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Genome structure and
regulation

P-01.1-01

Gene desert area in the 1g21.1 makes the
frequent contacts with nucleoli in different
human cell lines

N. Tchurikov, O. Kretova, E. Klushevskaya, Y. Kravatsky
Engelhardt Institute of Molecular Biology Russian Academy of
Sciences, Moscow, Russia

There are large human genome regions where no genes were
detected. These regions are called gene deserts (Ovcharenko
et al., Genome Res. 2005. 15:137-145). There are some indica-
tions suggesting that nevertheless these regions could play an
important role in regulation of expression of remote genes (Hari-
mendy et al., Nature. 2011. 470:264-268). There is about 800-kb
long gene desert area in chrl with coordinates from 142,800 to
143,600 kb (hgl9). We analyzed the whole-genome contacts of
nucleoli in HEK293T, K562, and hESMO01 human cell lines using
4C (circular chromosome conformation capture) approach. The
same patterns of very frequent contacts of nucleoli were detected
inside this gene desert in all three lines analyzed. No genes in the
area are indicated in IGB Browser (hgl19). Genome-wide annota-
tions from ENCODE genome segmentations show the presence
of repressed chromatin, CTCF sites, small isles of transcribed
regions, and week enhancers in the desert. Surprisingly, we
detected strong PARP1 binding sites in the region. No promoters
or TSS are present in the desert. Our previous data strongly
demonstrated that the contacts of rDNA clusters with different
chromosomes are involved in development (Tchurikov et al.,
Cells. 2019). Nucleoli are the largest membrane-less organelles in
nuclei. Potentially they could directly spread active or repressed
chromatin states at the contacts sites via phase separation mecha-
nisms. The conservation of nucleoli contacts in this gene desert
in different cell types strongly suggests the importance of the
region in 3D organization of chromosome 1. The study was sup-
ported by the grant from Russian Science Foundation No. 21-14-
00035.

P-01.1-02
CRISPR/Cas9 mediated knockout of GLI1, GLI2

and GLI3 genes in melanoma cell lines

M. Kurtovi¢!, N. Rin¢i¢%, D. Trnski!, V. Musani', P. Ozreti¢',
M. Sabol'

! Rudjer Boskovic Institute, Zagreb, Croatia, ?Ruder Boskovic
Institute, Zagreb, Croatia

GLI transcription factors are the main mediators of Hedgehog-
GLI (HH-GLI) signaling pathway. They activate the transcrip-
tion of many target genes which are involved in various aspects
of tumorigenesis. Targeting the HH-GLI signaling pathway is
one of the recent approaches in cancer therapy. Our preliminary
data suggest that melanoma cells harboring the BRAF mutation
show a better response to GLI inhibition than cells with the
NRAS mutation, suggesting a differential role for the HH
signaling pathway in melanoma cells with different genetic

FEBS Open Bio 11 (Suppl. 1) (2021) 103-507 DOI: 10.1002/2211-56463.13205

© 2021 The Authors. FEBS Open Bio © 2021 FEBS

Genome structure and regulation

background. In order to elucidate the role of GLI proteins in
melanoma with these genetic backgrounds (BRAF mutation,
NRAS mutation, no mutation), we are now in phase of con-
structing GLI1/2/3 knockout melanoma cell lines using CRISPR/
Cas9 system. For this purpose, for each GLI protein, we
designed two sgRNAs which guide the Cas9 protein to the speci-
fic sequences in the genome where they create a double stranded
break. The designated sequence was the region near the ATG of
GLI1/2/3 and the region near the end of the genes. These two
breaks were repaired via homology-directed repair (HDR) with a
help of HDR cassette that was transfected along with CRISPR/
Cas9. So far, we have managed to construct GLI2 knock-outs in
two melanoma cell lines. In parallel, we have also over-expressed
GLI1/2/3 proteins in the same melanoma cell lines. Each mater-
nal cell line and its over-expressed cell line for GLI1, GLI2 and
GLI3 will be analyzed by RNA-seq to determine the changes in
transcriptomes. This analysis, in combination with knock-out cell
line analysis results, should provide us with the information of
which genes are specifically regulated by each of the GLI pro-
teins in each of the genetic background. That may provide
insight into the observed differences between the cell lines with
different genetic background.

P-01.1-03

GLI transcription targets in melanoma cell
lines

N. Rinéi¢!, N. Bartonicek?, M. Kurtovi¢', V. Musani',

D. Trnski', P. Ozreti¢', M. Sabol'

' Ruder Boskovic Institute, Division of Molecular Medicine,
Zagreb, Croatia, *Garvan Institute of Medical Research, Sydney,
Australia

Hedgehog-GLI signaling pathway is one of the key regulators of
normal development. Its aberrant signaling activity has been impli-
cated in the initiation, progression and relapse of various types of
cancer, including melanoma. Previous studies in our laboratory
demonstrated that BRAF and NRAS melanomas have different
response to HH-GLI signaling pathway inhibition. Identifying
GLI protein functions in melanoma cell lines with different muta-
tional background represents a distinct potential for the develop-
ment of combined therapy with HH-GLI signaling pathway and
BRAF/NRAS inhibitors. For that purpose, chromatin immuno-
precipitation sequencing (ChIP-seq) was performed. The muta-
tional status of 14 collected melanoma cell lines was confirmed by
Sanger sequencing and the cell lines were divided into three cate-
gories based on their mutational background: BRAF-mutated,
NRAS-mutated, and wild-type for BRAF and NRAS. Three cell
lines were selected for ChIP analysis based on protein expression
of HH-GLI signaling pathway components: CHL-1 for the wild-
type cell group, A375 for the cell group with BRAF gene mutation
and MEL224 for the cell group with NRAS gene mutation. Puri-
fied chromatin samples were used for library preparation and pro-
ceeded for next-generation sequencing (NGS). Target genes were
analyzed in silico and validated by quantitative polymerase chain
reaction (QPCR). qPCR validation included selected 23 protein
coding genes, 9 miRNAs and 3 IncRNAs involved in regulation of
MAPK signaling pathway. Further analysis can bring new insights
into HH-GLI and MAPK signaling interplay and development of
combined therapy.
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P-01.1-04
miR-27b modulates insulin resistance in
hepatocytes by targeting insulin receptor and

repressing insulin signaling pathway
A. Benito, K. Uribe, U. Galicia-Garcia, S. Jebari,
A. Larrea-Sebal, C. Martin

Biofisika Institute (CSIC-UPV/EHU), Leioa, Spain

Obesity is a global epidemic that has nearly tripled since 1975
and, with more than 1.9 billion overweight adults and 650 mil-
lion obese people in 2016, constitutes the main risk of cardiovas-
cular disease and type 2 diabetes mellitus (T2DM). Insulin
resistance (IR) is one of the key factors in the development of
T2DM but the molecular mechanism leading to disease is still
unclear. The implication of microRNAs (miR) in the pathophysi-
ology of multiple cardiometabolic pathologies, including obesity,
atherosclerosis heart failure and IR, has emerged as a major
focus of interest in recent years. Indeed, upregulation of several
miRNAs has been associated to obesity and IR, among them, it
has been shown that miR-27b is overexpressed in liver of obese
people, but its role in IR has not been deeply explored. The main
objective of the present work has been to investigate the possible
role of miR-27b in insulin signaling pathway regulation in hepa-
tocytes. Results: The results of the present study demonstrate
that mir-27b is able to regulate hepatic insulin sensitivity by
directly interacting with INSR and IRSI1. Conclusion: This work
emphasizes the importance of miRNA modulation studies to
determine their functional effects. In fact, our study demonstrates
the direct effect of miR-27b on INSR and IRSI expression and
its potential role as insulin signalling regulator.

P-01.1-05

The effect of the transcriptional repressor
StpA on CRISPR-Cas activity in E. coli cells
lacking H-NS

D. Miti¢, M. Radov¢i¢, D. Markulin, I. Ivanci¢ Bace
Faculty of Science, University of Zagreb, Zagreb, Croatia

Clustered regularly interspaced short palindromic repeats —
CRISPR associated genes (CRISPR-Cas) is a prokaryotic
defence system that protects against phage infection and foreign
DNA, such as plasmids. It is comprised of cas protein genes and
the CRISPR locus which consists of repeat arrays interspaced
with sequences originating from invading DNA, that are tran-
scribed and processed into CRISPR RNA (crRNA). E. coli has a
type I-E system, in which foreign DNA targets are recognized by
Cascade, a crRNA-guided complex comprised of five proteins
(CasA, CasB, CasC, CasD, CasE) and degraded by Cas3. In
E. coli the CRISPR-Cas type I-E system is repressed by the his-
tone-like nucleoid-structuring protein H-NS, a global transcrip-
tional repressor. In wt cells H-NS repression can be relieved by
elevated levels of LeuO transcription factor which induce higher
transcript levels of cas genes than was observed for Ahns cells.
This suggested that derepression in Ahns cells is incomplete and
that an additional repressor could be involved in silencing. We
wanted to test if StpA, a paralogue of H-NS with similar DNA
binding preferences as H-NS, is another repressor of cas genes.
By overexpressing stpA from the plasmid we have managed to
abolish resistance to phage in naturally resistant Ahns cells. To
confirm the exact mechanism of this phenomenon, we determined
cas3 and casA transcript levels in different mutant cells (wt,
AhnsAstpA, Ahns, and Ahns cells overexpressing stpA). Our
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results show that in the absence of H-NS, the StpA protein is
another repressor of cas genes.

P-01.1-06

Characterization of sponge homolog of human
metastasis suppressor DRG1

S. Beljanl‘z, K. Dominko?, A. Talajic'z, M. Radié®, M. Herak
Bosnar’, K. Vlahoviéek', H. Cetkovi¢?

"University of Zagreb, Faculty of Science, Department of Biology,
Division of Molecular Biology, Zagreb, Croatia, >Ruder Boskovic
Institute, Division of Molecular Biology, Laboratory for Molecular
Genetics, Zagreb, Croatia, 3Lab0ratary for Protein Dynamics,
Division of Molecular Medicine, Ruder Boskovic Institute, Zagreb,
Croatia

Cancer is known as a disease of multicellular animals caused by
the errors within the multicellular system, leading to the prolifer-
ation of “selfish” cell lines. Research of ancestral homologs of
cancer-related genes in humans has gained more popularity in
recent years since comparative genomic studies have confirmed
that many homologs of human genes were already present in
simple metazoans. From an evolutionary point of view, the
development of cancer is most likely related to the development
of multicellularity and the appearance of true tissues and organs.
Despite their simple morphology, with only a few cell types and
without true tissues and organs, sponges possess complex gen-
omes harboring many genes highly similar to their vertebrate
homologs. Therefore, they provide an excellent model for study-
ing the evolution of different genes that were most possibly pre-
sent in the genome of the animal ancestor. Our research focuses
on metastasis suppressor genes. Metastasis suppressors inhibit
metastasis formation without affecting primary tumor growth.
Bioinformatics analyses have shown that homologs of metastasis
suppressors were probably already present in the last common
ancestor of all animals. To better understand the basic role of
ancestral metastasis suppressor homolog, we analyzed the sponge
homolog of the main metastasis suppressor gene: developmen-
tally-regulated GTP-binding protein 1 (DRG1). Our bioinformat-
ics and phylogenetic analyses showed that these proteins are
conserved across animals. Transfection of sponge and human
cells revealed the intercellular localization of DRGI1 proteins.
The proteins were then overexpressed in E. coli and confirmed by
Western blot and the protein GTP-binding properties by a
GTPase activity assay. Further biochemical and biological char-
acterization is in progress. These results will provide a better
understanding of the intracellular processes related to the metas-
tasis suppression and pathology of cancer and metastasis.

P-01.1-07
Investigation of the gene expression pattern
and the regulation of stearoyl-CoA desaturase

5 (SCD5)

V. Zambé, L. Szab6é, M. Csala, E. Kereszturi
Department of Molecular Biology, Semmelweis University,
Budapest, Hungary

Elevation of free fatty acid (FA) levels is a key component in the
development of severe diseases. The cellular stress caused by satu-
rated FA overload can be reduced by local desaturation. Thus, the
stearoyl-CoA desaturase (SCD1) enzyme is an important member
in the cellular defense mechanism against lipotoxicity. The
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function and the regulation of Scdl are well characterized, but
SCDS, the other human isoform is barely been studied yet. The
present work aimed to reveal, whether both SCDS5 transcriptional
variants (A and B) described in NCBI database were transcribed in
human tissues and, if so, in what extent. We also aimed to identify
the promoter region of SCDS5 gene. Total SCDS gene expression of
hepatic and renal cell lines and eight different human tissues was
assessed by RT-PCR. Specific primer pairs were designed to quan-
tify the two transcriptional variants separately by qPCR. To ana-
lyze SCDS5 promoter region, four fragments of different length
were amplified from human genomic DNA and cloned into the
pGL3-Basic luciferase reporter vector. Promoter activities were
measured by luciferase assays from transiently transfected
HEK293T or HepG2 cells. The SCD5 mRNA was detected in
HEK?293T cell line, whereas it is not present in HepG2 cells. The
1000 bp length region 5 upstream from start codon has been
shown to be the most transcriptionally active in luciferase reporter
system, however in cell line specific manner. The transcriptional
variant A of SCDS5 turned out to be the most abundant in the
brain, while the highest expression level of variant B was measured
in the pancreas. Variant A was present 10-100 times higher than B
in all tissues. Although both transcriptional variants are expressed,
the significantly lower expression of the B isoform cannot be
explained by the common promoter. Further research is needed to
elucidate the mechanism of the observed cell type specificity of
SCDS5 promoter activity, as well as its potential contribution in
human diseases.

P-01.1-08

Evidence for the origin of CCR5 Delta32
mutation: detection of hot spot of DSBs in
blood cells in the region of the gene where
the deletion occurs

A. Kretova, O. Kretova, N. Tchurikov

Enhelhardt Institute of Molecular Biology Russian Academy of
Sciences, Moscow, Russia

CCRS5 gene specifies CCR5 chemokine receptor that is used by
HIV-1 and some other viruses to enter CD4+ T cells especially
during initial infection. It was found that in Europe and western
Asia average frequencies of the deletion of precisely the same 32
nucleotides (delta 32) in the gene changing the open reading
frame are about 10% (see Novembre et al., PLoS Biol., 2005 and
the references therein). The mechanism that is responsible for the
origin of the deletion is not known yet. We hypothesized that
physiological hot spots of DSBs in this particular site of the gene
could serve as a natural genome edition tool. To test the supposi-
tion, we used quantitative PCR across a putative region possess-
ing hot spots of DSBs (Tchurikov et al., JMCB, 2015). Two
short adjacent DNA fragments of the CCRS5 gene, one of which
spans the delta 32 region were amplified. A pair of DNA samples
was used for amplification with two sets of DNA primers. One
template was DNA isolated from blood and another, PCR
amplified DNA from the same cells covering the whole region
selected for analysis. The DNA does not possess the delta muta-
tion. In these experiments we detected that both regions are
amplified at the same rate only if PCR-synthesized DNA was
used. When the DNA from blood cells was used as a template,
we reproducibly observed about 20-30% lower rate of amplifica-
tion of the fragment spanning the region of delta 32 region. The
data suggest the presence of hot spots of DSBs in the region of
CCRS gene where delta 32 resides. The data are consistent with
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the idea that the hot spots of DSBs and subsequent non homolo-
gous recombination could be responsible for the origin of delta
32 deletion. The study was supported by the grant from Russian
Science Foundation No. 21-14-00035.

P-01.1-09
Development of a novel method to discover

DNA: protein interaction partners

A. Habi¢', V. Kocman?, B. Lenarcic!, J. Plavec?, M. Pavsic'
!University of Ljubljana, Faculty of Chemistry and Chemical
Technology, Department of Biochemistry, Ljubljana, Slovenia,
2Slovenian NMR Center, National Institute of Chemistry,
Ljubljana, Slovenia

Regulatory functions of certain DNA elements, be it linear or
adopting higher-order structures like DNA-quadruplexes, are
often achieved in concert with proteins that bind to them, either
via stable or transient interactions. Conventional methods for
detection of protein interaction partners of known DNA are in
general suitable for the detection of strong and stable interac-
tions, however, weak and transient ones are often overlooked.
To be able to detect all types of interactions, we set on to
develop a novel approach for DNA:protein interaction partners
discovery based on a three-component system that enables
enzyme-catalyzed proximity labeling of proteins with biotin. It
can be used either in vivo or in vitro, with an appropriate source
of proteins added. The three components are (1) a synthetic
nucleotide fragment F-DNA, (2) chimeric protein Tus—TurbolD,
which contains a mutant biotin ligase, and (3) chimeric protein
GALA4(1-147)-sfGFP, which serves as the internal control of the
system. F-DNA is the core element of the system and consists of
a DNA sequence of interest fused to two other protein binding
sites, one for each of the chimeric proteins; the components of
the system and target interaction partners are therefore colocal-
ized. Upon biotin addition biotin ligase Tus-TurbolD biotiny-
lates GAL4(1-147)-sfGFP and target interaction partners of the
DNA of interest. Biotinylated proteins can be easily isolated and
analyzed. To characterize the system and optimize the method,
we first constructed an in vitro system involving a known DNA:
protein interaction pair, namely GADD(DNA):p53(protein).
After preparation of purified Tus-TurbolD, GAL4(1-147)-
sfGFP, and F-DNA we confirmed that chimeric proteins colocal-
ize with F-DNA, using electrophoretic mobility shift assay. We
also tested some of the reaction conditions during the biotinyla-
tion step, however, to make the method applicable, there is still a
need for further optimization.

P-01.1-10

Characterization, classification and localization
of repetitive DNA sequences constituting the
genome of the Pacific oyster (Crassostrea
gigas)

M. Tunji¢ Cvitanié¢!, T. Vojvoda Zeljko', J. J. Pasantes Ludena,
D. Garcia-Souto™>*, M. Plohl', E. Satovi¢!

! Ruder Boskovic Institute, Zagreb, Croatia, ZUniversity of Vigo,
Vigo, Spain, >University of Santiago de Compostela, Santiago de
Compostela (A Coruna), Spain, “Wellcome Sanger Institute,
Hinxton, United Kingdom

Bivalve molluscs are a large group of economically and ecologi-
cally important invertebrates, which made them particularly
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interesting as model organisms for genomic research. So far, 31
bivalve genomes have been sequenced, the first one correspond-
ing to the Pacific oyster (Crassostrea gigas). Segments of the gen-
ome enriched in repetitive sequences still present a challenge in
the genome assemblies, leaving the composition of DNA
sequences underlying the heterochromatic regions and the cen-
tromeres still unexplored in many organisms. The typical land-
mark of centromere chromatin is a variant of the H3 histone,
CenH3, while DNA sequences building constitutive heterochro-
matin are associated with H3K9me3-histone modification. In
order to investigate the DNA composition of genomic regions
enriched in repetitive sequences, we employed chromatin
immunoprecipitation followed by high-throughput next-genera-
tion sequencing of the whole genome and CenH3- and
H3K9me3-associated sequences. The obtained sequences were
analysed using RepeatExplorer pipeline. Fifty-two satellite DNAs
constitute the satellitome. CenH3-associated sequences resulted in
diverse repetitive DNA content and were assigned to six different
groups of repetitive sequences. Several sequences enriched in
CenH3-ChIP were localized on metaphase chromosomes using
fluorescence in situ hybridization, each encompassing cen-
tromeres of only a few chromosomes of C. gigas. The same
sequences were also colocalized with CenH3 on male gonadal
cells in different stages of spermatogenesis, revealing stage-speci-
fic distribution of the CenH3. The heterochromatin of C. gigas
exhibited low abundance and localization limited on two chro-
mosomal pairs, with H3K9me3-associated sequences being domi-
nantly composed of DNA transposons. To conclude, we
identified, characterized and localized the most abundant repeti-
tive sequences present in the genome of the Pacific oyster.

P-01.1-11

Changes in expression patterns of anthocyanin
biosynthesis genes influence fruit colour in
purple-fruited peppers during ripening

M. Filyushin, A. Shchennikova, E. Kochieva

Research Center of Biotechnology RAS, Moscow, Russia

The purple fruit colour of several Capsicum cultivars is due to
the accumulation of anthocyanin delphinidine derivatives in the
peel. Except some pepper cultivars, during fruit ripening, the exo-
carp changes colour from purple to red due to the anthocyanin
content decrease and carotenoid accumulation. In the present
study, dynamics of the anthocyanin content was determined in
fruit peel during ripening in purple-fruited pepper cultivars - C.
annuum (cv. Sirenevii kub), C. chinense (cv. Pimenta Da Neyde),
and C. frutescens (cv. Samocvet). In cv. Pimenta Da Neyde fruit
peel, which was purple coloured at all developmental stages, the
anthocyanin content gradually increased, reaching a maximum in
the mature fruit (4.7 mg/g FW). In the other two studied pepper
cultivars, only immature fruit had a purple colour, the antho-
cyanin content in the peel decreased as the fruit ripened, and
mature fruit turned red. The obtained data were compared with
the expression pattern of key anthocyanin biosynthesis structural
genes CHS, F3’5’H, DFR, ANS, and UFGT, as well as regula-
tory genes of transcription factors MYBI13 and MYC. It was
found that the expression pattern of the studied genes correlated
with the anthocyanin content in the peel of pepper fruits. Also, a
positive relationship between the transcription levels of MYB113
and MYC, and the anthocyanin biosynthesis structural genes was
revealed. The study was supported by the Russian Science Foun-
dation grant #19-16-00016.
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P-01.1-12

Molecular mechanisms underlying the
regulation of HAVCR2 expression in myeloid
cells

A. Uvarova'?, N. Mitkin', K. Korneev', D. Demin'*,

A. Ustiugoval‘z, D. Kuprashl‘”, A. Schwartz"?

! Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow, Russia, ZFaculty of Biology, Lomonosov
Moscow State University, Moscow, Russia, 3Moscow institute of
physics and technology, Dolgoprudny, Moscow Region, Russia

TIM-3 (T-cell immunoglobulin and mucin-domain containing-3)
is a membrane protein in humans encoded by the HAVCR2
gene. It is a member of the immunoglobulin superfamily that is
expressed on differentiated T-cells and innate immunocytes. High
TIM-3 expression correlates with suppression of T-cell responses
during chronic viral infections and tumor development. Joint
blockade of TIM-3 together with other immunological check-
point molecules appears to be an attractive cancer treatment
strategy. Besides T-cells, TIM-3 is also expressed by the cells of
myeloid origin such as monocytes, macrophages, and dendritic
cells where its biological role has not been studied sufficiently. In
the current study, we identified the promoter and enhancer ele-
ments in the locus of human HAVCR?2 gene using bioinformatics
approaches and analyzed their functional activity in activated
U937 monocyte cell line using luciferase reporter assay. Potential
enhancer region located in the 3 intron provided a 10-fold
increase in HAVCR2 promoter activity. We also characterized
several disease-associated single nucleotide polymorphisms in
HAVCR?2 gene promoter and in the enhancer region. Thus, we
defined the enhancer of HAVCR2 gene and performed functional
annotation of several single nucleotide polymorphisms of its pro-
moter. This work is supported by grant 19-14-00341 from Rus-
sian Science Foundation.

P-01.1-13
Prophages and phage related sequences in
chromosomes of Sinorhizobium meliloti

isolates native to Aral Sea region

M. Vladimirova'*, V. Muntyan"*, A. Afonin'*,

A. Saksaganskaya'*, E. Antonova>*, B. Simarov'*,

M. Roumiantseva'™*

"ARRIAM, Saint-Petersburg, Russia, 2 Institute of Plant and
Animal Ecology, Yekaterinburg, Russia

The abundance of phage related sequences (PRS) was evaluated
in Sinorhizobium meliloti, agriculturally valuable nitrogen fixing
symbionts of alfalfa. Sequences related to prophages (pPhs) and
genomic islands (Gls) were searched by PHASTER and Islander
algorithm, correspondingly. Strains were originally recovered
from nodules of wild growing plants from the genus Medicago
native to Aral Sea region (ICA2-CT-2000-10001). Genomes of
AK170 and AKS555 were sequenced by NGS and NNGS and
assembled by using Unicycler. Sequences data of AK21 and
AKS83 are from GenBank. In total, the 19 PRS with the length
varied from 8.0 to 53.0 kb were detected on chromosomes of the
4 strains. The 5 pPhs and 6 Gls site-specifically integrated in
tRNA genes and 8 Phs were revealed. The phylogenetic analysis
(Mafft UPGMA) done for PRS revealed two clusters. The clus-
ter-I united sequences the 7 pPhs and the 4 of them were intact
and native to Sinorhizobium and Loktanella. The cluster-1I
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united the 4 groups of PRS sequences: i) GIs and sequence
related to incomplete pPh from Siphoviridae family identified in
distinct strains; ii) GI and pPhs sequences homologues to Acker-
mannviridae and Ackermannviridae phage families; iii) homolo-
gous sequence related to intact Myoviridae phage; iv) Gls and
pPhs sequences homologues to phages from Myoviridae family.
Sequences indentified in GIs were clustered as with each other as
with pPhs related to Ackermannviridae, Ackermannviridae and
Myoviridae. Function analysis of ORFs (BLASTn, BLASTp) of
PRS showed that they are encoding hypothetical proteins and
enzyme involved presumably in methylation processes. Thus,
sequences of phylogenetically distant phages are abundant in
genomes of S. meliloti strains. That fact is strongly evident at an
important role of PRS in horizontal gene transfer that sharped
rhizobia genome evolution. The work was supported by RSF 20-
16-00105. *The authors marked with an asterisk equally con-
tributed to the work.

P-01.1-14

The properties of a peptide encoded by a
nested alternative open reading frame in the
matryoshka gene determine the level of

maternal mRNA accumulation

E. Sheshukova', T. Komarova'?, N. Ershova', K. Kamarova',
Y. Dorokhov'?

"Vavilov Institute of General Genetics, Russian Academy of
Sciences, Moscow, Russia, >Lomonosov Moscow State University,
Chemistry Department and Belozersky Institute of Physical and
Chemical Biology, Moscow, Russia

Until recently, our understanding of protein-encoding genes was
based on (a) the assumption that one open reading frame (ORF)
encodes one protein and (b) the minimal length of the translated
ORF. However, due to the discovery of translated ORFs upstream
and downstream of the main ORF and of alternative ORFs within
annotated ORFs, it became clear that these concepts were incor-
rect. By studying plant responses to stress, we identified the gene
that encodes the Kunitz peptidase inhibitor-like protein (KPILP)
in plants of the Solanaceae family, the mRNA content of which
dramatically increased after abiotic and biotic stress. To reveal the
mechanism underlying the regulation of KPILP mRNA, we identi-
fied a nested alternative open reading frame (aORF) encoding a
53-aa-peptidle (MGRPQVCLRFRNMKMSMRYSIVQELQGV
LLFAPDCCVGILVFHLQLMDRGVWL), which is predicted to
form a transmembrane domain (residues 27-45 are underlined).
We previously found that aORF translation determines the effi-
ciency of “maternal” KPILP mRNA accumulation in the leaf.
Here, we identified the features of the 53-aa peptide amino acid
sequence that are responsible for the observed effects. For this pur-
pose, we generated a series of genetic constructs encoding KPILP
with substitutions that affect the properties of the 53-aa peptide.
We found that mutations leading to a loss of the transmembrane
domain (TMD) of the 53-aa peptide and its ability to bind to mem-
branes resulted in the enhanced accumulation of “maternal”
mRNA. The replacement of cysteine residues with alanine in the
53-aa peptide leads to the same result. We concluded that the pres-
ence of the TMD as well as intermolecular -S-S- bonds in the 53-aa
peptide are responsible for the ability of the translated aORF to
control the expression of the “maternal” KPILP gene. This study
was performed with the financial support of the Russian Founda-
tion for Basic Research (project No. 17-29-08012).
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P-01.1-15
Transcriptomic changes in endothelial cells
triggered by Na,K-ATPase inhibition: a search

for upstream Na/K-sensitive genes

E. Klimanova, S. Sidorenko, D. Fedorov, P. Abramicheva,
O. Lopina, S. Orlov

Faculty of Biology, M.V.Lomonosov Moscow State University,
Moscow, Russia

Gene expression is regulated by diverse stimuli to achieve tis-
sue-specific functional responses. Recently, we found that 3-hr
inhibition of Na,K-ATPase by ouabain or by K*-free medium
sharply affects transcriptomes in vascular smooth muscle cells
from rat aorta, the human adenocarcinoma cell line HelLa,
and human umbilical vein endothelial cells (HUVEC). Impor-
tantly, mRNA levels’ changes in these cells were highly corre-
lated between two stimuli thus indicating that transcriptomic
changes are triggered by the Na'j/K'i-mediated signaling
pathway. According to the generally accepted paradigm, the
Na'*j/K";-sensitive mechanism of excitation-transcription cou-
pling is driven by changes in [Ca®']; and activation of several
Ca*"-sensitive pathways. In contrast, we found that Ca>".deple-
tion using extra-and intracellular Ca**-chelators elevated rather
than decreased the number of Na'j/K';-sensitive genes. Thus,
we suggest that along with canonical Ca*"-mediated signaling,
sustained elevation of the Na*;/K"j-ratio affects gene transcrip-
tion via unknown Ca®'-independent mechanism(s). In this
study, we utilized Affymetrix arrays and performed a compar-
ative analysis of time-dependent modulation of the Na'j/K';-
ratio and transcriptomic changes in HUVEC triggered by incu-
bation with ouabain and K'-free medium in order to identify
intermediates of the upstream signaling pathway. According to
our data, microRNAs, transcription factors, and proteins
involved in immune response and inflammation might be con-
sidered as key components of Na'j/K'i-mediated excitation-
transcription coupling. We speculate that Na*j/K*; imbalance
mediates transcriptomic changes directly, through the change
of DNA conformation of G-quadruplexes. Verification of
the Na'j/K'-sensitive transcription regulation mechanism
should be continued in forthcoming studies. This study was
supported by a grant from Russian Science Foundation
(Ne 19-75-10009).

