiviral targets, and their inhibition offers
a promising strategy to block viral replication'. Our research
group has developed extensive expertise in the design and
synthesis of nucleoside-based MTase inhibitors, particularly
through modifications of the 7-deazapurine scaffold.

Since the 2020 outbreak of SARS-CoV-2, we have made
significant contributions to the discovery of coronavirus
MTase inhibitors, focusing on the N7-MTase non-structural
protein 14 (nspl4). Using a structure-based approach, we
designed 7-deazapurine analogues of S-adenosylhomocysteine
(SAH) that engage a lateral cavity adjacent to the
S-adenosylmethionine (SAM) binding site’. Follow-up work
led to the design and synthesis of bisubstrate inhibitors of
nspl4 by incorporating modifications into both the adenine
base and the amino acid side chain (Fig.l, structure A)°.
These analogues exploit interactions in the SAM-binding site
as well as part of the adjacent RNA-binding region. Several
lead compounds demonstrated nanomolar inhibitory activity
in biochemical assays against SARS-CoV-2 nspl4 and
exhibited excellent selectivity over human MTases. Structural
studies confirmed the bisubstrate character of these inhibitors
and revealed that bulky C7 substituents displace an ordered
water network normally mediating SAM binding®.

In parallel, work by our colleagues has established the
mpox virus 2’-O-MTase VP39 as a promising antiviral target.
Structural analyses demonstrated that C7-substituted SAH
analogues bind to VP39 in a conserved fashion, while cellular
assays showed that such inhibitors suppress mpox virus
replication>®.

Building on this foundation, we developed a new series
of VP39 inhibitors (Fig.1, structure B). Using the SAH
template with canonical amino acid residues at the 5'-position,
we explored C7 substitution with diverse branched
substituents. Among the synthesized series, carboxamide-
linked analogues showed promising inhibitory activity in
enzymatic assays, providing a basis for further optimization.

In addition, while investigating suitable C7 substituents,
we expanded the chemistry of this position to synthesize C7-
sulfonamido-7-deazaadenosines, a structural type not
previously reported. This strategy enabled efficient
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Fig 1. Design of nsp14 MTase (A) and VP39 MTase (B) inhibitors
derived from the structure of SAH

diversification and afforded sangivamycin derivatives with
potent activity against Haspin kinase.

Together, these results illustrate how targeted
modifications at the 5- and C7-positions of 7-deazapurines
can yield inhibitors of viral MTases while also introducing
anovel class of nucleosides with kinase activity. These
outcomes broaden the scope of nucleoside-based medicinal
chemistry and contribute to the wider collaborative effort on
viral enzymes and related therapeutic targets.
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Rift Valley fever virus (RVFV) is a mosquito-borne
pathogen of the family Phenuiviridae that causes severe and
often fatal disease in humans and domesticated animals.
Outbreaks occur sporadically but can have devastating
consequences for public health and agriculture. In livestock,
RVFV infection results in high rates of abortion and mortality
among young animals, with economic losses estimated in the
hundreds of millions of U.S. dollars'. Despite this major
impact, no approved treatment or prevention strategies are
available for human use. Attenuated vaccines have been
developed for veterinary application, yet their safety and
efficacy remain uncertain, and the risk of reversion to
a pathogenic form is an ongoing concern.

RVFV replication depends on the multifunctional L
protein, a ~250 kDa viral polymerase that integrates three
enzymatic activities: an endonuclease, an RNA-de 2pendent
RNA polymerase, and a cap-binding domain". This
organization closely mirrors the functional modules of the
heterotrimeric influenza A virus polymerase (PA-PB1-PB2)’.
Both viruses initiate transcription via a cap-snatching
mechanism, whereby host mRNAs are cleaved by the
endonuclease to prime viral RNA synthesis. The high level of
conservation across bunyaviral polymerases further
underscores the L protein as a promising target for therapeutic
intervention.

To investigate this, we established two RVFV strains
under biosafety level 3 conditions: the wild-type ZH-548
strain and the attenuated MP-12, which is used in
experimental veterinary vaccines. With these systems, we
screened and identified several small-molecule inhibitors of
the L protein. Their antiviral efficacy was validated using live-
virus assays.

Resistance studies were performed by serial passaging
of RVFV in the presence of these inhibitors. Resistant viral
variants emerged, displaying either strongly increased or
complete resistance to their respective compounds.
Sequencing of the resistant strains revealed multiple non-
synonymous mutations in the L protein.

In collaboration with the group of Gabriel Demo, we
further explored the structural basis of resistance. Using cryo-
electron microscopy, a 3.5 A structure of the wild-type RVFV

89

NIVB Meeting 2025

L protein was obtained in its apo form. Mapping of resistance-
associated mutations onto this structure provided valuable
mechanistic insight into how amino acid substitutions
influence inhibitor binding, polymerase conformation, and
overall enzymatic function. This structural framework not
only clarifies the resistance mechanisms but also guides the
rational design of next-generation inhibitors with improved
efficacy and resilience to viral escape.

Beyond antiviral development, we also investigated the
stability of the attenuated MP-12 vaccine strain. Reversion of
attenuating mutations is a critical safety concern for all live-
attenuated vaccines, as illustrated by the well-documented
case of oral polio vaccine reversion. Our analysis of MP-12
focused on identifying mutations most susceptible to
reversion, thereby assessing the long-term stability of the
vaccine strain. Understanding these dynamics is essential for
ensuring the safety profile of MP-12 and for informing the
design of future live-attenuated vaccines with reduced
reversion risk.

In collaboration with the group of Petr Volf, we plan to
study the interactions between resistant RVFV variants and
their insect vectors. Since vector competence plays a key role
in shaping viral evolution and outbreak dynamics, such
studies will provide important insights into how resistance
mutations may affect transmission and fitness in natural hosts.

In summary, our study highlights the RVFV L protein as
a central target for antiviral development, demonstrates the
emergence and structural basis of resistance mutations, and
provides critical data on the genetic stability of the MP-12
vaccine strain.

Inhibitor evaluation and generation of resistant variants
— Wild type

1009
ﬁgth passage

% CPE

T
104
Inhibitor (nM)

L

T
103

Structural analysis of mutations in
the L-protein leading to resistance
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Ubiquitination, the covalent attachment of one or more
ubiquitin moieties to a target protein catalyzed by E3
ubiquitin  ligases, regulates several cellular processes.
Depending on its topology and form, ubiquitination influences
protein stability, half-life, subcellular localization, and
secretion. These mechanisms can be exploited by viruses to
facilitate their life cycle.

The hepatitis B virus (HBV) is an enveloped,
hepatotropic virus that can cause chronic hepatitis B (CHB),
acondition affecting more than 254 million people
worldwide. HBV depends on host cell autophagy and
secretory pathways for effective replication and the
production of infectious viral progeny. Nedd4, an E3
ubiquitin ligase, polyubiquitinates the HBV capsid protein
(HBc), enabling its recognition by the ESCRT-0 (endosomal
sorting complexes required for transport) protein TSG101 and
its subsequent sorting to the multlveswular body (MVB),
thereby facilitating virion secretion'.

Employing mass spectrometry, we searched for novel
HBc-interacting host proteins and identified the E2/E3 hybrid
enzyme UBE20 and the E3 ubiquitin ligase HUWEI1?
UBE20 possesses dual activity as an E2 ubiquitin-
conjugating enzyme and an E3 ligase. HUWE1, a HECT
domain-containing E3 ligase, is implicated in DNA damage
repair, the ubiquitin-proteasome system, and autophagy.

To investigate the role of UBE20 and HUWEI in the
HBV life cycle, we performed specific siRNA-mediated
knockdowns in HBV-infected HepG2-NTCP cells. At 6 d.p.i.,
we measured viral parameters, including the levels of HBV
RNA/DNA and secreted HBeAg using (RT-)qPCR and
ELISA, respectively. Additionally, we analyzed the amount
and phosphorylation status of intracellular nucleocapsids, as
well as the quantities of secreted viral particles. Compared
with HBV-infected cells transfected with a non-specific
control siRNA, UBE20 depletion led to a significant decrease
in the levels of HBV RNA/DNA and secreted HBeAg.
Intracellular capsids and HBc were also significantly reduced
upon UBE20 knockdown, suggesting a potential pro-viral
role of UBE20.

In contrast, HUWE1 depletion had no significant effect
on HBV RNA/DNA levels or secreted HBeAg, but led to
amarked accumulation of intracellular HBc/capsids.
Notably, the downregulation of either UBE20 or HUWEL1
significantly reduced virion secretion, while leaving naked
capsid secretion unaffected.

Previously, we demonstrated that UBE20 catalyzes
multi-monoubiquitination of HBc and viral nucleocapsids®.
Mechanistic studies on a potential interaction between HBc/
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Fig. 1. Role of ubiquitin ligases in HBV virion secretion. Created
in BioRender. Lubyova, B. (2025) https://BioRender.com/9ynwugb

capsids and HUWEI1, as well as HUWEI1-mediated
ubiquitination of HBc/capsids, are currently ongoing.

To further investigate the possible connection between
UBE20-mediated capsid monoubiquitination and the host
endosomal secretion pathway, we used confocal microscopy
and capsid co-immunoprecipitation. Both UBE20 and HBc
colocalized with compartments positive for the MVB marker
CD63. Subsequent experiments revealed an increased
association between the ESCRT-0 component HGS and
capsids upon UBE20 overexpression. Furthermore, an
interaction between capsids and the ESCRT-II accessory
protein EAP30 occurred exclusively in the presence of
UBE20.

Collectively, our data identify UBE20O as a key host
factor supporting HBV replication and nucleocapsid
formation, and indicate that both UBE20O and HUWEI
promote virion egress.
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Antibiotic resistance becomes one of the greatest global
health challenges. Most widely used ATBs based on
B-lactams are becoming inactive due to the increasing activity
of B-lactamases which hydrolytically cleave the B-lactam ring.
A successful strategy to overcome this is co-administration of
the PB-lactam ATB together with a B- lactamase inhibitor.
Boronic acid in uncharged trlgonal planar sp? form mimics the
carbonyl carbon of - lactam ring, whereas at pH above pKa it
adopts tetrahedral sp® form as a transition-state analogue of
the hydrolytic mechanism. This concept was proved by the
first boronic acid Vaborbactam approved by FDA as
a B-lactamase inhibitor, currently used in clinical practice'.

In our lab, we have designed and synthesized
ribonucleoside boronates and pyrrolidine boronates which
show synergy with selected ATBs against KPC-3 producing
Klebsiela pneumoniae, and in vitro assay on isolated
recombinant Klebsiella KPC-3 revealed inhibitory effect of
these compounds with K; values comparable to Vaborbactam.
In silico modelling on E. coli outer membrane indicated low
membrane permeability for our inhibitors as well as for
Vaborbactam. Since the latter is reported to exploit OmpK35
and OmpK36 porins” to cross the outer membrane and access
the periplasm, we are currently exploring structural
modifications aimed at facilitating porin-mediated uptake.
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Hepatitis B virus (HBV) utilizes the e antigen (HBeAg)
to modulate the host innate immunity and establish viral
persistence in human hepatocytes. The HBeAg precursor
(p25, precore protein) is targeted to the endoplasmic
reticulum (ER), where cleavage of the signal peptide (sp)
generates the initial processing product, p22. This protein then
proceeds through the secretory pathway, undergoing
a secondary cleavage event in the Golgi apparatus to yield the
secreted form, p17 (HBeAg). Approximately 15-20% of p22
is not secreted; instead, it is retro-translocated to the cytosol
and transported into the nucleus. The biological function of
this intracellular protein pool remains poorly understood, and
the mechanism by which p22 is distributed across various
cellular compartments is unclear.

This study aimed to analyze the pathway, cellular
partners and regulatory mechanisms by which the precore
protein is either secreted or retro-translocated back to the
cytosol.

Based on MS data, the Translocon-Associated Protein
Complex (TRAP) was identified as a novel host factor
interacting with the HBV precore protein. This interaction
was then validated by pull-down experiments. The study
showed that depletion of individual TRAP subunits changes
the subcellular distribution of the precore protein and leads to
its degradation. The N-terminal region immediately
downstream of the signal peptide was shown to be important
for interaction with the TRAP § subunit.

Additionally, three cysteine residues within the p25
signal peptide were identified as key autoregulatory elements
controlling signal peptide cleavage efficiency. Mutations of
these residues enhanced sp processing but simultaneously
triggered the unfolded protein response and mislocalization of
precore protein variants. Comparable mutations in duck HBV
precore protein increased glycosylation level, suggesting that
this autoregulatory mechanism is conserved among
hepadnaviruses.

The research uncovered a novel regulatory mechanism
within the HBV precore protein signal peptide that modulates
HBeAg maturation and secretion. Additionally, TRAP was
identified as a novel interacting partner involved in the
precore protein translocation into the ER.
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The genus Mycobacterium comprices numerous
pathogens, including the highly successful species
Mycobacterium tuberculosis (Mtb), which infects one-third of
the human population and caused 1.25 million deaths in 2023
(ref."). The most pressing problem is the rapid emergence of
multidrug-resistant and extensively drug-resistant strains that
are difficult or impossible to treat, which requires the search
for new targets. A novel compound, JNJ-6640, which blocks
de novo purine biosynthesis (DNPBS) by inhibiting the PurF
enzyme, has been shown to be effective against multidrug-
resistant Mycobacterium tuberculosis®. However, the precise
mechanism by which purine metabolism is regulated remains
to be elucidated.

The model species Mycobacterium smegmatis (Msm)
was utilised in order to explore metabolome regulation. The
utilisation of gene knockout and the compound JNJ-6640 has
yielded data that demonstrate the distinctive regulatory
patterns of mycobacterial DNPBS compared to other bacterial
species. During exponential growth, the synthesis of purine
nucleotides via DNPBS exceeds current cellular needs, with
the excess being stored as free nucleobases for use during
adaptation in the stationary phase. We identified salvaging
enzymes, including  hypoxanthine-guanine  phospho-
ribosyltransferase, GMP reductase, and IMP dehydrogenase,
which participate in regulation of GTP levels during
adaptation of Msm to adverse conditions. We determined the
mechanistic basis of allosteric regulation by GTP and propose
a general model of purine biosynthesis in mycobacteria.
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Inosine-5'-monophosphate dehydrogenase (IMPDH) is
a crucial purine metabolism enzyme and a promising drug
target against bacterial infections. IMPDH catalyzes the
NAD-dependent oxidation of inosine-5-monophosphate
(IMP) to xanthosine-5-monophosphate (XMP), the first

committed step in guanine nucleotide biosynthesis.
Regulation of IMPDH activity is therefore essential for cell
survival. Recent studies revealed complex allosteric

regulation of bacterial IMPDH by purine nucleotide effectors,
but the way in which purine metabolism is balanced differs
between species.

In this project, we describe the allosteric regulation of
IMPDH from the human pathogen Pseudomonas aeruginosa
(PaIMPDH). Using a combination of biochemical and
structural biology methods, we show that PaIMPDH is
regulated by the bacterial stress-signaling molecule
diadenosine tetraphosphate (Ap4A). This effector locks the
regulatory domains of PaIMPDH in a way that prevents the
activation of the enzyme by the natural activator ATP. Ap4A
is an alarmone that accumulates in response to proteotoxic
stresses such as oxidative stress, heat shock, or antibiotic
treatment, and it influences bacterial survival and virulence.
The described allosteric regulation of PaIMPDH thus
provides a molecular mechanism by which purine metabolism
is reprogrammed under stress conditions. Understanding these
mechanistic details may open opportunities for the
development of selective inhibitors targeting PaIMPDH.
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Approximately two people die each minute from
hepatitis B, a viral infection that affects more than 250 million
people worldwide and remains a leading cause of cirrhosis
and hepatocellular carcinoma. Despite the availability of
effective vaccines, current antiviral therapies do not eradicate
the virus, largely because of the persistence of covalently
closed circular DNA (cccDNA) in infected hepatocytes.
Understanding how hepatitis B virus (HBV) exploits host cell
pathways is therefore essential for developing new therapeutic
strategies.

HBYV depends on host membrane trafficking machinery
for multiple steps of its life cycle, including viral entry,
intracellular trafficking, nucleocapsid delivery to the nucleus,
virion assembly at the endoplasmic reticulum, and egress
through the secretory pathway. Secretory carrier membrane
proteins (SCAMPs) are tetraspanning membrane proteins that
mediate intracellular vesicle trafficking, particularly in
endocytosis and exocytosis. Given these roles, SCAMPs may
influence key processes in HBV infection.

We investigated the contribution of SCAMP1-4, all of
which are expressed in hepatocytes, to HBV infection in vitro.
siRNA-mediated knockdown of SCAMP3 prior to infection in
HepG2-NTCP cells and primary human hepatocytes led to
a significant reduction in intracellular HBV RNA levels and
viral antigen secretion. Notably, this effect was absent in
HepG2.2.15 cells harboring integrated HBV genomes,
indicating that SCAMP3 acts at an early stage of the HBV life
cycle, possibly during viral entry, cccDNA formation, or
cccDNA transcription. Silencing of SCAMP4 in HepG2-
NTCP cells also reduced intracellular viral RNA levels and
HBeAg secretion.

These findings suggest that SCAMP proteins,
specifically SCAMP3 and SCAMP4, contribute to HBV
replication, likely by modulating membrane trafficking.
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Enteroviruses, members of the Picornaviridae family,
are small, non-enveloped viruses with icosahedral capsids and
a single-stranded, positive-sense RNA genome. They
represent the most common viral pathogens in humans,
causing illnesses ranging from the common cold to severe and
sometimes  life-threatening diseases such as acute
haemorrhagic conjunctivitis or poliomyelitis'.

To replicate efficiently within host cells, enteroviruses
hijack several host factors, including the lipid kinase PI4KB
and the adaptor protein ACBD3 (ref.?). During infection,
ACBD?3 is recruited to viral replication sites through a direct
interaction between its C-terminal GOLD domain and the
viral non-structural 3A proteins®.

In this study, we identify the nuclear export protein
CRM1 (Chromosomal Maintenance 1) as another potential
host factor for enteroviruses. Using LC-MS/MS screening and
co-immunoprecipitation with different enteroviral 3A
proteins, we examined its interaction with viral components
and assess its contribution to CVB3 replication in HeLa cells.
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Ebola virus disease (EVD) and Marburg virus disease
(MVD) are rare but severe illnesses caused by Filoviridae.
EVD is linked to Ebola virus (EBOV), Sudan virus (SUDV),
and Bundibugyo virus (BDBV), while MVD is caused by
Marburg virus (MARV) and Ravn virus (RAVV). Both
diseases are clinically similar and characterized by high
fatality rates—averaging ~50% for EBOD and reaching up to
88% for MVD—though survival improves with early,
intensive care. Since their first recorded outbreaks in 1976
(EBOD) and 1967 (MVD), both have caused multiple
epidemics across Africa, with recent MVD cases reported in
Rwanda (2024) and Tanzania (2025). Vaccines and
therapeutics are approved only for EVD.