P-01.1-16
Regulation of expression of genes from the
Grainyhead-like family (GRHL) by transcription

factors

A. Taracha-Wisniewska'!, G. Kotarba!, M. Miller?,

M. Dabrowski?, T. Wilanowski'

!Institute of Genetics and Biotechnology, Faculty of Biology,
University of Warsaw, Warsaw, Poland, °Laboratory of
Bioinformatics, Nencki Institute of Experimental Biology, Polish
Academy of Sciences, Warsaw, Poland

Genes from the Grainyhead-like (GRHL) family are present in
all animal and fungi species that were studied so far. In humans
there are three genes belonging to the GRHL family, named
Grainyhead-like 1 (GRHL1), Grainyhead-like 2 (GRHL2) and
Grainyhead-like 3 (GRHL3), respectively. The expression of
these genes is observed primarily in various types of the epithe-
lial tissues. GRHL genes are important factors in protection
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against cancer. Their silencing in non-tumorigenic cell lines
induces tumorigenic features in these cells and, conversely,
increasing the expression of these genes in cancer cell lines
reverses their tumorigenic phenotype. Changes in the levels of
expression of the genes from the GRHL family often brings
about the development of many types of cancer. Thus, GRHL
genes directly influence the process of carcinogenesis. Conse-
quently, changes in GRHL gene expression are important for
the development and progression of various cancers. The aim of
our project is to perform a systematic analysis of promoter
regions of the GRHL genes in order to identify and characterize
transcription factors binding to these promoters. Our results
should thus provide novel and valuable insights into the molec-
ular mechanisms of cancer development. This work is supported
by the National Science Centre grant 2016/21/B/NZ1/00279.

P-01.1-17
Proteomic profiles of nucleoid-associated
proteins isolated from Mycoplasma

gallisepticum in different growth phases

A. Zubov', O. Pobeguts', D. Evsyutina', V. Ladygina',

M. Galyaminal, A. Li', S. Kovalchuk?, G. Fisunov',

T. Semashko'

!Federal Research and Clinical Center of Physical-Chemical
Medicine of Federal Medical Biological Agency, Moscow, Russia,
2Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS,
Moscow, Russia

Mycoplasma gallisepticun (MG) belongs to the class Molli-
cutes. It is characterized by a lack of cell wall and reduced
genome size. As a result of genome reduction, MG has a lim-
ited variety of DNA-binding proteins (DBPs) and transcription
factors. The study of the dynamic changes of the proteomic
profile of MG nucleoid may assist in revealing its mechanisms
of functioning, regulation of chromosome organization, and
stress adaptation. For the first time, we isolated the nucleoid
of MG with synchronized cell cycles in the logarithmic phase
(LP) and in the stationary phase (SP). The method includes
soft lysis and fractionation by centrifugation in sucrose gradi-
ent. 2D-DIGE reveals enrichment of DBPs against overall MG
proteome. Proteomic profiling was performed by LC-MS/MS
(Thermo Scientific Q Exactive Plus) in DDA mode followed
by LFQ data analysis. First, the resulting proteomic profiles
of LP and SP and corresponding whole cell lysates were ana-
lyzed. Proteins considered to be nucleoid-associated (NAPs)
were enriched in the nucleoid samples in comparison to the
samples of cell lysate (Log2FC > 1, P-value < 0.05). 61 NAPs
were identified in both growth phases, along with 18 unique to
LP and 12 unique to SP. Among all identified NAPs are DBPs
HUI, HU2, and Dps, transcription factors MraZ and Fur,
DNA-directed RNA polymerase subunits RpoA, RpoB, RpoE,
and sigma factor RpoD. 22 and 18 enriched proteins with
unknown function (UFP) were identified in LP and SP, respec-
tively. A quantitative comparison of LP and SP proteomic
profiles was also performed. In SP in comparison to LP were
enriched 40 proteins, including some of the DBPs (HU2, Dps,
Tuf) but only 2 UFPs, whereas in LP in comparison to SP 29
proteins were enriched including 7 UFPs. As a result of this
study, we obtained detailed proteomic profiles and determined
two sets of unique proteins of M. gallisepticum nucleoid in dif-
ferent growth phases. This work was supported by Russian
Science Foundation Nel9-74-10105.
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P-01.1-18

Bidirectional promoters with asymmetric
expression profiles of the target genes induce
differential transcription levels in different
human cell lines

1. Slovokhotov, D. Fedoseeva, O. Kretova

Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences (EIMB), Moscow, Russia

Coordinated gene expression and it’s spatiotemporal changes to
both individual genes and groups of genes in response to different
stimuli, comprises the basis of the life. The primary step of this mul-
tistage process is the initiation of transcription on the gene pro-
moter. In the past decades, using different RNA-seq approaches, it
has been revealed, that the vast majority of the gene promoters are
capable to initiate transcription in both directions, producing mostly
short and unstable antisense transcripts. However, there is a special
group of bidirectional promoters, driving the processive and stable
expression of protein-coding gene pairs. In human genome, they
comprise about 10% of the all protein-coding genes, and often
include genes involved in the same cellular processes. Generally,
these gene pairs show similar expression levels, but of particular
interest are the pairs with significant asymmetry of expression. To
date, the mechanisms, that provide such an imbalance in transcrip-
tion of gene pairs remains mostly unclear. To test the ability of such
bidirectional promoter regions to initiate differential expression
levels of the reporter gene in different human cell lines, we cloned 5
different promoter regions in both orientations into a vector, con-
taining the firefly luciferase gene and transfected these constructs in
HEK293T, HeLa, and K562 human cell lines. After measuring the
activity of the reporter gene, we determined the expression levels in
both directions. Interestingly, some constructions in different cell
lines exhibited a different expression levels. The obtained data sug-
gest that, outside of the preformed native chromatin context, bidi-
rectional promoters are able to induce asymmetric expression by
themselves, and the expression levels depend, apparently, on the
influence of cell-specific transcription factors and different distal reg-
ulatory elements. The study was supported by the Russian Science
Foundation (grant no. 21-14-00035).

P-01.1-19
CRISPRa-mediated targeting of FOXP3 gene

regulatory regions

V. Forstneri¢', 1. Oven?, J. Ogorevcz, D. Lainscek!, A. Praznik!,
T. Lebar], R. Jerala!, S. Horvat®

! National Institute of Chemistry, Ljubljana, Slovenia, >Biotechnical
Faculty, University of Ljubljana, Ljubljana, Slovenia

Forkhead box P3+ (FOXP3+) regulatory T cells (Tregs) are a sub-
set of lymphocytes, critical for the maintenance of immune home-
ostasis. Loss-of-function mutations of the FOXP3 gene in animal
models and humans results in loss of differentiation potential into
Treg cells and are responsible for several immune-mediated inflam-
matory diseases. Strategies of increasing FOXP3 expression repre-
sent a potential approach to increase the pool of Tregs within the
lymphocyte population and may be employed in therapies of
diverse autoimmune conditions. In the present study, a dCas9
CRISPR-based method was systematically employed to achieve
upregulation and sustained high expression of endogenous FOXP3
in mammalian cell lines through targeting of the core promotor
and several regulatory regions. Using an activator-domain fusion
based dCas9 transcription activator, robust upregulation of
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FOXP3 was achieved, and an optimal combination of single guide
RNAs was selected, which exerted an additive effect on FOXP3
gene upregulation. Simultaneous targeting of FOXP3 and EOS, a
transcription factor known to act in concert with FOXP3 in initiat-
ing a Treg phenotype, resulted in upregulation of FOXP3 down-
stream genes CD25 and TNFR2. dCas9-based systems provide
great promise in DNA footprint-free phenotype perturbations
(perturbation without the risk of DNA damage) to drive develop-
ment of transcription modulation-based therapies.

P-01.1-20
Natural ligands of tetraplex DNA structures as
one of the important elements of gene

regulation

S. A. Lizunova, T. A. Nikolenko, Y. G. Kirillova, V. V. Severov,
A. M. Varizhuk, G. E. Pozmogova

Biophysics Department, Federal Research and Clinical Center of
Physical-Chemical Medicine of Federal Medical Biological
Agency, Moscow, Russia

Over the past decade, many studies have confirmed that non-canoni-
cal DNA (ncNA) structures can play an important role in the regu-
lation of critical cellular processes and can be promising targets for
treating oncological and infectious diseases. An actively developing
field of modern pharmacology is connected with the search for new
synthetic drugs targeted to non-canonical DNA G-quadruplexes
(G4s) and I-motifs (IMs) structures. Of particular fundamental
interest is the potential gene-regulatory role of natural G4 /| IM
ligands — metabolites and components of nutrients. Although G4
stabilizing properties of a number of flavonoids and porphyrin
derivatives are known today, this area has not been sufficiently stud-
ied. Here, we first characterized DNA structural selectivity of a set
of metabolites of porphyrins and chlorins, abundantly present in the
human body. Our approach is based on a set of common methods:
spectrofluorometry, Forster resonance energy transfer (FRET) melt-
ing and fluorescent intercalator displacement (FID). The original
panel of oligonucleotide targets included fragments of the human
genome: G4 oligomers of various topologies, imperfect G4 and a set
of IMs. Several natural ligands exhibited high affinity for the above
targets, and specific interactions were of particular interest. For
instance, we revealed a special selectivity of tripyromethane to the
promoter site of oncogene cKit (Kd = 0.7 + 0.2 mkM) and chlorine
derivative Ce6 (Kd =3.6 £ 0.2 mkM) to the telomeric G4 site
22AG. Collectively, the data obtained indicate the possibility of the
participation of natural ligands in genomic regulation and can be
useful for understanding the mechanisms of development of
pathologies associated with impaired porphyrin metabolism (for
example, with multiple sclerosis, lupus, etc.). This work was sup-
ported by RSF [20-15-00017].

P-01.1-21

Analysis of the chromatin spatial organization
in the human keratin type Il gene locus
identified potential locus control regions

E. Kalabusheva'*, S. Ulianov>*, M. Sidorova3, 0. Rogovayal,
A. Rippa', V. Terskikh', S. Razin?, E. Vorotelyak'

'Koltzov Institute of Developmental Biology of Russian Academy
of Sciences, Moscow, Russia, *Institute of Gene Biology Russian
Academy of Sciences, Moscow, Russia, 3 Institute of Gene Biology
Russian Academy of Sciences, Moscow, Russia
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Keratins are encoded by 54 genes clustered in two loci at chromo-
somes 12 and 17. Keratins expression patterns are highly specific for
different epithelial cell types and differentiation stages, and are regu-
lated by local microenvironment signals that influence epigenetic
state of the keratin loci and activity of individual keratin promoters.
Previously, it has been shown that, in mammals, switching of expres-
sion pattern within multigene tissue-specific loci are regulated by
complex enhancer elements (locus control regions, LCR) character-
ized by the presence of domains of H3K27ac and H3K4mel epige-
netic marks, binding of numerous transcription factors and
chromatin architectural proteins. Here, we applied high-resolution
chromosome conformation capture method, C-TALE (Chromatin
TArget Ligation Enrichment) to build the map of spatial chromatin
organization of 12q13.13 locus in the human epidermal skin ker-
atinocytes at two distinct stages of differentiation. We found that
expression switching between keratin 5 (specific for basal epidermal
keratinocytes) and keratin 1 genes (actively transcribed in spinous
K1/K10-positive keratinocytes) is accompanied by drastic changes
in chromatin loop profile inside the locus. Both genes in active state
spatially interact with two regions located at 5’- and 3’-flanks of the
locus, and loose these contacts upon inactivation. Comparison with
publicly available datasets showed that both regions identified pos-
sess the features characteristic for LCRs: high level of histone H3
acetylation at K27 position, presence of numerous DNAse I hyper-
sensitivity sites, binding of CTCF and transcription factors involved
into keratin transcription regulation. These data potentially denote
that transcription switching within keratin gene domain is controlled
by two locus control regions forming chromatin loops with active
keratin promoters. The reported study was funded by RFBR, pro-
ject number 20-04-00778. *The authors marked with an asterisk
equally contributed to the work.

P-01.1-22
Phosphorylation of PBAF subunit PHF10 is

upregulated in the cell cycle

A. Sheynov, A. Feoktistov, E. Tatarskiy, S. Georgieva,
N. Soshnikova

Itnstitute of Gene Biology, Moscow, Russia

Remodeling complexes play an important role in the regulation of
gene expression during development and in the adult organism.
The PBAF remodeling complex is the subfamily of SWI/SNF com-
plexes in mammals that change the structure of chromatin, provid-
ing access for transcription factors to regulatory sequences of
genes. One of the functions of the ATP-dependent chromatin-re-
modeling complexes is the regulation of the expression of genes
involved in the cell cycle. Several studies have shown that phospho-
rylation can regulate the function of ATP-dependent remodeling
complexes during the cell cycle. PHF10 is the part of the signature
module of PBAF, which determines the interaction of the PBAF
complex with chromatin. In mammalian cells, PHF10 is repre-
sented by four isoforms, that are alternatively incorporated in the
PBAF complex and have different effects on the genes remodeled
by the complex. We have shown that two isoforms of PHF10 con-
tain N-terminal domain that interacts and can be phosphorylated
by Akt kinase. Phosphorylation of the N-terminal domain of
PHF10 is triggered by two key serines, that are the part of the
motif recognized by the Akt kinase. The phosphorylation status of
PHF10 is upregulated in G1/S transition during the cell cycle and
correlates with the activation of Akt kinase, which is known to reg-
ulate the function of various proteins at the G1/S and G2/M tran-
sitions. Moreover, PBAF complexes that incorporate PHF10
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isoforms with the Akt kinase recognition site and those that can’t
be phosphorylated are differently distributed on the promoters of
the genes related to the cell cycle. Thus, we can conclude that phos-
phorylation of PHF10 can modulate the functions of the PBAF
complex, mediating chromatin remodeling and gene activation in
the cell cycle. This study was supported by the Russian Foundation
for Basic Research [grant number 180400885].

P-01.1-23
Revisiting the Staphylococcus aureus SarA

regulon by high-throughput screening

C. Oriol', L. Cengherz, A. Manna?, T. Mauro', M. Pinel-Marie',
A. Rouillon"*, A. Cheungz‘*, B. Felden'*

! Bacterial regulatory RNA & Medicine - University of Rennes 1,
Rennes, France, 2Department of Microbiology and Immunology,
Geisel School of Medicine at Dartmouth, Hanover, NH, United
States of America

Staphylococcus aureus is a commensal bacterium and an oppor-
tunist pathogen causing a variety of human and animal infec-
tions, from benign to harsh. It is also the major cause of
community-associated and nosocomial infections. Its pathogenic-
ity involves virulence and metabolic factors whose expression can
be regulated by regulatory RNAs (sRNAs) or transcriptional fac-
tors (TF). Among S. aureus TF there is SarA, a major virulence
factor involved in biofilms formation and antibiotic resistance.
Our laboratory has recently shown that SarA represses the
expression of two RNAs, srn_3610_sprC and srn_9340. My pro-
ject is to expand the SarA regulon especially to regulatory
RNAs. Using RNA-Seq, we compared the transcriptome of the
isogenic AsarA mutant to the wild-type strain and we found that,
in absence of SarA, the transcription of 299 genes was repressed
while the transcription of 142 genes was actived. To discriminate
the direct and indirect targets, ChIP-Seq experiment was realized
to localize the SarA binding sites in the whole genome. Around
340 SarA binding sites were identified with a P-value under
1.107%°. Combining RNA-Seq and ChIP-Seq results, we high-
lighted one hundred genes for which the level of transcription
appears to be directly correlated to the SarA binding on their
promoter region. We chose to validate 14 potential targets by
northern blot and gel shift experiments. Among the SRNA tar-
gets validated in vitro, we can cite the SprA2,g antitoxin sSRNA
which is part of the type I toxin-antitoxin (TA) system SprA2/
SprA2,s and the SprG2 sRNA encoding the toxin of the SprG2/
SprF2 type I TA system. In the type I TA system, a drop of
sRNA antitoxin level induces toxic peptide translation that
results to bacterial cell death or bacteriostasis. Our results reveal
a new aspect of SarA which appears, for the first time, as a novel
regulator of type I TA systems strengthening its involvement in
S. aureus virulence. *The authors marked with an asterisk
equally contributed to the work.
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Transcription-facilitating histone chaperones
interact with genomic and synthetic G4
structures

I. Pavlova'?, V. Tsvetkov'>* E. Isaakova'?, V. Severov',

M. Lagarkova's, G. Pozmogova'®, A. Varizhuk'>¢

!Federal Research and Clinical Center of Physical-Chemical
Medicine of Federal Medical Biological Agency, Moscow, Russia,
2Moscow Institute of Physics and Technology, Doldoprudny,
Russia, 3Computational Oncology Group, I.M. Sechenov First
Moscow State Medical University, Moscow, Russia, *A.V.
Topchiev Institute of Petrochemical Synthesis, Russian Academy of
Sciences, Moscow, Russia, >Center for Precision Genome Editing
and Genetic Technologies for Biomedicine, Federal Research and
Clinical Center of Physical-Chemical Medicine of Federal Medical
Biological Agency, Moscow, Russia, °Engelhardt Institute of
Molecular Biology, Moscow, Russia

The heterodimeric complex FACT (FAcilitates Chromatin Tran-
scription) is a histone chaperone (HC) that promotes nucleosome
reassembly to relieve the nucleosomal barrier for Pol II. In our
recent human protein microarray (protoarray)-based analysis of
the G-quadruplex (G4) interactome, FACT and its functional
analog BRD3 efficiently bound several model G4 DNA struc-
tures [1]. Other structural and functional FACT-analogs, nucle-
olin and ATRX, were reported to interact with G4 DNA earlier
[2,3]. So we assumed that affinity to G4 structures is a common
feature of FACT-like HCs. First, we made a preliminary set of
G4 motifs and verified their G4 folding in pseudointercellular
and pseudoextracellular conditions by circular dichroism spec-
troscopy. Second, we checked HC-G4 binding in vitro by micro-
scale thermophoresis, fluorescence assay, and polyacrylamide gel
electrophoresis. As a result, we detected affinity in the low micro-
molar to nanomolar range. Then, we studied intercellular local-
ization and toxicity of G4s on cancer cell lines to check if
exogenous G4s can be used as anti-cancer agents. We also found
out that genomic G4 motifs are often colocalized with occupancy
sites of chosen HCs, so genomic G4s might be involved in tran-
scription regulation too. We conducted molecular modeling
experiments to discover whether HC-binding G4s could interfere
with the HC function. To sum up, our findings encourage future
investigations of genomic G4 contribution to nucleosome remod-
eling and transcription. This work was supported by RFBR [19-
04-00050 A]. References: [1] Vlasenok M. et al. (2018) Data in
Brief,18:348-359. [2] Bates P. J. et al. (2009) Experimental and
Molecular Pathology, 86(3):151-64. [3] Law M. J. et al. (2010)
Cell,143(3):367-78

P-01.1-25
Role of amino-terminal region of MSL1 in
recruiting of dosage compensation complex of

Drosophila melanogaster

V. Babosha, A. Shilovich, E. Tikhonova, O. Maksimenko,
P. Georgiev

Institute of Gene Biology RAS, Moscow, Russia

The dosage compensation complex (DCC) provides equivalent
level of X chromosome transcription between females and males
by approximately doubling upregulation of the transcription level
of single male X chromosome. DCC specifically recognizes X
chromosome in males but this mechanism remains unclear. DCC
consists of five proteins, MSL1, MSL2, MSL3, MOF, and MLE,
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and includes two noncoding RNAs, roX1 (3.7 kb) and roX2 (0.6
kb), which perform partially redundant functions. Proteins
MSLI1, MSL3, MOF, and MLE are also present in females and
are involved in the regulation of gene expression independent of
dosage compensation. As the MSL2 protein is specific for males,
it is believed that the MSL2 protein has a key role in the specific
binding of DCC to the X chromosome of males. The MSLI1 pro-
tein functions as a flexible framework for the assembly of DCC.
The N-terminal coil-coiled domain provides homodimerization of
the MSLI1 protein and interaction with the N-terminal RING
domain of the MSL2 protein. The C-terminal end of MSLI is
responsible for recruiting of MSL3 and MOF in DCC. Here we
have tested role of the N-terminal region of MSLI in specific
recruitment of DCC to the X chromosome in males. Using yeast
two-hybrid assay, we mapped two regions, 1-15 aa and 41-65
aa, in MSLI1 that interact with many zinc-finger transcription
factors. We expressed several MSL1 variants carrying different
deletions in the N-terminal region. As a result, deletion of any of
the regions (1-15 aa or 41-65 aa) led to male lethality suggesting
critical role of these regions of MSLI in activity of DCC. In
accordance, we did not observe binding of DCC to polytene
chromosomes in mutant males or females expressed MSL2 pro-
tein ectopically. These results suggest that specific interaction of
zinc-finger proteins with MSL1 is critical for recruitment of DCC
to the X chromosome in males. The work was supported by RSF
grant Ne 21-14-00211.

P-01.1-26

Stochastic choice of expression between IL-2
and HIV-1 in T helper cells as a result of
chromosomal interactions between IL-2

promoter and HIV-1 LTR

S. Anastasopoulou, T. Georgakopoulos, A. Mouzaki
Laboratory of Immunohematology, Division of Hematology,
Department of Internal Medicine, Medical School, University of
Patras, Patras, Greece

When HIV-1 infects T helper (Th) cells, it intercepts the tran-
scriptional regulatory mechanism of IL-2 for its own expression
and survival. Transcription of both HIV-1 and IL-2 are stochas-
tic events. The IL-2 promoter and HIV-1- LTR share high
sequence homology to which common cellular transcription fac-
tors (TFs) bind to either activate or repress their expression. The
Ets-2 TF acts as a transcriptional repressor for both IL-2 and
HIV-1 in naive Th effector cells. The aim of our study was to
investigate whether chromosomal interactions between IL-2 pro-
moter and HIV-1-LTR may be responsible for a stochastic choice
of transcriptional expression between IL-2 and HIV-1 in Th cells
and whether Ets-2 is involved in these interactions. To this end,
Jurkat T cell lines carrying a non-infectious copy of HIV-1 (Jur-
kat-Lat) or HIV-1-LTR region (Jurkat-LTRG) or none (Jurkat)
were cultured for 6h + mitogens (P/I). IL-2, Ets-2, HIVI-Tat
and LTR-GFP reporter gene mRNA was determined by qPCR.
In P/I-stimulated cells, IL-2 mRNA levels were increased in all
cell lines, whereas HIV-1-LTR mRNA levels were increased in
Jurkat-Lat and Jurkat-LTRG cells; Ets-2 mRNA levels were
decreased in Jurkat and Jurkat-Lat cells. ColP assays showed a
strong protein-protein interaction between Ets-2 and Tat mainly
in non-stimulated cells. ChIP assays verified the involvement of
Ets-2 and Tat in IL-2 and HIV-1 transcriptional regulation by
their simultaneous presence on the ARRE-1/TATA and ARRE-2
sequences of the IL-2 promoter and the RATS element of
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HIV-1-LTR. The presence of Tat on these elements was more
pronounced in stimulated cells. Finally, 3C experiments showed
that the IL-2 promoter and the HIV-1 LTR were localized in
close proximity in the nucleus of unstimulated cells. Our results
suggest that a physical protein-protein interaction between Ets-2
and Tat mediates the interaction between the IL-2 promoter and
HIV-1- LTR. This mechanism may be responsible for HIV-1
latency in resting Th cells.

P-01.1-27
ppGpp binding to RNA polymerase accounts

for its role in transcription-coupled DNA repair
S. Proshkin, E. Afanaseva, A. Mironov

Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow 119991, Russia

The small molecule alarmone guanosine-3’,5’-(bis)pyrophosphate
(ppGpp) serves in bacteria to adapt their physiology in response
to environmental changes. It has been known for years that act-
ing synergistically with its cofactor DksA, ppGpp globally repro-
gram gene expression in response to nutrient deprivation by
altering the initiation properties of RNA polymerase. Besides
RNA polymerase, variety of diverse cellular targets of ppGpp
have been described, which are involved in a wide range of cellu-
lar processes. Evidence also suggests an independent role of
ppGpp in preserving genomic integrity. It was shown previously
that ppGpp is induced in response to DNA damage and couples
transcription to DNA repair, suggesting RNA polymerase elon-
gation complex as a target for ppGpp. Here, we prepared a series
of E. coli strains carrying new chromosomal mutations in RNA
polymerase affecting ppGpp binding to elongation complex that
lead to markedly decreased cellular survival under different DNA
damaging conditions. In contrast to previously described RNA
polymerase holoenzyme mutants that eliminated ppGpp function
in stringent response, new mutants are tolerable to amino acids
starvation. Data suggest different mode of action of ppGpp
under various stresses. This work is supported by the Russian
Science Foundation grant 17-74-30030.

P-01.1-28
Genome sequencing of differently pathogenic

Fusarium oxysporum f. sp. lini strains

R. O. Novakovskiyl‘*, E. M. Dvorianinova'?*,

E. N. Pushkova', T. A. Rozhmina®, L. P. Kudryavtseva3,

L. V. Povkhova!%, N. V. Melnikova', A. A. Dmitriev'

! Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow, Russia, 2Moscow Institute of Physics and
Technology (State University), Dolgoprudny, Russia, >Federal
Research Center for Bast Fiber Crops, Torzhok, Russia

Fusarium oxysporum f. sp. lini causes flax wilt which is one of the
most devastating diseases of flax grown for the production of
numerous consumer and industrial goods. At the same time, Fusar-
ium oxysporum demonstrates considerable diversity. For instance,
representatives of the species may vary in the number of chromo-
somes and the presence and homology of the SIX genes associated
with virulence, whereas strains can be hardly classified by morphol-
ogy and differ in severity of caused wilt symptoms within the same
forma specialis. Consequently, whole-genome sequencing is needed
to establish the differences between genome structures of the flax
pathogen. This work aimed at sequencing the genomes of 5 strains
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of F. oxysporum f. sp. lini of high (strain #483), medium (#476,
#525), and low (#456, #482) virulence. The DNA was extracted
according to the developed protocol and sequenced on the Oxford
Nanopore Technologies and Illumina platforms (300+300 bp), and
the collected Nanopore data were used to assemble draft genomes
of the strains. In addition, we reassembled the genome of the
highly pathogenic isolate #39 using our previously obtained data.
Illumina reads of the sequenced strains were mapped against the
resulting assemblies and the genome of the endophyte Fo47 (Gen-
Bank, GCA_013085055.1). Nearly 99% of the isolate #39 genome
were covered by its Illumina reads, whereas the Illumina reads of
other strains mapped against a larger fraction of the isolate #39
assembly in comparison with the Fo47 genome, but the percent-
ages were similar for all but strain #482. The received data will be
useful for further investigation of F. oxysporum virulence mecha-
nisms and the structure of its population for the development of
methods to prevent the disease and economic losses. This work
was funded by RFBR according to the research project 19-34-
90055. *The authors marked with an asterisk equally contributed
to the work.

P-01.1-29

Differential expression of genes involved in
the lignan synthesis in flax varieties with
different content of secoisolariciresinol

diglucoside

A. A. Dmitriev', R. O. Novakovskiy', L. V. Povkhova'?,

T. A. Rozhmina®, E. N. Pushkova', E. M. Dvorianinova'??,

G. S. Krasnov', N. V. Melnikova'

! Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow, Russia, >Moscow Institute of Physics and
Technology (State University), Dolgoprudny, Russia, >Federal
Research Center for Bast Fiber Crops, Torzhok, Russia

Lignans prevent the onset and development of diabetes, cardio-
vascular and oncological diseases. Linseed is the richest source of
lignans, with secoisolariciresinol diglucoside (SDG) being the
main flax lignin; however, flax varieties significantly differ in the
SDG content. On the Illumina platform, we performed transcrip-
tome sequencing of capsules of five flax genotypes that vary in
SDG content. As a result, we obtained about 10 thousand reads
for each sample. For evaluation of gene expression, reads were
trimmed with Trimmomatic, mapped to the Linum usitatissimum
reference genome (GenBank assembly: GCA_000224295.2) using
STAR, quantified using BEDTools, and analyzed using edgeR.
Expression levels for a particular gene were quantified as read
counts per million (CPM). It is known that PLR family genes
encoding pinoresinol-lariciresinol reductases, DIR genes encoding
dirigent proteins, and UGT genes, the products of which are
UGT-glycosyltransferases, are involved in SDG synthesis, there-
fore we compared the expression levels of these genes in capsules
of flax varieties with diverse content of SDG. Genotype-specific
differences in expression were identified. Besides, for the identifi-
cation of polymorphisms in the studied genes, variant calling was
performed using FreeBayes for genome regions corresponding to
the genes of PLR, DIR, and UGT families, and single-nucleotide
polymorphisms (SNPs) were revealed. The obtained results con-
tribute to the understanding of the role of PLR, DIR, and UGT
genes in the determination of lignan content in flaxseed. This
work was financially supported by the Russian Science Founda-
tion, grant 21-16-00111.
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P-01.1-30

Effect of radioprotective damage suppressor
protein (Dsup) on non-irradiated and exposed
to various types of ionizing radiation

D. melanogaster at transcriptome and

physiological levels
M. Zarubin*, E. Kravchenko*
Joint Institute for Nuclear Research, Dubna, Russia

High dose of ionizing radiation is one of the most harmful expo-
some factors, in that view, recently discovered tardigrade damage
suppressor protein (Dsup) is promising for the development of new
genetically engineering way of innate radioprotection that does not
require targeted drug delivery. Dsup is a nuclear localized protein,
which binds to DNA and nucleosomes and as suggested increases
protection of chromatin by direct shielding from ROS. Real mecha-
nism of radioresistance, structural properties of Dsup protein, possi-
bility to induce hindrances to chromatin compaction, translation,
reparation are remaining unexplored. The objective of this work
was to reveal how Dsup protein affects gene expression and lifespan
in normal conditions and after irradiation in well-studied model
object D. melanogaster. We generated several lines of D. melanoga-
ster expressing Dsup under control of Act5C gene promoter. Tran-
scriptome analysis of Dsup expressing flies established alterations in
expression of genes related to transcription, chromatin silencing,
chromosome organization, mitotic spindle elongation etc. that indi-
cates some level of disorder in DNA machinery and chromatin com-
paction. Currently ongoing lifespan test for D. melanogaster
expressing Dsup will allow to elucidate the impact of this disorder
on physiological parameters. To estimate radioresistance of Dsup
expressing flies, we treated them with y-radiation dose of 1000 Gy,
which is close to LDs, and plan to carry on irradiation with heavy
ions. Three days survival rate after irradiation was higher in Dsup-
expressing line and this is the first confirmation of D. melanogaster
radioresistance enhancement by Dsup. Difference in response to
ionizing radiation between Dsup-expressing and control biological
groups will be estimated by transcriptome analysis. For further step
we pretend to reveal Dsup spatial structure and parameters of
Dsup-DNA conjugate by SANS and SAXS techniques. *The
authors marked with an asterisk equally contributed to the work.

P-01.1-31

CP60 and BEAF-32 proteins are sumoylated

in vivo

V. Molodina, L. Melnikova, M. Kostyuchenko, A. Golovnin
Institute of Gene Biology, Russian Academy of Sciences, Moscow,
Russia

Post-translational modifications of substrate proteins by proteins
of the SUMO family are widespread among eukaryotes. Using a
model organism D. melanogaster, we study the effect of sumoyla-
tion on the properties of transcription factors CP60 and BEAF-
32. Using the yeast two-hybrid system (Y2H), we showed that
the CP60 and BEAF proteins directly interact with the Ubc9
protein, which is a SUMO E2 ligase. The BEAF protein interacts
with Ubc9 through the C-terminal sequence of 200-280 aa. The
CP60 protein interacts with Ubc9 through the C-terminal
sequence 420-440 aa. Using bioinformatics, canonical sumoyla-
tion sites of CP60 and BEAF were predicted. We made point
substitutions at the CP60 and BEAF predicted sites. The Ubc9
protein did not interact with either mutant forms of CP60 or
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BEAF in Y2H assay. Therefore, the tested CP60 and BEAF
sumoylation sites are involved in sumoylation. In addition,
sumoylation of CP60 and BEAF was tested in IP experiments on
S2 cells. As a result of immunostaining with antibodies to the
tested proteins, we observed 2 bands. The lower one corre-
sponded to the unmodified forms of CP60 and BEAF proteins,
and the upper one corresponded to SUMO modifications. The
upper band was detected by antibodies to the dSmt3 protein.
The BiFC method was used to study the interaction between
CP60, BEAF, and dSmt3 proteins. Constructs expressing the
full-length CP60 and BEAF proteins, labeled with the fluorescent
half of Venus, and the dSmt3 protein, labeled with the fluores-
cent half of the CFP, were created. On S2 cell culture, it was
demonstrated that the CP60 and BEAF proteins are sumoylated
in vivo. We have found that CP60 and BEAF form discrete
speckles within the nucleus. Such speckles are partially colocal-
ized with the CP190 protein, marking “insulator bodies”. It is
possible that, like the proteins of the Su(Hw) insulator, CP60
and BEAF are involved in regulatory complexes by sumoylation.
The research was funded by RFBR, project number 19-04-00257.

P-01.1-32
Regulation of key lymphotropic factors by the
transcription factor Ets-2 in T cell lines

modeling uninfected and virus-infected T cells
P. Davoulou, 1. Aggeletopoulou, 1. Panagoulias, T.
Georgakopoulos, A. Mouzaki

Laboratory of Immunohematology, Division of Hematology,
Department of Internal Medicine, Medical School, University of
Patras, Patras, Greece, Patras, Greece

Ets-2 is a transcriptional regulator associated with cell differenti-
ation. Our recent work showed that Ets-2 downregulates the
expression of cytokine genes and HIV-1 in resting but not in acti-
vated T cells. In this work, we investigated Ets-2 role in regulat-
ing the expression of NFAT2, NF-kB/p65, c-Jun and c-Fos
lymphotropic factors, which play critical role in T cell activation
and differentiation, and CDKI10 kinase, which controls Ets-2
degradation. [In-silico analysis revealed putative Ets-2 binding
sites at the NFAT?2, c-Jun and c-Fos promoters. T cell lines Jur-
kat (modeling T cell signaling/activation) and H938 (containing
full HIV-1 LTR) were transfected with increasing amounts of an
Ets-2 overexpressing vector in the presence/absence of mitogens.
mRNA levels were determined by qPCR and protein levels by
Western immunoblotting. In unstimulated Jurkat cells, Ets-2
overexpression resulted in upregulation of NFAT2 and c-Jun
mRNA and protein, increase in c-Fos mRNA and NF-«kB/p65
protein, and downregulation of CDK10 mRNA and protein. In
unstimulated H938 cells, Ets-2 increased NFAT2, c-Jun, and
CDKI10 mRNA and protein and increased NF-kB/p65 protein.
In stimulated Jurkat cells, Ets-2 increased NFAT2, c-Jun, and c-
Fos mRNA and protein and decreased CDK10 mRNA and pro-
tein. In stimulated H938 cells, Ets-2 increased NFAT2, c-Jun,
and c-Fos protein and decreased CDK10 protein. In summary,
Ets-2 upregulates key lymphotropic factors expression, either
through its physical interaction with gene promoters or through
its involvement in signaling pathways that have a direct effect on
their expression. In Jurkat cells, Ets-2 downregulates CDK10
expression to its advantage. Although Ets-2 downregulates
CDKI10 expression in stimulated H938 cells, CDK10 is upregu-
lated in unstimulated cells, accelerating its degradation; this may
lead to disruption of HIV latency in resting virus-infected T cells.
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Part of this work is published in: Davoulou P et al (2020) Mol
Biol Rep 47, 7871-7881.

P-01.1-33
Molecular mechanisms responsible for stress
hyper resistance of Bacilli strains isolated from

the International Space Station

P. Osipova', D. Karpov®, S. Poddubko'

!State Scientific Center of the Russian Federation - Institute of
bio-medical problems of the Russian, Moscow, Russia, >Center for
Precision Genome Editing and Genetic Technologies for
Biomedicine, Engelhardt Institute of Molecular Biology Russian
Academy of Sciences, Moscow, Russia, Moscow, Russia

Microbes accompany humans everywhere, including orbiting
space stations. The rather harsh living conditions inside the Inter-
national Space Station (ISS) facilitate the emergence of bacterial
strains that are hyper resistant to the action of various stress fac-
tors, including antibiotics, DNA damaging factors, and oxidative
stress. The pathogenic microorganisms and biodestructors are
found among these strains and represent a potential biological
threat to long-term space missions. To date, the mechanisms of
hyper resistance of ISS strains to the action of various stress fac-
tors are unknown. Strains Bacillus subtilis-20 and Bacillus licheni-
formis-24 were isolated from the Russian segment of the ISS’s
interior volumes. The isolated strains are highly resistant to stress
factors that cause DNA damage and oxidative stress, such as 4-
nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate, and
ultraviolet radiation. Compared with terrestrial strains, the ISS
strains display overexpression of genes encoding components of
DNA damage repair systems by homologous recombination
(HR) and non-homologous end-joining (NHEJ). Overexpression
of DNA repair genes is associated with overexpression of the
corresponding transcriptional regulators. Using the CRISPR /
dCas9 repressor system, we showed that both HR and NHEJ
systems are required for the terrestrial B. licheniformis strain
resistance to 4-NQO and zeocin. In contrast, in B. licheniformis-
24 an essential role in resistance to these stress agents is played
only by the NHEJ system. The data obtained indicate the greater
significance of the NHEJ repair system in the hyper resistance of
Bacilli strains to stress factors. This work was supported by the
Russian Science Foundation (project no. 17-74-30030). The study
was implemented within the framework of the Russian Academy
of Sciences areas of research # 65.5.

P-01.1-34

Comparison between synthetic and natural
G4-ligands and the effects of their binding to
DNA

O. Porubiakova'->*, A. Cantara'>*, V. Pfepechalovéz,

V. Brizda'?

!Institute of Biophysics, Academy of Sciences of the Czech
Republic, Krdlovopolskd 135, 612 65 Brno, Czech Republic,
2Faculty of Chemistry, Brno University of Technology, Purkynova
118, 612 00 Brno, Czech Republic, >Department of Experimental
Biology, Faculty of Science, Masaryk University, Kamenice 5,
62500, Brno, Czech Republic

Among local and non-canonical DNA structures are G-rich
sequences that can form G-quadruplex (G4) sequences; these are
widespread among prokaryotic and eukaryotic kingdoms and are
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an increasingly used target for regulatory proteins. There is evi-
dence from more than three decades of research that confirms
their function in important cell processes such as transcription
and replication. G-quadruplexes have become targets for anti-
cancer drugs because of their ligands’ high specificity and affinity.
We focused on the differences between binding of G4-ligands to
DNA and their subsequent effect on cells. In the present study,
the effects of G4-ligands on tumor (MCF-7) and non-tumor cell
lines (HEK293ft) were studied in relation to binding to the DNA
and connected mechanisms. Concentration and time-dependent
studies were performed to study different effects of these com-
pounds. Mentioned cell lines were used to study cell viability
after exposure to Gd4-ligands. Morphological alterations were
observed by fluorescent-based studies as confocal microscopy or
ThT assay (Thioflavin T) supplemented by electromobility shift
assay (EMSA). Apoptotic and anti-apoptotic genes were studied,
and a strong effect derived from the binding of our tested mole-
cules was observed. Our study proposes that natural G4-ligands
were used preferentially due to their significant lower toxicity to
non-cancer cell lines, and with the same specificity as designed
synthetic ligands, that even at low concentrations cause signifi-
cant cell damage. In conclusion, treatment with natural G4-li-
gands leads to comparable effects to what we obtained with
synthetic ligands and holds a great potential as future cardio-on-
cological therapeutics. Another possible approach could be to
use G4-ligands to protect cell from subsequent chemotherapy.
*The authors marked with an asterisk equally contributed to the
work.

P-01.1-35
Structural dynamics of human histone

chaperone FACT

0. Volokh"*, A. Sivkina'*, M. Karlova', E. Kotova?,

V. Studitsky?, O. S. Sokolova'

'M.V.Lomonosov Moscow State University, Faculty of Biology,
Moscow, Russia, 2Fox Chase Cancer Center, Philadelphia, United
States of America

Multifunctional histone chaperone FACT is involved in nucleo-
some dis- and reassembly during transcription, replication and
repair of DNA, and has a relatively conserved structure. Human
FACT (hFACT) is a heterodimer of SPT16 and SSRP1 subunits
that moderately stabilizes nucleosomes. Here we studied human
FACT structure using single particle electron microscopy after
negative staining. We evaluated a set of conformational states
and proposed a hypothesis describing the structural dynamics of
human FACT. It has been shown that nucleosome-free hFACT
is a dynamic structure: several states reflect its conformational
flexibility. The “closed” complex is characterized by four com-
pact domains; “intermediate” state represented by three domains
having compact structure and more disordered fourth domain,
and the “open” complex, represented by three domains forming
almost linear structure. Based on results a mechanism of confor-
mational flexibility of human FACT has been proposed. It has
been shown that hFACT domains are connected to each other
through flexible linkers and SPT16 and SSRP1 dimerization
domains (DDs) form the “joint”-like connection between the
two subunits. In the “closed” conformation the DNA-binding
surface of FACT is covered by its two C-terminal and middle
domains (MDs). We propose that during conversion to the
“open” complexes SPT16 N-terminal domain (NTD) is moving
away from the other subunits leading to formation of the first
intermediate state with the NTD domain poorly resolved or not

116

POSTERS — RESEARCH

resolved, while less mobile DDs and MDs maintain more com-
pact structure and the DNA-binding site is still protected by the
CTDs. In the “open” state SPT16/SSRP1 visible MDs and DDs
form almost linear structure, unmasking the DNA-binding sites
and making them accessible for the interaction with a nucleo-
some. Work was supported by the Russian Science Foundation
(#19-74-30003). Electron microscopy was performed on the
Unique equipment setup “3D-EMC” of Moscow State Univer-
sity. *The authors marked with an asterisk equally contributed
to the work.

P-01.1-36

Drosophila zinc finger protein CG9890 is
localized on the promoters of active genes and
involved in the regulation of both basal and

inducible transcription

A. Krasnov, N. Fursova, M. Mazina, J. Nikolenko,

N. Vorobyeva

Institute of Gene Biology, Russian Academy of Sciences, Moscow,
Russia

In previous studies, we showed that Drosophila zinc finger pro-
tein CG9890 is localized in the nucleus and interacts with chro-
matin modifying and remodeling complexes SAGA and dSWI/
SNF as well as with ORC complex, which is necessary for the
positioning of the replication origins. ChIP-Seq of CG9890 pro-
tein revealed that the protein is localized mostly on the promot-
ers of active genes. In this work we decided to investigate the
role of CG9890 in transcription regulation, given that CG9890
interacts with main transcriptional complexes and was found pre-
dominantly on gene promoters including promoters of ecdysone-
dependent genes. To this end we decreased the level of CG9890
in Drosophila S2 cells by RNA interference and analyzed the
changes in the level of mRNA 21 of the CG9890-associated gene
compared to the control samples. After knockdown of the
CG9890 protein, the amount of mRNA of ten of these genes
changed, including five ecdysone-dependent genes ftz-fl1, hr39,
CG15279, Eip78C and Eip75B. To investigate the role of
CG9890 in the regulation of inducible transcription we have per-
formed analysis of activation of ecdysone-dependent genes hr4
and dhr3 after 20-hydroxyecdysone treatment in cell upon RNA
interference of CG9890 protein compared to the control cells. As
expected, the mRNA level of both genes significantly increased
after ecdysone induction (882 times for dhr3 and 148 times for
hr4) in control cells. After knockdown of the CG9890 protein
activation of hr4 and dhr3 genes was significantly lower (369 and
45 respectively). Thus, the CG9890 protein is a new member of
the cell transcriptional network which is localized on active pro-
moters, interacts with the main transcription and replication
complexes, and is involved in the regulation of both basal and
inducible transcription. This work was supported by the Russian
Science Foundation (Grant No. 20-14-00269).
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Investigation of the mechanism of adaptation
to mutations in the translation termination

factor genes in yeast

E. Maksiutenko'->, S. Moskalenko'?, M. Lenyashinaz,

Y. Barbitoff?, A. Matveenko?, G. Zhouravleva®

ISt. Petersburg Branch, Vavilov Institute of General Genetics of
the Russian Academy of Sciences, St. Petersburg, Russia, Saint-
Petersburg, Russia, °Dpt. of Genetics and Biotechnology,

St. Petersburg State University, St. Petersburg, Russia,
Saint-Petersburg, Russia

In the yeast Saccharomyces cerevisiae, there are two translation
termination factors eRF1 and eRF3. These factors are encoded
by the SUP35 and SUP45 genes and deletion of any of them
leads to the death of yeast cells. However, viable strains with
nonsense mutations in both the SUP35 (Chabelskaya et al.,
(2004) Mol. Genet. Genomics 272, 297-307) and SUP45 genes
(Moskalenko et al., (2003) BMC Molecular Biology, 4, 2) were
previously obtained in our laboratory. To invesigate the genetic
factors supporting the viability of these SUP35 and SUP45 non-
sense mutants, we performed whole genome sequencing of strains
carrying mutant alleles sup45-n and sup35-n using Illumina tech-
nology. While no common SNPs or indels were found in these
genomes, we discovered a systematic increase in the copy number
of the plasmids carrying mutant sup35-n and sup45-n alleles. To
validate these findings, we used qPCR method which confirmed
the differences in the relative number of SUP35 and SUP45 gene
copies between strains carrying wild-type or mutant alleles of
SUP35 and SUP45 genes. Moreover, we used qPCR to compare
the number of copies of the SUP45 and SUP35 genes in strains
carrying different nonsense mutant variants of these genes in
chromosomal location. qPCR results indicate that the number of
mutant gene copies (in particular, sup35-218, sup35-222, sup45-
104, sup45-105, sup45-107) is increased compared to the wild-
type control, possibly due to tandem duplications or other chro-
mosomal abnormalities. The results obtained support the hypoth-
esis that an increase in the copy number of a mutant gene may
be a universal mechanism of yeast adaptation to mutations of
essential genes encoding translation termination factors. This
work was supported by the RSF grant “Genetic and Epigenetic
Control of Translation Termination” 18-14-00050. Equipment of
the Resource Centers “Development of Molecular and Cellular
Technologies” and “Biobank™ of SPBU was used in this study.

P-01.1-38

Transcriptome responses in human skeletal
muscle to acute and regular aerobic exercise:
a meta-analysis

R. O. Bokov', P. A. Makhnovskii!, F. A. Kolpakovz,

D. V. Popov'?

!Institute of Biomedical Problems of the Russian Academy of
Sciences, Moscow, Russia, Institute of Computational
Technologies of the Siberian Branch of the Russian Academy of
Sciences, Novosibirsk, Russia, >Faculty of Fundamental Medicine,
M.V. Lomonosov Moscow State University, Moscow, Russia

Inactivity is strongly associated with the development of type 2
diabetes mellitus, cardiovascular diseases, depression, cachexia,
and sarcopenia. Regular aerobic exercise is broadly used as a
key intervention to prevent and treat these diseases. In our
study we aimed to identify and compare (i) the transcriptome
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responses to acute and regular aerobic exercise in human skele-
tal muscle and (ii) the biological effects and transcription factors
(TFs) associated with these transcriptome changes. We used the
robust rank aggregation method to analyze 27 transcriptome
datasets for the m. vastus lateralis of healthy humans subjected
to acute and/or regular aerobic exercise. We found 493 and 815
differentially expressed genes (DEGs) (mainly up-regulated) for
the acute and regular exercise, respectively. Gene ontology anal-
ysis found that acute exercise was associated with regulation of
transcription, angiogenesis and response to various stimuli, while
regular exercises — with extracellular matrix (ECM) organization
and angiogenesis. Surprisingly, only a few genes encoding mito-
chondrial proteins were up-regulated after acute and regular
exercise (18 and 27 out of 1097, respectively). Promoters of
DEGs induced by acute exercise were strongly enriched by the
TFs belonging to the ATF/CREB/AP-1 superfamily. In turn,
promoters of DEGs induced by regular exercise were strongly
enriched by the TFs RELB, JUND, ETV4. Summing up, acute
exercise mainly induces the expression of genes encoding TFs
and other regulators of gene expression. By contrast, regular
aerobic exercise up-regulates genes encoding ECM proteins and
many ECM regulators, as well as angiogenesis-related genes.
Exercise-induced up-regulation of the mitochondrial proteins is
not regulated at the mRNA level. This work was supported by
the RFBR (no. 19-315-90135).

P-01.1-39

Chromosome-level genome assembly using
both long-read and short-read sequencing and
structural variant analysis of two yeast strains

from the Peterhof genetic collection

A. Matveenko"*, Y. Barbitoff">*, A. Matiiv', E.
Maksiutenko'?, P. Drozdova®, S. Moskalenko'*}, D. Polev®,
A. Beliavskaia®’, L. Danilov', A. Predeus®’, G. Zhouravleva'
! Department of Genetics and Biotechnology, St. Petersburg State
University, St. Petersburg, Russia, >Bioinformatics Institute,
St. Petersburg, Russia, SVavilov Institute of General Genetics,
Russian Academy of Sciences, St Petersburg Branch, St.
Petersburg, Russia, *Irkutsk State University, Irkutsk, Russia,
>CerbaLab Ltd., St. Petersburg, Russia, °St. Petersburg State
University, St. Petersburg, Russia, ”University of Liverpool,
Liverpool, United Kingdom

The yeast Saccharomyces cerevisiae is a model eukaryotic organ-
ism, which has been thoroughly studied for decades. Thousands
of yeast strains have been described both on phenotypic and
genomic level; however, the majority of investigations utilizes
limited number of laboratory strains, which are closely related
to the reference S288C strain. The Peterhof genetic collection
(PGC) was established independently from S288C, though the
lineages have been crossed several times during strain evolution.
Several PGC strains are extensively used for studies in the fields
of prion biology and translation termination; however, the geno-
mic data is scarce and limited to short-read technologies (Droz-
dova PB et al. (2016) PLoS ONE, 11, e0154722). We analysed
the genomes of two widely-used PGC strains, 74-D694 and U-
1A-D1628, using both long-read sequencing with Oxford Nano-
pore (ONT) and short-read Illumina techniques. Reference-qual-
ity assemblies were obtained by constructing draft assemblies
from ONT reads using canu, followed by polishing with Nano-
pore raw signal and Illumina short reads. Hybrid assembly
also allowed us to reconstruct sequences of circular molecules,
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i.e., mitochondrial DNA and 2-micron yeast plasmid. Structural
variant (SV) analysis showed multiple mid-length insertions and
deletions within coding sequences, e.g., in the NUP100 and
SCHY genes. High contiguity of the assemblies allowed us to
deduce possible routes of reciprocal unbalanced translocations
between chromosomes I, VIII, IX, XI, and XVI of the PGC
strains. We also showed that SV-driven formation of hybrid
flocculin alleles is likely responsible for the lack of invasive
growth of the strains studied (Barbitoff YA et al. (2021) G3, in
press). This work was supported by the RSF grant 18-14-00050
“Genetic and epigenetic regulation of translation termination”,
RFBR grant 20-34-70156, State Research Program 0112-2016-
0015, and by RCs “Development of Molecular and Cellular
Technologies” and “Biobank™ of SPbSU. *The authors marked
with an asterisk equally contributed to the work.

P-01.1-40
Adaptation of CRISPR/Cas9 system for
directed elimination of mitochondrial DNA

copies with mutations

E. Zakirova', I. Mazunin?, K. Orishchenko'*

Federal Research Center Institute of Cytology and Genetics,
Novosibirsk, Russia, >Skolkovo Institute of Science and
Technology, Scolkovo, Russia, >Novosibirsk State University,
Novosibirsk, Russia

Most pathogenic mitochondrial DNA (mtDNA) mutations are
commonly heteroplasmic, whereby wild-type and mutant gen-
omes co-exist in the same organelle. An increase in the number
of mutant molecules can lead to the reaching of a certain thresh-
old of heteroplasmy and the manifestation of mitochondrial dis-
ease. We propose a strategy for modifying the components of the
CRISPR/Cas9 system to manipulate the mtDNA heteroplasmy
level in a cell. Using the cybrid cell line of heteroplasmic mito-
chondrial disease, bearing the point mutation m.8993T>G in
mitochondrial ATP6 gene we initially confirmed intramitochon-
drial localization of modified Cas9 nuclease, expressed from the
cell nucleus by immunocytochemistry, western blot and electron
microscopy. Stable and uniform expression of Cas9 nuclease in
the cells was obtained by integrating the Cas9 gene, which con-
tains the mitochondrial localization signal, into the genome of
cybrid cells by Sleeping Beauty transposon system. To deliver the
second component of the system, we made several modifications
of the guide RNA (gRNA) using described determinants of
nucleic acids import into mitochondria. In vitro cleavage analysis
showed that such modifications do not affect the assembly and
functional activity of the CRISPR/Cas9 system. During subse-
quent immunocytochemical analysis of the localization of fluores-
cent-labeled variants of modified gRNA we did not detect their
import into the mitochondria. Now we aim to solve this problem
by adapting self-complementary adeno-associated viruses type 2
(scAAV2) to deliver the gene encoding the gRNA as part of the
viral genome into the mitochondria. The results of our work will
contribute to the further development of the technology for treat-
ment of mitochondrial diseases.
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P-01.1-41
Association of vitamin D receptor gene Fokl
polymorphism with temporomandibular disc

degeneration

A. D. Yilmaz', E. Yilmaz?, A. M. Tiiziiner 0nciil3, M. Arisoy4
! Basic Sciences Department, Faculty of Dentistry, Ankara
University, Ankara, Turkey, °Biotechnology Institute, Ankara
University, Ankara, Turkey, >Department of Oral and
Maxillofacial Surgery, Faculty of Dentistry, Ankara University,
Ankara, Turkey, *Basic Sciences Department, Faculty of
Dentistry, Ankara University, Ankara, Turkey

Background: Genetic variations might play a role in susceptibility
to temporomandibular joint internal derangement TMJ-ID) with
osteoarthritis (TMJOA). Vitamin D receptor (VDR) polymor-
phisms have been shown to be associated with disc degeneration-
linked pathologies, particularly osteoarthritis (OA). Objective:
The aim of this study was to evaluate the association of VDR
FokI polymorphism (rs2228570, C>T) with TMJOA by gender.
Experimental details: The study included 58 (46 women, 12 men)
unrelated TMJOA patients (32.07 &+ 8.1) and 71 (34 women, 37
men) healthy controls (28.22 £+ 5.9). DNA was extracted from
blood samples using the standard proteinase K/phenol-chloro-
form method. FokI polymorphism was investigated using a poly-
merase chain reaction-based restriction fragment length
polymorphism assay. Results: Fokl genotypes were different
between overall TMJOA group and the healthy controls
(P =0.026, x> = 7.2). Heterozygote Ff genotype was statistically
different compared to FF homozygote genotype between overall
TMJOA patients and the healthy controls (OR =0.43, 95%
CL:0.2-0.92, P = 0.028). In overall TMJOA patients ff genotype
brought a risk factor of 1.88 although statistically not significant
(OR = 1.88, 95% Cl: 0.51-6.86, P = 0.33). Similarly, in TMJOA
women heterozygote Ff genotype was different (borderline signif-
icance) compared to FF genotype (OR = 0.43, 95% CI.0.16—
1.10, P = 0.07). In TMJOA women although ff genotype was not
different compared to FF genotype, carrying the ff genotype was
2.77 times more risk factor (OR =2.77, 95% Cl. 0.29-26.03,
P = 0.37) for temporomandibular joint degeneration. Conclusion:
VDR Fokl receptor polymorphism may present susceptibility to
TMJOA and ff genotype may be associated with joint degenera-
tion in TMJOA patients and TMJOA women. This relation
needs to be further evaluated in a large cohort study.