Filoviruses rely on the large (L) protein, which has
polymerase, capping, and methyltransferase activities
essential for RNA synthesis. The methyltransferase, uniquely
among Mononegavirales, catalyses 2'-O- methylation of
1nternal adenosines, a feature that may contribute to immune
evasion'. While the SUDV methyltransferase structure has
been solved comparative knowledge of related enzymes is
limited®.

In this study, we generated and tested methyltransferase
constructs from SUDV and MARV. Enzymatic activity was
assessed, and our in-house compound library was screened
using fluorescence assay. Several promising inhibitors were
identified, demonstrating conserved enzymatic vulnerabilities
across filoviruses. These findings may provide a foundation
for the development of broad-spectrum antivirals against
Ebola and Marburg viruses.
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Flaviviruses, such as the Dengue virus, represent
a major global health threat. The absence of effective agents
against these viruses highlights the urgent need for new
antiviral strategies. The NS5 methyltransferase (MTase)
catalyzes both N-7 and 2'-O methylation reactions. These
modifications then stabilize RNA, promote translation, and
protect the virus against immune detection. Despite its
potential as a therapeutic target, the development of small-
molecule NS5 MTase inhibitors has been hmlted by the lack
of complementary and reliable screening assays'.

Here, we present an integrated workflow combining
three orthogonal approaches to support the discovery of NS5
MTase inhibitors. A focused library of thirty S-adenosyl-L-
homocysteine (SAH) analogs, synthesized by copper-
catalyzed click chemistry, was profiled using: (i) fluorescence
polarization assay to detect ligand displacement in the SAM-
binding site, (ii)) NMR titration assay providing residue- level
insights into protein—ligand interactions, and (iii) an Echo®™
MS assay that directly quantifies enzymatic activity.

These three platforms show strong correlations, forming
a reliable pipeline in which high-throughput hits can be
identified, validated for activity and further characterized at
the molecular level. In addition, X-ray crystallography of
a NS5-SAH analog complex revealed the structural basis of
ligand engagement within the SAM-binding pocket®.

This work establishes a modular and adaptable screening
toolkit that not only supports rational discovery and
development of flavivirus MTase inhibitors but also offers
a framework applicable to other RNA-capping enzymes.

Acknowledgement

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.

REFERENCES
1. Pierson T. C., Diamond M. S.: Nat. Microbiol. 5 (6), 796
(2020).
2. Otava T., Drexler M., Chalupska D., et al.:
submitted.

Manuscript



Czech Chem. Soc. Symp. Ser. 23, 83—154 (2025)

P-09

C-NUCLEOSIDES AS ANTIVIRAL AGENTS:
SYNTHESIS AND BIOLOGICAL EVALUATION

OF NOVEL PSEUDONUCLEOBASE DERIVATIVES

TEREZA KARNIKOVA®™, MICHAL SALA®, SIMONA
HORKELOVA®, MILAN DEJMEK®, ELISKA

PROCHAZKOVA®, LUDEK EYER", EVZEN BOURA®,
JAN WEBER®, DANIEL RUZEK", RADIM NENCKA*"*

“ Institute of Organic Chemistry and Biochemistry of the
Czech Academy of Sciences, Fleminogovo namésti 542/2,

160 00 Prague 6, ® Department of Virology, Veterinary
Research Institute, Brno, ¢ Department of Organic Chemistry,
Faculty of Science, Charles University, Prague 128 00, Czech
Republic

nencka@uochb.cas.cz, tereza.karnikova@uochb.cas.cz

Nucleoside analogues represent key components of
modern antiviral therapy. However, their therapeutic usability
is often limited by rapid degradation in vivo and low
metabolic  stability.  C-nucleosides, in  which the
heteroaromatic part is connected to the sugar moiety through
a stable C—C bond, offer enhanced resistance to enzymatic
degradation, leading to a prolonged biological half-life and
potentially improved efficacy. The clinical relevance of this
scaffold is highlighted by approved antiviral remdesivir
(authorized for the treatment of severe COVID-19)".

In this work, we report the synthesis of a novel series of
C-nucleosides incorporating pseudonucleobases substituted at
the 5- and 6-positions with various (hetero)aromatic groups.
The goal was to expand structural diversity and investigate
the effect of these modifications on biological activity.

A small library of these analogues was prepared and
evaluated in vitro against a panel of RNA viruses, including
HIV, SARS-CoV-2, Influenza virus, Coxsackie B3 virus,
DENYV, HSV and TBEV. Most compounds showed modiocre
antiviral activity throughout this panel in cell-based assays.
The results nevertheless provide a valuable starting point, but
further studies are necessary to better understand the structure
-activity relationships and to explore additional modifications
that could enhance their therapeutic potential.
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Bunyaviricetes represent a group of emerging
arboviruses with serious implications for human and animal
health. Several members, such as Rift Valley fever virus
(RVFV), Crimean-Congo haemorrhagic fever virus
(CCHFV), are classified by the World Health Organization
(WHO) as pathogens with pandemic potential. These viruses
possess a segmented negative-sense RNA genome, with
replication and transcription entirely dependent on the viral
RNA-dependent RNA polymerase (L-protein). The enzyme
employs a cap-snatching mechanism analogous to that of
influenza A virus.

Despite their increasing relevance, therapeutic options
remain scarce and no vaccines are licensed for human use.
Our project aims to develop and characterize small-molecule
inhibitors of Bumyaviricetes polymerases. To this end, we
employ recombinant protein expression in E. coli and
baculovirus systems, combined with biophysical and
structural approaches such as isothermal titration calorimetry
and X-ray crystallography.

A particular focus of our work is the endonuclease
domain of the L-protein, which is essential for cap-snatching
but available high-resolution structures of CCHFV and RVFV
endonucleases are missing. We are addressing this knowledge
gap by producing and structurally analyzing the RVFV and
CCHFV endonuclease domains, and by probing its
interactions with small molecules.

Recently, we have identified a promising inhibitor hit
and successfully crystallized the apo structure of the RVFV
endonuclease domain. These advances lay the foundation for
structure-guided  antiviral development targeting the
replication machinery of Bunyaviricetes.
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Influenza A virus (IAV), a negative-sense, single-
stranded RNA virus from the Orthomyxoviridae family, poses
a significant threat to global public health. Its RNA-dependent
RNA polymerase, composed of the PA, PBI, and PB2
subunits, replicates and transcribes the viral genome within
the host cell nucleus. Among its functional domains, the
N-terminal endonuclease domain of the PA subunit (NPA)
plays a pivotal role in the “cap-snatching” mechanism, in
which short, capped RNA fragments from host pre-mRNAs
are cleaved and used to prime viral mRNA synthesis.
Inhibiting this activity is an attractive antiviral strategy, and
recent evidence indicates that certain small molecules,
originally developed as HIV integrase inhibitors, can also
target the NPA active site. This cross-reactivity arises from
similarities in the metal-ion coordination chemistry between
the two enzymes. Structural analyses have shown that such
compounds can bind within the NPA catalytic pocket,
chelating the essential divalent metal ions (Mg?* or Mn?*) and
thereby blocking its enzymatic function. Given that several of
these inhibitors are already clinically approved, their
repurposing for influenza therapy could accelerate the
development of effective treatments. In this study, we will
assess their inhibitory activity against the NPA endonuclease
and determine their binding modes through X-ray
crystallography.

Although direct enzymatic inhibition represents
a promising approach, viral replication is also critically
dependent on interactions between the polymerase complex
and host proteins, which can present additional therapeutic
targets. For example, the PA-PB1 heterodimer engages
Ran-binding protein 5 (RanBP5), a human karyopherin
involved in nuclear import, which is essential for the IAV life
cycle. Similarly, the PB2 subunit interacts with Janus kinase 1
(JAK1), a central regulator of host immune signaling. While
these host factors have been implicated in supporting viral
replication, many details of their mechanistic roles remain
unresolved. Here, we will investigate these interactions using
surface plasmon resonance (SPR) to quantify binding
affinities and kinetics, and cryo-electron microscopy to
determine high-resolution structural models of the complexes.
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HIV-1, the causative agent of AIDS, relies on a tightly
regulated interplay between viral and host factors during the
early stages of infection. The viral capsid protein (CA)
orchestrates critical pre-integration events, including core
transport, nuclear entry, uncoating, and integration site
targeting. Through CA pull-down assays followed by
SWATH-MS/MS  proteomics, = we  identified  the
multifunctional DEAD-box RNA helicases DDX1 and DDX3
as novel CA-interacting host factors during early HIV-1
infection in MT-4 cells. To assess their functional relevance,
we performed siRNA-mediated knockdown in Jurkat E6-1
and primary blood mononuclear cells, which led to
a significant decrease in HIV-1 replication as assessed by
reverse transcriptase activity. Single-round infection assays
and time-of-addition studies with small-molecule DDX3
inhibitors further localized their contribution to early post-
entry steps. Digital droplet PCR revealed that inhibition of
DDX3 compromised VvDNA integration, while co-
immunoprecipitation confirmed a specific interaction between
CA and DDX3 but not DDXI1. Importantly, molecular
dynamics simulations and mutational analysis were used to
map the DDX3-CA interface, revealing key amino acids in
both proteins critical for the interaction. These amino acids
were replaced by alanine, and the effects of these point
mutations on DDX3-CA interaction were assessed by co-
immunoprecipitation, confirming their importance. Overall,
these data suggest that DDX3 facilitates early replication
events preceding VDNA integration, likely by interacting with
CA to promote efficient core trafficking and/or uncoating.
Moreover, a small-molecule inhibitor of DDX3 significantly
suppressed viral replication, underscoring its potential as
a therapeutic target. Our findings expand the understanding of
host factors involved in early HIV-1 replication and highlight
DDX3 as a promising candidate for the development of novel
antiviral strategies targeting essential host—virus interactions.
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Adhesion G protein-coupled receptors (aGPCRs)
represent a unique and understudied family of seven-
transmembrane proteins, with many members still classified
as orphan receptors due to their unknown functions. While
certain aGPCRs have been implicated in neurodevelopment,
immune responses, and cancer, their involvement in viral
infections remains largely unknown. Recently, we reported
apotentlal role for one member, ADGRDI1, in SARS- CoV 2
infection in human lung adenocarcinoma cells (Calu-3)".

To broaden our understanding of aGPCR involvement in
respiratory viral infections, we performed RNA sequencing
analysis of SARS-CoV-2 infected Calu-3 cells and
incorporated it into meta-analysis integrating publicly
available datasets, focusing specifically on SARS-CoV-2 and
Influenza A virus (IAV) infections in lung cell lines. Based on
our observations, aGPCR expression exhibits considerable
variability influenced by factors such as cell type, multiplicity
of infection, culture density, and handling conditions.
Therefore, only datasets using untreated and non-transfected
cells were included.

We confirmed upregulation of ADGRDI1 as a common
candidate for SARS-CoV-2 and IAV. Furthermore, common
downregulated genes included ADGRC1 and ADGRGS6.
Additionally, virus-specific significantly changed expression
were observed — ADGRE2 and ADGRGI1 in SARS-CoV-2
and ADGRF3 and ADGRL2 in IAV. To account for subtle
shifts that can significantly impact signaling, we included
even aGPCRs with modest expression changes present in at
least one third of analyzed datasets.

These findings suggest that aGPCRs may have broader
roles in host responses to viral infections than currently
recognized, highlighting the need for deeper functional
studies.
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is the cause of the COVID-19 pandemic.
Coronaviruses have the largest genomes of all RNA viruses.
Importantly, viral RNA must be protected from the cellular
innate immunity." To mimic the host's mRNA cap,
SARS-CoV-2 utilizes its own capping enzymes, including
two MTases — nspl4 (N7 methylation; cap-0) and nspl6
(2'0 methylation; cap-1). Both MTases are SAM-dependent,
which makes them a suitable target for small-molecule
inhibitors.> One of the first agents shown to have activity
against coronavirus nsp14 MTase is sinefungin.’

Based on the structure of sinefungine, library of M Tases
inhibitors was created, currently there are more than one
thousand structures. To select suitable candidates, we tested
whole library in two types of cell cultures (Calu-3 and Vero
E6) under two multiplicities of infection. Based on the
percentage of SARS-CoV-2 inhibition, we selected 46 hits to
determine ECsy and CCs, values. For futher testing of innate
immune response we selected 5 compounds with ECs, values
below 1 pM.

To observe innate immune response in Calu-3 cells we
designed an assay where we can monitor changes in IFN-f,
IFN-A1, and MxA mRNA expression by RT-gPCR and
phosphorylation of TBK1 and IRF3 by flow cytometry. These
methods allowed us to compare immune activation in the
presence or absence of inhibitors during SARS-CoV-2

infection to select candidate molecules for further
development.
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Tick-borne encephalitis virus (TBEV) is a neurotropic
orthoflavivirus that invades the central nervous system (CNS),
causing severe neurological disease and posing a significant
public health threat. Traditionally, detecting TBEV in infected
cells or animal models relied on labor-intensive secondary
methods, preventing real-time observation of infection and
limiting studies of viral spread and host responses.

To address these limitations, we engineered
arecombinant TBEV virus expressing the TurboGFP (tGFP)
reporter fluorescent protein. While a similar approach of
using a traceable reporter cloned into the viral genome has
been previously used for various flaviviruses, maintaining
their stability has been challenging'. Our work presents
areporter virus that remains stable for at least 7 passages,
producing a strong fluorescent signal into the cytoplasm of
infected cells. This enables direct visualization of infection
both in vitro and in vivo, supporting detailed studies of viral
replication, tropism, and host-pathogen interactions.

Using this tool, we observed tGFP-TBEV infection
in vitro across various cell lines in real-time, enabling detailed
monitoring of viral replication and spread. We also analyzed
viral growth and fluorescence kinetics during infection,
providing reliable information about the tGFP-TBEV
replication. Ex vivo experiments using rat organotypic
cerebellar slice cultures offered further insights into TBEV
infection within a complex tissue.

For in vivo experiments, we infected BALB/c mice with
tGFP-TBEV and monitored disease progression to assess the
pathogenicity of the reporter virus in comparison with the
wild-type TBEV strain. Following infection, mouse brains
were collected and processed for both tissue sectioning and
advanced imaging approaches.

To further explore the spatial distribution of infection,
we combined tissue-clearing techniques with light-sheet
microscopy, enabling high-resolution, three-dimensional
visualization of viral spread throughout the entire mouse
brain. These findings offer a unique perspective on how
TBEV spreads within the mouse brain and provides new
insights into viral spread and pathology.

The tGFP-TBEV reporter virus also serves as a robust
platform for testing antiviral compounds and evaluating their
effects on viral replication and spread. Its high stability and
easily observed fluorescence make it well suited for diverse
experimental approaches.

In vitro characterization of new reporter fluorescent tGFP-TBEV virus
Design of tGFP insertion
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Scheme 1. Graphical abstract of the study

This work was recently published, and comprehensive
details can be found in the full study®. Future studies will
expand on these findings to deepen our understanding of
TBEV biology and to support the development of effective
antiviral strategies.
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Tick-borne encephalitis virus (TBEV) causes severe
CNS disease with lasting neurological sequelac. We
investigated how non-neuronal neurovascular unit (NVU)
cells contribute to blood-brain barrier (BBB) dysfunction and
neuroinflammation, and assessed the role of viral protein NS1
as a therapeutic target. Using primary human NVU cells,
microglia, in vitro BBB models, and a mouse infection model,
we examined viral replication, immune responses, barrier
integrity, and antibody-based interventions. TBEV infected all
NVU cell types with distinct kinetics; pericytes and astrocytes
showed immune activation, while microglia sustained long-
term infection. TBEV crossed endothelial monolayers
transcellularly without disrupting tight junctions, whereas
NS1 increased endothelial permeability.  Anti-NS1
monoclonal antibodies showed specific and cross-reactive
binding and extended survival in mice, but did not fully
protect. Our findings reveal that NVU cells facilitate TBEV
CNS entry and neuroinflammation without overt BBB
breakdown, and identify NS1 as a contributor to endothelial
dysfunction and a  partial therapeutic target.
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The SARS-CoV-2 exoribonuclease (ExoN) is a key e oH O i

component of viral replication, ensuring fidelity by N CHs

proofreading RNA synthesis. The ExoN represents a complex O‘ CHs

of non-structural protein (nsp) 14 along with its cofactor OH ©

nspl0. Intriguingly, nspl4 was also shown to effectively
excise nucleoside analogs from the nascent RNA strand.
Given this activity and its importance in the coronaviral
replication cycle, ExoN has been readily explored as an
antiviral target. Despite this, no clinically viable ExoN
inhibitors have been identified'. Computational studies have
proposed phenohc phytochem1cals as candidates for ExoN
inhibition? *, yet their efficacy remains largely unexplored.

In this study, we employed a dual-assay approach to
screen 60 phenolic natural products and related compounds
for inhibitory activity and binding to the ExoN complex with
nano-differential scanning fluorimetry. This selected panel
was based on published computational predictions and
in silico screens. Interestingly, the experimental evaluation
revealed only very limited correlation with the computational
predictions (Fig. 1). Nevertheless, it also identified shikonin
as an inhibitor with an IC50 in the single-digit micromolar
range and a potentially distinct mode of action, involving the
disruption of nsp14 and nsp10 interaction.

While the direct use of shikonin is unlikely due to high
cytotoxicity, we hypothesized that an in-depth analysis of
such molecule could pave the way for discovering novel
alternatives to classical active-site binders. We thus
performed a comprehensive analysis of shikonin using
enzyme kinetics, microscale thermophoresis, thermal
denaturation methods, chemical crosslinking, and analytical
ultracentrifugation, which confirmed the putative mode of
action and indicated targeting of nspl0. Subsequently, we
utilized hydrogen-deuterium exchange coupled with mass
spectrometry (HDX-MS) to probe the ExoN complex and
identify the affected region at its subunits. This structural
analysis not only confirmed that the complex disruption
results from conformational changes in nsp10, particularly in
the region that initiates its interaction with nsp14. Together,
these results position ExoN as a viable antiviral target and
underscore the potential of disrupting cofactor interactions as
a novel strategy in coronavirus drug discovery.
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Fig. 1. Results of thermal shift assay and nuclease activity assay
for selected compounds (A) Changes of the first midpoint
denaturation temperature (ATM) calculated in comparison with
the control nsp14:nsp10 mixture (molar ratio = 1:3) in DMSO.
The ATM values of the compound exhibiting at least 1 °C are
presented, involving both destabilizing (red) and stabilizing (blue)
molecules. (B) Evaluation of concentration-dependent inhibition
of nspl4:nsp10 exonuclease by selected compounds (myricetin,
ellagic acid and shikonin). The compounds were added in two-
fold dilutions, resulting in final concentrations of 500 nM, 250
nM, 125 nM, 62.5 nM 32.3 nM and 15.6 nM. NC represents a
negative control without the enzyme and PC is a positive control
reaction in the presence of DMSO. (C) Chemical structures of the
selected compounds exhibiting inhibitory potency in (B).
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The global rise of antibiotic resistance necessitates novel
therapeutic strategies to restore the efficacy of existing
antibiotics. One promising approach is the inhibition of
bacterial efflux pumps, which contribute significantly to
multidrug resistance in Staphylococcus aureus.