P-01.1-42
Molecular mechanisms driving MYC-mediated
cell competition in a colon cancer model

A. C. Queiros, A. Afonso, E. Moreno
Champalimaud Centre for the Unknown, Lisbon, Portugal

Cell competition is a mechanism through which weaker cells are
recognized by their fitter neighbors and eliminated through
apoptosis. It is important to detect and eliminate these cells, to
maintain healthy tissues and prevent the development of dis-
eases. However, cells can acquire alterations, such as upregula-
tion of MYC, increasing the relative fitness and inducing the
elimination of neighbor wild-type cells. Here, we optimized a
cell competition assay to screen for genes involved in this mech-
anism in winner and loser cells using two colon cancer cell lines
expressing different levels of MYC. We observed that LoVo
and LS174 engage in cell competition, with LoVo behaving as
loser and LS174 behaving as winner, as previously reported. In
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this scenario, loser cells are eliminated by apoptosis in a cas-
pase-dependent manner, arrest cell cycle at GO/G1 phase and
migrate less. On the other hand, winner cells are even less elimi-
nated when in presence of loser cells, increase the number of
cells entering S phase and start to migrate more. Also, results
from conditioned media and caspase-inhibition experiments sug-
gest that improved survival and increase proliferation of winner
cells is based on the presence of a survival factor in culture
media, whereas cell elimination of the loser cells is dependent
on cell-cell contact with winner cells. In addition, treatment
with a chemotherapy agent abolish competition and loser cell
elimination suggesting potential therapeutically translation of
results. To identify new genes involved in this cell competition
scenario we have performed RNA-sequencing of winner and
loser cells. We found three genes upregulated in winner cells,
AQP3, MYTI1 and NRIPI, which were functional validated to
be required for the elimination of the loser cells. Additionally,
members of the PI3K/AKT/mTOR and HER2/EGFR pathways
were found to be altered. These data improve our knowledge on
cell competition and its role in cancer development.

P-01.1-43

Prediction of transcription factors regulating
contractile activity-induced gene expression in
skeletal muscle

P. Makhnovskii', O. Gusev*?, F. Kolpakov*, D. Popov'*

! Institute of Biomedical Problems of the RAS, Moscow, Russia,
?Kazan Federal University, Kazan, Russia, SRIKEN, Yokohama,
Japan, *Institute of Computational Technologies of the SB RAS,
Novosibirsk, Russia, > Lomonosov Moscow State University,
Moscow, Russia

Skeletal muscle tissue makes up more than a third of the
human body mass, playing a key role in fat and carbohydrate
metabolism; maintenance of normal/increased level of diurnal
physical activity provides effective protection against various
metabolic disorders. Therefore, investigation of the molecular
mechanisms underlying skeletal muscle gene expression to
physical exercise is of fundamental importance. We aimed to
predict transcription factors (TFs) regulating transcriptomic
response to an exercise in human skeletal muscle using the
position of transcription start sites (TSSs) and individual pro-
moter regions surrounding each TSS. Biopsies from the vastus
lateralis muscle were taken prior to, and 1 h, 3 h, and 6 h
after an aerobic exercise in 10 males. The exact TSSs were
identified using the cap analysis of gene expression. The indi-
vidual promoters were identified using the open chromatin
position (obtained in myotubes) and the density of various
TFs binding sites (15982 human ChIP-seq experiments; the
GTRD database). The position of TSSs and individual pro-
moters (with length from hundred to 2000 b.p.) were identified
for ~12000 genes. The position weight matrix method showed
that the individual promoters work better for prediction of
TFs than promoters with “standard” length. Finally, using
unsupervised clustering we identified 20 groups of co-expressed
exercise-induced genes and predict TFs for each cluster: several
well-investigated TFs (Ca®"-dependent and early response TFs,
regulators of fat and carbohydrate metabolism, etc.), as well
as TFs with unknown role in the regulation of skeletal muscle
gene expression (zinc fingers, etc.). A robust approach to pre-
diction of TFs using the position of TSSs and individual pro-
moters was developed. The method can be used to study the
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dynamics of TFs activation in co-expressed genes in human
skeletal muscle subjected to various physiological and pharma-
cological stressors. This work was supported by the RFBS
grant #20-015-00415.

P-01.1-44
Effect of oropharyngeal swab quality on the

success of NGS library preparation

V. V. Kaptelova, A. E. Samoilov, S. S. Saenko, S. O. Sinitsyn,
E. V. Korneenko, A. V. Valdokhina, V. P. Bulanenko,

V. G. Akimkin, A. S. Speranskaya

! Federal Budget Institution of Science “Central Research Institute
of Epidemiology” of The Federal Service on Customers” Rights
Protection and Human Well-being Surveillance, Moscow, Russia

SARS-CoV-2 genomes rapidly change due to mutations, and
thus the fast evolution of this virus has been observed worldwide.
As is known, the majority of the identified mutations do not
influence a significant effect on the spread. While some mutations
or combinations can provide the virus advantages because some
strains spread quickly around local populations. We had tested
477 oropharyngeal swabs from patients from different regions of
Russia with diagnosis COVID-19 to perform a whole-genome
sequencing to detect new variants of SARS-CoV-2. We were
faced with the problem of low-quality samples. It had led to the
deterioration of amplification. It’s a significant moment to per-
form screening tests. Methods: Previously designed primers panel
[1] was used for SARS-CoV-2 whole genome amplification. The
PCR products ranging from 1757 to 2054 bp were mixed, puri-
fied. Libraries were constructed using Nextera XT DNA Library
Preparation Kit (Illumina, FC-131-1096). Sequencing was per-
formed as described in [1]. The consensus sequence was submit-
ted to GISAID database (hCoV-19/Russia/CRIE). Results: We
completely amplified and whole-genome sequenced the 173 of
SARS-CoV-2 genomes from 477 samples. The success of genome
fragments amplification varied from 76% to zero when we used
samples obtained from different sources (from different clinics).
We suppose that this dramatic difference could be explained by
the composition of transportation buffers that are purchased by
different clinics for routine diagnostics of COVID-19 by RT-
PCR methods. Our results demonstrated that the success of
amplification does not depend on the storage and transportation
time. Acknowledgements: The study was funded by RFBR, pro-
ject number 20-04-60561. References: [1]. AS Speranskaya, VV
Kaptelova et al. SCV-2000bp: a primer panel for SARS-CoV-2
full-genome sequencing. bioRxiv  2020.08.04.234880; doi:
https://doi.org/10.1101/2020.08.04.234880. Keywords: SARS-
CoV-2, mutations, high-throughput sequencing.
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P-01.1-45

Metagenomic analysis of viruses in bat fecal
samples from Moscow region reveals the
whole genome sequences of Mastadenovirus
and Alphacoronavirus

E. V. Korneenko', A. E. Samoilov', I. V. Artyushinz,

V. V. Kaptelova', A. V. Dudorova', V. G. Dedkov?,

A. S. Speranskaya', V. G. Akimkin'

!Central Research Institute of epidemiology, Moscow, Russia,
?Lomonosov Moscow State University, Moscow, Russia, 3 Pasteur
Institute, Saint-Petersburg, Saint-Petersburg, Russia

Due to the current epidemiological situation caused by the pan-
demic of COVID-19 the study of virus diversity in bats as a poten-
tial source of zoonotic diseases is crucially important. Our
previous study based on genus specific PCR-using Coronaviridae-
specific primers and following high throughput sequencing
revealed the presence of several types of coronaviruses. In this
study we performed the whole genome sequencing for the samples
which were positive for Coronaviridae in order to get more infor-
mation about viral communities in bat fecal samples. Fecal sam-
ples from bat species (Pippistrellus nathusii, Nyctalus noctula,
Myotis brandtii, Myotis daubentonii) were collected in 2015 in the
Moscow region and stored in RNA later. RNA extraction using
Viral RNA Mini Kit (Qiaqgen), library preparation using NEBNext
Ultra II Directional RNA Library Prep Kit for Illumina (NEB)
and HTS on Illumina Hiseq platform was performed. Metage-
nomic data was obtained using FastQC, trimmomatic 0.38 and
SPAdes 3.13 for genome assembly, taxonomy of resulting contigs
was identified by the BLASTn.For 8 bat fecal samples positive for
Coronaviridae we performed the whole genome sequencing and
metagenomic analysis. In one sample we detected the complete
genome (37915 bp) with 74,66% nucleic identity to Mastaden-
ovirus sp. isolate WA3301 from a Nyctalus noctula, in the other
sample from Pippistrellus nathusii we found the complete genome
sequence with 82% nucleotide identity to Bat alphacoronavirus
isolate BtCoV/020_16/M.dau/FIN/2016 (28.245 bp).Whereas, as
we’ve reported the presence of Alphacoronavirus before, this is the
first time when we detect the whole genome of Mastadenovirus.
The fact that the material was obtained from bats which nest next
to human and domestic animals our findings might give better
understanding the potential risk of the cross-species transmission
and virus migration in bats from Moscow Region. This work was
funded by RFBR, project number Ne 20-04-60561\20.

P-01.1-46

Regulation of ferritin and globin genes in cold-
water sea sponges Halisarca dujardini and
Halichondria panicea and its role during
reaggregation

K. I. Adameyko'*, A. D. Finoshin"*, Y. V. Lyupina',

O. L. Kravchuk!, E. 1. Shagimardanovaz, G. R. Gazizova?,

0. A. Gusev>?

Koltsov Institute of Developmental Biology, Russian Academy of
Sciences, Moscow, Russia, ’Kazan Federal University, Kazan,
Russia, >KFU-RIKEN Translational Genomics Unit, RIKEN
National Science Institute, Yokohama, Japan

Sponges (Porifera) are the oldest multicellular organisms with
the unique ability to restore the functional organization of the
body after mechanical dissociation in the form of multicellular
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aggregates. The cold-water sponges of the White Sea Halisarca
dujardini (H.d.) and Halichondria panicea (H.p.) (cl. Demospon-
gia) are extremely resistant to daily and seasonal changes in
water temperature, salinity and oxygenation. We studied sponge
ferritins (the main iron-storage proteins) and globins (heme-con-
taining oxygen transporters) along with their contribution to
cellular plasticity during the reaggregation experiment. In the
transcriptomes of H.d. and H.p. (previously published in:
Finoshin AD, Adameyko KI, et al. (2020) PLoS ONE 15(2):
€0228722) and in the draft genome of H.d. we identified genes
of interest and confirmed their amino acid sequences by mass
spectrometry. Three ferritin genes were identified in H.d. and
one in H.p. A TATA box, Inr and DPE promoter elements
were found in H.d. ferritin genes. The 5UTRs of H.d. and
H.p. ferritin mRNAs contain iron-responsive elements (IREs).
In both sponge species, we identified two globin genes: andro-
globin and neuroglobin. Expression of neuroglobin of H.d.
unlike human Ngb is regulated by a TATA-containing and not
CG-rich promoter (previously published in: Adameyko KI et al.
(2020) Mol Biol 54, 416-420). RNA-Seq samples of H.d. col-
lected at different life cycle stages and subjected to the reaggre-
gation experiment revealed differential expression: in the
samples collected at the end of body growth (autumn) and the
beginning of spermatogenesis (winter) expression of ferritin and
neuroglobin decreased during dissociation and then restored
during reaggregation; in the samples collected at the beginning
of body growth (summer) expression of both genes decreased
during both stages. Our results suggest the evolutionary impor-
tance of globins and ferritin genes in the morphogenetic pro-
cesses of multicellular animals. *The authors marked with an
asterisk equally contributed to the work.
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Small noncoding RNAs as a tool to modulate
gene expression

P. Apura, M. Saramago, A. Peregrina, S. C. Viegas,

S. M. Carvalho, L. M. Saraiva, S. M. Domingues,

C. M. Arraiano

ITQB-NOV A, Lishoa, Portugal

Pseudomonas putida is a highly attractive production system for
industrial needs. However, for its improvement as a biocatalyst
at the industrial level, modulation of its gene expression is
urgently needed. We report the construction of a plasmid
expressing a small RNA-based system with the potential to be
used for different purposes. Due to the small RNAs modular
composition, the design facilities and ability to tune gene expres-
sion, they constitute a powerful tool in genetic and metabolic
engineering. In the tool presented here, customized sRNAs are
expressed from a plasmid and specifically directed to any region
of a chosen target. Expression of these customized sRNAs is
shown to differentially modulate the level of endogenous and
heterologous reporter genes. The antisense interaction of the
sRNA with the mRNA produces different outcomes. Depending
on the particularity of each sRNA-target mRNA pair, we
demonstrate the duality of this system, which is able either to
decrease or increase the expression of the same given gene. This
system combines high specificity with the potential to be widely
applied, due to its predicted ability to modulate the expression of
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virtually any given gene. This plasmid can be used to redesign
P. putida metabolism, fulfilling an important industrial gap.

P-01.2-02

Large scale screening system for
protein—protein interactions based on
mRNA-display and Psoralen Analysis of

RNA-Interactions and Structures (PARIS)
A. Praznik

National Institute of Chemistry — Department for Synthetic
Biology and Immunology, Ljubljana, Slovenia

Most proteins in eukaryotic cells do not exhibit their function
individually, but mediate their action through interaction with
other proteins, forming a complex protein—protein network
interactome. Detecting and analyzing protein—protein interac-
tions (PPI) is still a relatively cumbersome process, a big issue
being that many methods rely on detecting PPI of previously
known interacting proteins, failing to detect yet unknown
interaction partners. On the other hand, methods to detect the
interactions of DNA or RNA in vivo have been previously
described. One such method is Psoralen Analysis of RNA-
Interactions and Structures (PARIS), which locks the interact-
ing RNA sequences inside of cells with the help of a crosslink-
ing reagent AMT and UV light. The interacting RNAs are
then ligated and sequenced with NGS to reveal all RNA—
RNA interactions. We aim to develop a method for analyzing
RNARNA interactions, similar to that utilized in PARIS, but
instead of native RNA I will use mRNAs bound to their
coded protein. The covalent binding of proteins to their cod-
ing mRNA will be achieved by using the mRNA-display, in
which 3’ modified RNA molecules are covalently linked to
their coded polypeptide on the ribosome during protein trans-
lation in vitro. Interaction between the two polypeptides also
brings into proximity their adjacent coding mRNAs. We
expect that due to the proximity of the RNAs (which is
achieved through PPI of their coded proteins) they will be
more likely to interact with the mRNA coding for the interact-
ing polypeptide, than with mRNAs of polypeptides, which do
not form PPI. The initial work will be done for in vitro tran-
scribed and translated polypeptides, which have been previ-
ously described to form strong PPI. The successful
implementation of the method on proof of principle peptides
will have strong implications for future development of modu-
lar bionanostructures.

P-01.2-03

Transcriptional analysis of the human
apoptosis-related BOK gene reveals novel,
alternatively spliced messenger RNAs, a
previously unknown 5’untranslated region

(5 UTR), and two new, shorter 3" UTRs

P. I. Artemaki, D. G. Tsouraki, A. Scorilas, C. K. Kontos
Department of Biochemistry and Molecular Biology, Faculty of
Biology, School of Science, National and Kapodistrian University
of Athens, Athens, Greece

The BCL2 family includes pro- and anti-apoptotic members,
basically differing in the combination of BCL2-homology (BH)
domains. BOK is an apoptosis facilitator, yet an anti-apoptotic
behavior has been described as well. This ambiguity could be
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attributed to the existence of multiple, alternatively spliced tran-
scripts encoding for distinct BOK protein isoforms. In this
study, we describe the discovery of novel transcripts of the
human BOK gene, most of which comprise new open reading
frames (ORFs) and probably encode for new BOK protein iso-
forms. Moreover, we determined a new S™untranslated region
(5" UTR) and two shorter 3" UTRs. In brief, we started by per-
forming bioinformatical analysis of publicly available expressed
sequence tags (ESTs). Next, total RNA was isolated from 23
cancer cell lines originating from different human tissues and
first-strand complementary DNA (cDNA) was synthesized start-
ing from 5 pg of total RNA. PCR primers were designed to
amplify only BOK cDNA-specific sequences and were used in
two successive PCRs. Rapid amplification of c¢cDNA ends
(RACE) was used to study the 5" and 3" UTRs. Nested PCR
and RACE products were electrophoresed on an agarose gel;
bands of unexpected size were gel-extracted, purified, and
sequenced using Sanger sequencing. We also performed next-
generation sequencing (NGS) to unravel rare BOK transcripts.
Our results led to the discovery of 21 novel BOK transcripts, 13
of which have distinct ORFs. in silico translational analysis
revealed the putative existence of 7 novel BOK protein isoforms
lacking internal peptides and possessing distinct C-termini.
Moreover, we identified a previously unknown 5° UTR, proba-
bly preceded by its own promoter, as well as two novel, shorter
3 UTRs, with fewer post-transcriptional regulatory regions.
Overall, the prospect of novel BOK protein isoforms and alter-
native UTRs raises questions about the role of this gene in both
normal and pathological states and necessitates additional
research.

P-01.2-04

Study of milk exosome nucleic acids

A. E. Kuleshova*, L. V. Purvinsh*, E. E. Burkova, S. E. Sedykh,
G. A. Nevinsky

Institute of Chemical Biology and Fundamental Medicine SB RAS,
Novosibirsk, Russia

Exosomes are nanovesicles contained in various biological fluids
and participating in intercellular communication. The biochemi-
cal compound of exosomes demonstrates the presence of various
nucleic acids, in particular, microRNA and mRNA. In this
regard, exosomes are promising candidates for developing new
drug delivery vehicles in personalized medicine. Among all bio-
logical fluids containing exosomes, milk is the only available on
an industrial scale; therefore, the analysis of nucleic acids in milk
exosomes is an urgent task. A modified protocol was applied to
isolate milk exosomes, including several stages of centrifugation,
ultrafiltration, ultracentrifugation, and gel chromatography.
Simultaneously, the absolute amount of 20 different types of
microRNA was determined in the fat fraction of bovine, goat,
and horse milk. For these microRNAs, specific patterns of rela-
tive expression were determined in each type of milk. Further
studies of the miRNA composition of milk fractions will reveal
specific miRNA markers for each of the studied species. This
research was supported by the Russian Science Foundation grant
18-74-10055. *The authors marked with an asterisk equally con-
tributed to the work.
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P-01.2-05
The role of post-transcriptional editing of

herpes simplex virus 1 miR-H2 during latency
A. Zubkovi¢', M. Cokari¢ Brdovéak!, M. Hackenberg?, 1. Jurak'
! Department of Biotechnology, University of Rijeka, Rijeka,
Croatia, *Genetics Department & Biotechnology Institute,
Biomedical Research Center (CIBM ), University of Granada,
Granada, Spain

Herpes simplex virus 1 (HSV-1), an important human pathogen,
has been shown to encode 29 microRNAs (miRNAs), the func-
tion of which is yet to be revealed. The functions of miRNAs are
defined by their sequences, as only one nucleotide difference can
dramatically change the specificity of miRNA for its target.
Using advanced bioinformatics tools, we recently found that
miR-H2, an HSV-1 miRNA targeting important virus gene
ICPO, is extensively edited by the function of the adenosine
deaminase acting on RNA (ADAR) in latently infected human
ganglia. The ADAR proteins deaminate adenosines to inosine
(recognized as guanosine), they have a critical role in homeosta-
sis, and it is possible that expression of ADAR proteins in neu-
ronal tissue specifically regulates the establishment and
maintenance of latency. This editing function could indicate that
the virus is using cellular processes to broaden the scope of possi-
ble miRNA targets, including viral and host targets, or to affect
their stability. Furthermore, to comprehensively investigate this
phenomenon and biological relevance, we used biological
approaches to test the relevance of a few most important bioin-
formatically predicted targets of edited HSV-1 miR-H2. In addi-
tion, to extensively analyze this phenomenon during infection
with other viruses, we analyzed many publicly available small-
RNA deep-sequencing data sets including samples infected with
Epstein—Barr virus, Kaposi’s Sarcoma-associated herpesvirus,
cytomegalovirus, human herpesvirus 6 and human papillo-
mavirus and our preliminary results show that many viruses
employ this phenomenon to specifically change the crucial part
of the miRNA sequence important for binding to its target or
have effect on host miRNAome during the course of the infec-
tion. Understanding this novel aspect of non-coding RNA biol-
ogy will not only shed light on an incredibly complex life cycle
of HSV-1 but also might reveal important cellular pathways.

P-01.2-06
Novel approach to the delivery into the cells
and light-activation of the guide RNA for the

genome editing CRISPR/Cas9 system

A. Yakovlev'?, E. Akhmetova'?, N. Danilin'%, O.
Semikolenova'?, 1. Vokhtantsev', D. Kim', D. Zharkov',

A. Venyaminova', D. Novopashina'-?

! Institute of Chemical Biology and Fundamental Medicine Siberian
Branch of the Russian Academy of Sciences, Novosibirsk, Russia,
2Sirius University of Science and Technology, Sochi, Russia

Use of the CRISPR/Cas9 system for molecular biological and
gene engineering purposes is the issue of the day. Effective deliv-
ery of the components of system in cells is obligatory for their
successful application. The main goal of our study is the develop-
ment of novel approach for the delivery of guide RNA (crRNA)
in the cells. The proposed approach is based on the usage of
additional photocleavable oligodeoxyribonucleotide complemen-
tary to guide RNA and bearing ligands facilitating the penetra-
tion of the whole construction through the cell membrane. The

122

POSTERS — RESEARCH

presence of photocleavable linkers in oligodeoxyribonucleotide
conjugate permits to destroy them by UV-irradiation after cells’
penetration, to liberate guide RNA and to initiate the CRISPR/
Cas9 system functionalizing in the cells. This approach is pro-
posed for the first time in our study. Oligodeoxyribonucleotides
containing three photocleavable linkers and their 3’-functional-
ized analogs were synthesized by solid-phase phosphoramidate
method using phosphoramidite on the base of 1-(2-nitrophenyl)-
1,2-ethanediol. Non-modified stable oligodeoxyribonucleotides
and their 3’-functionalized analogs were also prepared as con-
trols. The conjugates of 3’-amino-, 3’-alkyne and 3’-phosphate
containing oligonucleotides with cholesterol, pyrene, peptide and
GalNac were prepared using different methods of conjugation.
The kinetics of modified oligonucleotide photocleavage and ther-
mal stability of the duplexes of the additional oligodeoxyribonu-
cleotides and their conjugates with guide RNA were investigated.
The possibility of activation of designed CRISPR/Cas9 system
by UV-irradiation was demonstrated using model DNA plasmid.
Proposed approach to the delivery into the cells and light-activa-
tion of the genome editing CRISPR/Cas9 system can be applied
in future for photocontrollable gene editing in cells. The reported
study was funded by RFBR, project number 19-34-51026.

P-01.2-07
Antibodies from human milk hydrolyze

microRNAs

I. Kompaneets', E. Ermakov'?, S. Sedykh'?, G. Nevinsky'*
'SB RAS Institute of Chemical Biology and Fundamental
Medicine, Novosibirsk, Russia, °Novosibirsk State University,
Novosibirsk, Russia

Milk is a unique biological fluid; it contains all components nec-
essary for the development and protection of newborn. Milk is
not just a mixture of such substances, as proteins, lipids, carbo-
hydrates and nucleic acids. Of particular interest are milk
immunoglobulins, possessing various catalytic activities, such as
protease, phosphatase, DNase, RNase and others. In this work,
the ability of milk IgG and sIgA to hydrolyze various RNA sub-
strates was investigated. MicroRNAs that regulate the expression
of many genes are found in many biological fluids, including
milk. It was shown that miRNAs regulate the expression of genes
associated with the development of the newborn’s immune sys-
tem. Milk immunoglobulins possess RNase activity in the hydrol-
ysis of various miRNA substrates, both highly expressed in milk
and unrepresented in milk, as well as homooligoribonucleotides
and cellular ribosomal RNA. In addition, microRNA isolated
from human skimmed milk and various fractions of milk: cell
sediment, lipid fraction, and milk plasma were studied. Analysis
of the isolated RNAs was performed using an Agilent 2100 Bio-
analyzer on RNA 6000 Pico and Small RNA chips. Using
reverse transcription with stem-loop primers and subsequent
quantitative real-time PCR, the expression of 25 miRNAs in dif-
ferent fractions of milk was evaluated. This work was supported
by a grant from the Russian Science Foundation 18-74-10055.
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In vitro analysis of Hfq chaperone involvement
in binding of small RNAs from the LhrC family
to the fri gene transcript of Listeria

monocytogenes

K. Scibek', M. Burmistrz', M. Ladziak', E. M. S. Lillebak?,

B. H. Kallipolitis?, A. Krawczyk-Balska'

! Department of Molecular Microbiology, Biological and Chemical
Research Centre, Faculty of Biology, University of Warsaw,
Warsaw, Poland, > Department of Biochemistry and Molecular
Biology, University of Southern Denmark, Odense, Denmark

Listeria monocytogenes (Lm) is a Gram-positive human patho-
gen. The ferritin protein (Fri), encoded by the fri gene, is respon-
sible for the storage of iron in Lm cells and plays an important
role in the stress adaptation and pathogenesis process. The tran-
scription of gene fri originates from three distinct promoters, a
oB-dependent and two cA-dependent ones, leading to 3 types of
transcripts with different 5’-end sequences. Recently, we found
that fri is the first gene of a five-gene operon in which the last
one is lhrC5 encoding a small non-coding RNA. The LhrC5
belongs to a multicopy sSRNA family comprising seven sibling
sRNAs, from which LhrC1-5 have been identified as sRNAs
interacting with the Hfq chaperone, however so far, the interac-
tion between LhrCs and mRNAs was shown to be Hfg-indepen-
dent. The aim of the study was to determine the binding capacity
of small RNAs from the LhrC family with the 5’-end of fri gene
transcripts, and a potential involvement of the Hfq chaperone in
the formation of sSRNA-mRNA complexes. The results of RNA
EMSA assays showed that LhrC5 possess weak ability to interact
with the mRNA of the fri gene originating from the A2 pro-
moter. This binding was efficiently strengthened in the presence
of Hfq chaperone. An analogical analysis performed for LhrC4
also showed its ability to bind to the fri transcript, but the Hfq
chaperone did not enhance the LhrC4-mRNA fri interaction.
Therefore, the obtained results indicate that Hfq protein mediates
the formation of LhrC5-mRNA fri complexes, but not the for-
mation of LhrC4-mRNA fri complexes. These results imply the
specific role of LhrC5 in the regulation of the expression of fri
gene, however further research is needed to pinpoint the biologi-
cal relevance of the observed in vitro involvement of Hfq in the
formation of LhrC5-mRNA fri complexes. Acknowledgements:
This work was supported by a grant no. 2015/18/E/NZ6/0064
from the National Science Center, Poland.

P-01.2-09

The role of RNA interference in the formation
of protective systems of wheat against the
pathogen Septoria Stagonospora nodorum
Berk

M. Shein, I. Maksimov, G. Burkhanova
Institute of Biochemistry and Genetics UFRC RAS, Ufa, Russia

RNA interference (RNAI) can control the activity of host genes
or partner genes in an interorganismal interaction system. It is
well known that RNAI is important in the formation of an
immune response against viral pathogens, but its role in infection
with fungal pathogens is poorly studied. Dicer-like (DCL) pro-
teins and Argonaute (AGO) proteins are the objects of interest in
our research. DCL proteins are RNases that initiate the process-
ing of double-stranded RNAs. AGO proteins bind siRNA and
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use it as a guide for the recognition of mRNA of target genes or
pathogen RNA. Both proteins are involved in the formation of
an RNA-induced gene silencing complex. There is evidence that
the accumulation of DCLI1 protein in wheat upon infection can
cause structural defects in pathogens. The importance of AGO1
proteins in the formation of compatible relationships is con-
firmed by the fact that the suppression of their synthesis
increased resistance to fungal infections. RNAi was never studied
in local varieties of wheat, so we measured expression level of
the genes of these two protein families in variety Tulaykovskaya
108, that was bred to be resistant to Stagonospora nodorum, and
variety Salavat Yulaev, which is susceptible to septoria. Tulay-
kovskaya 108 responded to infection with an aggressive Stago-
nospora nodorum strain by both accumulation of transcripts of
TaAGOI gene and a decrease in TaDCL4 gene activity. Changes
in the expression level of these genes in the variety Salavat
Yulaev were precisely the opposite. Our results suggest that
TaDCL4 and TaAGOI genes play an important role in the for-
mation of a protective response of the Tulaykovskaya 108 vari-
ety. Conversely, the accumulation of TaDCL4 transcripts in a
susceptible variety of wheat Salavat Yulaev, as well as a decrease
in the transcriptional activity of TaAGO1, may be a substantial
condition for the successful formation of compatible relationships
and the development of the infection.

P-01.2-10
Localization of functional elements in
3’ untranslated region of orb mRNA required

for Drosophila oogenesis

M. Zhukova', K. Yakovlev'?, Y. Shidlovskii'?, P. Schedl"*

! Institute of Gene Biology, Russian Academy of Sciences, Moscow,
Russia, °National Scientific Center of Marine Biology, Far East
Branch, Russian Academy of Sciences, Vladivostok, Russia,

3I.M. Sechenov First Moscow State Medical University, Moscow,
Russia, *Department of Molecular Biology, Princeton University,
Princeton, United States of America

Post-transcriptional regulation of gene expression includes trans-
port and localization, translation and turnover of mRNA mole-
cules. mRNA 3’ untranslated region (3 UTR) participates in all
these processes interacting with RNA-binding proteins in cells.
Orb protein is required for formation of the egg chamber and
establishment of polarity during Drosophila oogenesis. When the
orb 3’UTR is deleted, the process of oocyte specification is dis-
rupted and the homozygous mutant flies are sterile. The aim of
the study was to localize in orb 3’UTR functionally important
elements required for Drosophila oogenesis. To determine evolu-
tionarily conserved elements of the orb 3° UTR, we mapped
phastCons score calculated in a multiple alignment of twelve
Drosophila species, mosquito, honeybee and red flour beetle, on
the sequence. Then we used CRISPR/Cas 9 system to introduce
a deletion of almost complete 3’UTR of the orb gene and
inserted three different sequences in the orbA3’UTR deletion
mutant using the phiC31 integrase system to compensate the
deletion. We obtained two fly lines with insertions which partially
overlap each other, one of them included a complete region with
conservative elements of orb 3> UTR (line hpnl), while another
one included a part of this conservative region (line XN). As a
control we used flies with an insertion of complete orb 3’UTR
sequence. Females of line hpnl laid eggs with normal morphol-
ogy (92.6-98.7%) and hatching rate was the same as in control
line (74-75.5%). Eggs of XN females had polarity defects (in
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96-99% of eggs analyzed) and low hatching rate (0-2.9%). We
showed that insertion of a conservative sequence with a total
length less than 50% of orb 3’UTR rescues female fertility. This
might suggest about redundancy of functional elements in orb
3’UTR or that the rest of the sequence is required for other pro-
cesses in Drosophila. The work is supported by the Russian
Science Foundation (18-74-10051).

P-01.2-11

Identification of five novel circular RNAs
deriving from BCL2L12 apoptosis-related gene
in colon cancer cell lines

P. Karousi, P. I. Artemaki, C. D. Sotiropoulou, M. Papatsirou,
K. Katsaraki, A. Scorilas, C. K. Kontos

Department of Biochemistry and Molecular Biology, Faculty of
Biology, School of Science, National and Kapodistrian University
of Athens, Athens, Greece

Circular RNAs (circRNAs) result from back-splicing of pre-
mRNA. Recent advances in high-throughput sequencing uncov-
ered the widespread expression of circRNAs in cancer cells,
arousing scientific interest. However, current knowledge regard-
ing circRNAs deriving from human apoptosis-related genes is
poor. BCL2L12 is a member of the BCL2 family, which — despite
not bearing a typical anti-apoptotic protein structure — has been
reported to exert an anti-apoptotic activity. Moreover, BCL2L12
is widely expressed in colon cancer. The purpose of this study
was to identify novel BCL2L12 circRNAs in colon cancer cells.
Total RNA extracts from seven colon cancer cell lines (Caco-2,
HCT 116, HT-29, COLO 205, SW 620, DLD-1, and RKO) were
reverse-transcribed, using random hexamer primers. First-round
PCR was conducted using divergent primers, to amplify
BCL2L12 cDNAs having derived from circRNAs. Nested PCR
was then performed, followed by Sanger sequencing, to deter-
mine the sequence of each circRNA. Subsequently, bioinformati-
cal tools were used to predict the interactions of these circRNAs
with microRNAs (miRNAs) and RNA-binding proteins (RBPs),
and to predict internal ribosome entry sites (IRES) and open
reading frames (ORFs). Thus, we discovered five circRNAs, all
consisting of both complete and truncated exons of BCL2L12
gene. Expression analysis revealed differential expression patterns
of these circRNAs in the seven colon cancer cell lines. Next, in
silico analysis revealed that these circRNAs are likely to interact
with miRNAs and RBPs; for instance, circ-BCL2L12-1 is pre-
dicted to bind miR-1915-5p, while circ-BCL2L12-1 and circ-
BCL2L12-2 are predicted to sequester splicing factors such as
MNBLI1, SRFSI, SRFS2, SRFS3, and SRFS5. Moreover, circ-
BCL2L12-2 is predicted to possess a functional ORF, but no
IRES. In conclusion, this study uncovered, for the first time, the
complete sequence of circRNAs deriving from BCL2L12 and
suggested some putative interactions of these molecules.
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Functional studies of RNA-binding properties

of the Escherichia coli RNA chaperone ProQ
N. Lekontceva', A. Mikhaylina', M. Fando', J. Buyuklyan'?,
A. Nikulin'

!Institute of Protein Research, Russian Academy of Sciences,
Pushchino, Russia, ’Moscow State University, Moscow, Russia

Structural and functional research of interactions between small
RNAs and RNA-binding proteins takes an important place in
studies of gene expression regulation processes in all living organ-
isms. For over two decades only two proteins, CsrA and Hfq,
have been known as RNA chaperones in bacteria. Recent studies
have shown that FinO domain-containing proteins seems to be
another important class of bacterial RNA chaperones. ProQ pro-
tein, a FinO family member, was originally identified as an
osmoregulatory factor required for optimal expression of the
proline channel protein ProP. However, ProQ has now emerged
to function as a SRNA binding protein in Salmonella and Escher-
ichia coli. A similar role is predicted for proteins containing
ProQ/FinO domain from various bacteria. ProQ from Escheri-
chia coli is a monomeric protein. It adopts an elongated structure
with two domains separated by a disordered linker region. The
N-terminal domain of ProQ (NTD), spanning residues 1-121, is
composed of a ProQ/FinO domain and shares 35% sequence
identity with its paralogs. C-terminal domain (CTD) is struc-
turally related to Tudor-like domains commonly found in
eukaryotic chromatin regulators. N- and C-terminal domains
may interact with target RNA independently or cooperatively,
depending on context. The aim of our investigation is to study
interactions of E. coli ProQ as well as its isolated domains with
potential SRNA targets in the cell. We have identified a number
of sRNAs that bind to ProQ and have measured the affinity of
the protein to the RNAs. Based on these data significant differ-
ences in the RNA binding properties of the N-terminal and C-
terminal domains of ProQ have been revealed. Using hydroxyl
radical footprinting we have also identified protein-binding sites
in the sSRNAs. This work was supported by Russian Scientific
Foundation 21-74-00086.

P-01.2-13
Novel long non-coding RNA is dysregulated in

different liver and pancreatic cancers

O. Burenina', N. Lazarevich>>, 1. Kustovaz, T. Zatsepinl‘4,

M. Rubtsova*, O. Dontsova'*

!Center of Life Sciences, Skolkovo Institute of Science and
Technology, Moscow, Russia, *Institute of Carcinogenesis, FSBI
“N.N. Blokhin National Medical Research Center of Oncology” of
the Ministry of Health of the Russian Federation, Moscow, Russia,
3Biology Department, Lomonosov Moscow State University,
Moscow, Russia, *Chemistry Department and A.N. Belozersky
Institute of Physico-Chemical Biology, Lomonosov Moscow State
University, Moscow, Russia

Long non-coding RNAs (IncRNAs) can be dysregulated in many
diseases including various cancers. They could serve as perspec-
tive biomarkers for primary diagnostics of malignancies, discrimi-
nation of different tumors or as prognostic criteria for patients.
In our previous work we discovered a novel IncRNA HELIS
(aka “healthy liver specific”) that is significantly down-regulated
in hepatocellular carcinoma (HCC), but is not expressed in liver
cholangiocarcinoma (CCA) and hepatoblastoma (HBL) neither
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in other normal nor malignant human tissues including pancreas
[1]. During our search for additional biomarkers, we have found
a novel transcript that we have called CHOL. We showed that
its expression is upregulated mainly in CCA samples (but not in
HCC) as well as in case of pancreatic duct adenocarcinoma
(PDAC) in comparison to adjacent normal tissues. Despite of its
extremely short length (about 200 nt), CHOL RNA has two
splicing variants consisting of two or three exons. We demon-
strated that long and short isoforms are differentially expressed
in hepatic (Huh7, HepG2, HepaRG) and pancreatic (MIA
PaCa2, Capan-2, AsPC-1, PANC-1) cell lines as well as in a
number of liver and pancreatic cancer tissues. We suggest these
RNA isoforms might have different functions in carcinogenesis
and increased shorter isoform can be associated with more malig-
nant phenotype. In sum, obtained data allows us to consider
CHOL IncRNA as a potential oncomarker of liver and pancre-
atic cancers that could be used together with HELIS for develop-
ment of a IncRNA-based diagnostic panel. This work is
supported by Russian Science Foundation grant No. 20-74-
00141. Reference: [1] Burenina O. Y. et al. Panel of potential
IncRNA biomarkers can distinguish various types of liver malig-
nant and benign tumors. J Cancer Res Clin Oncol. 2021; 147
(1):49-59.

P-01.2-14
Characterizing PNPase activity, an
exoribonuclease relevant for the virulence of

the human pathogen Campylobacter jejuni

R. G. Matos', C. Bérria®, L. Fonseca®, J. Casinhas?, J. A. Brito,
M. Archer?, C. M. Arrajano’

! Instituto de Tecnologia Quimica e Bioldgica Antdnio Xavier,
Universidade Nova de Lisboa, Oeiras, Portugal, 2IT OB NOVA,
Oeciras, Lisbon, Portugal, j’ITQB NOVA, Oeras, Portugal

Bacteria need to promptly respond to environmental changes.
Ribonucleases (RNases) are key factors in the adaptation to new
environments, by enabling a rapid adjustment in RNA levels.
The exoribonuclease polynucleotide phosphorylase (PNPase) is
essential for low-temperature cell survival, affects the synthesis of
proteins involved in virulence and has an important role in swim-
ming, cell adhesion/invasion ability, and chick colonization in
C. jejuni. However, the mechanism of action of this ribonuclease
is not yet known. In this work we have characterized the bio-
chemical activity of C. jejuni PNPase (Cj-PNP). Our results
demonstrate that Cj-PNP is a processive 3’ to 5’ exoribonuclease
that degrades single-stranded RNAs. Its activity is regulated
according to the temperature and divalent ions. We have also
shown that the KH and S1 domains are important for trimeriza-
tion, RNA binding, and, consequently, for the activity of
Cj-PNP. Moreover, our results show the activity of PNPase is
modulated by several cellular metabolites, which suggests a link
between the cellular metabolic status and RNA metabolism. We
have solved the 3D structure of Cj-PNP by X-ray crystallogra-
phy. The structural information helped to understand the mecha-
nistic details of the degradative process. These findings will be
helpful to develop new strategies for fighting against C. jejuni
and may be extrapolated to other foodborne pathogens.

FEBS Open Bio 11 (Suppl. 1) (2021) 103-507 DOI: 10.1002/2211-56463.13205

© 2021 The Authors. FEBS Open Bio © 2021 FEBS

RNA function

P-01.2-15
How ribonucleases control characteristic traits

of Pseudomonas putida lifestyle
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Ribonucleases (RNases) are important effectors on post-tran-
scriptional regulation and coordinators of bacterial adaptation to
stress. The aim of this work is to shed light on the importance of
ribonucleases function for the versatile metabolism of Pseudo-
monas putida. This Gram-negative saprophytic bacterium is gen-
erally recognized as a laboratory work-model of environmental
bacteria and is endowed with a diversity of metabolic and stress-
endurance traits that make it an ideal chassis for biotechnological
needs. Bacterial RNases have been most extensively studied in
the model organism Escherichia coli, however, in P. putida that
information is still scarce. Following this line, we have con-
structed mutants for five different P. putida ribonucleases, two
exoribonucleases (PNPase and RNase R) and three endoribonu-
cleases (RNase E, RNase III and RNase G). We globally analyse
the physiological and metabolic costs of the absence of each of
these enzymes. The impact of these mutants is also tested in
terms of growth, motility and morphology, as well as the effects
of different oxidative chemicals that could act as a proxy of the
stressors present on the natural environment of this microorgan-
ism. We conclude that each ribonuclease seems to be specifically
related with different traits of the metabolism of this microorgan-
ism. Moreover, the physiological response of P. putida in the
absence of each enzyme differs, in some cases, from the one pre-
viously observed in E. coli revealing evident differences in the
metabolism of these two bacteria but also different enzymatic
functions of the ribonucleases in each bacterial landscape.

P-01.2-16
The importance of ribonucleases in human
pathogens

C. Barria, S. Domingues, C. Arraiano, R. Matos
Instituto de Tecnologia Quimica e Biologica Antonio Xavier,
Universidade Nova de Lisboa, Oeiras, Portugal

Bacteria needs to rapidly adjust to different environmental condi-
tions and ribonucleases (RNases) are key factors in the adapta-
tion process. These enzymes ensure maturation, degradation and
quality control of RNA thus, contributing to the maintenance of
the optimal amount of each transcript in the cells. Moreover,
there is growing evidence of the direct involvement of these
enzymes in bacterial pathogenicity. In this investigation we aim
to understand the role of two different ribonucleases in the cell
metabolism of the human pathogens Campylobacter jejuni and
Streptococcus pneumoniae. Our results demonstrate that PNPase
from C. jejuni is a processive 3’ to 5 exoribonuclease that
degrades single-stranded RNAs. We have also shown that the
KH and S1 domains are important for trimerization, RNA bind-
ing, and, consequently, for the activity of PNPase. Mutational
analysis allowed us to detail the knowledge about the mechanism
of action of this ribonuclease. We also demonstrated that RNase
R from S. pneumoniae directly controls the expression levels of
frr, fusA and infC mRNAs, the corresponding transcripts of
RRF, EF-G and IF3, respectively. We present evidences showing
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that accumulation of these factors leads to a decreased amount
of 708 active particles, compromising translation. This study pro-
vides insights into processes that are important in cell metabo-
lism, highlighting the importance of ribonucleases in bacterial
adaptation and survival.

P-01.2-17

Role of long non-coding RNAs in the
formation of oncogenic chromosomal
rearrangements associated with thyroid
cancer

M. Murashko'>*, D. Demin'>*, A. Uvarova'?, A. Schwartz">
! Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow 119991, Russia, >Moscow Institute of Physics
and Technology, Dolgoprudny, Moscow Region 141701, Russia,
3M.V.Lomonosov Moscow State University, Faculty of Biology,
Moscow, Russia

Various types of cancer are characterized by certain chromoso-
mal rearrangements, these mutations play a vital role in the
oncogenesis often leading to the formation of fusion genes. How-
ever, the molecular mechanisms of oncogenic translocations have
not yet been established. There is a hypothesis that this process
is mediated by specific RNAs that have homology regions with
two chromosomes areas near the junction site. Recently, an
example of an RNA-mediated specific genomic rearrangement in
mammalian cells has been described, with enhanced expression of
AZIl mRNA in prostate cancer cells acting as an “initiator”
RNA to induce oncogenic TMPRSS2-ERG gene fusion. Based
on this hypothesis and approach, we assumed that IncRNAs may
have similar roles in various osncogenic chromosomal rearrange-
ments. We have developed an in silico method for searching for
candidate IncRNAs that can potentially trigger the formation of
chromosomal mutations, and compiled a database of candidates
that can drive the following translocations in thyroid cells:
PAX8/PPARYy, CCDC6/RET, NCOA4/RET. According to our
preliminary data, expression of some of the candidate RNAs
causes significant effects on the frequency of the corresponding
oncogenic translocations. This work is supported by grant 19-74-
10083 from Russian Science Foundation. *The authors marked
with an asterisk equally contributed to the work.

P-01.2-18
Thermodynamics of interaction of interferon

o-2b with different forms of oligonucleotides
R. Nikolaiev, S. Chernykh, Z. Tkachuk

Institute of Molecular Biology and Genetics National Academy of
Sciences of Ukraine, Kyiv, Ukraine

Interactions of protein—nucleic acids play a decisive role in many
biological processes. RNA-based drugs that can bind and affect
the work of epigenetic regulators and transcriptional proteins
through interaction, with regulatory domains, can be used as safe
analogues. We studied the ability of yeast oligoribonucleotides
(ORN), yeast ORNNa salt (ORNNa), and yeast ORNs-D-man-
nitol complex (ORNs-D-M) to affect fluorescence quenching and
conformational changes of Interferon a2b — a vital protein of the
antiviral cell defence mechanism. To determine the energy
parameters of protein—ligand interactions, we used isothermal
titration nanocalorimetry Nano ITC. The results of the study of
enthalpy changes in the titration of interferon o-2b acid form of
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ORN and ORN: D-M was —63.28 kJ/mol and —96.61 kJ/mol,
respectively, and for the ORNNa and ORNNa: D-M respectively
4,52 and 5,14 kJ/mol. The change in entropy when adding the
ORN to interferon a-2b was —38.72 and in the case of the ORN:
D-M —63.53 kJ/mol*K, respectively. The change in entropy
when adding the ORNNa to interferon o-2b was 17.05
kJ/mol*K, and the ORNNa: D-M, respectively, 17.58 kJ/mol*K.
A similar pattern demonstrated when studying the change in
Gibbs energy during titration of interferon o-2b with ORNORN
and ORN: D-M and it was —24.56 and —33.07 kJ/mol, respec-
tively. And when titrated with ORNNa and its ORNNa: D-M,
respectively —12.9 and —12.43 kJ/mol. The obtained curves of
titration of INF with ORN indicate that the reaction of the inter-
action between the protein and acidic ligands occurs exother-
mally, and with salt endothermically. These results of studying
the effects of thermodynamics of different forms of RNA and
their complexes with D-mannitol in the titration of interferon
o-2b may indicate different sites of binding of different forms of
ORN to protein, as well as other modes of binding and various
types of conformational changes in the protein.

P-01.2-19

Role of the RNA exosome complex and
non-coding RNAs in regulation of the cell wall
stress response in yeast S. cerevisiae

A. Novaéi¢!, N. Supljikal, L. Strbac', M. Oskomié¢', N.
Bekavac', V. Beauvais®, A. Le Dantec’, A. R. Rahmouni?,

I. Stuparevié!

!Faculty of Food Technology and Biotechnology, University of
Zagreb, Zagreb, Croatia, *Center for Molecular Biophysics
(CBM ), CNRS, Orleans, France

The nuclear RNA exosome is a conserved complex involved in
3-5 RNA degradation and processing in eukaryotic cells. In
yeast, its 9-subunit structural core and catalytic subunit Dis3 are
essential for viability, while the absence of the second catalytic
subunit Rrp6 is inviable only at high temperature. In this work,
we show that RNA exosome mutants undergo osmoremedial
cell lysis at high temperature or upon treatment with cell wall
stressors (published in Novaci¢ A et al. (2021) Mol. Biol. Cell 32
(5), 363-375). The catalytic subunit Dis3 provides exoribonuclease
catalytic activity needed for maintenance of cell wall stability in
S. cerevisiae and is supported by a non-catalytic function of the
Rrp6 subunit and the RNA exosome cofactors Rrp47 and the
TRAMP complex. Moreover, we identify the mechanism leading
to cell wall destabilization, by showing that genes encoding pro-
teins involved in the early steps of protein glycosylation pathway
are downregulated in RNA exosome mutants at high temperature,
through mechanisms involving increased accumulation of non-cod-
ing RNAs transcribed at their gene loci. Consistent with this, over-
expression of the essential enzyme Psal, which catalyzes the
synthesis of the mannosylation precursor, suppresses temperature
sensitivity and aberrant morphology of these cells. Additionally,
we show that the reason why the cell wall instability phenotype of
RNA exosome mutants is most pronounced for the commonly
used W303 laboratory strain is a mutation that inactivates the
SSD1 gene, which encodes an RNA-binding protein involved in
regulating the translation of cell wall-related transcripts.
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All components of mPSF subcomplex, but not
symplekin, participate in polyadenylation of
transcripts generated by RNA polymerase lli

I. Ustiantsev, O. Borodulina, D. Kramerov

Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, 119991, Moscow, Russia

Most RNAs synthesized by RNA polymerase IT (Pol II) are sub-
ject to polyadenylation (PA). The main cis-signal directing PA is
the AAUAAA hexamer near the 3’-end of mRNA. A few multi-
protein complexes are involved in poly(A) tail synthesis by poly
(A)-polymerase (PAP). The main of these complexes is CPSF
consisting of two subcomplexes: mPSF directly binding the
AAUAAA signal and mCF responsible for the cleavage of RNA
downstream of this signal. MPSF consists of CPSF160, CPSF30,
hFipl, and WDR33 subunits, whereas mCF includes CPSF73,
CPSF100, and symplekin. Previously, we discovered that not
only Pol II transcripts but also certain transcripts generated by
RNA polymerase III (Pol III) could be polyadenylated in an
AAUAAA-dependent manner. Namely, this unique feature is
inherent to Pol Ill-synthesized transcripts of some mammalian
SINEs, short mobile genetic elements. Here we established a
group of proteins responsible for the PA of Pol III transcripts of
SINEs. We performed individual knockdowns (KDs) of proteins
of interest by siRNA in HeLa cells, transfected cells by a SINE-
containing plasmid, and estimated the PA of SINE RNA by
northern blotting. We found that the KD of each of the four
components of the mPSF subcomplex, as well as PAP, decreased
the PA of SINE transcripts, whereas the KD of symplekin had
no such effect. Since symplekin maintains the stability of the
mCF subcomplex, it is very unlikely that mCF is involved in the
PA of SINE transcripts. Thus, mPSF and canonical PAP but not
mCF are involved in the PA of RNA transcribed by Pol III. The
analysis of B2 (mouse) and Ves (bat) SINEs allowed us to iden-
tify the nucleotide sequences of two additional cis-signals (B and
1) contributing to the PA of their transcripts. Finally, the muta-
tion analysis and KD showed that an auxiliary factor CFIm
interacts with the t signal of the B2 transcript and enhances its
polyadenylation. The study was funded by the Russian Scientific
Foundation (grant no. 19-14-00327).
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Functional RNA-AuNP conjugates for gene
expression regulation based on the GFP

example

A. Graczyk, R. Pawlowska, A. Chworos

Centre of Molecular and Macromolecular Studies of Polish
Academy of Sciences, Lodz, Poland

Gene expression is precisely regulated in all cells. One of the mecha-
nisms responsible for this process is RNA interference, which can
suppress protein expression by directed recognition of mRNA with
short interfering fragments. On the other hand, RNA can occur in
tertiary form and many RNA structural motifs have been defined.
This is a foundation for RNA architectonics, which focuses on
rational design and synthesis of structural and functional RNA
nanoparticles (tectoRNA). Owing to development of bioinformatics
and bionanotechnology, RNA motifs can be turned into the func-
tional tectoRNAs with regulatory sequences to target a gene of
interest. Scientists are keen to use gold nanoparticles (AuNPs), due
to their optical properties, biocompatibility and the fact that they
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can penetrate cells or be a carrier of other molecules, such as: drugs,
peptides, antibodies or nucleic acids. The conjugates of nucleic acids
and AuNP, referred as spherical nucleic acids, were described previ-
ously and applied as potential therapeutics and biosensors. In our
research the merger of the RNA and AuNP nanotechnologies has
led to creation of spherically organized, structural RNAs. Here, for
the first time, we present a structural RNA conjugated with spheri-
cal AuNP. The main advantage of RNA-AuNP is the increased
local concentration and controlled composition of regulatory frag-
ments in tectoRNA, which cannot be achieved with dsSRNAs. To
study this system, we designed, synthesized and assembled a set of
siRNAs and tectoRNA trimers targeting CopGFP gene in the
model cell line. The RNA structures were hybridized with AuNPs
and applied in the MDA-MB-231 cell line, stably expressing GFP.
Our studies prove that the tectoRNA-AuNP nanoparticles penetrate
cells, which was observed by TEM analysis; and can regulate gene
expression indicated by reduction of cells’ GFP fluorescence mea-
sured with plate reader, flow cytometry and under fluorescent micro-
spore.

P-01.2-22

Clostridioides difficile CRISPR-Cas regulation
by biofilm-related secondary messenger
c-di-GMP

A. Maikova', N. Berezenkova!, J. Peltier?, K. Severinov>*>,
0. Soutourina®

! Peter the Great St. Petersburg Polytechnic University, Saint-
Petersburg, Russia, *Institute for Integrative Biology of the Cell
(I2BC), CNRS, Université Paris-Saclay, Gif-sur-Yvette, France,
3Skolkovo Institute of Science and Technology (Skoltech),
Skolkovo, Moscow Region, Russia, *Waksman Institute for
Microbiology, Piscataway, NJ, United States of America,
JInstitute of Molecular Genetics Russian Academy of Scieces,
Moscow, Russia

Clostridioides difficile is an anaerobic spore-forming bacterium that
is the major cause of nosocomial diarrhea associated with antibiotic
therapy. Many aspects of C. difficile pathogenesis and its adaptation
to changing conditions inside the host are poorly understood. Our
deep-sequencing data previously published in: Soutourina et al.
(2013) PLoS Genet. 9(5), €1003493 strongly suggests the importance
of RNA-based mechanisms for the control of gene expression and
infection cycle in C. difficile. More than 200 regulatory RNAs were
identified, including abundant CRISPR RNAs for the prokaryotic
adaptive immune system against foreign invaders. C. difficile pos-
sesses an unusual CRISPR-Cas system characterized by a large set
of CRISPR arrays, multiple type I-B cas operons, and the toxin-an-
titoxin type I systems, linked to several arrays. In present study we
investigated the role of biofilm-related secondary messenger
c-di-GMP in C. difficile CRISPR-Cas system regulation. We
explored the global effect of the c-di-GMP on the expression of
CRISPR-Cas system components. Real-time PCR experiments
showed expression induction of both cas operons and several
CRISPR arrays in C. difficile 630Aerm strain by high c-di-GMP
levels. Additionally, we found a c-di-GMP-dependent riboswitch
associated with the CRISPR12 array in C. difficile 630Aerm strain,
which can indicate the direct impact of c-di-GMP-dependent regula-
tion on this array function. Plasmid conjugation efficiency experi-
ments revealed a slight induction of interference in C. difficile
630Aerm CRISPRI12 array by high levels of c-di-GMP. Obtained
results demonstrate C. difficile CRISPR-Cas regulation in biofilm
conditions and show the possible role of this system in C. difficile
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survival during its infection cycle. This work was supported by the
Russian Science Foundation (project No. 20-74-00052).