In this study, we evaluated 26 endogenous steroidal
hormones and neurosteroids, along with 30 synthetic
derivatives, for their ability to modulate bacterial efflux
activity. Using a combination of fluorescence-based ethidium
bromide accumulation, broth microdilution, and checkerboard
assays, we identified several compounds that enhanced
antibiotic susceptibility in multidrug-resistant S. aureus.
A structure-activity relationship (SAR) analysis revealed that
specific modifications of the pregnanolone scaffold,
particularly the introduction of polar substituents, markedly
improved activity.

Transcriptome analysis revealed that the most effective
derivative significantly reduced the expression of genes
involved in S. aureus virulence when administered alone or in
combination with antibiotic adjuvant therapy. Cytotoxicity
was assessed using the resazurin assay in human PBMCs, and
receptor-mediated hormonal activity was evaluated via
transactivation assays for estrogen, androgen, and
progesterone receptors. Importantly, the most active
derivatives were non-toxic and lacked measurable endocrine
activity, suggesting a favorable pharmacological safety
profile.

These findings support the hypothesis that rationally
designed steroidal scaffolds, especially pregnanolone-based
derivatives, can act as competitive bacterial efflux pump
inhibitors. Such compounds may serve as effective antibiotic
adjuvants, offering a viable strategy to mitigate efflux-
mediated resistance and enhance the therapeutic utility of
existing antibiotics.
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SARS-CoV-2 replication-transcription complex (RTC),
a complex of non-structural proteins and RNA, is crucial for
the replication of SARS-CoV-2, the causative agent of the
global pandemic COVID-19. The RNA-dependent RNA
polymerase (RdRp), which is responsible for the synthesis of
29.9kb single-stranded genomic RNA, plays a crucial role in
this complex. Unlike cellular DNA polymerases, viral RdRp
does not contain a high-fidelity exonuclease proofreading
domain. High-fidelity replication of the viral genome is
mediated by the 3'-to-5" exoribonuclease (ExoN), which is
comprised by the N-terminal part of non-structural protein 14
(nsp14). The formation of the nspl4 complex with another
viral protein, nspl0, is essential for ExoN activity. ExoN
excises nucleotides including nucleotide-based antivirotics
misincorporated by low-fidelity viral RdRp. In the Omicron
SARS-CoV-2 variant and its subvariants, including currently
circulating variants, an amino acid substitution 142V in nsp14
is conserved. The mutation is situated outside of the active
site of nspl4 and also it does not participate in interaction
with nsp10 or with RNA substrate. We hypothesize that the
mutation does not directly affect the ExoN activity of nsp14,
but that it could play a role during the formation of the nsp14/
nsp10 complex.

We expressed, isolated and purified the nspl4 WT
protein and its mutant variant nspl4 142V to compare their
properties. Protein production was carried out in the bacterial
expression system. This was followed by multi-step isolation
and purification by fast protein liquid chromatography
according to the protocol available in the laboratory. In order
to study the exoribonuclease activity of nspl4, it was also
necessary to express, isolate and purify nspl0. The ExoN
activity of prepared proteins was verified by activity assay.

Preliminary data of thermal stability show that nspl4
142V mutant exhibits lower stability than the wild-type
protein. The effect was comparable to that obtained through
chemical denaturation with urea.

Acknowledgement

The work was supported by the project National Institute of
Virology and Bacteriology (Programme EXCELES, ID
Project No. LX22NPOS5103) — Funded by the European
Union — NextGenerationEU.



Czech Chem. Soc. Symp. Ser. 23, 83—154 (2025)

P-18
MASON-PFIZER MONKEY VIRUS RECRUITS DHX15
TO PROMOTE RNA PACKAGING

ANETA PAGACOVA, KLARA BLAHOUTOVA,
MARINA KAPISHEVA, JAN PRCHAL, TOMAS RUML,
MICHAELA RUMLOVA

University of Chemistry and Technology, Technicka 5, 166 28
Prague, Czech Republic
pagacova@yvscht.cz

The DHX15 is an RNA helicase that plays a pivotal role
in various steps of cellular RNA metabolism. Its activity and
substrate specificity are modulated by protein cofactors,
especially those containing glycine-rich sequence known as
the G-patch domain (GPD)'. While this regulatory mechanism
has been well-characterised in the context of cellular
processes, recent studies have revealed that certain viruses
have evolved to utilise this mechanism for their own benefit.
A specific example is Mason-Pfizer monkey virus (M-PMV),
a betaretrovirus in which GPD has been identified. The
sequence and secondary structure of this viral GPD resemble
cellular ones known to activate DHX15 (e. g. NF-kappa-B-
repressing factor) suggesting a shared mode of action.

Using PAR-CLIP analysis, constitutive transport
element, an RNA element crucial for the export of unspliced
viral RNA from the nucleus, and its upstream sequence were
identified as potential binding site of DHX15 in M-PMV
genome’. In order to confirm and also narrow the DHX15
binding site, side-directed mutagenesis of this region was
performed and the interaction was studied in vitro using
microscale thermophoresis. Simultaneously, the impact of the
mutations on M-PMYV life cycle was investigated.

The overall results confirm the binding site position for
DHX15 in the M-PMV genome. Mutagenesis of the binding
site led to substantially decreased level of DHX15 in purified
viral particles, accompanied by reduced levels of viral RNA.

These findings reveal a previously uncharacterized
mechanism by which M-PMV manipulates host RNA helicase
activity to optimize its replication strategy. This work not
only expands our understanding of host—virus interactions at
the molecular level but also opens new avenues for exploring
helicase-mediated control of RNA fate in retroviral life
cycles.
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Immature particles of flaviviruses are coated by
amembrane decorated by spikes, each formed by three
heterodimers of pre-membrane (prM) and envelope (E)
proteins'. Maturation requires cleavage of prM into pr and M
fragments and rearrangement of the coat proteins into
a smooth herringbone pattern of M-E heterodimers®. Despite
the global health impact of flaviviruses, their assembly and
maturation are poorly understood'?. Here, we show that most
tick-borne encephalitis virus (TBEV) particles are asymmetric
and lack subsets of surface heterodimers. Transmembrane and
peripheral membrane helices of prM and E induce membrane
bending, which is necessary for TBEV budding into the ER
membrane. Immature particles of TBEV contain incomplete
spikes, providing evidence that their coats assemble directly
from prM-E heterodimers. Exposure of TBEV particles to
acidic pH in the Golgi complex promotes maturation. The
spikes and herringbone patterns in TBEV maturation
intermediates are arbitrarily oriented relative to each other
rather than being aligned to one icosahedral symmetry.
Furthermore, the shapes of the bare membrane areas of TBEV
virions and immature particles are different. Therefore, the
mature herringbone pattern assembles from a randomly
oriented nucleation center by gradually adding M-E
heterodimers to its edges as the spikes disassemble and prMs
are cleaved. The incompleteness of the protein coats explains
how flaviviruses can be neutralized by antibodies binding to
parts of E proteins inaccessible at the surface of the spiky and
herringbone structures, and opens possibilities for developing
antivirals targeting the virus membrane.
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Fig. 1. Scheme of TBEV assembly and maturation
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Membrane curvature sensing is a fundamental
biophysical mechanism' that underlies key cellular processes, AN
including vesicular trafficking, membrane remodeling, and
the internalization of transmembrane proteins such as G
protein—coupled receptors (GPCRs)**. Beyond their intrinsic
biological relevance, curvature-sensing peptides have also Fig. 1. Project summary A) Our previous study showed that in-
shown translational potential, for example in  selectively sertion depth of peptides can alter their curvature preference B)
targeting enveloped viral particles® or extracellular vesicles in Overview of the follow-up study to design novel curvature sensing
cancer’. peptides

Despite their significance, relatively few curvature-
sensing peptides have been characterized, and a generalizable Together, this work presents a computationally driven
design framework remains lacking. Amphipathic helices — strategy for the rational design of curvature-sensing peptides,
a class of a-helical peptides with hydrophobic and hydrophilic with broad implications for membrane biology, targeted
faces — have traditionally been considered sensors of positive therapeutics, and synthetic biology.
membrane curvature. We previously showed that they can
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Bacterial ribosome assembly is a highly coordinated,
multistep process essential for cellular viability'. It begins
with the transcription, folding, and extensive modification of
ribosomal RNA (rRNA), followed by the hierarchical
incorporation of ribosomal proteins into pre-ribosomal
particles'. This process is guided by a network of specialised
assembly factors, including RNA chaperones, GTPases,
rRNA modification enzymes, and quality control proteins,
which ensure accurate folding, prevent kinetic traps, and
license subunits for translation. Disruption of these factors
can stall assembly at specific checkpoints, leading to the
accumulation of immature ?articles, reduced translational
capacity, and growth defects®”.

In Escherichia coli, the small ribosomal subunit
assembly factor RimM plays a central role in the late stages of
30S maturation, facilitating the correct positioning of key
ribosomal proteins in the head domain'?. Deletion of rimM
results in slow growth, accumulation of assembly-arrested
30S particles, and impaired translation efficiency™.
Intriguingly, despite these defects, bacterial growth can
gradually recover over time*, indicating that compensatory
mechanisms can remodel the translation apparatus to bypass
the block in canonical assembly. Such adaptation reflects the
inherent plasticity of ribosome biogenesis and suggests the
existence of alternative maturation pathways that integrate
with global translation control.

Here, we show that this adaptation involves coordinated
actions of the ribosomal silencing factor RsfS® and translation
initiation factors. Using high-resolution cryo-electron
microscopy, we demonstrate that initiation factors associate
with immature 30S subunits, preventing premature subunit
joining until 30S assembly is complete. In parallel, RsfS binds
to 50S subunits, blocking their association with incompletely
matured 30S subunits. Together, these mechanisms safeguard
translation fidelity during late stages of ribosome biogenesis
(Figure 1). Our results reveal a previously unrecognised layer
of quality control in bacterial ribosome maturation, in which
ribosome-associated factors act cooperatively to maintain
translation under biogenesis stress.
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Wild type

Translation

Fig. 1. Proposed model for 70S assembly and translation recov-
ery. Left: In wild-type cells, RimM enhances the 30S head ribosomal
proteins incorporation and facilitates correct 30S subunit maturation.
IF1 and IF3 interact with mature subunits, allowing efficient initiation
following subunit joining. Right: 30S head maturation is slowed
down, and IF1 and IF3 due to their anti-association activities retain
longer on the 30S subunit in ArimM strain in order to enable the 30S
head maturation, where the ribosomal proteins are incorporated in
spontaneous and stochastic manner. RsfS coordinates its anti-
association function with IF1 and IF3 in order to avoid premature
subunit association.
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Treponema pallidum subsp. pallidum (T. pallidum) is
the causative agent of syphilis, a sexually transmitted human
disease with over 8 million new cases per year worldwide'.

For more than a century, 7. pallidum was considered to
be continuously uncultivable in vitro. In 2018, Edmondson
and colleagues published a technique allowing in vitro
cultivation of 7. pallidum. The culture conditions involve the
rabbit epithelial feeder cells, a complex liquid medium, and
incubation at 34 °C in the microaerobic atmosphere (5% CO,
and 1.5% O,). For long-term propagation, the 7. pallidum is
subcultured every 7 days”. This method has revolutionized T.
pallidum research, providing a platform for investigating
treponemal physiolo%y3 , antibiotic susceptibility*”’, and
genetic manipulation®. However, humanization of this
culture system is necessary to study the host-pathogen
interaction.

Only a handful of treponemal strains have been isolated
so far, maintained in vivo using passages in rabbits. Recently,
we developed an in vitro method to isolate T. pallidum
directly from clinical samples (Figure 1). This way, we
isolated six contemporary strains (MU1-MUG6) from the
Czech population, and characterized their genome. This
approach eliminates the need for rabbit propagation,
simplifying the isolation of clinically relevant treponemal
strains .

While rabbit epithelial cells support treponemal
multiplication in the original in vitro system’, we now
introduce human foreskin fibroblasts as feeder cells for 7.
pallidum cultivation''. This new system allows for the
continuous cultivation of several treponemal strains, including
the contemporary strain MU-6. This represents a significant
step toward "humanizing" 7. pallidum culture (Figure 1).

i |
) £ =m;{:,®

Genitaloral | _,_.ﬁ.hf"“‘" |
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-80°C

Fig. 1. Isolation of clinically relevant 7. pallidum strains
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By developing a rabbit-free method for isolation and
cultivation of 7. pallidum, our research provides a more
accessible and clinically relevant model to study syphilis
pathogenesis.
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Bacteria and bacteriophages are the most widespread
entities in the world'. Together, they form the basis of the
nutrient cycle in ecosystems and are also used in fields such
as biotechnology or medicine in the form of phage therapy,
where we take advantage of the parasitic nature of phages.
Similarly, phages also have their parasites, phage satellites?.
These usually wait quietly in cells for a productive phage
cycle when they hijack the phage machinery for packaging
their DNA to capsids composed of phage proteins and,
usually at the same time, interfere with phage propagation.
Their accessory genes often contain virulence factors,
antiphage defence systems or genes of unknown functions.
This three-way relationship between bacteria, phages, and
phage satellites gives rise to intriguing interactions and the
simplicity of transmission, together with their abundance in
bacterial genomes, makes phages and their satellites an
integral part of bacterial populations.

Typical phage satellites in staphylococci are phage-
inducible chromosomal islands (PICIs). We focused our
research on Staphylococcus epidermidis PICI designated as
SeCISE4g3. The genome structure of SeClggsg strongly
resembles typical PICI, but unlike others, it does not encode
any known genes associated with virulence or antibiotic
resistance. To better understand its transduction and how it
interacts with phages, we inserted an erythromycin marker
into its genome, created in-frame deletions in individual
SeClsgsg genes, and challenged strains bearing the modified
island by phages with different life cycles and morphologies
(myovirus and siphovirus).

This led us to the identification of a novel capsid
morphogenesis protein (Cmp) responsible for small-headed
virion formation, as well as an antiphage system encoded at
the 3" end of the SeClsgsg genome. We implemented various
methods (mass spectrometry, cryo-EM, RT-qPCR, gene
expression, and long-read Nanopore sequencing) and further
analysed Cmp interactions with phage structural proteins,
implications for its transduction, and how the antiphage
system protects the bacterial population against therapeutic
phages (Fig. 1). Sequence data analysis provided us with a
detailed picture of the mechanism of packaging and the origin
of DNA in virions, depending on the effects of various
stressors. Together, these results expand our knowledge of
SeClggas biology, the interaction of phages with their satellites
in general, and how it affects bacterial populations.
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Fig. 1. Phage-inducible chromosomal island (PICI) protects the
bacterial population against phages. Staphylococcus epidermidis
PICI interference with the bacteriophage life cycle provides re-

sistance for bacteria at the population level and promotes its
transduction to new recipients
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Co-translational quality control is triggered as
aresponse to translational stalling events. Yet, different
molecular mechanisms are employed for the recognition of
these stalls and to trigger downstream rescue and quality
control pathways. While the recognition of individual stalled
ribosomes is poorly understood, the use of collided ribosomes
as a proxy for the recognition of translation problems in the
cell is conserved from bacteria to humans' ™. In eukaryotes, co
-translational quality-control processes triggered by ribosome
collisions accomplish several tasks and eventually trigger
stress response signalling pathways®.

elF6-1

53 W
Gos_zfé?#@bus-z NEME=1; 3

60S-1

Scheme 1. Molecular model of a human RQC complex dimer cryo
-EM structure with P-site tRNA, NEMF, elF6 and eL19
molecules highlighted. The dimer consists of two 60S ribosomal
subunits stabilized in this conformation by interaction of RQC factors
and ribosomal proteins.

As a key pathway affecting host translation the
integrated stress response (ISR) is a highly conserved
eukaryotic mechanism for integrating multiple signals to
reprogram gene expression. These signals are conveyed by
protein kinases that phosphorylate the o subunit of the
initiation factor 2 (elF2). Mammals have four known elF2a
kinases: GCN2, PERK, HRI, and PKR, which are activated in
response to amino-acid starvation, ER stress, cytoplasmic
protein misfolding and viral infection, respectively’.

We examined the function of Mbfl during induction of
the ISR, and the role of ribosome binding in modulating this
activity. We present a cryo-EM structure, in which Mbf1 acts
as a bona fide ribosome collision sensor with its N terminus
resolved and bound to the stalled ribosome. Moreover, we
show that this region is important for Gcn2 activation,
establishing Mbfl as an integral component of the ISR.

To ensure the translation of their own mRNAs, viruses
take control of the host protein synthesis machinery.
Conversely, the host's innate immune defenses often target
translation to disable the infected cell's protein synthesis
apparatus. At the same time, innate defenses rely on protein
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production for their activation. As a result, the complex
connections among the translation machinery, viruses, and
innate immunity remain poorly understood. This applies
especially in the field of translation control. Recent work has
revealed that ribosome collisions trigger a series of quality
control events and activate both a dedicated ribosome-
associated protein quality control (RQC) and the Integrated
Stress Response (ISR)*. Here, the mechanisms by which
viruses avoid translational shutdown initiated by ribosomal
collisions have only begun to emerge.

To provide mechanistic understanding of these
processes, we employ cryogenic electron microscopy (cryo-
EM). To be able to study translation of defined viral mRNAs
and allow for straightforward structural characterization, we
are developing a cell free in vitro translation system from
specifically modified human cells.
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Lytic bacteriophages are effective therapeutic agents
against antibiotic-resistant bacteria. Furthermore, recent
advances in CRISPR-Cas—based genome editing techniques
have expanded the possibilities of engineering phages with
novel and unique properties. In our study, the polyvalent
Staphylococcus aureus phage 812h1 was genetically modified
by inserting a polyhistidine tag into an exposed loop of the
tail sheath protein. An editing strategy combining
homologous recombination with CRISPR-Casl0-assisted

counter-selection allowed the construction of stable
recombinant particles.
The His-phages were specifically recognized by

antibodies, and their attachment to bacteria was visualized by
fluorescence microscopy. The structural modifications did not
impair the biological activity of the phages, and their
functionality was further validated using bio-layer
interferometry, enzyme- -linked immunosorbent assay, and
flow cytometry'. The engineered phages provide new
opportunities for applications in research, diagnostics,
environmental monitoring, and the development of advanced
biosensing tools.

Acknowledgement

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.

REFERENCE
1. Simetkova H., Bardy P., Kuntova L., Machadova E.,
Botka T., Binovsky J., Houser J., Farka Z., Plevka P.,
Pantticek R., Maslaniova I.: ACS Synth. Biol. 74(8), 2979
(2025).