P-01.2-23

Mycoplasma-host cell interaction mechanisms
at the transcriptomic level

L. Penkin, D. Matyushkina*, D. Fedorov*

Federal Research and Clinical Center of Physical-Chemical
Medicine of Federal Medical Biological Agency, Moscow, Russia

Due to the small size of the genome, bacteria of the genus Myco-
plasma can serve as a model for a minimal cell. The classic way
to study mycoplasma as a minimal cell is to use various pertur-
bation models. One of the most interesting models for studying
mycoplasma is the model of intracellular parasitism, its study will
make it possible to draw conclusions about the possibilities and
principles of the minimal cell structure. The aim of our work was
to study the adaptation and regulation mechanisms of Myco-
plasma gallisepticum at the transcriptomic level during intracellu-
lar infection. Infection was initiated by co-culturing HD3 cells
with M. gallisepticum S6 culture, and then getting rid of extracel-
lular mycoplasmas by treatment with gentamicin. Then, intracel-
lular mycoplasmas were released by lysis of eukaryotes and
cultured for several passages, after which RNA was isolated and
libraries were prepared for sequencing, which was performed on
a HiSeq 2500 device (Illumina). There were no large-scale
changes in gene expression relative to the control culture culti-
vated on a rich medium. Only the gene of the family of lipopro-
teins and hemagglutinins (VlhA) showed a 4-fold increase in
expression. Previously, proteins of the VIhA family were
described as important for mycoplasmas in pathogenesis and
escape from the immune response. Changes in the expression of
other genes indicate that invasion is stressful for the pathogen —
the expression of other variable genes (10) is suppressed.
Previously, we studied the change in the proteomic profile of
M. gallisepticum in the same model and found significant changes
in the proteome of mycoplasma. The observed differences in the
adaptation of mycoplasma to the intracellular environment at the
level of mRNA and proteins indicate an alternative way of regu-
lating the response to stress in the minimal cell. This work was
supported by the RSF grant No. 19-15-00427. *The authors
marked with an asterisk equally contributed to the work.
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Substrate specificity of the MBP-SelU fusion
protein (Escherichia coli tRNA 2-selenouridine
synthase)

P. Szczupak, M. Sierant, B. Nawrot

Centre of Molecular and Macromolecular Studies Polish Academy
of Sciences, Lodz, Poland

Transfer RNAs (tRNAs) constitute a unique group of RNA
oligonucleotides, which is characterized by the highest content of
modified nucleosides. The 5-substituted nucleosides, like 2-thiouridi-
nes (R5S2U), S-geranyl-2-thiouridines (R5geS2U), and 2-sele-
nouridines (R5Se2U), found in bacterial tRNAs specific for Lys,
Glu, and Gln at the first position of their anticodons (a position 34,
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the wobble position), play a pivotal role in the decoding of genetic
information. Bacterial tRNA 2-selenouridine synthase (SelU,
MnmH) exerts a two-step post-transcriptional transformation of (c)
mnm5S2U-tRNA to (c)mnm5Se2U-tRNA via a (c)mnmSgeS2U-
tRNA intermediate. [1] In the current studies we used an MBP-SelU
fusion protein, with a maltose binding protein (MBP) tag attached
to the N-terminus of the wild type SelU synthase. MBP-SelU (84.4
kDa) shows high activity in the S-geranylation (> 90%) and selena-
tion (~100%) of model 17-mer oligonucleotides mimicking the anti-
codon-stem-loop (ASL) of tRNAM. These models contained at the
position corresponding to the wobble position in tRNA anticodon
either an S2U or geS2U unit, respectively. The MBP-SelU activity
and the minimum length of the RNA oligonucleotide substrate, as
well as the influence of the position of modified nucleoside and
flanking sequences on the enzyme/substrate recognition were deter-
mined. We confirmed that the MBP-SelU protein binds the bacterial
tRNAMS tRNAS" and tRNAS™, Using Microscale Thermophore-
sis (MST) technique the constants for binding of Cy3-labeled
17-mer oligonucleotides (containing U, S2U, geS2U or Se2U)
to MBP-SelU protein were determined. The geS2U-RNA exhibits
the highest affinity for MBP-SelU (Kd = 3.946 £ 0.41 pM) in
comparison with S2U-RNA (Kd = 18.54 £+ 3.01 uM), Se2-RNA
(Kd = 27.33 £+ 4.33 uM). Acknowledgements: This research was
financially supported by The National Science Centre in Poland,
Grant number [UMO-2018/29/B/ST5/02509] for years 2019-2022.
Reference: [1] Sierant M et al. (2018) FEBS Lett. 592, 2248-2258
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Therapeutic targeting of long non-coding
RNAs in cancer using synthetic small
molecules

M. Pernak', C. Delorme?, Y. Foricher?, R. Arrebola?,

S. Azoulay', M. Duca'

!University Céte d’Azur, Nice, France, *Sanofi - R&D Centre,
Vitry-sur-Seine, France

Long non-coding RNAs (IncRNAs) are a recently identified class
of regulatory RNAs greater than 200 nucleotides in length that
constitute the largest portion of the mammalian non-coding tran-
scriptome. They play an essential role in regulating the expres-
sion of target genes in normal biological contexts as well as
pathologic processes including expression of oncogenes [1].
MALATI (metastasis-associated lung adenocarcinoma transcript
1) is a highly conserved IncRNA involved in metastasis and
tumor proliferation in multiple cancer types. Upon folding, the
3’-terminal end assumes a triple-helical conformation that pro-
motes the nuclear accumulation and persistent function of
MALATI and can be targeted by synthetic small molecules®.
The aim of our project is to develop new fluorescence-based
screening assays suitable for medium-throughput analysis to
identify potential selective interactions between the MALATI tri-
ple helix and compounds from various libraries including RNA
binders [2,3]. A first screening of an in-house focused library of
RNA ligands allowed for the identification of efficient MALATI1
binders. The mechanism of action at the molecular level of the
identified hits is currently under study by using biochemical and
biophysical assays as well as intracellular studies. The screening
of larger libraries (50-10000 compounds) is also ongoing. Thera-
peutic targeting of tertiary structure of MALATI with selective
small molecules represents a relevant model to explore the drug-
gability of RNAs as well as a very original and promising anti-
cancer approach. Once validated, we envisage to apply similar
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screening strategies to other IncRNA targets. References: [1]
Morris, K., Mattick, J. The rise of regulatory RNA. Nat Rev
Genet 15, 423-437 (2014). [2] ACS Chem. Biol. 2019, 14,
223-235. [3] Angew Chem Int Ed Engl. 2018 Oct 1; 57(40):
13242-13247
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The conserved endoribonuclease RNase Ill
affects formation of photosynthetic complexes

in Rhodobacter sphaeroides

J. Boerner, G. Klug

Institute of Microbiology and Molecular Biology,
Justus-Liebig-University, Giessen, Germany

Bacteria are frequently adjusting their transcriptome to adapt to
changes in their environment. This does not only take place on
level of transcription, but also involves ribonucleases (RNases)
that control RNA processing and turn-over. RNase 11l (rnc) is a
highly conserved endoribonuclease, which is present in all known
eukaryotes (Dicer and Drosha are RNase III enzymes) and
prokaryotes, and was shown to be an important regulator of
gene expression in many organisms. The enzyme can contain one
or two nucleolytic active RNase III domains (RIIID) that har-
bour a 9 amino acids RNase III signature motif. Bacterial RNase
III enzyme typically contain a single RIIID, often followed by a
C-terminal dsRNA binding domain. Rhodobacter sphaeroides is a
facultative phototrophic alpha proteobacterium that can perform
aerobic respiration in presence of oxygen, as well as anoxygenic
photosynthesis, anaerobic respiration or fermentation in absence
of oxygen. To better understand the role of RNase III in adjust-
ing the R. sphaeroides transcriptome to changes in the environ-
ment, we constructed a mutant strain lacking RNase III activity
by exchanging two highly conserved amino acids in the signature
motif. An obvious phenotype of this mutant was its lighter red
color indicating that formation of photosynthetic complexes dif-
fers to the wild type. Indeed, we could confirm lower amounts of
bacteriochlorophyll and carotenoids and lower levels of photo-
synthetic complexes in the mutant. Quantification of several
mRNAs encoding structural proteins of photosynthetic com-
plexes or enzymes required for pigment synthesis, revealed that
their levels are influenced by RNase III. These results demon-
strate, how much a single RNase can influence important physio-
logical processes.

Molecular evolution and
phylogenetics

P-01.3-01

Mutagenesis on an ancestral background
elucidates new determinants of the xanthine
specificity in the NAT/NCS2 family of

transporters
E. Tatsaki, E. Anagnostopoulou, S. Frillingos
University of loannina, loannina, Greece

NAT/NCS2 (Nucleobase-Ascorbate Transporter/ Nucleobase-
Cation Symporter-2) is a family of transporters with wide evolu-
tionary distribution and diversity in substrate preferences. To date,
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research on this family has been based on the study of present-day
homologs. Herein, we present an evolutionary strategy, based on
ancestral reconstruction, that is applied for the first time, to ana-
lyze structure-function and specificity relationships in this family.
We performed phylogenetic analysis of the bacterial NAT/NCS2
homologs and reconstructed AncXanQ, the putative common
ancestor of all homologs comprising a clade represented by the
well-studied xanthine-specific permease XanQ of E. coli. In con-
trast to XanQ, AncXanQ transports both xanthine and guanine
and recognizes a wide range of analogs. Homology modelling
showed that AncXanQ conserves all key binding-site residues of
XanQ. We subjected both homologs to rationally designed muta-
genesis and found that 5 amino acid residues outside the predicted
binding-site are involved in the specificity change. In particular, we
reveal Ser377 of XanQ (Gly in AncXanQ) as a major determinant.
Replacement of this Ser to Gly enlarges the specificity of XanQ
towards an AncXanQ-phenotype. Orthologs from Neisseria
meningitidis retaining Gly at this position are also xanthine/gua-
nine transporters with an extended substrate profile like AncXanQ.
The specificity effect of S377G is masked by G27S or other muta-
tions through epistatic interactions. Acknowledgment: «This
research is co-financed by Greece and the European Union
(European Social Fund- ESF) through the Operational Pro-
gramme «Human Resources Development, Education and Life-
long Learning» in the context of the project “Strengthening
Human Resources Research Potential via Doctorate Research”
(MIS-5000432), implemented by the State Scholarships Founda-
tion (IKY)»
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Compensatory mutations in multidrug-
resistant Mycobacterium tuberculosis complex
isolates from Kazakhstan

P. Tarlykov', S. Atavliyeva', A. Alenova®, Y. Ramankulov'

! National Center for Biotechnology, Nur-Sultan, Kazakhstan,
?National Scientific Center for Phthisiopulmonology, Almaty,
Kazakhstan

Kazakhstan is one of the 30 countries with the highest burden of
multidrug-resistant tuberculosis. A recent expansion of drug-resis-
tant isolates in the country is linked to the spread of Central
Asian/Russian sublineage of Mycobacterium tuberculosis Beijing
genotype. We studied a random sample of 11 multidrug-resistant
Central Asian/Russian isolates of M. tuberculosis from the two
most populated cities in Kazakhstan, namely, Nur-Sultan and
Almaty. We utilized whole-genome sequencing to differentiate the
isolates and to look for the adaptive compensatory mechanisms
lowering the fitness-cost of mutations causing resistance to Rifam-
picin. According to genomic analysis, nine isolates belong to K-2
(Central Asia outbreak) clade and two belong to the K-1 (Central
Asia) clade of Central Asian/Russian sublineage. All the studied
isolates had sigE gene codon 98 CTG>CTA polymorphism that is
specific for the Central Asian/Russian sublineage. The mutations
previously associated with fitness-compensatory mechanisms were
found in the rpoC gene (V431M, Q435H, L1449V, V483G, V483A,
D943N, and S1100A) of seven isolates. One compensatory SNP
was found in the rpoA gene (T187A) in a single isolate. One SNP
was found in the rpoB gene (Q980R) of another isolate. Two phe-
notypically resistant isolates have harbored neither compensatory
SNPs nor resistance mutations to Rifampicin, despite positive
phenotypic drug susceptibility testing. In conclusion, the acquisi-
tion of compensatory mechanisms, in addition to accumulated
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resistance-associated mutations, makes Central Asian/Russian
sublineage a clear threat to global health. This work was funded by
grant AP09058045 from the Ministry of Education and Science of
the Republic of Kazakhstan.
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"A.N. Bach Institute of Biochemistry, Federal Research Center of
Biotechnology of the Russian Academy of Sciences, Moscow,
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Laccase (benzenediol:oxygen oxidoreductases, EC 1.10.3.2) is one
of the oldest studied enzymes. Over the years, countless number
of reviews and original articles were devoted to different struc-
tural, functional, biological, ecological and biotechnological
aspects of laccases. Nevertheless, much remains to be discovered
about this enzyme. As it was already pointed out: “laccases are a
never-ending story”. Here we present our recent discoveries
regarding evolutionary history of laccases of Polyporales fungi.
These discoveries were previously published in: Savinova OS
et al. (2019) Front Microbiol 10, 152; and to some extent were
previously published in: Moiseenko KV et al. (2019) Microorgan-
isms 7(11), 527. Fungal genomes almost always contain several
non-allelic copies of laccase genes laccase multigene families;
however, evolutionary history of these families and their relation-
ships among them are mostly unknown. In the presented work, a
gene-tree/species-tree reconciliation analysis for the laccase multi-
gene families from 28 wood-decaying fungal species from the
Polyporales order was performed. The sample included represen-
tative fungi from all four main Polyporales clades: the Core Poli-
poroid, the Antrodia, the Phlebioid, and the Residual
Polyporoid. The results of the analysis suggest that all Polypo-
rales laccases derived from a single ancestral gene. Extensive
duplications of this gene began almost immediately after the
splitting of the Polyporales order into its four main clades, and
continued with the evolution of the angiosperms, which may be a
consequence of the conquest of new ecological niches by the
fungi. This work was partially funded by the Russian Founda-
tion for Basic Research, Grant No. 19-04-01183.
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First microsatellite markers developed for
population genetic studies of unique sponges
from Lake Baikal

A. Yakhnenko'>*, V. Itskovich'*

[Limnological institute SB RAS, Irkutsk, Russia, *Joint Institute
for Nuclear Research, Dubna, Russian Federation, Dubna, Moscow
Region, Russia

Freshwater sponges play a significant role in lake and river
ecosystems, such as filtering and bio-indicating the condition of
water masses. Lake Baikal is a unique natural object and an
explosive speciation point, which is confirmed by the number of
endemic species of sponges in the lake. In recent years, massive
diseases and the mortality of endemic sponges have been
observed on Lake Baikal. This issue threatens the state of the
lake, which contains 20% of the world’s freshwater reserves. It
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has been a UNESCO World Heritage Site for 23 years. Sponge
disease spread across the lake unevenly. There are spots where
the sponges are damaged by 80%, and at the same time, there
are untouched spots. Here we report about microsatellite genetic
markers development for the first-ever population analysis of
Baikal endemic sponges Lubomirskia baikalensis. Twelve
microsatellite markers specific to the species of endemic Baikal
sponge Lubomirskia baikalensis were developed based on genome
data and tested on eight sponge samples from different points of
the lake. PCR protocol was optimized for a more specific reac-
tion. All out of twelve microsatellite markers showed to be poly-
morphic and are ready to use in population genetic studies. The
analysis would take place at ten spots of Lake Baikal, which
would cover all three basins. This data will provide not only the
understanding of the differences between populations located in
various basins of the Lake Baikal but also the first understanding
of the differences in the structure of cosmopolitan and endemic
freshwater sponges populations which differ by breeding strate-
gies. The reported study was funded by RFBR and the Govern-
ment of the Irkutsk Region, project number 20-44-383010. *The
authors marked with an asterisk equally contributed to the work.
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Which way to the centre? Structural and
evolutionary basis of substrate transport in

epoxide hydrolases
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T. Skalski, A. Samol, W. Bagrowska, A. Gora

Tunneling Group, Biotechnology Centre, Silesian University of
Technology, Gliwice, Poland

Epoxide hydrolases belong to the wide-spread and multifunctional
superfamily of o/B-hydrolases. They have eight-stranded antiparallel
structure with the central B-strands surrounded by a-helices. Their
active site is buried between the core and the cap domains and con-
nected with the environment by tunnel(s). To investigate the basis of
substrate transport pathways in epoxide hydrolases, we combined the
structural and evolutionary analysis. We ran multiple classical molec-
ular dynamics simulations and analysed the flow of water molecules
within the protein structure and the catalytic pocket. We used
AQUA-DUCT software to investigate the internal architecture of the
epoxide hydrolases. Moreover, we compared the obtained data with
the information about the size and shape of the substrates catalyzed
by analysed proteins. To investigate the variability of each protein
residue and functionally important regions of investigated enzymes,
we used BALCONY (Better ALignment CONsensus analYsis), an R
package dedicated for analysis of the evolution of amino acids dis-
persed in sequence. We identified multiple tunnels in all analysed
epoxide hydrolases structures, however only one of them is conserved
in most cases. The presented approach shed light into evolution of
the access pathways leading to the buried active site and provided
information useful for drug design and/or protein re-engineering.
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repeated DNA elements in four Allium species
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!University of Split, Faculty of Science, Department of Biology,
Rudera Boskovica 33, Split, Croatia, > University of Zagreb,
Faculty of Science, Department of Biology, Division of Molecular
Biology, Horvatovac 101, HR-10000 Zagreb, Croatia, >University
of Natural Resources and Biodiversity, Institute of Biotechnology,
Gregor Mendel - Strasse 33, 1180, Vienna, Austria,, Vienna,
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Biodiversity Research, Renweg 14, 1030, Vienna, Austria, Vienna,
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Computer Science, Rudera Boskovica 33, Split, Croatia

Allopolyploidy, which involves both polyploidy and inter-species
hybridization, contributes to plant evolution and diversification.
Most of the known allopolyploids are based on even-ploidy levels
with very few odd-ploidy level taxa persisting in nature. One of
such unusual cases is triploid onion, Allium x cornutum (Cle-
menti ex Visiani, 1842), (2n=3x=24), an established minor garden
crop, widespread in the northern hemisphere. By using molecu-
lar-phylogenetic approach we previously confirmed its unique tri-
parental origin and successfully identified parental species. One
of the ancestors was common onion, Allium cepa L., whereas the
two other ancestral species were shown to originate from South-
Himalayan regions, Allium pskemense B. Fedtsch and Allium roy-
lei Stearn (Puizina et al. 1999, Fredotovi¢ et al. 2014). To better
understand the genome evolution of allotriploid and its ancestral
species, we performed de novo identification of repetitive DNA
families by application of next generation sequencing utilizing
low-pass genome sequence data (~ 2%) and wusing the
RepeatExplorer2 and TAREAN pipelines (Novak et al., 2020).
The analyses showed that the genomes of all four species have a
quite similar compositions, and that they are dominated by
LTR-retrotransposons, making up 40-50% of nuclear DNA,
with Tekay and Retand from Ty3 lineage and SIRE from Tyl
lineage being the most abundant. In contrast, satellite DNA was
represented by only 0.1-1.6% of nuclear DNA and ribosomal
DNA on average by 0.3%. The results of comparative repeat
analysis revealed shared and species specific repeats. By applica-
tion of fluorescent in situ hybridization we mapped the two ribo-
somal and the three satellite DNA repeats from each parental
species to the chromosomes of both diploid and allotriploid spe-
cies. The mapped satellite and rDNA repeats provided useful
chromosomal markers which allowed the individual identification
of the majority of chromosomes within the analyzed karyotypes.
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Giant tortoises constitute one of the longest-lived vertebrate ani-
mals, whose longevity, according to some estimates, can exceed
100 years. Multiple works have used comparative genomic analy-
ses with the genomes of long-lived mammals to shed light on the
signaling and metabolic networks that might play a role in regulat-
ing age-related conditions. Here, we describe a global analysis of
the genomes of Lonesome George —the iconic last member of Che-
lonoidis abingdonii — and the Aldabra giant tortoise (Aldabrachelys
gigantea). Unsupervised and supervised comparative analysis of
these genomic sequences led us to add new genetic information on
the evolution of turtles, and to detect lineage-specific variants
affecting DNA repair genes, inflammatory mediators and genes
related to cancer development. Our study has also provided novel
candidate genes that might underlie the extraordinary lifespan of
giant tortoises, and has expanded our understanding of the geno-
mic determinants of ageing. In this context, we have annotated a
specific variant in IGF1R, which is expected to affect the interac-
tion between this receptor and the IGF1/2 growth factors. The
IGF signaling pathway has been associated with longevity in dif-
ferent species, which suggests that this unique change in IGFIR
may constitute an attractive candidate to study the cellular mecha-
nisms underlying the exceptional lifespan of these animals. Previ-
ously published in: Quesada V et al. (2019). Nat Ecol Evol
3(1):87-95.
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The genus Populus is presented by dioecious species, which are
characterized by significant diversity in the structure and location
of the sex-determining region (SDR). We performed transcrip-
tome sequencing of flowers, catkin axes, and leaves of male and
female Populus x sibirica plants and genome sequencing of the
same individuals on the Illumina platform for the first time.
Analysis of polymorphisms of three genes from the SDR -
encoding T-complex protein 1 subunit gamma (TCP), chloride
channel protein CLC-c (CLC-c), and DNA-methyltransferase 1
(METI1) — was performed based on genome and transcriptome
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sequencing data. P. x sibirica is an intersectional hybrid likely
between species from sections Aigeiros and Tacamahaca, so a
significant number of heterozygous polymorphisms were identi-
fied. We revealed that both allelic variants of the TCP1, CLC-c,
and MET]1 genes were expressed in females, while in males, both
allelic variants were expressed for TCP1 and METI, but only
one — for the CLC-c gene. Targeted sequencing of TCP1, MET],
and CLC-c gene regions obtained from DNA and cDNA of 10
male and 10 female plants of P. x sibirica confirmed the predomi-
nant expression of only one allelic variant of the CLC-c gene in
leaves, flowers, and catkin axes of P. x sibirica males. Thus, iden-
tified sex-associated allele-specific expression of the CLC-c gene
in vegetative tissues of P. x sibirica suggested that differences
between male and female poplars could take place in not only
generative organs but whole plants. The reported study was
funded by RFBR according to the research project Ne 20-34-
90159.

P-01.3-09

Engineering protein dynamics for the
understanding of divergent evolution of the
Renilla luciferase

M. Toul">*, A. Schenkmayerova"z’*, G. Pinto!>*,

M. Marekl’*, L. Hernychova3, V. Liskova'?, D. Pluskall,

S. Emond®*, M. Dérr, J. Planas—Iglesiasl, R. Chaloupkoval,

D. Bednarl’z, Z. Prokopl"z, U. T. Bornscheuer®, F. Hollfelder?,
J. Damborsky'?

'Loschmidt Laboratories, Department of Experimental Biology
and Research Centre for Toxic Compounds in the Environment
RECETOX, Faculty of Science, Masaryk University, Brno, Czech
Republic, International Clinical Research Center, St. Anne’s
University Hospital, Brno, Czech Republic, 3 Regional Centre for
Applied Molecular Oncology, Masaryk Memorial Cancer Institute,
Brno, Czech Republic, *Department of Biochemistry, University of
Cambridge, Cambridge, United Kingdom, > Department of
Biotechnology and Enzyme Catalysis, Institute of Biochemistry,
University of Greifswald, Greifswald, Germany

Current protein engineering methods typically use amino acid
substitutions to improve protein activity, stability or solubility.
However, to alter the protein function profoundly or even
develop a novel function, substitutions might not be sufficient. In
the present study, we employed the methodology of insertion and
deletion (InDel) mutagenesis (Previously published in: Emond S
et al. (2019) BioRxiv) which allows more significant changes in a
protein backbone conformation and dynamics, while it might
also lead to the collapse of the structure. To compensate for the
disruptive effect of the methodology, we applied the InDel muta-
genesis on a recently reconstructed hyperstable ancestor of two
structurally similar but functionally different enzymes, haloalkane
dehalogenases and coelenterazine-dependent Renilla-type luci-
ferases (Previously published in: Chaloupkova R et al. (2019)
ACS Catalysis 9, 4810-4823). Screening of the generated libraries
led to the identification of three distinct protein regions, whose
alteration resulted in a markedly improved luciferase activity.
Crystallographic analysis of the best InDel variant identified
open and closed conformations, introduced by the mutagenesis.
Transient kinetics revealed a two-step binding of the bulky sub-
strate and enhanced substrate affinity, both linked to the altered
dynamics. The hydrogen-deuterium exchange experiments and
molecular dynamics simulations confirmed increased flexibility of
the identified regions. Our multidisciplinary approach underlines
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the significance of dynamics for the evolution of the luciferase
activity and proposes the putative evolutionary divergence path-
way from hydrolytic dehalogenation to oxidative biolumines-
cence. The results also demonstrated the potential of InDel
mutagenesis for a modification of protein dynamics and the
development of novel catalytic activities. *The authors marked
with an asterisk equally contributed to the work.

P-01.3-10

Towards the elucidation of the molecular
mechanisms underlying the cold adaptation of
low-temperature viruses specific for a
mesophilic host

A. Noreika*, R. Rutkiené, R. Stanislauskiené, R. Meskys,

L. Kaliniene*

Department of Molecular Microbiology and Biotechnology,
Institute of Biochemistry, Vilnius University, Vilnius, Lithuania

Escherichia coli phage T4 and its relatives form the largest phage
subfamily Tevenvirinae. Most tevenviruses, whose natural envi-
ronment is the intestine of warm-blooded animals, infect E. coli
or related bacteria. Such phages have an optimum temperature
for development ~37-40°C, that corresponds to that of their
mesophilic host. Since the growth rate of E. coli decreases at
< 20°C and stops at < 7°C, most of the phages adapted to infect
this particular host are incapable of development at < 12°C or in
non-dividing cells. Tevenviruses VR, all unique in their ability to
multiply at 4°C, represent the only known collection of low-tem-
perature T4-related coliphages, and are uniquely suited for the
investigation of molecular mechanisms of cold adaptation in
viruses. To identify E. coli genes that are essential for the devel-
opment of VR phages at low temperature, phage VR20, known
to also grow on both stationary-phase and starving E. coli, was
selected. VR20 was screened against all 3985 nonessential single-
gene deletion mutants in E. coli K12 from the Keio collection.
The plaque assay was used, and the plates were incubated at 8
and 22°C. At least 60 genes in E. coli K12 (involved in the cellu-
lar processes, such as nucleic acid and protein metabolism, cell
transport, cell wall structure, etc.) were found to influence VR20
phage propagation at low temperature, including 50 genes not
previously stated to have a role in phage infection. Notably, one
mutation in E. coli (AymfR) known to negatively affect the
growth of different E. coli phages under standard laboratory con-
ditions, while detrimental at 22°C, had lesser impact on the
development of VR20 at 8°C. Though the results of this study
already give us a better insight into the cold adaptation of
phages, a further analysis of the effect of the identified E. coli
genes on the development of VR viruses is ongoing. This
research was funded by a grant (No. S-MIP-19-58) from the
Research Council of Lithuania. *The authors marked with an
asterisk equally contributed to the work.
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P-01.3-11
High satellite repeat turnover in allopolyploids
Anemone multifida (2n = 32) and Anemone

baldensis (2n = 48) (Ranunculaceae)

A. Jurkovié', H. Weiss-Schneweiss>*, V. Besendorfer"*,

J. Mlinarec'*

"University of Zagreb, Faculty of Science, Department of Biology,
HR-10000 Zagreb, Croatia, *University of Vienna, Department of
Botany and Biodiversity Research, 1030 Vienna, Austria

Hybridization and genome doubling is accompanied by rapid and
dynamic genetic and epigenetic changes, as well as changes in gene
expression and phenotypic variation. How the emerging plant bal-
ances two coevolved genomes remains largely unknown. Here we
focus on satellite DNA, aiming to trace its appearance, amplification
and loss during plant speciation and allopolyploidisation. As a
model, we used allotetraploid Anemone multifida (BBDD, 2n = 4x =
32) and allohexaploid A4. baldensis (AABBDD, 2n = 6x = 48) origi-
nating from the crosses of diploids 4. sy/vestris (donor of the A sub-
genome), A. cylindrica (donor of the B subgenome) and 4. parviflora
(donor of the D subgenome). Using next generation sequencing,
TAREAN integrated in the RepeatExplorer2 pipeline, Southern
blot and fluorescence in situ hybridisation (FISH) we characterize
three highly repetitive DNA sequences (AparSAT3, AcylSATI and
AcylSAT?2). AparSAT3 is highly abundant in the D subgenome of
A. multifida and A. baldensis, as well as in its parental species
A. parviflora. We detected dispersal of AparSAT3 between subge-
nomes B and D after allopolydisation. AcylSATI and AcylSAT2
occur in different but multiple, discontinuous tandem arrays scat-
tered over all chromosomes of A. multifida, A. baldensis and their
putative progenitors. FISH pattern of AcyISAT?2 in each subgenome
differs in comparison to its parental species suggesting events of
intergenomic homogenisation after allopolyploidization. Our results
illustrate complex evolutionary pathways of satellite repeats through
Anemone speciation and allopolyploidization. *The authors marked
with an asterisk equally contributed to the work.