109

NIVB Meeting 2025

P-20

CORRELATIVE FLUORESCENCE AND CRYO-
ELECTRON MICROSCOPY FOR BIOFILM MATRIX
ULTRASTRUCTURE ANALYSIS

MICHAELA PROCHAZKOVA™, DMYTRO DZIUBA®,
GREGOR WEISS®

“ CEITEC Masaryk University, Kamenice 5, 62500 Brno, CZ,
PCNRS, Laboratory of Bioimaging and Pathology, University
of Strasbourg, 74 Route du Rhin — CS60024, 1llkirch-
Graffenstaden cedex, F-67401 Strasbourg, FR,

“Institute of Medical Microbiology, University of Zurich,
Gloriastrasse 28/30, 8006 Zurich, CH
michaela.prochazkova@ceitec.muni.cz

Staphylococcus aureus biofilms pose a significant
challenge in clinical settlngs due to their resilience against
antimicrobial treatments'. Understanding the ultrastructure of
the biofilm extracellular matrix (ECM) is crucial for
developing targeted interventions’. However, the ECM’s
hydration-sensitive nature and structural co ?lemty make
high-resolution imaging particularly challenging".

This study explores a correlative fluorescence and cryo-
electron microscopy (cryo-EM) approach to visualize biofilms
in near-native conditions. Biofilms are grown directly on EM
grids and vitrified using the ‘waffle’ method to preserve
ultrastructure®. Fluorescent markers targeting key ECM
components — extracellular DNA, polysaccharides, and
amyloid-like proteins — are evaluated for cryo-compatibility.
We integrate two complementary cryo-EM workflows:
volume cryo-focused ion beam scanning electron microscopy
(cryo-FIB-SEM) in a slice-and-view mode to assess overall
architecture and cryo-lamella preparation for high-resolution
cryo-electron tomography.

Preliminary results demonstrate the successful retention
of fluorescence signals in vitrified biofilms, enabling targeted
high-resolution imaging. Future work will refine labeling
strategies, optimize correlative workflows, and apply this
approach to study biofilm adaptation under stress conditions.
By bridging fluorescence-based biofilm characterization with
high-resolution cryo-EM, this study will advance structural
insights into biofilm ECM organization and function. This
project is currently in the stage of a proposal for the MSCA
fellowship.
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Pseudomonas phage LUZ19 exhibits broad infectivity
across clinically relevant P. aeruginosa strains. Phage
assembly starts from a dodecameric portal complex attached
to the host cell membrane. The construction of the capsid
shell around the portal is facilitated by scaffold proteins
which create a mesh structure located inside the completed
immature procapsid. The scaffolding is cleaved and discarded
during the genome filling and the accompanying procapsid
expansion.

To understand how the scaffold protein of LUZ19,
with roughly half of its residues predicted in disordered
linkers, establishes the icosahedral shape of the phage capsid
and mediates the symmetry mismatch between the capsid and
the portal vertex, we conducted a cryo-EM study of the
immature LUZ19 phage particle. We show that the immature
procapsid is 16% smaller and exhibits a rougher surface
compared to the expanded capsid. The particle contains
scaffold and inner core proteins alongside portal and capsid
proteins. The inner core complex forms a tower structure
inside the capsid, composed of three types of proteins stacked
over the portal complex. Interestingly, the portal complex is
not in direct contact with capsid proteins; instead, C-terminal
a-helical domains of scaffold proteins bridge the interaction.
Our ongoing research aims to elucidate the intricate
interactions between scaffold proteins within the mesh, with
particular focus on the functional role of their long, disordered
N-termini.
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Staphylococcus aureus phage phi812 is a promising
agent for phage therapy due to its lytic activity against a broad
host range, including antibiotic-resistant and biofilm-forming
strains. To fill the gaps in knowledge about phi812 head
assembly, this work used cryo-electron tomography (cryo-ET)
and cryo-electron microscopy (cryo-EM).

Cryo-ET data revealed sequential stages of head
assembly in infected cells: membrane-associated cup-like
precursors, spherical proheads I, expanded proheads II, and
DNA-filled mature heads. Sub-tomogram averaging revealed
three distinct structures of phage assembly intermediates,
differing in size and surface features. These include prohead I,
genome-packaging intermediate of prohead II, and the DNA-
filled head, with resolutions of 35, 45, and 31 A, respectively.

The icosahedral reconstruction of phi812 head assembly
intermediates resulted in three prohead II classes that differ in
the occupancy of minor capsid proteins. The mature head and
prohead II display a similar overall organization of the major
capsid proteins. During DNA packaging, the asymmetric unit
of prohead II undergoes an inward tilt of ~1.6° around a pivot
point at the 5-fold axes, leading to capsid flattening and
a slight size contraction in the mature head.

This study provides detailed structural insight into the in
situ assembly of phage phi812 heads in S. aureus. Cryo-ET
captured key stages of head maturation. High-resolution cryo-
EM revealed that maturation involves radial expansion,
followed by compaction and stepwise incorporation of minor
capsid proteins.
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Liposomes are artificial vesicular structures formed by
lipid bilayers, capable of encapsulating both hydrophilic and
hydrophobic substances in aqueous environments. Widely
applied in pharmaceuticals, cosmetics, and food industries for
drug delivery, liposomes have recently shown promise in
agriculture as eco-friendly carriers of pesticides, fertilizers,
and antiviral agents, enabling controlled release and reducing
environmental impact.

We have developed a novel technology for producing
liposomal bionanocomposites (BNCs) based on biologically
active compounds of microbial and fungal origin, specifically
rhamnolipids (RhLs) from Pseudomonas aeruginosa 301
ONU and polysaccharides (PS) from Ganoderma lucidum
(Curtis:Fr.) Karst. Optimization of production conditions for
RhLs and PS, along with purification technologies, was
performed, and the optimal ratio of components was
determined to maximize the yield, stability, and biological
activity of the resulting nanostructures. The BNCs, organized
as artificial glycan—glycolipid complexes, were characterized
for their structural, morphological, physicochemical, and
biological properties. Their biological activity was evaluated
in various in vitro and in vivo experimental systems,
demonstrating potential applications in agriculture as antiviral
agents, biostimulants, and inducers of natural plant resistance.
Field trials on Triticum L. confirmed enhanced -crop
productivity and improved resistance to cereal viruses.

The developed BNC biotechnology, leveraging
hydrophobic-hydrophilic interactions to form supramolecular
structures, expands the toolkit for modulating host—pathogen
interactions. Understanding these processes will accelerate the
development of broad-spectrum prophylactic and therapeutic
agents for controlling viral infections in plants, warm-blooded
animals, and humans. The biodegradability and low toxicity
of BNCs position them as safe and universal tools for both
agricultural and biomedical applications.
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Streptomyces are valuable sources of natural products.
Streptomyces sp. Y15, SK4, and SK16 were isolated from soil
samples collected in Kryvyi Rih, Ukraine, near the
Kryvorizhstal industrial complex, an area affected by missile
strike. The soil was characterized by elevated concentrations
of heavy metals: Zn(II) (921.5 mg/L), Ni(II) (200.0 mg/L),
Cr(IV) (1244 mg/L), Cu(l) (54.3mg/L), and Fe(Ill)
(218,4 g/L). Whole-genome sequencing was performed using
the Illumina NovaSeq platform. Genome annotation was
conducted using DFAST, the RAST, and antiSMASH 8.0.
Antifungal activity against Fusarium species (was evaluated
using a dual-block confrontation assay. Biocontrol potential
against opportunistic microorganisms and phytopathogenic
bacteria was assessed via a modified dual plate assay. To
determine the ability to synthesize bioactive metabolites,
LC-MS analysis was performed, and data were processed
using Compass DataAnalysis 6.1 software. Phylogenetic
analysis revealed that Streptomyces sp. Y15 was closely
related to S. youssoufiensis X4 and S. guanduensis 701.
Streptomyces sp. SK4 exhibited 100% identity with S. lidicus
ATCC 25470, while Streptomyces sp. SK16 displayed close
evolutionary ties to S. apricus SUN 51, S. dioscori
QTP243123, S. tauricus JCM 4837, and S. aurantiacus
BCCO 10-394. The genome of the studied strains encoded
adiverse array of BGCs, indicating strong biosynthetic
potential. Thus, Streptomyces sp. Y15 has an ecoded ability to
synthesize youssoufene Al, Bl, B2, B3, B4 piericidin,
echoside A-E, disionitrile antibiotics SF2768, etc. Strain SK4
exhibited strong activity against F. oxysporum TRI1
(11.00 mm). Strain Y15 showed broad-spectrum antifungal
activity, particularly against F. culmorum DSM 21733
(11.05 mm). In contrast, SK16 inhibited only F. oxysporum
DSM 21731 (11.3 mm). The analysis revealed limited
bioactivity of the strains against phytopathogenic bacteria;
however, they exhibited strong inhibitory effects against
S. aureus ATCC 25923. In conclusion, the studied
Streptomyces  strains demonstrated diverse biosynthetic
capacities and variable antimicrobial profiles highlighting
their potential for future biotechnological applications.
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Bacterial translation initiation is a key regulatory step in
gene expression, requiring precise coordination between
initiator tRNA recruitment, initiation factors, and ribosomal
subunit joining'?. The process begins with the placement of
the initiator tRNA™® into the P-site of the 30S subunit, aided
by initiation factor 1 (IF1) in the A-site and initiation
factor 2 (IF2), a GTPase, promoting 50S subunit docking to
form the 70S initiation complex (IC)’. IF2 exists in three
isoforms (a, B, y) in E. coli, with the o-form being the most
active in promoting initiation*. Despite its functional
importance, the a-form has never been structurally and
mechanistically characterised in the context of the complete
initiation pathway. In particular, the influence of its extended
N-terminal domain on subunit joining and the molecular
sequence linking GTP hydrolysis, phosphate release, and IF2
dissociation remain unresolved.

Here, we use the a-form of E. coli IF2 in combination
with time-resolved cryo-electron microscopy to fill these
gaps. Our results reveal that the [F2 N-terminal domain serves
as a stable anchor on the 30S subunit during initiation. We
capture distinct conformational states of IF2 following GTP
hydrolysis, providing structural snapshots that map the
pathway from subunit joining to IF2 release. These findings
deliver the first integrated structural framework for IF2o—
mediated initiation, offering time-resolved insight into factor
dynamics that define the transition from initiation to
elongation.
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Rift Valley fever virus (RVFV) is a segmented, zoonotic
RNA virus that causes severe disease in both humans and
livestock. In newborn animals, mortality rates can approach
100%, while in humans, severe hemorrhagic forms carry
fatality rates of up to 50%'. Central to RVFV replication and
transcription is the viral RNA-dependent RNA polymerase
(L-protein), which initiates RNA synthesis through
a distinctive prime-and-realign mechanism directed by
promoter sequences at the 5’ and 3’ termini of each genomic
segment’®. While this strategy is essential for viral
propagation, the structural and mechanistic basis for
promoter-driven regulation of RVFV replication has remained
poorly understood.

Here, we applied single-particle cryo-electron
microscopy to visualise the RVFV L-protein engaged with
promoter sets during replication. Our structures capture
distinct conformational intermediates and reveal how
promoter binding modulates the architecture of functional
domains, stabilising specific states along the replication
pathway. These findings provide a mechanistic framework for
understanding promoter-dependent control of viral RNA
synthesis and identify structural features of the L-protein that
could be targeted for antiviral intervention.
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Although syphilis diagnosis can be challenging due to
variable symptomatology and limitations of serological tests,
syphilis treatment has been considered straightforward, based
on the decades-long universal susceptibility of TPA to
penicillin'. Despite the lack of documented clinical evidence
of antibiotic resistance, the numbers of reports of penicillin
treatment failure are increasing.

Recently we reported a single nucleotide change
(A1873G) in the penicillin binding protein gene TP0705 of
Treponema pallidum subsp. pallidum (TPA) that resulted in
partial resistance to ceftriaxone and penicillin G in vitro®
representing a risk of TPA strains accumulating additional
mutations leading to increased of f-lactam antibiotics
resistance. Analysis of available sequence data revealed that
contemporary TPA strains harbor 2 additional frequent
polymorphisms (G1516A and C1517T) in TP0705 affecting
the same amino acid suggesting they could also have
influence on B-lactam antibiotic susceptibility of TPA.

During in vitro cultivation of type strains representing
both clades of TPA in the presence of borderline ceftriaxone
concentration experimentally shown to eliminate 95% of
bacterial population, 2 different strains resistant to ceftriaxone
were isolated. The level of resistance to ceftriaxone was same
or bigger than of A1873G mutant proved to be partially
resistant to ceftriaxone and penicillin G*. The sequencing
revealed single nucleotide change in metal-dependent
phosporylase TP0073 and peptidase family M23 protein
TP0864 in SS14 strain and probable lipoprotein TP0346 and
penicillin binding protein TP0760 in DAL-1 strain.

Altogether the presented findings challenge the alarming
fact that syphilis management depends solely on antibiotics
and our further experimental efforts aim to stress the need to
accelerate syphilis vaccine development.
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Bacterium Treponema pallidum is a human pathogen.
Based on the subspecies, it causes several diseases;
Treponema pallidum subsp. pallidum (TPA) is the causative
agent of syphilis, Treponema pallidum subsp. pertenue (TPE)
is the causative agent of yaws, and Treponema pallidum
subsp. endemicum (TEN) is the causative agent of bejel.

During host infection, populations of treponemes are not
genetically identical but contain different subpopulations'.
Previous studies revealed genetic heterogeneity on a genome-
wide scale®®, but were limited in number of analysed
genomes. Other studies mapped the instrastrain heterogeneity
in 37 genomes and found more than a hundred variable
positions in more than 70 genes. However, these studies were
limited by low depth coverage of the sequenced genomes®,
incomplete genome sequences’, and limited number of
available genomic sequences®.

This study analysed 13 genomes with available finished
genome sequences where average depth coverage was higher
than 100x to overcome the abovementioned limitations.
Moreover, the sequences were analysed in separate parts to
allow analysis of paralogous genome regions. Intrastrain
heterogeneity sites including variability in homopolymeric
tracts were determined and compared between the genomes.
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Treponema pallidum subsp. pallidum (T. pallidum), the
etiological agent of syphilis, remains a major public health
concern worldwide. For decades, the organism’s fastidious
growth requirements hindered its continuous in vitro
propagation and greatly limited the development of genetic
tools. Recent advances in cultivation methods' have now
made genetic manipulation possible’. In this work, we aimed
to identify genes that are non-essential for 7. pallidum
survival. To achieve this, we applied random transposon
mutagenesis, generating insertional mutants at multiple
genomic locations. Disruption of specific genes demonstrated
that these loci are dispensable for bacterial viability under
in vitro conditions. Our approach utilized chemocompetence-
mediated transformation of two 7. pallidum strains, DAL-1
and SS14, with a suicide plasmid harboring a transposon.
Following transformation, cultures were maintained over
multiple in vitro passages under continuous kanamycin
selection, which enriched for viable mutants. High-throughput
Illumina sequencing was then performed to accurately
identify and map over thirty transposon insertion sites across
the genome. These loci provide insights into the minimal gene
set required for 7. pallidum growth and may help uncover key
determinants of treponemal virulence.
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Chronic wound infections are often associated with
biofilm-forming  opportunistic =~ pathogens,  including
Staphylococcus aureus and Pseudomonas aeruginosa. These
biofilms are highly tolerant to conventional antibiotic therapy,
leading to treatment failures and persistent infections.
Bacteriophages represent a promising alternative or
complementary approach, as they can target bacteria within
biofilms. Importantly, synergistic interactions between
bacteriophages and antibiotics may enhance therapeutic
efficacy by improving bacterial eradication and preventing
resistance emergence. To study such interactions, sensitive
methods for real-time monitoring are needed.

Quartz crystal microbalance (QCM) enables the
detection of biofilm formation and disruption with high
temporal resolution and sensitivity. We applied QCM to
monitor biofilm responses to phage—antibiotic combinations
and identified conditions permissive for synergy'. To validate
these findings, we employed an in vitro chronic wound model
that mimics the complex environment of wound infections.
Phage—antibiotic combinations were tested for their ability to
reduce biofilm biomass and bacterial survival compared to
single treatments.

This approach enables the rational design and
optimisation of combined treatments for difficult-to-treat
biofilm-associated infections.
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Despite its long history and the urgent need for
alternatives to antibiotics, phage therapy has not become
astandard medical approach, largely due to limited
pharmacological data from preclinical and clinical trials. Key
gaps include understanding phage distribution and bacterial
targeting. Insufficient knowledge of these aspects can lead to
reduced therapeutic efficacy, such as low phage concentration
at the site of infection or failure against specific strains.

Our study compares the pharmacological aspects of
phage therapy in a murine model of open wound, where
systemic Staphylococcus aureus infection occurs, and in
a murine model of abscess, which simulates local infection.
The pharmacological and pharmacokinetic aspects of phage
therapy were studied in 170 mice over 5 days using
an S. aureus abscess infection model. Phages exhibited
immunomodulatory activity, as evidenced by changes in the
expression of anti-inflammatory and pro-inflammatory
markers of animals, assessed by RT-PCR and Western
Blotting. The expression of inducible nitric oxide
synthase (iNOS), which is a pro-inflammatory marker in the
liver, was increased in groups of animals infected with
S. aureus and decreased in the phage-treated group. Phage
kinetics were monitored using qPCR and plaque titration
methods throughout the experiments, revealing rapid
clearance of bacteriophages from the bloodstream within one-
hour post-administration.

This study highlights pharmacological aspects of phage
therapy, supporting its broader clinical application.
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Within the Gram-positive family Staphylococcaceae,
bacteriophages infecting Staphylococcus aureus have been
extensively characterized, whereas those associated with the
genus Macrococcus remain largely unexplored. Here, we
characterized phage phi9224 induced from the Macrococcus
psychrotolerans 19Msal099 (ref.") genome by mitomycin C.

SDS-PAGE and mass spectrometry were used for the
identification of virion proteins. A viral genome was
sequenced on the MinlON sequencing platform. For the
structure determination of phage phi9224, cryo-electron
microscopy has been used.

Proviral DNA is integrated into the rpsD gene. A full-
length viral genome is linear, 38.6 kbp long and encodes
56 predicted genes, including nine virion structure genes. The
genome modular structure is typical for Staphylococcaceae
siphophages. Two integrases are encoded: a site-specific
integrase in the lysogeny genomic module and a tyrosine
recombinase in the DNA-metabolism module. Database
search showed that the phage has no significant similarity
with known phage proteins.

The virion consists of a 65 nm icosahedral capsid
(2.96 A resolution) containing the phage genome, a connector
between the capsid and the tail, and an approximately 300 nm
long tail, which is terminated by a 52 nm long tail tip. The tail
structure is composed of the major tail protein forming
a hexameric ring arranged into a six-entry helix with a twist
of 11.5° and 41.67 nm rise. The major tail protein was
reconstructed to 2.90 A resolution using a helical
reconstruction algorithm. The tail tip of this phage is very
inhomogeneous and not visible in cryo-EM data. Preliminary
experiments showed the role of the tail tip in the infection of
bacteria with very thick cell walls.

A novel phage subfamily is proposed based on
morphological, phylogenetic, and genomic analyses.
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Lysing pathogenic  Bordetella  bacteria release
a neurotropic  dermonecrotic toxin (DNT), which is
endocytosed into host cells and permanently activates RhoA
family GTPases by polyamination or deamidation of
glutamine residues in their switch II regions (e.g., GIn63 of
RhoA).

In B. bronchiseptica, DNT facilitates bacterial
colonization in the nasal cavity of pigs and inhibits the
differentiation of mnasal turbinate bone osteoblasts,
contributing to atrophic rhinitis. However, the role of DNT in
virulence of B. pertussis and pathogenesis of whooping cough
remains unclear.

Recent studies identified T-type voltage-gated calcium
channels (Cav3.1 and Cav3.2) as receptors for DNT. Our
findings confirm that DNT interacts with these channels,
facilitating calcium entry into cells and enhancing its RhoA
polyaminase and deamidase activity. However, we did not
observe a direct binding of DNT to cells via these channels,
suggesting that additional receptor(s) may be involved.

We developed a method to purify large quantities of
lipopolysaccharide (LPS)-free recombinant DNT with high
biological activity on sensitive cells, including its fragments
and detoxified variants. Contrary to earlier reports, we show
that the C-terminal enzymatically active domain specifically
binds to sensitive cells, while the N-terminal "binding"
domain does not. Our results reveal that even extremely low
concentrations of DNT (femtomolar) disrupt the function of
primary rat neurons cultured in vitro. DNT damages astrocyte
protrusions, halting their support for neurons, leading to
progressive neuronal death and loss of action potential
transmission. Additionally, intravenous administration of as
little as 3 ng (18 fmol) of DNT in mice causes weight loss and
severe neurological symptoms, ultimately resulting in death.
We report significant progress in understanding of the
molecular mechanisms underlying DNT's effects at such low
concentrations and mapping of its cell-binding domains,
shedding light on its potential role in B. pertussis
pathogenesis.

Despite these findings, unfortunately, we have so far
been unable to identify a clear role for DNT in in vivo
infections using the mouse model. We have attempted to
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analyze the composition of cellular populations following
infection with wild-type bacteria and bacteria with a mutation
of the DNT gene, but no significant differences attributable to
DNT were observed.

Primary rat neuronal network

&

Control cells or
100 pg/ml DNT C1305S

100 pg/ml DNTwt

Low doses of rDNT destroy the neuronal network. Primary rat
neuronal cells were isolated from one day old rats. Astrocytes
were isolated from the brain cortex and cultured separately for
14 days before hippocampal neurons were isolated and seeded
onto astrocytes to form the astrocytes-neuron network
(neurons are not stained in the images, only green-labelled
astrocytes are visible). The co-culture of neurons + astrocytes
was treated with 100 pg/ml of rtDNTwt or DNT carrying the
mutation in Cys1305 (rDNT _CS, the detoxified version of
DNT) as a control for 5 days. rDNTwt caused loss of
astrocyte protrusions and consequently astrocytes stopped
feeding the neurons, which died and fall apart over time of
incubation.
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In the constant battle for nutrients and space, bacteria
are equipped with an arsenal of toxic weapons. Among these
belong glycocins, a distinct class of ribosomally synthesized
and post-translationally modified antimicrobial peptides that
contain covalently attached sugar moieties.

Despite growing interest in this unique group of
antimicrobials, the modes of action of glycocins remain
largely unclear. Unlike many classical antimicrobial peptides
that disrupt membrane integrity through pore formation,
glycocins tend to exhibit more specific and often non-lytic
activity. Some are thought to interfere with essential
intracellular targets or inhibit key metabolic processes, but the
precise molecular mechanisms of actlon remain unknown for
all currently characterised glycocins'.

One of the best-characterised members of the glycocin
family is sublancin, produced by Bacillus subtilis. Sublancin
is a 37-amino-acid long peptide containing a unique S-linked
glucose modification on a cysteine residue, along with two
disulfide brldges that confer structural stablhty Sublancin
kills various Gram-positive bacterial species, including
clinically relevant pathogens such as Bacillus cereus,
Staphylococcus aureus, and Streptococcus pyogenes, making
it a prormsmg candldate for development as a novel
antibiotic>. Previous studies have shown that sublancin
activity depends on the phosphotransferase system (PTS)*. It
has also been shown that sublancin interferes with nucleic
acid synthesis — specifically replication and transcription,
suggesting that sublancin is translocated into the bacterial cell
via the PTS system and that its target(s) are located
intracellularly’.

Another aspect that remains unclear is how the
sublancin-producing strain protects itself against its own
antimicrobial. It has been shown that protection is conferred
by a membrane-bound antitoxin, Sunl, although the
underlying mechamsm by which it prov1des protection has yet
to be elucidated®.

Advances in our understanding of sublancin action and
immunity will be presented and discussed.
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Sublancin
Producer \’}O }C‘ Sensitive
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? ETS
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7

Fig. 1. Sublancin — current knowledge. Upper panel — Structure
representation of sublancin. Bottom panel — A model summarizing
all information published to date about sublancin: (i) The producer of
sublancin is protected by the Sunl antitoxin. (ii) The PTS system of
the sensitive strain plays an important role in the effect of sublancin.
(iii) Sublancin inhibits nucleic acid synthesis.

Individual aspects that require further investigation are marked with a
question mark. The mechanism of action of sublancin has not yet
been clarified.
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Clostridioides difficile is a leading cause of hospital-
acquired diarrhea. However, the rise of antimicrobial
resistance in epidemic C. difficile lineages compromises
treatment efficacy and increases the risk of spreading
resistance to other pathogens'.

We have identified a novel macrolide resistance gene,
mrmA (macrolide resistance methyltransferase A), by
comparative genomic analysis of erythromycin-susceptible
and resistant C. difficile strains’. The encoded MrmaA,
a putative SAM-radical 23S rRNA methyltransferase, shares
homology with RImN and Cfr. RImN methylates the C2 atom
at nucleotide A2503, which controls translational accuracy,
whereas Cfr methylates the C8 atom at the same nucleotide,
resulting in resistance to phenicols, lincosamides,
oxazolidinones, pleuromutilins and streptogramin A, but not
to erythromycin®. However, heterologous expression of mrmA
in E. coli resulted only in specific resistance to erythromycin
and streptogramin B.

Erm dimethylate A2058
Me

clashwith

binding clashwith ERY binding
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We hypothesize that MrmA (Figure 1), similar to RImN
or Cfr, possesses methyltransferase activity but targets
a distinct adenine position, disrupting macrolide and
streptogramin B binding. Direct 23S rRNA nanopore
sequencing and primer extension assays have indeed revealed
altered methylation patterns at the 23S rRNA nucleotide
A2058 in strains producing MrmA. This nucleotide is
typically dimethylated at its N6 atom by Erm-family
methyltransferases, conferring broad resistance to macrolides,
lincosamides, and streptogramin B antibiotics. Structural basis
of MrmA-mediated ribosome modification was determine by
Cryo-EM studies and reveal new methylation on C2 of
A2058.

This research uncovers a unique resistance mechanism
mediated by RImN-family enzymes in C. difficile, providing
new insights into their substrate adaptability and the evolution
of antibiotic resistance.
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Fig. 1. Hypothesis of MrmA-mediated methylation
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Bordetella pertussis is the causative agent of whooping
cough (pertussis), a severe respiratory disease that remains the
least controlled vaccine-preventable illness. The bacterium
produces filamentous hemagglutinin (FhaB), a surface-
exposed adhesin essential for bacterial attachment to the
airway epithelium and biofilm formation. Additionally, FhaB
is thought to have immunomodulatory functions, potentially
subverting host immune defences through mechanisms that
are not yet fully understood. In this study, we aimed to
characterize the molecular mechanisms by which FHA
contributes to B. pertussis resistance against complement-
mediated killing. Using enzyme-linked immunosorbent assays
(ELISA) and bio-layer interferometry (BLI), we demonstrated
that the processed N-terminal ~220 kDa fragment of FhaB
(mature FHA) interacts with the regulatory C4b-binding
protein (C4BP), as well as with the C3 and Clq components
of the complement system. Deletion of the thaB gene (AfhaB)
resulted in a significant increase in sensitivity of the deletion
mutant to complementmediated killing as compared to the
parental strain. Furthermore, flow cytometry revealed that the
AfhaB  mutant exhibited enhanced antibody-dependent
deposition of complement proteins C3b/iC3b and C5b9 on its
surface. These findings provide new insights into the
complement evasion strategies of B. pertussis and may have
implications for the development of targeted therapeutics
against whooping cough.

Acknowledgement

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.

119

NIVB Meeting 2025

P-34
DECIPHERING THE EARLY INNATE IMMUNE
RESPONSE OF NASAL MUCOSA TO BORDETELLA
PERTUSSIS INFECTION

LUDMILA BLECHOVA™®, JANA HOLUBOVA?,
ONDREJ STANEK®, LADISLAV BUMBA®,
VERONIKA NIEDERLOVA®, ALES NEUWIRTH¢,
JURAJ MICHALIK®, ANNA MORALES MENDEZ,
ONDREJ STEPANEK®, PETER SEBO**

¢ Institute of Microbiology of the Czech Academy of Sciences,
b Faculty of Science, Charles University, © Institute of
Molecular Genetics of the Czech Academy of Sciences, Czech
Republic

Bordetella pertussis is a strictly human pathogen that
elicits a highly contagious respiratory illness known as
pertussis, or whooping cough. Current mouse models enabled
identification of many bacterial virulence factors and
development of pertussis vaccines, but the mechanisms
underlying the process of B. pertussis transmission during the
catarrhal phase of pertussis disease remain largely unexplored
due to lack of a convenient animal model. Recently, we have
used immunodeficient MyD88 knock-out mice to achieve
a human-like high level of nasal mucosa infection, which
triggered rhinitis and catarrhal shedding of bacteria from
mouse nasal cavity and transmission of the infection onto co-
housed adult animals (Holubova et al., 2022, PLoSPathog 18:
¢1010402). Here, we compared the early innate immune
response of the conventional C57BL/6 mice and the MyD88-
deficient mice upon intranasal challenge with B. pertussis.
Flow cytometry analysis of cells from nasal tissue shows how
multiple immune cell populations infiltrate the nasal mucosa
after infection in both strains of mice. Single-cell RNA
sequencing revealed that nasal mucosa response of
conventional mice infected with B. pertussis is characterized
by the expansion of a highly activated neutrophil subset
characterized by an interferon-stimulated gene signature,
which does not develop in the MyD88KO mice. A similar
interferon-stimulated gene signature is also observed in the
epithelial cells. Moreover, B. pertussis infection is associated
with an upregulation of expression of genes encoding
antimicrobial peptides (Lipocalin 2) and chemoattractant
molecules (Lix and Cxcll10), as detected by qPCR analysis.
These results open the way for a detailed understanding of
innate immune responses involved in B. pertussis clearance
from nasal mucosa of the host.
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Bordetella pertussis, the causative agent of whooping
cough, is known for its ability to manipulate the host immune
defense through the action of its enzymatically active
adenylate cyclase, dermonecrotic and pertussis toxins (e.g.
ACT, DNT and PT). The impact of their action on T cell
populations and airway-specific mucosal immunity, however,
remains poorly understood. We thus investigated the nasal
cavity colonization dynamics of wild-type and toxin mutant
strains of B. pertussis in a mouse model, focusing on the
characterization of T cells in the mucosa of the upper
respiratory tract (URT) and in lungs.

Our findings identified a distinct subset of CD8" T cells
with an atypical phenotype that emerged both in the URT and
lungs following B. pertussis infection. These cells exhibited
an unconventional phenotype, marked by the expression of
the transcription factor Eomes and checkpoint-inhibition
receptors (Tigit and PD-1). Pertussis toxin (PT) activity was
strongly implicated in driving this phenotype, while the
effects of DNT and ACT action on T cell populations were
more moderate. Additionally, we observed reduced T cell
infiltration in the nose and lungs after infection with the
mutant strain producing an enzymatically inactive PT-toxoid.

The emergence of the "strange" CD8* T cells following
infection with PT+ wild-type bacteria reveals a mnovel
immunomodulatory mechanism by which B. pertussis toxin
action impacts adaptive immunity. Further studies will focus
on the function and antigen specificity of these atypical CD8*
T cells to elucidate their role in the immune response and
disease pathology.

These results provide important insights into the
interplay between B. pertussis toxins and host immunity, with
implications for understanding respiratory immune responses
and developing improved therapeutic strategies targeting
pertussis and other respiratory infections.
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Intrinsically disordered proteins (IDPs) do not adopt
unique, well-defined three-dimensional structures and can
rapidly convert their arrangement. Importance of IDPs in
various physiological processes (often regulatory) has been
recently recognized and studies by various approaches.

Transcripton is the key process of gene expression. The
bacterial RNA polymerase (RNAP) is a mutlisubunit enzyme
and in G+ Firmicutes contains also non-essential subunit
delta. This protein consists of two domains — structured
N-terminal domain and intrinsically disorded C-terminal
domain'?. The importance of this subunt for virulence of
pathogenic Group B Streptococcus and Staphylococccus
aureus was shown™,

Here, we have performed set of experiments showing
the role of the intrinsically disorded domain in regulation of
transcription and cell fitness in G+ model organism Bacillus
subtilis and pathogenic S. aureus.

Acknowledgement

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.

REFERENCES

Lopez de Saro F. J., et al.: J. Mol. Biol. 252, 189 (1995).
Kuban V., et al.: J. Am. Chem. Soc. 741, 16817 (2019) .
Jones A. L., et al.: Mol. Microbiol. 37(6), 1444 (2000).
Weiss A., et al.: Infect. Immun. 82, 1424 (2014).

bl e


mailto:*ondrej.stepanek@img.cas.cz

Czech Chem. Soc. Symp. Ser. 23, 83—154 (2025)

P-37
NOVEL TRANSCRIPTION FACTORS
IN MYCOBACTERIA

NABAJYOTI BORAH®, HANA SANDEROVAa TOMAS
KOVAL®, ALENA KRENKOVAc MARTIN HUBALEKc
JAN DOHNALEKb LIBOR KRASNY”*

“ Institute of Microbiology of the Czech Academy of sciences,
Videriska 1083, 142 20 Prague, ® Institute of Biotechnology of
the Czech Academy of Sciences, v.v.i., Priimyslova 595, 252
50, Vestec, ¢ Institute of Organic Chemistry and Biochemistry
of the Czech Academy of Sciences v.v.i., Flemingovo nam. 2,
166 10 Prague 6, Czech Republic

krasny@biomed.cas.cz

Transcription, a fundamental step of gene expression,
requires interaction of RNA polymerase (RNAP) with several
other transcription factors'. While our understanding of
bacterial transcription largely derives from model organisms
such as Escherichia coli and Bacillus subtilis, species-specific
transcriptional adaptations remain poorly characterized.
Mycobacteria, for instance, employ unique transcription
factors such as CarD and Rpr- absent in E. coli — to
modulate their gene expression and adapt to stress
conditions?.

In this study, we aimed to define the RNAP interactome
in Mycobacterium smegmatis and identify novel transcription
factors. To achieve this, we performed pull-down experiments
using a FLAG-tagged RNAP strain, followed by mass
spectrometry. Several proteins co-purified with RNAP-
FLAG, including previously uncharacterized ones. Among
these, the two most enriched uncharacterized proteins
(hereafter referred to as X1 and X2) were selected for further
analysis.

Interestingly, X1 was also detected in the HelD
interactome. HelD is a transcription factor that helps
dissociate RNAP from stalled transcription complexes and
protects RNAP against the antibiotic rifampicin®. Our findings
suggest a possible formation of a X1-HelD-RNAP complex.
Additionally, X2 was successfully purified and structurally
characterized using X-ray crystallography, providing
a foundation for future mechanistic studies. Ongoing work
aims to further characterize the functions of X1 and X2 and
their roles in transcription regulation under both basal and
stress-induced conditions.
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Antibiotic resistance is a major global health challenge.
The incidence of infections caused by multidrug-resistant
bacteria has been increasing in recent decades, while effective
therapeutic options remain limited.

The broad-spectrum antibiotic D-cycloserine (DCS) is
used as a second-line treatment for multidrug- and
extensively drug-resistant tuberculosis' . DCS, a structural
analog of D-alanine, is naturally produced by Streptomyces
garyphalus and Streptomyces lavendulae'. Tt inhibits two
essential enzymes of the bacterial cell wall peptidoglycan
biosynthetic pathway — alanine racemase and D-alanine:D-
alanine ligase

Despite its clinical importance for over 60 years, the
molecular mechanisms underlying resistance to DCS are not
yet fully understood. In most cases, resistance arises from
mutations in its primary target genes, alr and ddiA**.
Additionally, mutations in the cycA gene, which encodes the
DCS transporter have been reported to contribute to DCS
resistance”.

Identifying and understanding additional mechanisms of
DCS resistance is therefore critical for improving treatment
outcomes and may contribute to the development of new
therapeutic strategies.

Experiments in our laboratory suggest a novel resistance
mechanism against DCS in the model bacterium Bacillus
subtilis. The molecular basis of this resistance will be
presented and discussed.
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Lincomycin and celesticetin produced by Streptomyces
species are lincosamide antibiotics, which share several early
biosynthetic steps catalyzed by homologous enzymes. The
key determinants of lincosamide antibiotic diversification are
the pyridoxal-5'-phosphate (PLP)-dependent enzymes LmbF
and CcbF, which direct the biosynthesis towards lincomycin
and celesticetin, respectively. Although both enzymes
recognize S-glycosyl-L-cysteine substrates, they catalyze
distinct transformations that result in different sulfur atom
modifications (1,2). Previously, leveraging this enzymatic
divergence, a hybrid lincosamide named CELIN with
improved antimicrobial activity was synthesized from
precursors by in vitro combinatorial biosynthesis (3). While in
vitro experiments highlight the utility of enzyme promiscuity
and pathway recombination for antibiotic innovation, in vivo
studies revealed the greater complexity of whole-pathway
combinatorial biosynthesis.