P-01.3-12
Are cryptic plasmids of Sinorhizobium meliloti

attractive within phage infection?

A. Saksaganskaia, V. Muntyan*, A. Muntyan*, A. Afonin*,
B. Simarov*, M. Roumiantseva*

ARRIAM, Saint-Petersburg, Russia

The genome of root nodule bacteria Sinorhizobium meliloti is
enriched by non-symbiotic cryptic plasmids. The attractiveness of
such plasmids to phages was evaluated in this work for the first
time. The 20 cryptic plasmids with sizes varied from 17.2 to
453.8 kb were identified in whole sequenced genomes of the 5
strains from the origin of plant diversity at the NW of the Big
Caucasus Ridge (NCG) and of the 7 strains from the center of
the introgressive hybridization of alfalfa at the Kazakhstan NW,
subjected to salinity (PAG). Phage sequences (PS) were detected
in the 7 out of the 8 analyzed plasmids of NCG strains, and in
the 7 out of the 12 plasmids in PAG strains according to the
PHASTER (https://phaster.ca/). The number of PS was varied
from 1 to 11 per plasmid replicon, and their sizes ranged from
5.1 to 33 kb. PS related to Siphoviridae family were significantly
prevailed (frequency 0.64; P< 0.05), then those which were
homologous to Podoviridae were extremely rare in plasmids from
NCG strains. Prophages related to both above families were
found with the same frequency (0.37) in cryptic plasmids of PAG
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strains. PS related to Myoviridae were found with similarly equal
frequencies (0.24 in average) on plasmids of NCG and PAG
strains. Remarkable, but PS from all three families were detected
on the same cryptic plasmid with a frequency of 0.40. Significant
differences were revealed between the occurrence of intact, ques-
tionable and incomplete PS on plasmids of NCG and PAG
strains (P< 0.05). Thus, incomplete prophages prevailed (0.67) on
the plasmids of PAG strains and their active participation in
intragenomic rearrangements in rhizobia adapted to extreme
salinization environment is proposed. A significant portion of
intact prophages detected on cryptic plasmids of S. meliloti
strains from NCG is indicated at a high infection activity of
phages from Siphoviridae family in this gene center of cultivated
plants. The work was supported by the RSF 20-16-00105. *The
authors marked with an asterisk equally contributed to the work.

P-01.3-13
Recombinant form of Sinorhizobium phage
AP16 isolated from mountain region of

Caucasus

A. Kozloval*, V. Muntyanl‘*, A. Muntyanl‘*, A. Afonin'*,

E. Dzyubenko®*, M. Roumiantseva'**

"ARRIAM, Saint-Petersburg, Russia, ?Federal Research Center
N. I. Vavilov All-Russian Institute of Plant Genetic Resources
(VIR) Ministry of science and higher education, Saint-Petersburg,
Russia

Bacteriophages (Bph) are widespread in soils and are character-
ized by a high diversity. In the case of agriculturally valuable rhi-
zobia species, only a small number of Bph were sequenced. The
Bph AP16 was isolated from soil sample from Caucasus accord-
ing to Barnet method. It’s lytic activity tested on 50 Sinorhizo-
bium meliloti isolates native to the same region revealed that a
third part of strains was lysed. Pure phage culture was obtained
by phage lysate passaging on S. meliloti 1.5-30 by Adams
method. Bph DNA was isolated by GenelJet Viral DNA and
RNA Purification kit (Thermo Fisher Scientific, USA). The
AP16 genome was sequenced by NGS methods (MiSeq, Illu-
mina), assembled (SPAdes, Flye, Racon and Medaka modules,
Pilon), annotated by Prokka. The AP16 was characterized as
dsDNA phage from Siphoviridae family which genome was 61.0
kb and the GC content was 59.22%. Genome of the AP16
encoded all typical virion elements portal complex according to
PHASTER. Portal protein 26 (P26) of 430 aa was homologues
of P26 (pdb4ZJN) of thermostable Bph G20C of Thermus ther-
mophilus. The amino acid sequences analysis revealed ORF
homologous to Escherichia phage ECD7 and 16 ORFs homolo-
gous to different Caudovirales phages. Besides those there are 15
ORFs homologous to bacteria from Rhizobiaceae family.
Sequences homologous to the AP16 were searched in genomes of
12 S. meliloti isolates from the lab collection. One intact proph-
age phiK7-6 with a size of 40.2 kb harbored 3304 bp homolo-
gous to the AP16 was identified in the strain K7-6 (Identity =
85.65%, Cover = 12%, Evalue = 0.0). The phiK7-6 contained
43 ORFs encoding integrase, head, capsid and portal protein.
Thus, intact prophage homologous to recombinant Bph AP16
harboring bacterial genes and sequences related to several phage
families were revealed. This data strongly evident the significant
role of phages in horizontal gene transfer within rhizobia popula-
tion. This work was financially supported by RSF 20-16-00105.
*The authors marked with an asterisk equally contributed to the
work.

133



Molecular evolution and phylogenetics

P-01.3-14
Abundant of CRISPR/Cas elements in
genomes of nitrogen-fixing bacteria from the

genus Sinorhizobium

M. Bakaev'*, M. Vladimirova®*, A. Kozlova®*,

V. Muntyan2"*, A. Afonin®*, M. Grudinin'*,

M. Roumiantseva>*

!Smorodintsev Research Institute of Influenza, Saint-Petersburg,
Russia, >ARRIAM, Saint Petersburg, Russia

Aputative CRISPR sequences and cas genes were searched in
full genome sequenced reference strains among which were S.
meliloti Rm1021, S. medicae WSM419, S. fredii NGR234 and
S. americanum CCGM7. Genomes of all tested strains have a
multireplicon organization and their sizes varied from 6.68 to
6.9 Mb. The 7 CRISPR sequences on the chromosome and
the 6 CRISPR sequences on SMb were detected in S. meliloti,
while in S. medicae the 2 and 1 corresponding sequences were
identified, as well per the 4 cas genes were revealed in each
strain by CRISPRCasFinder. In S. fredii and S. americanum
the 2 and the 6 CRISPR sequences, as well 4 and 5 cas genes,
were identified, respectively, all of which were located on cor-
responding chromosomes. Only one spacer was found in 84%
tested CRISPR sequences of Sinorhizobium spp., while few
others had 2 or 4 spacers. It was found that all identified cas
genes encoded Cas proteins of the type I CRISPR/Cas system.
The 4 non-homologous cas genes were detected in studied
Sinorhizobium spp. strains. The homology between correspond-
ing cas genes detected in strains related to different species
was 80.5-90.3%. Since CRISPR sequences and cas genes were
localized at a distance exceeded to 80 kb in all tested strains,
therefore it was concluded that they are not clustered in
Sinorhizobium spp. No prophages sequences next to regions of
CRISPR sequences and cas genes were found (according to
web server PHASTER). Thus, putative CRISPR sequences and
cas genes detected in Sinorhizobium spp. are abundant on
chromosome and on megaplasmids as well. All studied
CRISPR sequences were short and not clustered with cas genes
and presumably encoding proteins of the type I CRISPR/Cas
system. The work was supported by the RSF 20-16-00105.
*The authors marked with an asterisk equally contributed to
the work.

P-01.3-15
PIA3, a pipeline for mining assemblies for

opsin protein sequences

P. Drozdova'>*, A. Kizenko®*, M. Timofeyevl‘2

!Institute of Biology at Irkutsk State University, Irkutsk, Russia,
?Baikal Research Centre, Irkutsk, Russia, > Bioinformatics
Institute, St. Petersburg, Russia

Vision is one of the most important senses in animals. The
molecular system enabling vision in the absolute majority of
animal eyes is based on the visual pigments consisting of
opsin proteins and retinal derivatives. Multiple opsins in one
species allow distinction of colors. The diversity of opsins in
different extant species ranges from one to several dozens.
Opsins belong to different subclasses of G-protein coupled
receptors, and finding them in newly assembled genomes and
transcriptomes by sequence similarity can be challenging due
to numerous false positive hits. Approaches to solve this
problem have already been proposed, but they are mostly
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delivered as a bunch of scripts requiring setup for each new
user. To address this question, we re-wrote the PIA2 algo-
rithm (https://github.com/xibalbanus/PIA2) as a Python-based
pipeline, resulting in PIA3. PIA3 installation and parameter
adjustment are straightforward and require minimal knowl-
edge of bash and no knowledge of Python programming. The
pipeline requires a genome or transcriptome assembly and a
database of target opsins from other species and outputs
putative opsin sequences as amino acids, open reading frames
and full opsin-containing contigs, as well as a phylogenetic
tree showing the relationship between the database and the
newly found sequences. We tested the performance of PIA3
using the endemic Lake Baikal amphipods as an example and
found that different species may contain up to five diverse
opsin transcripts, but all of them belong to the long wave-
length-sensitive opsin subfamily. PIA3 is not restricted to
opsins and can be tuned to mine for any gene family. The
current version of PIA3 is available from https://github.com/
AlenaKizenko/pia3_amphipod_opsins. The work was sup-
ported by the Russian Science Foundation (grant #19-74-
00045). Expected to be published in: Drozdova et al. (under
consideration) BMC Ecology and Evolution. *The authors
marked with an asterisk equally contributed to the work.

P-01.3-16

Investigating the possible evolution of
isopentenyl diphosphate phosphohydrolase
from isopentenyl diphosphate isomerase

I. Sucec'*, A. Vlasi¢**, 1. Sablji¢®, Z. Karaéi¢*

!Institut de Biologie Structurale, Grenoble, France, ° Ruder
Boskovic Institute, Zagreb, Croatia, 3 Swedish University of
Agricultural Sciences, Department of Molecular Sciences, Uppsala,
Sweden, *Ruder Boskovic Institute, Bijenicka cesta 54,, Zagreb,
Croatia

Isopentenyl diphosphate phosphohydrolase enzymatic activity was
first identified in plants in proteins from the Nudix superfamily.
The presence of this activity was postulated based on the presence
of isopentenyl phosphate kinase in plants, previously published in
Henry L et al. (2015) PNAS 112, 10050-10055, and was found in
members of the Nudix hydrolase superfamily due to sequence simi-
larity to isopentenyl diphosphate isomerase, previously published
in: Karacic¢ Z et al. (2017) Biol Chem 398, 101-112. This enzyme is
presumed to be involved in the regulation of isoprenoid biosynthe-
sis in plants. We found homologues of this protein in all land
plants, but also in genomes of some eukaryotic and prokaryotic
microorganisms. We solved the crystal structure of isopentenyl
diphosphate phosphohydrolase from the amoeba Dictyostelium
discoideum and found that the most similar structures are those of
isopentenyl diphosphate isomerase type I, not other Nudix hydro-
lases. Additionally, we identified sequences from green algae that
show characteristics of both isomerases and hydrolases — a con-
served tryptophan residue that stabilizes the carbocation interme-
diate in isomerases, and the catalytic glutamate necessary for
phosphohydrolase activity, however in an alternate position. We
expressed one such protein from Parachlorella kessleri and con-
firmed that it is an isopentenyl diphosphate phosphohydrolase.
Based on our results, we hypothesize that proteins with isopentenyl
diphosphate phosphohydrolase activity evolved in green algae
before the advent of Embyophyta, and spread to other microor-
ganisms via horizontal gene transfer or endosymbiosis. *The
authors marked with an asterisk equally contributed to the work.
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P-01.3-17

Signatures of selection and adaptation to
subterranean lifestyle across the
transcriptomes of Arvicolinae (Rodentia,
Cricetidae)

O. Bondareva, S. Bodrov, E. Genelt-Yanovskiy, T. Petrova,
N. Abramson

Zoological Institute RAS, Saint-Petersburg, Russia

Subterranean rodents from the Arvicolinae subfamily constitute
an ideal model to test hypotheses about adaptive evolution due
to ecological shifts. We obtained raw RNA-seq reads for ten rep-
resentatives of the subfamily to detect adaptive signatures of sub-
terranean species. For seven species raw reads were available in
the NCBI SRA. In addition, we used previously assembled
M. ochrogaster and C. griseus transcriptomes. Data covered such
specialized subterranean species as P. schaposchnikowi, E. lutes-
cens, L. mandarinus and T. subterraneus as well as closely related
terrestrial species. We revealed 112 single-copy orthologs, which
were subsequently analyzed for signatures of natural selection.
The median dN/dS value (free model) was higher for subter-
ranean voles compared to terrestrial ones. However, when evalu-
ating the selection independently for each line of subterranean
rodents (branch model) genes with significant differences were
not found. We found at least ten genes with parallel amino acid
substitutions that were specific for subterranean rodents: Erp29,
Rad23b, Hikeshi, Zadh2, Mrpsl4, Pycr2, Ccdc86, GTPBP2,
Snapc2 and Ttll12. These genes can potentially be involved in the
process of rodent adaptation to the subterranean lifestyle: Mrp-
s14 regulates the mitochondrial translation process. The Rad23b
and Pycr2 genes are associated with DNA repair processes and
the response to oxidative stress, respectively. Genes Zadh2 (pro-
duction of prostaglandins), CCdc86 (viral response), and Ttll12
(regulation of interferon) are involved in changing the immune
response and adaptation of rodents to a new infectious back-
ground. It could occur, in particular, due to high humidity in
burrows. The remaining genes we found are involved in general
regulatory processes: protein folding - Erp29, stress response with
HSP70 - Hikeshi, transcription (Snapc2), and translation
(GTPBP2). This study was conducted with financial support
from the Russian Science Foundation grant N19-74-20110.

P-01.3-18
Identification, biochemical characterization
and intracellular localization of sponge

homolog of RRAS2

A. Talaji¢!, K. Dominko', S. Beljan'?, K. Vlahovicek?,

H. Cetkovi¢!

! Ruder Boskovic Institute, Division of Molecular Biology,
Laboratory for Molecular Genetics, Zagreb, Croatia, 2 University
of Zagreb, Faculty of science, Department of Biology, Zagreb,
Croatia

Cancer is one of the most extensively studied diseases that occurs
in almost all multicellular organisms. It is most likely that cancer
appeared in parallel with multicellularity and the development of
true tissues and organs. Thus, investigation of proteins involved
in processes of intercellular cooperation, cell division control and
multicellularity is crucial for better understanding of the disease.
Comparative genomic analyses have shown that most genes/pro-
teins associated with human cancer emerged during the early evo-
lution of Metazoa. Hence, the study of these proteins in simpler
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organisms, such as sponges, provides a new approach in under-
standing cancer. Sponges are important model organisms because
of their simple morphology and a complex genome with many
genes/proteins highly similar to their vertebrate homologs. Using
bioinformatics tools, we identified a homolog of human RRAS2
(Ras-related protein R-Ras2), a cancer-related protein, in the
freshwater cave sponge FEunapius subterraneus. RRAS2 (also
known as TC21) belongs to the subfamily of RAS-related pro-
teins. When constitutively expressed and activated, it has a regu-
latory role in cell proliferation and migration, and is often
overexpressed in human cancers. Our aim is to understand the
physiological functions of RRAS2 protein in humans using
sponges as a model system and to gain a better insight into the
evolution of this oncogene. Bioinformatics analysis showed high
conservation of RRAS2 protein and its homologs among Meta-
zoa. The sponge cDNA encoding RRAS2 protein was success-
fully cloned into the expression vector and overexpressed. We
confirmed GTPase activity of sponge RRAS2 protein. Addition-
ally, cDNA was cloned into vectors for biological characteriza-
tion of RRAS2. Intracellular localization of sponge RRAS2
protein was determined in transfected human tumour cells using
immunofluorescence and confocal microscopy.

P-01.3-19

The chymotrypsin-like S1 peptidase family of
Tenebrionidae beetles

N. Zhiganovl’*, V. Tereshchenkova®*, R. Salimgareev3,

L. Filippova?, E. Elpidina*

!Faculty of Biology, Lomonosov Moscow State University,
Moscow, 119991, Russia, >Chemical Faculty, Lomonosov Moscow
State University, Moscow, Russia, ‘?Faculty of Bioengineering and
Bioinformatics, Lomonosov Moscow State University, Moscow,
Russia, *A.N.Belozersky Institute of Physico-Chemical Biology,
Lomonosov Moscow State University, Moscow, Russia

The chymotrypsin S1 family is one of the most numerous families
of peptidases. We studied and characterized in detail the set of pre-
dicted S1 serine peptidases (SP) in the transcriptomes and genome
of two model Tenebrionidae insects, Tenebrio molitor and
Tribolium castaneum. S1 SP provide up to 60% of the total diges-
tive proteolytic activity in 7. molitor and up to 27% in T. casta-
neum larvae. The search for sequences of SP was carried out in the
gut and whole larvae RNA-Sec transcriptomes of 7. molitor lack-
ing sequenced genome, and in the genome and larval gut transcrip-
tome of T. castaneum. T. molitor SP were manually annotated and
GenBank annotation of 7. castaneum was manually curated if
needed. 7. molitor larval gut transcriptome contained 196 pre-
dicted sequences of proteins homologous to S1 SP, and 7. casta-
neum gut transcriptome — 157 sequences. Among them, there were
97 predicted active enzymes in 7. molitor and 102 in T. castaneum,
containing typical catalytic residues. The remaining sequences, 99
and 55 respectively, lacked conservation in the active site residues
and were classified as inactive SP homologs. Additional 138
sequences were found in 7. molitor whole larvae transcriptome.
The sets of SP from both insects contained predicted sequences of
trypsins, chymotrypsin-like peptidases, elastases, collagenases, and
22-26 non-annotated sequences contained unusual residues of the
S1 substrate binding subsite. The most numerous group in both
insects was trypsins (34-44 sequences), while collagenases were the
smallest group (5-4). Only 8-10 of active SP had a high level of
mRNA expression, lacked additional regulatory domains, and can
presumably be related to digestive peptidases. At the same time,
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almost half of the trypsins with a low level of mRNA expression
contained a regulatory clip domain and presumably belonged to
the regulatory SP. A phylogenetic analysis of S1 SP was carried
out. This research was funded by the RFBR, project # 20-54-56044
Iran_t. *The authors marked with an asterisk equally contributed
to the work.
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P-01.4-01
The impact of tamoxifen on active DNA

demethylation in breast cancer cell lines

K. Linowiecka'?, J. Szpotanl'z, 0. Urbanowska - Domanska?,
A. Brozyna®, M. Foksinski'

! Department of Clinical Biochemistry, Faculty of Pharmacy,
Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University
in Torun, Bydgoszcz, Poland, °Department of Human Biology,
Faculty of Biological and Veterinary Sciences, Nicolaus
Copernicus University in Torun, Torun, Poland, >Department of
Oncology, Professor Franciszek Lukaszczyk Oncology Centre in
Bydgoszcz, Bydgoszcz, Poland

The active DNA demethylation process, which involves TET and
AID family proteins, can affect DNA methylation pattern. TET
dependent demethylation contributes to DNA hypomethylation
by oxidation S5-methylcytosine (5-mC) to 5-hydroxymethylcy-
tosine (5-hmC) and its derivatives, whereas AID is possibly
implicated in deamination of 5-hmC to S5-hydroxymethyluracil
(5-hmU). Moreover, epigenetic processes, including DNA methy-
lation, may affect regulation of genes involved in drug responses
and drug targets. Tamoxifen is a leading drug in breast cancer
hormonal therapy, which belongs to selective estrogen receptor
modulators (SERMs). It has the ability to act like estrogen or
antiestrogen depending on the receptor type to which it is bond:
G-protein coupled or estrogen nuclear receptor, respectively.
Thus, tamoxifen’s pharmacological activity may be more complex
than just controlling the estrogen signaling. Therefore, we tried
to verify if SERMs supplementation of breast cancer cells may
evoke changes in DNA methylation pattern. The study involved
three breast cancer cells lines with differently expressed hormone
receptors, which were supplemented with estrogens and the active
derivatives of tamoxifen. We applied qRT-PCR and western blot
for analyses of gene expression and protein levels involved in
active demethylation process, and 2-D HPLC with tandem mass
spectrometry detection for 5-mC and its derivatives assessment.
We found differences between dissimilarly treated cells. The
expression levels of TET2 and TET3 were dependent on the
doses of the drugs. Furthermore, the distinctness in 5-mC level
was also observed. According to our study, epigenetic changes in
DNA are closely linked to cancer treatment. Our initial research
may pave the way for new diagnostic and therapeutic methods as
well as innovations in personalized medicine approaches. The
work was supported by the Polish National Science Center
[2018/29/N/NZ3/02514].
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Identification of Pipsqueak interacting proteins

in Drosophila melanogaster

A. Mikhailova, D. Lomaev, P. Georgiev, M. Erokhin,
D. Chetverina

IGB RAS, Moscow, Russia

Combinatorial expression of the genes in multicellular organisms
leads to the development of different cell types. The important
epigenetic regulators of higher eukaryotes are the Polycomb
group (PcG) and Trithorax group (TrxG) proteins. PcG and
TrxG proteins act antagonistically: PcG proteins repress, while
TrxG proteins activate gene transcription. These factors control
the transcription of a large number of genes involved in various
cellular processes. Dysregulation of PcG and TrxG systems leads
to developmental abnormalities and cancer. It was demonstrated
that, in Drosophila, PcG and TrxG proteins communicate with
specialized DNA elements termed PREs (Polycomb Response
Elements). PREs are bifunctional elements that can act as repres-
sors as well as activators of transcription. The number of DNA-
binding proteins involved in recruitment of PcG/TrxG complexes
to chromatin were identified. One of the is the Pipsqueak (Psq)
protein that inderacts with (GA)n sequences. In current study,
we have affinity purified Psq complex and analyzed it by a highly
sensitive mass spectrometric analysis. As a result, we have identi-
fied a number of known PcG and Trx group proteins, including
PRE DNA-binding factors and ATP-dependent chromatin
remodelers. A number of previously unknown and not related to
PcG/TrxG group Psq partners were identified suggesting that
they together with Psq can participate in regulation of transcrip-
tion. This work is supported by the Russian Science Foundation
(project 18-74-10091).

P-01.4-03

Placental and cord blood DNA methylation of
the serotonin receptor type 2A gene:
modulation by fetal sex and genotype and

maternal metabolic state

M. Horvaticek"*, M. Peri¢"*, 1. Beceheli'*, M. Klasié?,

B. Nikoli¢?, D. Hranilovié?, M. Ivanisevié®, J. gtefuljl

! Division of Molecular Biology, Ruder Boskovic Institute, Zagreb,
Croatia, *Faculty of Science, University of Zagreb, Zagreb,
Croatia, > Department of Obstetrics and Gynecology, Clinical
Hospital Center Zagreb, Zagreb, Croatia

Serotonin receptor type 2A (HTR2A), a widely distributed
G-protein-coupled receptor for multifunctional signaling mole-
cule serotonin, has been implicated in many physiological pro-
cesses and its dysregulation has been associated with a number
of mental health and metabolic conditions. Different lines of evi-
dence indicate that epigenetic modifications of the HTR2A gene
play a role in molecular mechanisms through which early life
environment influences development and lifelong health out-
comes. The promoter region of the HTR2A gene contains a
number of partially methylated cytosines that have been shown
to modulate the gene’s transcriptional activity. Here we investi-
gated placental and cord blood HTR2A methylation levels in
relation to fetal sex and genotype as well as maternal obesity and
gestational diabetes mellitus. The study was performed on
mother-infant dyads enrolled at the Clinical Hospital Center
Zagreb as a part of our ongoing birth cohort study PlaNS (Pla-
cental and Neonatal Serotonin). All newborns were healthy, of
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normal birth weight and born at term by planned C-section.
Cord blood samples were obtained via umbilical venipuncture
and placental tissue samples were isolated from the fetal part of
the placenta. DNA methylation levels were quantified at four
CpG loci within the HTR2A promoter region using bisulfite
pyrosequencing. In addition, samples were genotyped for two
polymorphisms (rs6311, rs6306) in the respective gene region.
The four targeted CpG cytosines were methylated to different
degree in the cord blood and placental tissue. rs6311 and rs6306
genotypes as well as fetal sex were found to be significant predic-
tors of the methylation levels in both tissues. Maternal metabolic
parameters modulated placental HTR2A methylation in a sex-de-
pendent manner. Taken together, data point to a complex inter-
action of genetic and environmental factors influencing HTR2A
methylation levels during human fetal development. Funded by
HrZZ (IP-2018-01-6547). *The authors marked with an asterisk
equally contributed to the work.

P-01.4-04

Looking for hypoxia fingerprint in malignant
tumors

S. E. Trojan, P. Laidler, K. A. Kocemba-Pilarczyk
Jagiellonian University - Medical College, Faculty of Medicine,
Chair of Medical Biochemistry, Krakow, Poland

Hypoxia, a decreased availability of oxygen, is a feature of most
tumors, which increases patients’ treatment resistance and favors
tumor progression. Although several pathways have been identi-
fied to regulate hypoxic adaptation of cells, the primary media-
tors of this response are HIF-1 (hypoxia inducible factor 1)
transcription factors. The aim of our research was to identify the
hypoxia signature in malignant tumors. For our research we have
chosen two types of tumors: malignant melanoma, developing in
constantly hypoxic environment; and multiple myeloma, which
develops in an environment where only hypoxic niches occurs. In
the first step, cancer cell lines were cultured under normoxic
(21%0,) and hypoxic (1%0,) conditions for 16h. The presence
of hypoxia was confirmed by the stabilization of HIF-1a subunit
and detection of protein-pimonidazole adducts. Next, the panel
of HIF-1 target genes, selected based on the literature, was exam-
ined using RT-PCR. All the studied genes were confirmed as
HIF-1 targets and contained hypoxia response elements (HRE)
in their promoters. Next, we determined molecular hypoxia sig-
nature using the genes with low basal expression and significant
induction in hypoxia. Subsequently, using binominal Bernouli
distribution, the molecular signature was verified on patients’
transcriptomic data to answer the question of whether a group of
hypoxic patients is actually present in a given tumor. Our work
has shown that hypoxia molecular signatures vary between differ-
ent types of cancer, and that for each type of tumor the molecu-
lar signature must be determined individually. The approach we
proposed may constitute a universal tool that will allow for
searching for hypoxia fingerprint in transcriptomic data of cancer
patients.
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Epigenetic biomarkers in precision treatment
of obesity: differential methylation levels
between responders and non-responders to
weight loss diets

A. Cuevas Sierra, J. I. Riezu-Boj, A. Martinez Herndndez,

F. I. Milagro Yoldi

University of Navarra, Pamplona, Spain

Epigenetic marks, particularly DNA methylation levels in CpG
sites, may be useful in the personalized treatment of obesity,
helping to predict a better response to specific weight loss diets.
The purpose of the present research was to examine whether
DNA methylation levels could be associated with the metabolic
response to weight loss diets. For this purpose, DNA methyla-
tion was analyzed in responders and non-responders to two dif-
ferent hypocaloric diets (30% energy restriction), at the
beginning of the dietary intervention. DNA from white cells of
100 volunteers who participated in the Obekit dietary interven-
tion program for 6 months was used. Volunteers were random-
ized in two different diets: moderately high-protein (30% protein,
30% lipids and 40% carbohydrates) and hypolipidic (18% pro-
tein, 22% lipids and 60% carbohydrates). To analyze the CpGs
whose methylation was associated with better response to each
intervention, the population of each diet was divided into quar-
tiles according to their weight loss response, and the methylation
levels of quartiles 1 and 4 were compared for each diet. DNA
methylation levels were quantified using Infinium Methylation
EPIC Bead Chip kits (Illumina). This study identified 14 CpG
sites with DNA methylation differences greater than 5% between
responders and non-responders to hypocaloric diets. Seven genes
were associated with a better response to the high-protein
diet and five genes with better response to the hypolipidic diet
(P < 0.05). In summary, epigenetic biomarkers could help to pre-
dict the response to a weight loss diet and be used in the person-
alization of obesity treatment.