In this poster, we demonstrate that replacement of the
key biosynthetic enzyme LmbF with CcbF in Streptomyces
lincolnensis, together with expression of the entire CELIN
biosynthetic pathway, does not directly result in CELIN
production. Instead, residual downstream reactions from
lincomycin biosynthesis modify the CcbF activity, thereby
favoring lincomycin formation. Consequently, we outline the
critical ~ biosynthetic  steps required to reprogram
S. lincolnensis into an efficient CELIN producer.
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Lincosamide, streptogramin A, and pleuromutilin
(LSAP) antibiotics inhibit bacterial translation by binding to
the catalytic center of the ribosome. However, despite their
extensive use in medicine and research as inhibitors of
translation initiation, their modes of action have never been
studied in detail. Here, we applied ribosome profiling using
both the standard Ribo-seq and the recently developed iTP-
seq' approach to identify peptide-encoding transcripts that
promote ribosome stalling in the presence of LS AP antibiotics.
We show that these drugs are not universal inhibitors of
ribosome function, as commonly assumed, but instead display
distinct, sequence-dependent modes of action dictated by the
amino acid sequence of the nascent peptide. This was
independently validated by in vitro and in vivo fluorescence
reporter assays. Bacteria exploit this sequence-dependent
inhibition to discriminate between antibiotics and to regulate
the expression of resistance genes via ribosome-mediated
attenuation. Building on these findings, we are now validating
how LSAP antibiotics modulate resistance gene regulation in
native systems. Elucidating the mode of action of LS,P
antibiotics provides a conceptual framework for the rational
development of next-generation antibiotics capable of
overcoming resistance.
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Regulated cell death (RCD) represents a key outcome of
the cyclic GMP-AMP synthase (cGAS)-stimulator of
interferon genes (STING) activation in human monocytes, in
addition to its canonical role in sensing cytoplasmic double-
stranded DNA and inducing secretion of type I and III
interferons and proinflammatory cytokines. !
Pharmacological activation of cGAS-STING by STING
agonists triggers a mixed RCD phenotype. Beyond induced
cytokine release’, it combines apoptotic mechanisms
(caspase-9, caspase-8, and caspase-3/7 activation) with
pyroptotic  features (caspase-1 activation, gasdermin-D
cleavage, and secretion of mature interleukin-1 and
interleukin-18), while necroptosis is actively suppressed
through caspase-8-dependent cleavage of receptor-interacting
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protein kinase 1 (RIPK1)*. This process is associated with
mitochondrial dysfunction, which precedes caspase activation
and likely functions both as a driving mechanism and
a downstream consequence of cGAS-STING signaling via
the STING-IRF3-BAX axis. Altogether, these findings
define a distinc form of RCD in human monocytes referred to
as “pyroptotic apoptosis” and provide mechanistic insights
into the noncanonical outcomes of cGAS—STING pathway.
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The Toscana virus (TOSV), a member of the genus
Phlebovirus (Phenuiviridae, Hareavirales), is a neglected
human pathogen that can cause febrile illness, severe
infection of the CNS, or remain asymptomatic. It is
distributed throughout the Mediterranean area and is
transmitted by phlebotomine sand flies. To date, three TOSV
lineages (A, B, C) have been identified; however, only two
(A, B) have been successfully isolated. Vector competence
varies among sand fly species. Although Phlebotomus tobbi
and P. sergenti were found susceptible to TOSV B infection,
P. papatasi and Sergentomyia schwetzi were refractory.
Another tested TOSV strain (TOSV A) was found to be
incapable of developing in any of the species tested'.

To explore these differences, we used a reverse-genetic
system>® to prepare TOSV, which produces viruses with
defined RNA genomes and ensures a more uniform inoculum
compared to repeatedly passaged isolates. This approach also
enables the manipulation of viral genetic information, such as
the reassortment of viral RNA segments (L, M, and S) or the
introduction of targeted mutations.

We assessed the susceptibility of P. tobbi to two reverse
genetics-derived TOSV strains: lineage A (rgTOSV A) and
lineage B (rgTOSV B). Furthermore, we examined the
infectivity of rgTOSV A reassortments carrying one of the
RNA segments derived from rgTOSV B.

Our results show that the infection dissemination rate of
rgTOSV B in P. fobbi is comparable to the wild-type (wt)
strain. Unexpectedly, rgTOSV A could establish an infection
(infection rate 10%) and disseminate (dissemination rate
15%) through the body of the sand fly to the head and salivary
glands, unlike its wild-type counterpart.

Following the successful establishment of rgTOSV
production and infectious sand fly feeding, ongoing
experiments with rgTOSV A/B reassortments will elucidate
which segments (and the proteins they encode) are crucial for
sand fly infection.
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Promyeloctic leukemia protein (PML) provides
structural scaffolding within multiprotein, membraneless
organelles known as PML nuclear bodies'. Originally
discovered as a tumor suppressor, PML is associated with
diverse cellular regulatory processes and immune signalling.
Intrlgumgly, the activity of PML is context dependent
varying with intra- and extracellular environment®*. While the
broad spectrum of identified interacting partners suggests
potential modes of action, the molecular mechanisms
underlying the diverse functions of PML nuclear bodies
remain incompletely understood. Emerging evidence indicates
that individual splicing variants of PML are crucial factors
affecting their composition and functlons opening new
perspectives in PML nuclear body reseach*”

Considering the limitations of current human PML ™’
model systems, we aimed to deepen our understanding of the
PML nuclear body system in mice, the most accessible
homolog for human PML. We analyzed and characterized the
full repertoire of PML isoforms expressed in various mouse
cell lines and tissues. Building on the original cloning of
murine Pml, our cDNA sequencing revealed that, in addition
to the three previously described isoforms (mPML1-3), mice
also express six computationally predicted PML variants
(mPMLX1-X6)*". Furthermore, we identified a novel
isoform, mPMLXK, characterized by a unique splicing event
within its RBCC motif that disrupts its scaffolding property.

To examine isoform-specific features, we developed and
validated a plasmid-based expression system encompassing
all ten murine PML isoforms (mPML1-XK). Using diverse
experimental approaches, we demonstrated that all isoforms —
except mPMLXK — can form PML nuclear bodies de novo
in cells lacking endogeonous PML, and that these bodies
undergo SUMOylation-depedent degradation upon arsenic
exposure. In contrast, all ten isoforms exhibit distinct turnover
kinetics at endogenous PML nuclear bodies. Notably,
molecular dynamics simulations indicated that mPMLXK
adopts a stable, three-dimensional conformation, consistent
with its integration into pre-formed nuclear bodies, suggesting
its potential role as a cytosolic PML isoform.

Altogether, this isoform-resolved murine PML system
offers a robust, physiologically relevant platform for
dissecting isoforms-specific functions of the PML protein and
PML nuclear body-associated processes.
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The hepatitis C virus (HCV) is a member of the
Flaviviridae family. The virus is the causative agent of
hepatitis C, a disease that affects tens of millions of people
worldwide. New direct-acting antivirals (DAAs) have been
shown to be highly effective in treating hepatitis C; however,
a preventive vaccine against HCV has not yet been developed.
Despite the fact that the HCV genome consists of single-
stranded RNA, this RNA forms numerous secondary
structures that can act as substrates for RNA-binding proteins
of the innate immune system, including adenosine deaminase
acting on double-stranded RNA 1 (ADARI1). This enzyme
catalyses the conversion of adenosine to inosine, which is
recognised by cellular mechanisms as guanine. This, in turn,
leads to mutations in the targeted dSRNA molecule.

ADARI1 has been found to express two isoforms:
a constitutively expressed nuclear isoform and an interferon-
inducible cytoplasmic isoform. The process of ADARI
editing of dsSRNA molecules has been shown to impede the
detection of these molecules by cytoplasmic antiviral
signalling pathways. These pathways lead to interferon
production, and subsequently, to ADAR1 production. It is
therefore concluded that ADAR1 functions as a modulator of
innate immunity. Previous studies have examined the
relationship between HCV and ADARI, attributing an
antiviral function to the ADARI1 enzyme in the context of
HCV infection' .

Relative susceptibility of Huh7.5 ADAR1 KO cell lines to HCV

NIVB Meeting 2025

In order to evaluate the impact of ADAR] on HCV
replication, an ADAR1 knockout cell line was generated from
Huh7.5 hepatocellular carcinoma cells' and HCV was
produced using pJFH1-pUC”.

These cell lines, alongside with wild-type cell line, were
used to generate the HCV replication curve and to ascertain
their susceptibility to HCV infection. Furthermore, these cells
were used for production of infectious viral particles of HCV,
with which the same experiments were performed as with the
virus produced in wild-type cells.

Our preliminary findings indicate that the knockout of
the ADAR1 enzyme does not appear to have a significant
effect on the amount of HCV RNA produced. However, it has
been observed to affect the susceptibility of Huh7.5 cells to
infection by HCV. We also show that HCV appears to adapt
over time to an environment lacking the ADAR1 enzyme.
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Aspartate beta-hydroxylase (ASPH) is a transmembrane
protein that is localized in the endoplasmic reticulum. It is not
produced in most normal cells, but the expression is increased
in tumor cells, where it can be localized to the cell surface and
increase cell proliferation, migration, and invasion. ASPH
stimulates several signaling pathways, including Notchl and
SRC pathways. It also interacts with vimentin to induce
epithelial-mesenchymal transition, and with pRb to enhance
cell cycle progression. ASPH overexpression is associated
with poor prognosis in patients with various cancers. Small
molecule inhibitors (SMIS) have been developed to reduce
ASPH enzymatic activity'.

We detected ASPH expression in head and neck
squamous cell carcinomas®. A proportion of these tumors is
associated with infection by human papillomaviruses (HPVs).
Since ASPH is a hypoxia-responsive gene and hypoxia often
leads to poor treatment response, some markers of hypoxia
were also detected. We found increased levels of ASPH and
also hypoxia markers in HPV-positive tumors, which can
indicate active HPV infection and suggest sensitivity to ASPH
inhibition.

Next, we analyzed the effect of ASPH inhibition in
tumor cell lines of Varlous origins (from cervical, pharyngeal,
and breast cancers)’. Cell proliferation, migration, and
invasion were reduced in all cell lines, but high heterogeneity
was found in the alterations of signaling pathways,
particularly canonical and noncanonical Notchl pathways

(Fig. 1).
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Fig. 1. The effect of ASPH signaling on the canonical and non-
canonical Notch1 pathways. Created with BioRender.com

To detect new targets of ASPH signaling, we performed
transcriptomic analysis in mouse and human tumor cell lines
after ASPH inhibition. In mouse cell lines, we found reduced
expressions of members of the lymphocyte antigen 6 (Ly6)
family, which was also confirmed in human cell hnes
including SiHa, HeLa, and CaSki cells infected with HPVs®,
In human cell lines, we revealed downregulation of the
interleukin 7 receptor (IL7R) gene. Since overexpression of
Ly6 genes and IL7R signaling promote tumor development
and progression, these results suggest novel mechanisms of
carcinogenesis mediated by ASPH.

Finally, we tested the impact of ASPH inhibition on
cancer immunotherapy in the mouse TC-1/A9 model of HPV-
induced tumors. ASPH inhibition enhanced T-cell-mediated
adaptive immunity induced by DNA vaccination against the
HPV16 E7 oncoprotein. Various types of lymphoid and
myeloid cells were involved in the stimulated immune
response. These results suggest the possibility of combination
therapy for human tumors, in which ASPH inhibition could
suppress the oncogenic properties of tumor cells while
promoting antitumor immunity.
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Antibiotic resistance is a growing threat to public health,
leading to higher healthcare costs and increased patient
mortality. While a relatively large amount of data is available
for Gram-negative bacteria in the Czech Republic, we still
have insufficient information on the population structure and
resistance of Gram-positive pathogens.

Epidemiology of vancomycin-resistant enterococci in
the Czech Republic. In 2022, 165 vancomycin-resistant and
86 vancomycin-susceptible isolates from 20 hospitals across
the Czech Republic were collected. Vancomycin resistance
was predominantly driven by the vanA operon carried on
pELF2-like plasmids.

Resistance mechanisms to linezolid were found in 10
isolates (23S rDNA_G2576T, cfrB, poxtd), and 23 isolates
were resistant to tigecycline (fet(L), tet(M), tet(S), nucleotide
changes in 7psJ. In addition, 47 VRE isolates (29.0%) carried
at least one recently described resistance mechanism to
daptomycin, most frequently the RpoB _S491F mutation,
along with RpoB_G482D, RpoB_H486Y, LiaS T120M, and
LiaR_ W73C. However, isolates with these mutations
displayed minimum inhibitory concentrations (MICs) to
daptomycin within the range of those of wild-type strains.

Whole genome sequencing identified close genetic
relatedness between resistant and susceptible enterococci.

These findings underscore the emergence and spread of
vancomycin-resistant E. faecium, which has also acquired
resistance mechanisms to last-resort antibiotics.

Newly emerging metronidazole-resistant Clostridioides
difficile PCR ribotype 955'. In response to an alert about
a metronidazole-resistant C. difficile PCR ribotype (RT) 955
outbreak in England, we investigated its presence in Central
Europe.

Among 7,437 isolates from the Czech Republic and
Slovakia, no RT955 strains were detected; however, 13 cases
were identified in three Polish hospitals between 2021 and
2023. Whole genome sequencing revealed close clonal
relatedness to a UK strain (Figure 1) and consistent resistance
to multiple antimicrobials, including metronidazole, a drug of
choice. Importantly, the metronidazole resistance was
detectable only on haem-supplemented media, highlighting
limitations of standard susceptibility testing.

These findings suggest the emergence of clonally
related, haem-dependent metronidazole-resistant C. difficile
RT955 in Poland and emphasise the urgent need for
coordinated surveillance across Europe'.
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Fig. 1. Minimum spanning tree of Clostridioides difficile ribotype
955 isolates and localisation of hospitals where the cases were
identified, Poland, 2021-2023 (n=13)"

The heme-dependent metronidazole resistance in
currently circulating Czech isolates of Clostridioides
difficile. Although metronidazole is recommended only as
a third-line treatment for C. difficile infection, it remains
widely used in some countries. A recent study suggested that
metronidazole resistance could be driven by a single mutation
in the promoter of the nimB gene (PnimB) and detected
phenotypically on media containing hemin?.

To assess resistance mechanisms in Czech clinical
isolates, 173 strains were tested, including 72 with mutations
in the nimB promoter and/or coding region.

Resistance was consistently associated with additional
nimB amino acid substitutions, not with promoter mutations
alone. Distinct ribotypes carried unique mutations that
variably affected susceptibility, and results differed between
Fastidious anaerobe agar batches, complicating resistance
detection.

These findings show that heme-dependent metronidazole
resistance requires more than promoter mutations and that
currently used media may fail to identify resistant strains
reliably.
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Background: Overuse of carbapenems has been
associated with an increasing prevalence of resistance,
particularly among the Enterobacterales, Pseudomonas spp.,
and Acinetobacter spp. Resistance is mediated by the action
of carbapenemases, which hydrolytically cleave the
carbapenem molecule. In the case of OXA-48-type
carbapenemases, an alternative pathway of carbapenem (e.g.,
meropenem) degradation via lactonization has been observed.
According to current studies, this alternative degradation
pathway is linked to the occurrence of false-negative results
in carbapenemase detection methods based on hydrolytic
cleavage of carbapenems. The aim of the study was to
investigate the occurrence of B-lactone formation in Gram-
negative bacteria and to assess the impact of the SOS
response on P-lactone production in OXA-48-type
carbapenemases.

Materials and Methods: Screening of isolates for
carbapenemase production was performed using a meropenem
hydrolysis assay by MALDI-TOF MS. The impact of SOS
mechanisms on B-lactone formation was investigated in four
fully sequenced OXA-48 carbapenemase-producing isolates
(Klebsiella pneumoniae, Escherichia coli, Citrobacter
freundii, and Enterobacter cloacae). For the experiments,
Mitomycin C was applied at concentrations of 20, 40, and 60
mg/L, and amikacin was used at subinhibitory levels, as
determined by the MIC (25 mg/L and 1 mg/L). Additionally,
the effects of EDTA (20 mM), NaCl (150 mM), and pyridine
(20 mg/L) on B-lactone formation were evaluated. The effects
were monitored by LC-MS using a timsTOF Pro MS
instrument (Bruker Daltonics, Germany).

NIVB Meeting 2025

Results: A total of 1,543 bacterial isolates were
examined and screened for carbapenemase production. A
specific B-lactone signal (m/z 362) was detected in 268 out of
272 OXA-48-type carbapenemase producers. The results
further demonstrated that in the presence of both OXA-48 and
NDM carbapenemases, p-lactone was not detected; 113
bacterial isolates produced these enzymes. Assessment of the
impact of SOS-related mechanisms on B-lactone formation
following exposure to Mitomycin C, EDTA, NaCl, and
pyridine revealed no observable effect on -lactone
production. In contrast, experiments with amikacin
consistently resulted in inhibition of B-lactone formation in
the C. freundii isolate, whereas B-lactone production remained
preserved in the other bacterial species.

Conclusion: Our results confirm that f-lactone
formation is a characteristic feature of OXA-48-type
carbapenemases as we previously published. The absence of
B-lactone in strains producing both OXA-48 and NDM
carbapenemases is most likely attributable to the faster
kinetics of meropenem degradation by NDM enzymes. The
observed inhibition of B-lactone formation in the presence of
amikacin in the C. freundii isolate warrants further
investigation.
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Fig. 1. Schematic representation of the classical hydrolytic degradation of meropenem compared with the alternative lactonization

pathway mediated by OXA-48-type carbapenemases
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Tuberculosis  (TB), caused by Mycobacterium
tuberculosis (Mtb), remains the leading cause of death from
a single infectious agent, exerting severe health and economic
burdens, particularly in Sub-Saharan Africa and South-East
Asia. According to the WHO Global TB Report 2024, an
estimated 10.8 million people developed TB and 1.25 million
died from the disease in 2023, with approximately 400,000
cases of rifampicin- or multidrug-resistant TB.' Despite the
WHO “End TB Strategy” launched in 2015,% progress towards
its 2030 targets has been hindered by the COVID-19
pandemic, with only modest declines in incidence and
mortality achieved so far. While TB primarily affects the
lungs, extrapulmonary forms are common. Targeting the lipid
-rich mycobacterial cell wall remains a key therapeutic
approach; the essential transport protein MmPL3, involved in
mycolic acid synthesis and export, represents a promising
drug target whose inhibition disrupts cell-wall formation and
leads to bacterial death.?

The pyrimidine derivative K1827 with antimyco-
bacterial activity was designed by scaffold hopping from
previously studied purine derivatives. This structural
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Fig. 1. Structures and antimycobacterial activities of K1827 and
its derivative K2783

simplification aimed to improve the physicochemical
properties of the resulting compound, particularly its aqueous
solubility. K1827 retained potent activity against the
nontuberculous mycobacterium M. kansasii but lost efficacy
against M. tuberculosis (Mtb). Through further structural
optimization, activity against Mtb was restored to an MIC of
8 uM for K2783 and maintained with only a minor decrease
against clinically isolated drug-resistant Mtb strains (Fig. 1).

When investigating the mechanism of action, we
initially focused on DprE1 — the validated target of the parent
purine derivatives. However, the scaffold simplification
appeared to alter the mode of action, and current data suggest
that inhibition of the essential transporter MmpL3 is the most
probable mechanism.
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In vitro protein evolution offers a unique lens to explore
how viruses adapt to their hosts. We applied this approach to
the SARS-CoV-2 spike receptor-binding domain (RBD),
focusing on its interaction with the human ACE2 receptor
which is the critical first step of infection. Because many
hallmark SARS-CoV-2 mutations map to the RBD, we asked
under what cirumstances the directed evolution of ACE2
binding could mirror the virus’s natural trajectory and reveal
the selective pressures behind it.

To address this, we designed two distinct evolutionary
regimes: a low selection stringency system (LSS), in which
ACE2 was present at concentrations approximating the wild-
type affinity, and a stringent selection system (HSS), where
ACE2 was reduced stepwise to sub-nanomolar levels and
coupled with a heat challenge to eliminate unstable RBD
variants. LSS mimics broad, permissive conditions by
retaining a diversity of “reasonable” binders, whereas HSS
selects only the most optimal binders. Random mutagenesis-
based mimicking of viral evolution of the RBD was iterated
through several rounds of selection in both regimes, starting
from ancestral Wuhan and multiple variant sequences (Alfa,
Beta, BA.1 and BA.2).

The results were striking. Under HSS, evolution rapidly
converged on a limited set of high-frequency, non-
synonymous mutations that closely match those found in
Omicron and its sub-lineages, including N440K L452R,
N460K, S477N, T478K, Q498R, and N501Y'. Some later
Omicron-associated mutations such as F486P and the “Flip
455-456” motif also emerged. By contrast, LSS produced
a broader distribution of mutations, but at low frequencies,
without reaching full Omicron-like convergence — even after
extended rounds of mutagenesis. Importantly, when Omicron
(BA.1/BA.2) was used as the starting point, its defining
mutations were preserved with high fidelity under both LSS
and HSS, demonstrating the evolutionary stability of the
Omicron constellation once established.
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Comparison with global SARS-CoV-2 data and in silico
simulations confirmed that HSS conditions mimic real-world
evolutionary leaps, while LSS reflects the slower, incremental
accumulation of neutral or mildly beneficial mutatlons
Notably, mutations primarily associated with immune escape’
(e.g., in the 444456 and 486—490 regions) were not favored
in our in vitro system, highlighting that receptor-binding
constraints alone can explain much of the viral adaptation,
while antibody-driven pressure accounts for the fixation of
immune-evasion sites in vivo. This separation of pressures
clarifies why some mutations that compromise ACE2 binding
persist in natural viral evolution: they are maintained through
immune evasion advantages.

Together, these findings support a model in which
Omicron’s abrupt emergence resulted from rare, high-
stringency selection events possibly in immuno-
compromised hosts — superimposed on a broader landscape of
mild selection pressures and immune evasion. Once Omicron
emerged, its optimized binding profile ensured long-term
evolutionary stability, positioning it as a “humanized” form of
SARS-CoV-2. More broadly, our work highlights the
predictive potential of in vitro evolution to anticipate adaptive
pathways in viral proteins. Applying these principles to other
coronaviruses, or even to SARS-CoV-1, reveals convergent
solutions to ACE2 binding, pointing toward evolutionary
constraints that may limit future zoonotic adaptation.
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Hepatitis B virus (HBV) is a major global health threat,
causing acute and chronic liver disease, leading cirrhosis, and
hepatocellular carcinoma, with nearly one million deaths each
year. Over 250 million people worldwide remain dependent
on lifelong treatment with HBV polymerase inhibitors, as
pegylated interferon-o (PEG-IFNa) benefits only a minority
of patients.

Interferon-o (IFNa) plays a central role in antiviral
defence and is primarily produced by plasmacytoid dendritic
cells' upon Toll-like receptor 9 (TLRY) activation. This
pathway is tightly regulated by microRNA-146a (miR-146a),
which downregulates the signalling mediator, tumour necrosis
factor receptor-associated factor 6°. Importantly, miRNAs can
act beyond the miRNA-expressing cells, since extracellular
vesicles (EVs) can deliver them to recipient immune cells,
thereby modulating host antiviral responses.

Hence, we hypothesized that HBV infection can
increase EV-associated miR-146a,® which is then taken up by
immune cells, where it can downregulate antiviral responses.
To test this, we exposed peripheral blood mononuclear cells
(PBMCs) to conditioned media from HBV-producing and
control hepatoma cell lines. While HBV did not directly
activate TLR9 in PBMCs, conditioned media from
HBV-producing cells selectively impaired responses to TLR9
agonists.

We are currently investigating whether inhibition of
miR-146a restores antiviral activity.

Taken together, these findings suggest that miR-146a
could serve as promising biomarker of immune dysfunction
and a potential therapeutic target in chronic HBV infection.
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In recent years, our team has focused on Toscana virus
(TOSV), a neglected pathogen that can be asymptomatic,
cause febrile illness, or rarely severe CNS infection. TOSV is
transmitted by Mediterranean sand flies, with Phlebotomus
perniciosus and P. perfiliewi confirmed as vectors. However,
the virus is also present in regions where these species are not
widely distributed. We identified P. fobbi and P. sergenti as
additional susceptible species'.

Besides viruses, sand flies also transmit Leishmania,
causing leishmaniasis, which co-circulates in the same
geographical area as TOSV?. Their co-occurrence in the same
vector may influence both pathogens and their transmission
and epidemiology’. We demonstrated that in P. tobbi
coinfected with L. infantum and TOSV, viral infection rates
were significantly lower than in flies infected with TOSV
alone.

Using the newly developed TOSV reverse genetic
system®® (rgTOSV), we further studied the role of individual
TOSV RNA segments in sand fly infectivity.

All these findings advance our understanding of TOSV
circulation, its potential spread across Europe, and its
interactions with other important human pathogens.
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Polyomaviruses are small DNA viruses linked to a range
of human diseases, including cancer. The murine
polyomavirus (MPyV) serves as a well-established model for
exploring the biology of human polyomaviruses. MPyV
activates two key innate immune pathways: toll-like receptor
4 (TLR4), which promotes a cancer-associated fibroblast-like
phenotype and enhances cell invasiveness, and the
cGAS-STING (cyclic GMP-AMP synthase—stimulator of
interferon genes) pathway, which triggers robust interferon
(IFN) responses'~.

In this study, we investigated how these two pathways
interact during MPyV infection, focusing on TRAF6 —
aknown E3 ubiquitin ligase adaptor in TLR4 signaling that
has recently been implicated in modulating the cGAS-STING
pathway. Using mouse fibroblasts lacking either TRAF6 or
cGAS, along with a combination of agonists and inhibitors,
we found that TRAF6 is essential for NF-xB activation. This
activation drives the expression of pro-inflammatory
cytokines IL-6 and CXCL10, supports a tumor-promoting
microenvironment, and boosts IFN-f production.

Interestingly, we also discovered that TRAF6 enhances
c¢GAS activity during MPyV infection, leading to increased
production of the second messenger cGAMP. Supporting this
crosstalk, TRAF6 was shown to bind to GAS droplets
containing DNA when cells were stimulated with synthetic
DNA carrying the minimal cGAS recognition motif.

Together, our findings uncover a previously
unrecognized, dual, and non-redundant role for TRAF6 in
coordinating both antiviral and tumor-associated immune
responses. They also point to a broader regulatory function for
TRAF6 within the cGAS-STING pathway — an area that
warrants further exploration.
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BK polyomavirus (BKPyV) infects approximately 80%
of the human population, typically establishing persistence
during childhood by replicating at low levels in the urinary
tract. Low-level activation of innate immune responses
appears to support both viral control and long-term
persistence. In immunocompromised individuals, BKPyV can
cause serious complications such as BK virus-associated
nephropathy.

Given our previous findings that reservoir cells in the
urinary tract — human bladder microvascular endothelial cells
(HBMVECs) — can mount a moderate interferon (IFN)
response via the cGAS-STING pathway in response to
BKPyV infection, we aim to better understand the molecular
mechanisms underlying the modulation of this response,
which results in low levels of IFN production.

We hypothesize that agnoprotein, a viral protein with
membrane-binding properties, may interfere with STING
signaling, which depends on intact endoplasmic reticulum
(ER) membranes. Using confocal microscopy, we observed
that agnoprotein localizes to various cellular membranes,
including mitochondria, ER, and extracellular and
intracellular vesicles near the cell periphery. Furthermore, we
noted pronounced remodeling of ER and mitochondrial
membranes, suggesting a potential role for agnoprotein in
altering cellular architecture and immune signaling.

Based on the recently described role of lipid droplets
(LDs) in modulating IFN responses, we examined LD
production and found that HBMVECs exhibit strong early
induction of LDs following BKPyV infection. Notably,
agnoprotein was bound to LD membranes, suggesting
a potential functional interaction. We also analyzed LD
production in renal proximal tubular epithelial cells
(RPTECSs) — the primary target during viral reactivation and
known to be immunologically unresponsive to BKPyV.
Strikingly, LD production in RPTECs was delayed and
limited, indicating a possible interplay between LD dynamics
and IFN signaling.

Our ongoing research focuses on generating agnoprotein
mutants with reduced hydrophobicity or null variants, and on
standardizing conditions to either enhance or inhibit LD
production. These efforts aim to clarify how agnoprotein—
membrane interactions and LD formation influence innate
immune responses.
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Linear plasmids have been identified in various yeast
species, notably the Kluyveromyces lactis pGKL1/2 plasmids,
which are cytoplasmic and serve as models for this class.
These plasmids carry terminal proteins, compact genomes
encoding 15 genes — including a killer toxin, RNA and DNA
polymerases, a helicase, and a putative capping enzyme —
though most gene functions remain unverified. We analyzed
pGKL mRNAs using 5' and 3' RACE and hDcp2 decapping
assays. Despite encoding a predicted capping enzyme, only
asubset of plasmid transcripts are 5'-capped, and none are
3'-polyadenylated. Surprisingly, most pGKL-derived mRNAs
begin with short, non-templated poly(A) sequences and lack
5' caps. To test the role of the poly(A)-binding protein (Pabl)
in this process, we constructed a K. /actis strain with deletions
in PAB1 and PBP1. These deletions had no effect on plasmid
stability, 5' UTRs, or toxin production. Furthermore, several
pGKL transcripts fail to bind the cap-binding translation
factor elF4E in vitro, unlike host mRNAs. Killer toxin
expression from native pGKL mRNAs persists in
elF4E-depleted strains, while expression from a Pol II-driven
construct ceases under the same conditions, indicating cap-
independent translation. Notably, the pGKL-encoded RNA
polymerase and capping enzyme resemble those of vaccinia
virus, as do the plasmid mRNAs' 5'-terminal poly(A) tracts,
analogous to intermediate/late vaccinia transcripts. These
findings suggest a convergent strategy for cap-independent
gene expression in yeast linear plasmids and poxviruses.
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Cell-free tumor DNA (cfDNA) in liquid biopsies is
a promising diagnostic and prognostic biomarker for cancers,
including human papillomavirus (HPV)-driven oropharyngeal
carcinoma (OPC). Monitoring cfHPV DNA dynamics in
plasma or saliva during follow-up could enable personalized
treatment approaches and improve patient outcomes.

Plasma and saliva samples were collected from
pl6-positive OPC patients at multiple time points: before
treatment initiation (day 0), early post-treatment (days 1 and
7), at the start and end of radiotherapy, and every three
months thereafter. Twenty patients received surgery followed
by radiotherapy, one patient had surgery only, twenty-eight
underwent chemoradiotherapy, and two received palliative
treatment for metastatic disease. To date, plasma samples at
enrollment were analyzed from 43 patients, and follow-up
plasma samples from 29 patients. Paired plasma and saliva
samples at enrollment were collected from 31 patients. Levels
of cfHPV DNA were quantified using digital droplet PCR
(ddPCR). Additionally, tumor tissues were tested for HPV E6
mRNA expression to confirm active viral infection and
determine HPV type specificity.

Active HPV16 infection was confirmed in 92% of tumor
tissues. Among 141 plasma samples from HPV16-positive
patients, cfHPV DNA levels declined significantly
immediately after surgery/treatment initiation, reaching
undetectable levels in long-term follow-up (median: 13.4
months; range 4.5-27.2 months). Of the two patients with
disease progression, one tested positive for cfHPV DNA at
two consecutive visits prior to recurrence. Two patients with
metastatic disease never achieved undetectable levels of
cfHPV DNA. The agreement between plasma and saliva
results was 90.3% (p = 0.0044)

Plasma cfHPV DNA levels correlate with treatment
response, becoming undetectable in remission but persisting
in cases of recurrence or poor response. Saliva shows promise
as a non-invasive alternative for monitoring.
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The tumor microenvironment (TME) is a dynamic
ecosystem where cancer cells interact with the immune
system to either promote or inhibit tumor progression.
A crucial aspect of this interaction involves the major
histocompatibility complex class I (MHC-I) molecules on the
surface of tumor cells. To analyze the role of this MHC-I
expression, we use the TC-1 mouse model of tumors induced
by human papillomaviruses (HPVs). In our previous study,
we identified functional differences between tumor-associated
macrophages in TC-1/A9-induced tumors with reversibly
reduced MHC-I expression and TC-1/dB2m tumors with
irreversible MHC-I downregulation, which is mediated by
knocking out the B2m gene encoding the light MHC-I chain
B-2-microglobulin (B2m)'. To extend our research, we
developed a new TC-1/ dH2 cell line with deactivated H2-D
and H2-K genes that code for the MHC-I heavy chains.
Comparing the TC-1/dB2m and TC-1/dH2 cell lines and
tumors may reveal an intratumoral role of B2m that can
function as a soluble growth factor in TME, and its
deactivation can be responsible for the reduced proliferation
of TC-1/dB2m cells and the decreased growth of TC-1/dB2m-
induced tumors, compared to TC-1 cells and tumors,
respectively’. However, we found that TC-1/dH2 cell
proliferation was reduced similarly to that of TC-1/dB2m
cells. Furthermore, TC-1/dH2 tumors resemble TC-1/dB2m
tumors in terms of growth, resistance to immunotherapy
against the HPV16 E7 oncoprotein, immune cell infiltration,
and macrophage polarization. Therefore, we could not
confirm that B2m deactivation contributes to changes in the
properties of TC-1/dB2m cells and tumors by a mechanism
other than MHC-I downregulation. Single-cell RNA
sequencing could uncover potential subtle differences in
immune cells infiltrating TC-1/dB2m and TC-1/dH2 tumors.
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Metronidazole, though recommended only as a third-line
option for the treatment of Clostridioides difficile infection'
(CDI), is still frequently used in some countries. A recent
study suggested that metronidazole resistance could be driven
by a single mutation in the promoter of the nimB gene
(PnimB€), but thenotypically detected only on media
containing hemin®.

To investigate the occurrence of this type of resistance
in currently circulating Czech clinical C. difficile isolates, we
analysed 173 clinical isolates, including those with mutations
in the nimB gene promoter and/or the nimB gene (n=72) and
wild-type strains (n=101). Antimicrobial susceptibility testing
to metronidazole was performed on Chocolate agar, Brain
Heart Infusion agar supplemented with 5 mg/L of hemin and
several batches of Fastidious anaerobe agar.

We found the reported promoter mutation in epidemic
ribotypes 001, 027, and 176, but resistance was consistently
linked to additional amino acid substitutions in the nimB
gene, rather than the promoter mutation alone. Other
ribotypes carried unique mutations with variable effects on
susceptibility. Moreover, testing results differed between
Fastidious anaerobe agar batches.

Overall, our findings indicate that heme-dependent
metronidazole resistance cannot be explained by promoter
mutations alone but requires additional nimB amino acid
substitutions. Importantly, the Fastidious anaerobe agar
recommended for antimicrobial susceptibility testing in
anaerobes cannot reliably detect this type of resistance.
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Background: Fosfomycin (FOS) is an effective option
for treating severe infections caused by multidrug-resistant
pathogens. National surveillance of FOSR profiles
in Enterobacterales is still rare in Italy. Thus, the present
study aims to investigate FOSR in Enterobacterales strains
in Northern Italy.

Materials and Methods: Species identification and
FOSR detection were assessed by MicroScan WalkAway
(Beckman Coulter). FOS MICs were confirmed by agar-
dilution method (ADM; based on EUCAST 2024), FosA
production by PPF Test, and transporter impairments with
Carbon source growth test (CSG). PCR was used on FosA-
producing strains to check for the presence of fosA4-like genes.
The fosA genes were horizontally transferred by conjugation.
Whole-genome sequencing (WGS) of selected strains was
conducted using the NovaSeq 6000 (Illumina). Sequences
were analyzed for the presence of mutations in transporters,
and their functional effect was evaluated through SIFT
(https://sift.bii.a-star.edu.sg).

Results: From December 2022 to December 2023,
atotal of 2,886 FEnterobacterales strains were collected
(n=2018 E. coli, n=157 Citrobacter spp., n=711 Proteus spp.)
from eight clinical settings within the Istituti Clinici
Scientifici Maugeri IRCCS Spa, Italy. Among these
136 strains showed resistance profiles to FOS. These included
38 E. coli, 91 Proteus mirabilis, six P. vulgaris, and one
C. amalonaticus from different specimens. The ADM
investigations confirmed the FOSR for 82.3% (112/136).
WGS pointed out the mutations E448K and L297F in GlpT
and E350Q in UhpT as main FOSR mechanisms among
E. coli, while F315S and deleted portion in GlpT for
P. mirabilis.

Conclusion: Here, we report the first wide
epidemiology on FOSR among FEnterobacterales in Italy.
Despite the low FOSR rate (4.7%), this study highlights the
Northern Italian circulation of Enterobacterales with different
mechanisms for FOSR.
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SARS-CoV-2 is undergoing continuous evolution, with
mutations that enhance its ability to escape immune detection
and improve infectivity. A key region under strong selective
pressure is the Receptor Binding Domain (RBD) of the spike
protein, which is essential for host cell entry and a primary
target of neutralizing antibodies. Our research aims to
investigate the evolutionary dynamics shaping the RBD by
mimicking natural evolutionary forces in an in vitro setting.

Complementing the experimental approach, our primary
computational focus is the investigation of the fatty acid (FA)
binding site located within the Receptor Binding Domain
(RBD) of the SARS-CoV-2 spike protein. When populated by
linoleic acid (LA), the FA site stabilizes the spike in a locked,
less infectious conformation'. However, it has been proposed
that mutations characteristic of the Omicron variants, in
conjunction with mildly acidic conditions (pH ~4.5), disrupt
this stabilization. To test this hypothesis, we follow a two-
pronged computational strategy:

1) Firstly, we evaluate the impact of single Omicron
mutations on LA binding by determining the AAG values of
mutations via the Thermodynamic Integration (TI)
methodology”. Additionally, mutations with minimal impact
on LA binding are classified as possible contributors to the
immune evasion mechanism of the virus. A total of 16
mutations are investigated and the dependence of the LA
binding strength on the pH is explored.

2) Secondly, large scale dynamics (>600 ns) are
performed on the whole SARS-COV-2 spike of the wild-type
(WT) and Omicron variant models. Through dynamic non-
equilibrium dynamics®, the differential response to LA
dissociation, between the WT and the Omicron variants, is
recorded and scrutinized providing valuable insight into the
allostery between regions of the spike and the LA site.
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Codon usage is commonly used in phylogenetics to
unleash evolution of protein-coding regions, in particular, as
the ratio between synonymous and non-synonymous changes.
We wanted to study multiple sequence alignment of the
Covid19 S protein in a vast set of raw NGS reads and
determine which codons out of the theoretical 64 are used in
every amino acid position of the encoded protein. To our
surprise we could not find a tool to achieve that. Polishing the
multiple sequence alignment spanning dozens of millions of
entries is not possible with conventional tools although mostly
just some gaps would need to be introduced here and there.
The major obstacle is introducing padding gaps into the
reference sequence to facilitate recognition of INSertion
events in the sample reads. First, we developed rather simple
program calculate codon_frequencies.py to count the codons
occurring in three columns of the DNA alignment while
moving along the reference sequence and keeping ribosome
reading-frame of the CDS region and output TSV files with
their frequencies. Alternatively, the same tool can provide
frequencies of the encoded amino acid residues. Second, we
developed mutation_scatter plot.py to display the frequencies
as scatter plots with interactive bubbles upon mouse hover().
The changes can be color-coded according to e.g.
physicochemical properties of the amino acid residues (PAM
matrices) or their evolutionary conservation (BLOSUM
matrices) or any other color-palette. We prefer the
BLOSUMBSG62 as the default. However, such efforts are a bit
naive as the weights for each amino acid are not within the
same minimum-maximum range and thus are not directly
comparable. The software is available at https://github.com/
host-patho-evo/mutation_scatter plot .
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Bacterial infections are becoming an increasing threat as
antimicrobial resistance continues to rise. This problem is
particularly challenging in healthcare settings, where rapid
and accurate diagnosis is essential to prevent pathogens from
spreading within the clinical environment'. However,
conventional diagnostic approaches often lack the specificity
or sensitivity required to reliably detect active bacterial
infection.

We propose the use of radiolabelled siderophores for the
non-invasive detection of bacterial infections through positron
emission tomography (PET). Siderophores are low-molecular
weight chelators produced by microorganisms, actively
imported into bacterial cells through specific transporters. By
substituting the naturally bound iron in siderophores with the
positron emitter gallium-68, siderophores can be detected
using nuclear medicine techniques, as was demonstrated
in previous studies’.

We focused our studies on clinically relevant bacterial
pathogens associated with limited therapeutic and diagnostic
options in healthcare settings, such as Burkholderia cepacia
complex (BCC), Acinetobacter baumannii (AB) and
Klebsiella pneumoniae (KP). We evaluated several gallium-
68 labelled siderophores through series of in vitro
experiments, including assessment of radiochemical purity,
stability, and bacterial uptake. Promising candidates were
subsequently tested in in vivo PET/CT imaging studies in both
healthy and infected animal models to identify the most
suitable tracers for infection imaging (Fig. 1A).

Another part of the project focused on developing
siderophore derivates, investigated their pharmacological
properties and bacterial specificity. Building on previous
research’, we broadened the spectrum of bacterial species and
further studied the potential usability of these compounds in
both in vitro and different in vivo models of infection
(Fig. 1B).

In addition, a phase I/Ila clinical study was
conducted to assess the safety and diagnostic performance
of [®*Ga]Ga-deferoxamine B in seven patients with bacterial
joint or vascular infections. The compound showed no safety
concerns and demonstrated rapid and stable accumulation at
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Fig. 1. Examples of results from PET/CT imaging of biodistribu-
tion with gallium-68 labelled siderophores in (A) rat with pulmo-
nary infection induced by B. multivorans; (B) mice with myositis
induced by Klebsiella pneumoniae, with different amount of deri-
vate uptake at the site of infection; (C) a patient with a total knee
endoprosthesis with unidentified infection. Coloured arrows indi-
cate the site of infection.

the site of infection, although blood clearance was slightly
slower than observed in mice. The study is currently being
finished, and the results are being evaluated (Fig. 1C).

Our results demonstrate the ability of radiolabelled
siderophores to combine bacterial specificity with favourable
pharmacokinetic properties, enabling accurate detection of
infection in vivo. The findings show that gallium-68 labelled
siderophores are perspective as PET tracers for imaging
bacterial infections, which might provide a foundation for the
development of novel imaging agents that could complement
existing diagnostic methods.
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Rising antibiotic resistance is one of the most serious
problems of our time. The increasing resistance of bacteria to
so-called “last-resort” antibiotics may return us to the pre-
antibiotic era. For this reason, a substantial portion of current
research is focused on the development of new antimicrobial
agents. Among the promising candidates are highly active
(bio)molecules and nanomaterials, in our case, graphene-
based nanomaterials (NGA-Mn). These graphene particles
functionalized with manganese cations exhibited strong
antibacterial properties against a broad spectrum of
multidrug-resistant bacteria, similar to AgNPs, while no
bacterial resistance developed even after repeated passaging
(in contrast to AgNPs).

The aim was to determine the possible induction of
resistance at the phenotypic and genotypic levels in bacteria
repeatedly exposed to NGA-Mn. Resistance induction was
carried out using the broth microdilution method in microtiter
plates through repeated exposure (30 cycles) to subinhibitory
concentrations of NGA-Mn. The following bacterial strains
were tested: susceptible strains E. coli and S. aureus, and
resistant strains 4. baumannii, S. aureus, E. faecalis, E. coli,
and K. pneumoniae. DNA and RNA were isolated from these
strains, subsequently subjected to sequencing and further
analysis.

According to our results, resistance induction upon
exposure to NGA-Mn was not demonstrated in either
susceptible or multidrug-resistant strains at the phenotypic
level. Genomic analysis revealed only minor changes in the
form of point mutations, which did not indicate the
development of resistance.

In our study, we did not detect resistance induction in
the selected bacterial strains after 30 cycles of exposure;
therefore, NGA-Mn appears to be a compound with
promising broad-spectrum activity and persistence against the
development of bacterial resistance.
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Infections with Staphylococcus aureus are a major

clinical concern, especially with increasing antibiotic
resistance. Radiolabelled siderophores such as
8Ga-desferrioxamine  (®*Ga-DFO)  allow  non-invasive

infection imaging by exploiting bacterial iron acquisition. We
investigated the wuse of bacteriophage MB403 in
bacteriophage therapy by ®*Ga-DFO PET/MRI in a murine
dorsal wound infection model. Mice were inoculated with
three different bacterial doses (n = 6 per dose). Within each
group, three animals received local bacteriophage treatment at
the infection site 24 h post-inoculation, while three controls
were treated with PBS. Imaging was performed on a 3T PET/
MRI scanner. ¥Ga-DFO showed specific uptake at infection
sites, enabling visualization of bacterial burden across the
tested doses. The effect of sin%le dose phage therapy at
various doses (from 10° to 10" CFU) was tested on this
infection model, where only the highest dose (10'° CFU) lead
to complete eradication of S. aureus in studied lesions. Future
studies will assess repeated systemic administration, which
may improve therapeutic efficacy. This approach could
contribute to the development of phage therapy as an
alternative to conventional antibiotics.
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Beta-lactamases are key drivers of antimicrobial
resistance. Building on our previous identification of 2,340
candidate beta-lactamases across 673 bacterial genera, we
focused on 129 putative enzymes sharing 70-98.5% identity
with known beta-lactamases.

We meticulously analyzed these enzymes across 102
genera and 13 phylogenetic classes from environmental,
animal, and human sources. Conserved catalytic motifs,
genomic context, and Al-based substrate predictions were
used to assess functional potential. We also evaluated
associations with mobile genetic elements (MGEs) and
phylogenetic placement.

All four beta-lactamase classes (A—D) were represented,
with several genes linked to MGEs, suggesting high mobility
and a potential for immediate and widespread horizontal
transfer. Using a composite prioritization framework, we
identified multiple high-priority loci spanning diverse
bacterial hosts and regions. Often flanked by MGEs within
+10 kb, these loci represent strong candidates for sentinel
screening and further validation.

While not claiming biochemical validation, our research
presents a bias-aware, reproducible early-warning framework.
This framework is designed to prioritize putative beta-
lactamases for One Health surveillance. It underscores the
global distribution and mobility of resistance genes and,
importantly, the need for continuous, proactive monitoring
and validation efforts.
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Retroviruses are major pathogens that cause lifelong . ™
infections in humans and in economically important animals “:\\“ > MY
. HIV

such as poultry, cattle, and sheep. A hallmark of the retroviral
replication cycle is the insertion of the viral genome into the ‘ ASLV
host cell’s genome. Once integrated, the invading retroviral )
genome, a provirus, becomes an integral part of the host
genome, with its expression fully dependent on the cellular

y,

machinery. This feature makes ret‘rovir.a.l infections effec.tively 0,090,9, gen;Jbody en,:a;,\lce,
incurable. On the other hand, this ability makes retroviruses
useful t0(_)1s: for gene .th.erapy and.transgeneSIS, . . Scheme 1. A schematic depiction of variegation of proviral ex-
A‘_—‘thlty of 1nd1V1dua.l proviruses often varies from high pression and selection of expression-permissive integration sites.
expression to completely silent persistence. Understanding the Cells expressing a provirus are marked in green. The right part of the
mechanisms of provirus silencing is essential for tackling scheme depicts target chromatin with various functional parts marked
latent infections, while deciphering the mechanisms of in different colors. The distribution of integration sites of proviruses
silencing-resistant conditions is crucial for the design and at different stages of selection is represented by black lines. MLV,

murine leukemia virus; HIV, human immunodeficiency virus; ALSV,

application of gene-transfer techniques. Epigenomic : Vo
PP g q Pig avian sarcoma and leukosis virus.

environment at the site of integration is an obvious suspect in
the expression variability. A key question is how the genomic

context of the provirus influences its expression. Our previous demonstrate that studying retroviral integration sites not only

comparative studies have revealed that different retroviruses deepens our understanding of retroviral pathogenesis but also

exhibit distinct sensitivities to their local epigenetic paves the way for safer and more effective applications of

environment'. Importantly, the common feature is that both viral and non-viral vectors in gene therapy and

silencing-resistant proviruses are enriched at active regulatory biotechnology.

elements such as promoters and enhancers (Scheme 1),
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(LADs)*— genomic regions traditionally considered repressive
to transcription. Our results highlight not only the strength of
some promoters, but, most importantly, feature LADs as
potential safe genomic “landing pads” for therapeutic gene
delivery.

To explore the latent reservoir, we developed a novel
detection system exploring the post-integration history of
silent yet transcription-competent proviruses. Utilizing the
system, we reveal a functionally distinct population of silent
proviruses with as-yet undefined properties.

Together, our findings establish a novel strategy for
identifying safe genomic targets for therapeutic gene insertion
and introduce a novel method to uncover a previously
unrecognized class of silent proviruses. These advances
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Upon activation, naive CD8+ T cells differentiate into
short-lived effector cells (SLECs), which provide immediate
protection against infections, and long-lived memory cells,
which retain immunological information long after pathogen
clearance. Despite the crucial roles of these subsets in
developing effective anti-cancer therapies and vaccines, the
molecular mechanisms governing SLEC vs. memory cell
commitment remain unclear.

To address this gap, we built a comprehensive single-
cell multiomics atlas of CD8+ T cells, profiling them across
multiple steady-state and infection conditions, including
various pathogens and time points. Alongside conventional
types of CD8+ T cells, this approach revealed a novel
transient state in effector differentiation dependent on the
polyamine biosynthesis pathway and hence named “Tpam”.

To study Tpam cells in vivo, we developed an inducible
OT-I TCR mouse model (TCR-switch), in which T cells
initially develop with a polyclonal TCR repertoire but, upon

Short-lived
effectors

Stem-like
T cells

UMAP2

UMAP1

Scheme 1. UMAP representation of the integrated single-cell
RNA sequencing atlas of CD8+ T cell differentiation
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induction, switch to express an OVA-reactive TCR. Using
this system, we demonstrated that Tpam is required for the
emergence of SLECs in vivo.

From our atlas, we also uncovered key regulatory
factors of effector vs. memory cell differentiation, including
Myc, Odcl, Satbl, and Zbth2(0, whose CRISPR-mediated
knockouts significantly skewed T-cell fate. Moreover, single-
cell RNA and ATAC multiome sequencing of the earliest
T-cell divisions during infection revealed a pivotal
requirement for TGF-B signaling in regulating Tpam and
effector cell development. Finally, spatial transcriptomics
demonstrated Tpam state emergence in tissue, dependent on
interactions with cDC1 dendritic cells.

A key unanswered question in the effector vs. memory
cell differentiation is, what is the role of asymmetric cell
division, i.e. the first division that a T cell makes after
forming the immunological synapse with an antigen
presenting cell. This phenomenon has never been observed in
vivo, due to lack of suitable models and rare frequency of
such events. To address this longstanding question, we used
the TCR-switch mouse model. In this model, OV A-reactive T
cells keep their endogenous TCR beta chain, which can be
used as a cell barcode to allow tracking their fate using
scRNAseq with VDJ immune profiling. We analyzed T-cell
“sisters” in the first division after activation using scRNAseq
and showed that their transcriptomic signature is surprisingly
similar. Thus, in contrast to previous in vitro studies, we
excluded asymmetric division as a cell fate determining
mechanism in vivo.

Collectively, our findings indicate that effector vs.
memory fate is determined remarkably early after T-cell
activation, involves a newly defined Tpam transitional state,
and can be manipulated through targeted genetic interventions
offering new avenues to optimize T cell-based
immunotherapies.
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Virophages are small dsDNA viruses that parasitize lytic
giant viruses of the phylum Nucleocytoviricota. Although
endogenous sequences of virophages and related viruses have
been found in many protist genomes, few viruses have been
isolated in culture. The ability to integrate viral DNA into the
host cell genome has only been demonstrated experimentally
for the virophage mavirus, which provides a unique model
system to study the integration of DNA viruses in eukaryotes.

Mavirus replicates in the marine protist Cafeteria
burkhardae in the presence of the giant Cafeteria
roenbergensis virus (CroV). Mavirus can enter the host cell
independently of CroV, and in the absence of CroV, mavirus
DNA integrates into the host cell nucleus. Mavirus encodes
aretroviral integrase, MaV-INT, which is likely responsible
for DNA insertion into the C. burkhardae genome. Our goal
is to characterize a molecular mechanism of mavirus DNA
integration into the host genome. Our preliminary data
suggest that, unlike retroviral integrases, the MaV-INT alone
is not sufficient to catalyze DNA integration in vitro.
Structural predictions indicate that MaV-INT requires
interaction with a terminal protein, which is located at the
5" end of the mavirus gDNA. In addition, MaV-INT contains
a chromodomain that may be responsible for specific
targeting of mavirus DNA integration. To test this hypothesis,
a library of mavirus integration sites in C. burkhardae was
generated. We are currently analyzing whether the detected
integration sites share common genomic or transcriptional
features.

Overall, the results of our study will shed first light on
virophage DNA integration.
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Envelope glycoprotein of the human endogenous
retrovirus Syncytin-2 expressed in placental tissue is essential
for placental formation and maintenance during pregnancy. Its
fusogenic activity mediates the fusion of adjacent cellular
membranes, leading to syncytium formation. These
multinucleated cells provide the physiological basis for
efficient exchange of respiratory gases, nutrients, and waste
products between mother and fetus. Impaired placental
function is associated with multiple pregnancy complications
that may have severe consequences for both mother and child.
Composed of multiple protein motifs, Syncytin-2 is a fine-
tuned fusogen in which even subtle changes in amino-acid
sequence can have dramatic consequences for functionality.

The aim of this project is to uncover critical functional
regions of Syncytin-2 with the help of ancestral sequence
prediction. Because Syncytin-2 copies are present in genomes
of Old World and New World monkeys, we were able to
predict an ancestral sequence. Recapitulating Syncytin-2’s
past allowed us to focus on specific motifs that changed over
millions of years. In addition to highly conserved regions,
several motifs show stable changes that may tune fusogenic
ability and influence Syncytin-2 maturation. As the
reconstructed ancestral Syncytin-2 displays clear cell-fusion
activity, it will be examined further to characterize effects of
these changes in more detail.
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The surge in available single-cell data, coupled with
recent advances in machine learning, has paved the way for
studies that were previously difficult to conduct, including
those involving T cell receptor (TCR) sequences. However,
despite recent advances the significant breakthrough in
predicting the specificity of a particular TCRs from its amino
acid sequence has not yet been achieved.

Here, we present our current results on predicting T cell
fate — whether a cell becomes CD4+ or CD8+ — from TCR
sequences alone using machine learning, an intermediate step
towards the aforementioned goal. After assembling a data set
of approximately 55,000 unique murine TCR sequences
containing both o and B chains, we analyzed it to identify
distinguishing features between CD4+ and CD8+ T cells. We
then numerically encoded the gathered data and applied
various machine learning and deep learning methods,
including neural networks. Our current best model, Gradient
Boosting, achieves a prediction accuracy of 74% when tested
with 10-fold cross-validation. These results indicate that
machine learning can extract patterns from TCR sequences
that allow for prediction of CD4+ vs. CD8+ T-cell fate to
acertain degree. However, existing theories and the
expansion of specific T-cell types in monoclonal mice, such
as OT-I, suggest that the accuracy of such methods can be
further improved. Moving forward, we aim to enhance the
performance of our best-performing model through better
parameterization and explore new models based on
transformer neural networks. Additionally, to facilitate feature
extraction by machine learning, we plan to refine our data
encoding approach, which currently relies on dividing
sequences into k-mers.
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Bordetella pertussis, the causative agent of pertussis,
continues to pose a significant public health challenge despite
the widespread use of acellular vaccines'. In 2024, the Czech
Republic reported an epidemic of pertussis, with over 37,000
cases confirmed. The early stages of B. pertussis infection are
characterized by colonization of the nasal epithelium, where
the bacterium initially interacts with the host immune system.
The adaptive immune system of the nasal mucosa may play
an important role in protection against pertussis, preventing
both severe pulmonary disease and transmission of the
pathogen to others™’. Recent advances in single-cell
transcriptomics have enabled high-resolution profiling of
mucosal immune responses directly from nasal swab samples.
In our study, we performed single-cell RNA sequencing on
lymphocytes from nasal swabs of pertussis convalescent
patients and healthy individuals with no history of the disease.
To contextualize our findings, we also incorporated publicly
available single-cell transcriptomics datasets of nasal mucosal
lymphocytes from COVID-19 patients. We observed
a decrease in the proportion of CD8 T cells expressing Killer-
cell Immunoglobulin-like Receptors (KIR) in convalescent
pertussis patients compared to healthy controls. These cells
are characterized by an innate-like phenotype and were more
abundant in the inferior nasal turbinate than in the
nasopharynx. Additionally, several Toll-like receptor genes
and interferon response genes were downregulated in patients.
These findings offer insight into immune responses at a key
mucosal barrier and may support the development of more
effective pertussis vaccines.
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