P-01.4-06

Effect of co-treatment of rats with cisplatin
and tannic acid on substances involved in poly
(ADP-ribose) polymer turnover in rat liver
nuclei

A. Asatryan, I. Artsruni*, K. Matinyan*, E. Gevorgyan
Yerevan State University, Faculty of Biology, Yerevan, Armenia

Defective mechanisms of DNA repair are intrinsic to vast major-
ity of tumor cells and are exploited as potent pharmacological
target for therapeutic treatment of cancer patients. One of the
key events involved in DNA damage repair is coordinated activa-
tion of poly(ADP-ribose)polymerase 1 (PARP 1) and poly(ADP-
ribose)glicohydrolase (PARG). PARP 1 and PARG are responsi-
ble for poly(ADP-ribose) (pPARr) chains turnover involved in
regulation of DNA repair. Cisplatin is a powerful antineoplastic
drug. Currently, chemotherapeutic regimens are employed based
on the use of antioxidant supplementation alongside with cis-
platin. Tannic acid (TA) is a plant-derived polyphenolic sub-
stance employed in medicine exhibits anti-oxidant and anti-
cancer activities and inhibits PARG. Here we study the effect of
co-administration of TA and cisplatin on PARP 1, PARG and
NAD+ content in rat liver. Our data come to show that in 48
hours after injection cisplatin inhibited PARP 1 activity in liver

137



Epigenetics

nuclei by 50%. In 48 hours after co-treatment of rats with TA
and cisplatin PARP 1 was stimulated by 50% in liver nuclei.
Intra-nuclear NAD+ content in liver of rats treated with cisplatin
or TA was down-regulated. Co-treatment of rats with TA and
cisplatin had no impact on basal level of NAD+ content in liver
nuclei of rats. Our data indicate that co-treatment with TA and
cisplatin can decrease bioavailability of drugs, which eventually
modulated the content and activity of biochemical components
involved in pPARTr turnover. Source of support: This work was
supported by the RA MES State Committee of Science, in the
frames of the research project Ne 18T-1F011. *The authors
marked with an asterisk equally contributed to the work.

P-01.4-07
Effect of cadmium exposure by maternal
cigarette smoking on expression of candidate

microRNAs in maternal and cord blood plasma
A. Sekovani¢', M. Piasck', T. Orct', D. Pasali¢?, A. Doroti¢®,

S. Stasenko®, T. Mioc*, I. Miskulin®, L. Skrgatiés, J. Jurasovi¢!

! Analytical Toxicology and Mineral Metabolism Unit, Institute for
Medical Research and Occupational Health, Zagreb, Croatia,
2Department of Medical Chemistry, Biochemistry and Clinical
Chemistry, University of Zagreb, School of Medicine, Zagreb,
Croatia, >Department of Medical Laboratory Diagnostics,
University Hospital Sveti Duh, Zagreb, Croatia, * Department of
Gynecology and Obstetrics, Merkur University Hospital, Zagreb,
Croatia, *Department of Gynecology and Obstetrics, University
Hospital Centre, Zagreb, Croatia

Women of reproductive age are a vulnerable population group for
harmful effects of toxic metals, especially cadmium. Besides diet,
cigarette smoking is the main source of environmental Cd expo-
sure. Cadmium interacts with essential elements, mimics estrogenic
effects and may affect epigenetic mechanisms responsible for foetal
programming during intrauterine life that could be reflected in
altered expression of microRNAs (miRNAs) in mother—infant
pairs. The aim of the study was to investigate the effect of
increased Cd exposure by maternal cigarette smoking on the
expression of circulating candidate miRNAs in healthy postpartum
smoking (n=35) and non-smoking women (n = 30) who gave birth
at term by vaginal delivery in clinical hospitals in Zagreb. The
miRNAs were isolated from maternal and cord blood plasma using
miRNeasy Serum/Plasma Kit and transcribed to cDNA by miS-
cript IT Reverse Transcription Kit (Qiagen, DE). The expression of
miR-1537, miR-190b, miR-16, miR-21 and miR-146a were mea-
sured by qPCR after preamplification (by miScript PreAMP PCR
Kit) using custom miScript miRNA PCR Array (Qiagen, DE).
Levels of Cd were analysed in maternal and cord blood by ICP-
MS. There was a higher expression of miR-16 in maternal and
miR-146a in cord plasma of smokers vs. non-smokers (P < 0.05)
and the expression of other miRNAs did not differ in either mater-
nal or cord blood plasma. Expression of miR-16 in maternal
plasma was positively correlated with the number of cigarettes
smoked and Cd levels in maternal and cord blood, whereas expres-
sion of miR-1537 in maternal plasma and miR-190b in cord
plasma negatively correlated with Cd levels in maternal blood.
These are the first results in the literature on the expression of cir-
culating candidate miRNAs in maternal and cord blood plasma
related to Cd exposure by maternal smoking that may serve as
early markers of developmental origins of health and disease. (The
study was funded by Croatian Science Foundation grant HRZZ-
1P-2016-06-1998, METALORIGINS).
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P-01.4-08

Tracing histone posttranslational
modifications in suicide victims

I. Salamon', K. Kouter', T. Zupancz, A. Videtic Paska'

! Medical Centre for Molecular Biology, Institute of Biochemistry
and Molecular Genetics, Faculty of Medicine, University of
Ljubljana, Ljubljana, Slovenia, *Institute of Forensic Medicine,
Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia

According to World Health Organization is suicide, with around
800.000 suicide victims, one of the leading causes of death world-
wide. Suicide is an important public health problem also in
Slovenia. Although the number of suicide victims in Slovenia has
been declining over the past years, we still rank among the coun-
ties which has the highest suicide rates. Numerous factors affect
suicide, and besides social and economic factors, it has been
shown that also biological factors importantly influence this
behaviour. Among the latter, the genetic factors have been stud-
ied in suicidal behaviour, and in the past decade, the genetic
studies have been extended towards the (epi)genetic factors. Epi-
genetic factors influence gene expression without changing the
DNA sequence, and they can be modified due to the environ-
mental factors. Among the epigenetic mechanisms, DNA methy-
lation, histone modifications, and IncRNAs can be counted.
Histone proteins play essential structural and functional roles in
the transition between active and inactive chromatin states
through histone’s variable N-terminal tails, which can be modi-
fied. The most studied histone modifications are methylation and
acetylation. There are few studies connecting depression and sui-
cide to histone modifications and consequently gene expression in
the human brain [1]. In our group, we are already studying epige-
netic factor in suicidal behaviour, and we have determined new
candidate genes for DNA methylation in suicide [2]. In order to
deepen our understanding of suicidal behaviour, we are extending
the epigenetic analysis also in the field of histone posttransla-
tional modifications. Using chromatin immunoprecipitation and
next-generation sequencing we will perform genome-wide study
and determine the genes importantly affected by the histone
modifications and associated with suicidal behaviour. References:
[1] Cheung S et al. (2020) J of Affective Disorders 265, 423-438.
[2] Kouter K et al. (2019) Psychiatria Danubina 31, 392-396.

P-01.4-09
Analysis of RNA-DNA interactome discloses
the transcriptional dynamics of protein-coding

genes
A. Gavrilov', A. Luzhin', A. Zharikova'*?, A. Galitsyna'*>*,
N. Rubanova', A. Mironov>>, S. Razin"?

IInstitute of Gene Biology, RAS, Moscow, Russia,
2A.A.Kharkevich Institute for Information Transmission Problems,
RAS, Moscow, Russia, >M.V. Lomonosov Moscow State
University, Moscow, Russia, “Skolkovo Institute of Science and
Technology, Moscow, Russia

The past few years have witnessed the development of a bunch
of technologies for mapping genome-wide localization of chro-
matin-associated RNAs using proximity ligation. So far, most of
the research in this area has been focused on non-coding RNAs
and their functions in the nucleus, including transcriptional con-
trol, shaping of the 3D genome, and assembly/maintenance of
functional nuclear compartments. In the present work, we used
RNA-DNA interaction data from human K562 cells to study
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the transcriptional dynamics of protein-coding genes. Analysis of
contact frequencies of different regions of mRNAs with the body
of encoding genes allowed us to trace how mRNA is dragged
behind the RNA polymerase during transcription and disengages
from the gene after transcription termination. Our data support
the model of co-transcriptional intron splicing, but not the
hypothesis of the circularization of actively transcribed genes. In
addition, we show that longer mRNAs are characterized by a
higher proportion of cis to trans contacts, apparently due to a
longer linkage with the parental chromosome in the course of
transcription. Analysis of RNA-DNA interactome may become
a useful tool in future studies of transcription mechanisms. This
work was supported by the Russian Science Foundation (grant
18-14-00011).

P-01.4-10
DNA non-canonical interactions as one of the

possible factors of genomic rearrangements
G. Pozmogova, V. Tsvetkov, N. Barinov, E. Isaakova,

A. Varizhuk, V. V. Severov

Federal Research and Clinical Center of Physical-Chemical
Medicine, Moscow, Russia

The current view on chromatin plasticity suggests that protein
factors orchestrate chromatin rearrangements, while DNA plays
a more or less passive role. This paradigm may be a simplifica-
tion: polymorphism of the DNA secondary structure and its
impact on the higher-order structure are underestimated. We
show that lengthy dsDNA harboring tetraplex motifs (G-quadru-
plexes, G4s, and i-motifs, IMs) can spontaneously form inter-
duplex junctions. We visualized such complexes between model
and genomic DNA fragments using high-resolution atomic force
microscopy. Control duplexes lacking tetraplex motifs formed no
junctions. We additionally confirmed the participation of G4s in
DNA-DNA synapsis using tetraplex-DNA-specific antibodies
and elucidated the topologies of the synaptic complexes using
molecular modeling. The complexes are sensitive to microenvi-
ronment (pH, molecular crowding, monovalent cations, et
cetera). They sustain pseudo-physiological conditions, but their
existence in vivo awaits bona fide verification. The general princi-
ple of their formation resembles presumed G4-driven enhancer-
promoter interactions, but we show that both G4s and IMs con-
tribute to the DNA association [1,2]. We also provide in vitro
evidence for G4/IM recognition by chromatin remodeling factors.
For instance, we show that transcriptional repressor CTCF,
which regulates the demarcation of topologically associated
domains, is highly sensitive to IM folding. Secondary structures,
rather than CpG methylation levels, may determine CTCF occu-
pancy at IM-prone CpG islands. Collectively, our findings indi-
cate that noncanonical (tetraplex) DNA folding may underlie
engagement of chromatin remodelers, facilitate transient DNA-
DNA contacts and contribute to shaping the long-standing chro-
matin organization and genomic rearrangements. This work was
supported by RFBR [19-15-00024]. References: [1] A. D. Pro-
topopova et al. PCCP, 2018, 20, 3543-3553. [2] A. M. Varizhuk
et al. NAR 2018 (46) 8978-8992.
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P-01.4-11
Sex-specific age-related changes in

methylation of certain genes

E. Kondakova, O. Vershinina, M. Ivanchenko*, M. Vedunova*
Lobachevsky State University of Nizhny Novgorod-National
Research University (UNN ), Nizhny Novgorod, Russia

For many decades, the mechanisms that underpin the differ-
ences in life expectancy for the two genders remain largely
undisclosed. In this regard, understanding epigenetic regulation
of gene expression, in particular, with regard to ageing has a
major importance. For that all genes with age-dependent gen-
der-specific methylation were divided into 3 groups: genes that
change methylation level with age only in men (143 genes),
only in women (401 genes) and in both genders (“duplicate”
group) — 322 genes. KEGG analysis of the “duplicate” group
revealed 6 significant changes (P < 0.05) of metabolic cascades,
including genes responsible for morphogenesis, age-dependent
pathological processes and biological processes associated with
functioning of the nervous system. Analysis of the biological
functions of groups of genes whose age-dependent methylation
is characteristic only for women revealed six important
(P < 0.05) cascades, including calcium signaling pathway, syn-
thesis of melanin, adhesive contacts. The unique changes in the
female genome that is responsible for neuronal activity in the
age aspect include vasopressin and oxytocin systems, synthesis
of receptors for dopamine, glycine and opioid receptors. It is
interesting to note that for men, changes in the methylation of
genes of the serotonin system predominate, while for women,
changes affect the dopaminergic system. Thus, it was found
that most of the gender-dependent age-related changes in
methylation belong to the genes responsible for the develop-
ment and functioning of the nervous system. Importantly, the
changes are found in various mechanisms, suggesting the devel-
opment of features of gender-specific reactions of the body.
Russian Federation mega grant DPM-AGEING (grant 2017-
220-06-4741) on Digitalized and Personalized Medicine of
Healthy Ageing. *The authors marked with an asterisk equally
contributed to the work.

P-01.4-12
Eukaryotic DNA methyltransferase Dnmt3a as
one of the cellular targets of novel anticancer

DNA-intercalating drug curaxin CBL0137

A. Sergeev’, A. Vorobyov', M. Yakubovskayaz, 0. Kirsanova',
E. Gromova'

! Department of Chemistry, M. V. Lomonosov Moscow State
University, Moscow, Russia, *Department of Chemical
Carcinogenesis, Institute of Carcinogenesis, Blokhin Cancer
Research Center, Russian Academy of Medical Sciences, Moscow,
Russia

Various anticancer drugs exert antitumor activity by interacting
with DNA via mechanisms such as intercalation into DNA,
groove binding and covalent modifications of heterocyclic bases
thus causing cytotoxicity. Recently characterized curaxin
CBLO0137 is a member of a new class of potent carbazole-
derived anticancer compounds that combines two of these DNA
binding modes: the planar carbazole core intercalates between
the base pairs of DNA with symmetrical side chains protruding
into the major groove, while the positively charged nitrogen-
containing chain fills the minor groove. CBL0137 binding was
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shown to cause nucleosome disassembly and spatial genome
organization changes in cancer cells. We investigated the impact
of CBL0137 on the key epigenetic process of DNA methylation
by de novo murine DNA methyltransferase Dnmt3a and com-
pared it to that of the other DNA intercalator doxorubicin.
CBLO0137 binding to DNA saturated at ~one molecule/bp,
which was demonstrated by fluorescence polarization using spe-
cially designed fluorescently labelled oligonucleotide substrates.
Binding of CBLO0137 to Dnmt3a-CD was not observed.
CBLO0137 significantly inhibited in vitro DNA methylation by
Dnmt3a at low micromolar concentrations (ICso 9 £ 3to 3 £ 2
uM) and reduced the binding affinity of Dnmt3a to its DNA
target, causing up to four-fold increase in the Ky of the DNA-
enzyme complex. Doxorubicin acted as a significantly weaker
inhibitor of DNA methylation. Therefore, decreased methyla-
tion efficiency in the presence of CBL0137 can be attributed
mostly to blocking of the DNA minor groove by the side chain
of curaxin. Given that many cancer cells exhibit hypermethyla-
tion of tumor suppressor genes by Dnmt3a and/or express
mutated Dnmt3a variants, the obtained results allow one to
consider Dnmt3a as one of the cellular targets of DNA-interca-
lating anticancer agents. This work was supported by RFBR
grants 18-34-00364 and 19-04-00533.

P-01.4-13
Can urinary HNF1B expression be a biomarker

for multicystic dysplastic kidney?
A. Urer*, P. Ata*, H. Alpay, 1. Yilmaz, E. Arslan
Marmara University School of Medicine, Istanbul, Turkey

Although HNFI1f is known to be as a transcription factor in
many stages of renal embryonic development, it is important to
investigate the level of expression in renal-derived cells in urine
to understand its effect on epigenetic control. Thirty nine
patients (0-21 years) with multicystic dysplastic kidney followed
up from Marmara University School of Medicine, Pediatric
Nephrology were included. After isolation of DNAs from
blood, DNA molecules were subjected to methylation-sensitive
and methylation-dependent endonuclease cleavage, methylated
and unmethylated DNA fractions in the promoter region of the
HNFI1B gene were detected by real-time PCR. In patients with
HNF1B methylation, urinary HNFIJ expression of isolated
renal cells was analyzed. Of all patients, 10.26% of them had
HNF1p methylation. Among them one patient had a disappear-
ance/decrease of the cysts. In one patient, cysts did not show
any size change. HNFIP gene expression analysis was per-
formed from urine samples of patients with HNF1f8 methylation
and the group with methylated HNFIf had lower expression
level compared to control group. Herein, the analysis of urinary
HNF1p gene expression using a non-invasive method was per-
formed for the first time in patients with HNFI1B promotor
methylation with multicystic dysplastic kidney. The use of a
more easily applicable, non-radical method instead of
histopathological analysis of biopsy specimens will provide sig-
nificant diagnostic advantage for these patients. Although no
statistically significant relationship was found, this is the first
study in this field, that gives opportunity to elucidate the patho-
genesis of the disease. Our results are preliminary findings to
evaluate the downstream effects of HNFI1J methylation and in
addition these results provide hope about repairing the mecha-
nisms involved in the pathogenesis. *The authors marked with
an asterisk equally contributed to the work.
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Functional role of ZBTB33 in clear renal
carcinoma

S. Zhenilo'?, K. Gaynova', D. Kaplun'*, F. Sharko',

A. Mazur"?, E. Prokhortchouk '

!Institute of Bioengineering, Research Center of Biotechnology of
the Russian Academy of Sciences, Moscow, Russia, ?Institute of
Gene Biology RAS, Moscow, Russia

DNA methylation is crucial for proper vertebrate’s development.
Proteins interacting with methylated DNA can both interfere
with the binding of other transcription factors and affect the for-
mation of a new chromatin landscape. Often methyl-DNA bind-
ing proteins possess non-methyl-DNA binding activity. ZBTB33
can bind methylated CpGs and sequence containing CTGCNA.
ZBTB33 is not necessary for mouse development, but it can
influence the formation and progression of colon tumors due to
DNA-methylation depending regulation of tumor suppressor
genes. Deficiency of ZBTB33 in spontaneous colon cancer model
and in breast cancer cells results in delay of tumor growth, influ-
ences the tumor size, lifespan. The aim of this work was to create
and characterized the model system of renal carcinoma cells defi-
cient for ZBTB33. We generated 3 clones of ZBTB33 knockout
clear renal carcinoma cell line Cakil by frame shift via CRISPR/
CAS9 genome editing technology. Frame shift was generated in
the middle of N-terminal BTB/POZ domain. Clones were ana-
lyzed for tumorigenic potential in Nude mice. Deficiency of
ZBTB33 led to misregulation of 1587 genes (P,qj < 0.01). We per-
formed ChIP-seq analyses for ZBTB33 binding sites. For nega-
tive control we used ZBTB33 deficient cells. We detected that
ZBTB33 binds within regulatory elements and genic regions of
200 and 180 genes that was upregulated or downregulated after
ZBTB33 depletion respectively. DNA methylation status of
ZBTB33 binding sites was determined by whole genome bisulfite
sequencing analyses. KEGG pathway analyses revealed downreg-
ulated genes from p53 pathway. Also, we detected that deficiency
of ZBTB33 results in upregulation of several tumor suppressor
genes. This work was supported by the Russian Science Founda-
tion (19-74-30026) and the Russian Foundation for Basic
Research (19-29-04139).

P-01.4-15

NELF promotes RNA polymerase Il pausing at
ecdysone-dependent genes in Drosophila
melanogaster

N. Vorobyeva, M. Mazina
Institute of Gene Biology RAS, Moscow, Russia

Ecdysone response plays a crucial role in development of
Drosophila melanogaster. A number of genes which are induced
in Drosophila cells under the influence of an ecdysone hormone
were described long time ago. But exact molecular mechanism
causing transcription induction upon ecdysone treatment remains
largely under-investigated. We have recently described some
novel molecular partners interacting with ecdysone receptor
(EcR) [1] One of them, subunit A of Negative Elongation Factor
(NELF A), we have investigated in detail [2]. NELF A subunit
was found to co-immunoprecipitate with ecdysone receptor both
in S2 Schneider cells and pupal extract. The knockdown of
NELF A by RNA interference in Drosophila S2 cells were
shown to decrease an inducible transcription of several ecdysone-
dependent genes. ChIP-Seq analysis of NELF A demonstrated

FEBS Open Bio 11 (Suppl. 1) (2021) 103-507 DOI: 10.1002/2211-5463.13205

© 2021 The Authors. FEBS Open Bio © 2021 FEBS



POSTERS — RESEARCH

presence of this protein on EcR-bound sites in Drosophila gen-
ome. It is known that ecdysone-dependent genes (at least in
Drosophila S2 cells) is characterized with a high level of
RNA polymerase Il pausing: the level of promoter-bound RNA
polymerase II several times exceeds the level detected in a gene
body. Usually, genes regulated via RNA polymerase II pausing
mechanism show a high level of abortive transcription which can
be detected in promoter-proximal regions. Using previously pub-
lished Gro-Seq data (Core et al, Cell reports (2012)), we have
demonstrated a presence of abortive transcription at the pro-
moter-proximal regions of the most of ecdysone-dependent genes.
Moreover, the level of this abortive transcription was found to
decrease upon knockdown of NELF subunits, demonstrating
that NELF complex indeed regulates promoter-proximal pausing
at the ecdysone-dependent genes. The work was supported by
the Russian Science Foundation [grant 18-14-00219]. References:
[1]. Mazina, M. Y., et al. Sci. Rep. 10, 4793 (2020). [2] Mazina,
M.Y., et al. Sci. Rep. 11, 172 (2021).

P-01.4-16
Possible ways for manipulating the gene

expression in Ixodes ricinus ticks

K. Kotsarenko'>>*, P. Vechtova'*>, M. Wimmerova>*>,
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Ticks (Ixodes Ricinus) are blood-feeding parasites that can
transmit various viruses, bacteria, protozoa, and, thus, are vec-
tors of various diseases, such as tick-borne encephalitis, Lyme
disease, anaplasmosis, and others. Extensive knowledge of the
genome and transcriptome of Ixodes ticks has opened up the
possibility of studying these ticks at the level of molecular biol-
ogy. Therefore, in our work, we aimed to find ways to manipu-
late the expression of the I. ricinus genes. One of them may be
epigenetic regulation, in particular, DNA methylation. We iden-
tified DNA methyltransferases in the I. ricinus transcriptome,
namely DNA methyltransferase 1 (DNMT1), DNMT3, and
DNA adenine methyltransferase (DAMT) (Previously published
in: Kotsarenko K et al. (2020) Ticks Tick Borne Dis 11, doi:
10.1016/j.ttbdis.2019.101348). We found the differences in the
expression level and DNA methylation at the different life
stages: egg, larvae, nymph, and an adult female. These results
suggest that DNA methylation is essential for the physiology
and transstadial development of tick. Tick cell lines might serve
as a model system of tick 7. ricinus for studying the genome
manipulation. Thus, we analyzed the highly-passaged IRE/
CTVM19 and IRE/CTVM20 cell lines (provided by Tick Cell
Biobank) and found that, despite some changes in the kary-
otype, they still retain the similarity of the 16S rRNA sequence
to the parental tick. We have also optimized the transfection
procedure for these tick cell lines, and they successfully
expressed some reporter genes. Thus, our findings opened up
the possibility of editing the gene expression in /. ricinus cells
using epigenetic regulation or CRISPR/Cas9 technology, as well
as to obtain recombinant proteins in tick cell lines.
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G-quadruplex sites at TAD boundaries may
contribute to CTCF and cohesin recruitment
A. Varizhuk, E. Isaakova, P. Tikhonova, V. Tsvetkov,

A. Bogomazova, V. Severov, 1. Pavlova, T. Vedekhina,

M. Lagarkova, G. Pozmogova

Federal Research and Clinical Center of Physical-Chemical
Medicine, Moscow, Russia

G-quadruplexes (G4s) are often found within or nearby CTCF-
bound sites that mark TAD boundaries [1]. We used bioinfor-
matics analysis and in vitro binding assays to verify two possible
pathways of G4 contribution to CTCF recruitment and TAD
demarcation. The first pathway is related to G4s formed upon
replication. They reportedly bind with DNA methyltransferase
DNMTI, sequester it from the CpG sites, and thus protect
hypomethylated CpGs. CTCF is recruited mainly to the
hypomethylated sites. The converged CTCF-bound sites are then
recognized by cohesin, and the TAD boundaries are established.
To verify this pathway, we estimated CTCF frequency in CpG-
rich G4-harbouring sites that overlap with DNMT1 occupancy
sites. We observed substantial colocalization and, for a subset of
sites, confirmed proximity to chromatin loop boundaries. The
second pathway is related to G4s formed upon transcription.
They may recruit modulators of chromatin remodeling that cre-
ate favorable conditions for CTCF interactions with linker
DNA. Previously, we have identified several such chromatin
modulators, including the polycomb complex subunit ASXLI
and high mobility group proteins HMGN3 and HMGB2, among
top G4 binders. HMGN3 promotes chromatin decondensation,
which renders linker DNA accessible for CTCF. ASXL1 attracts
cohesin. HMGB?2 acts as a CTCF insulator (prevents its aggrega-
tion). To verify this pathway, we analyzed G4 frequencies in
HMGN3/HMGB2/ASXL1 occupancy sites. The frequencies were
significantly higher than those predicted by chance. For a set of
representative G4s, we also verified interactions with the recom-
binant proteins by physicochemical methods. In line with previ-
ous hypotheses [2], our results indicate that G4s might contribute
to chromatin organization at multiple levels, including TAD
demarcation. This work was supported by RSF [19-15-00128]. [1]
Hou Y et al. (2019) Epigenetics 14, 894-911 [2] Varizhuk A et al.
(2019) BioEssays 41, €1900091
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Inhibition of miR-155-5p reduces NADPH
oxidase expression and oxidative stress in the
aorta of hypercholesterolemic ApoE-deficient
mice: potential implication in human
atherosclerosis

S. Manea', M. Vlad', A. Lazar', H. Muresian’, A. Manea'

! Institute of Cellular Biology and Pathology “ Nicolae Simionescu”
of the Romanian Academy, Bucharest, Romania, > University
Hospital Bucharest, Cardiovascular Surgery Department,
Bucharest, Romania

NADPH oxidase (Nox)-derived reactive oxygen species are
important molecular effectors underlying oxidative stress and
inflammation in atherosclerosis. miR-155-5p has been implicated
in a number of human malignancies as key regulator of inflam-
matory and immune responses. Yet, the role of miR-155-5p in
atherogenesis is poorly defined. The aim of this study was to
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determine the role of miR-155-5p in mediating Nox up-regulation
and the ensuing oxidative stress in the aorta of hypercholes-
terolemic ApoE-/- mice. Non-atherosclerotic and atherosclerotic
human arterial samples, and ApoE-/- mice were employed. After
10 weeks on normal or high-fat, cholesterol-rich diet, male
ApoE-/- mice, were randomized to receive via intraperitoneal
injection miR-155-5p inhibitor, or its negative control, once per
week for 4 weeks. Human and mouse specific miRCURY LNA™
miRNome real-time PCR panels were employed to determine the
expression of 752 miRNAs in arterial tissues. miRNA expression
profiling revealed that miR-155-5p was significantly up-regulated
both in human atherosclerotic tissue samples and in atheroscle-
rotic aorta of ApoE-/- mice. TargetScanTM analysis predicted
that miR-155-5p interacts with genes (e.g., SHIP-1, IKBKE,
SOCS) that may control Nox expression. Treatment of
atherosclerotic ApoE-/- mice with miR-155-5p inhibitor reduced
significantly the progression of atherosclerosis, the aortic expres-
sion of Noxl, Nox2, and Nox4 protein levels, and the formation
of 4-HNE-protein adducts (oxidative stress marker). Moreover,
inhibition of miR-155-5p led to a marked reduction in CD45,
CD68, and NOS2 protein levels (markers of immune cell infiltra-
tion and inflammation). The data of this study point to miR-155-
Sp as potential therapeutic target to reduce oxidative stress and
inflammation in atherosclerosis-related cardiovascular disorders.
Work supported by PN-III-P1-1.1-TE-2016-0851, PN-III-P2-2.1-
PED-2019-2512, PN-III-P2-2.1-PED-2019-2497.
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Identification of potential lysine-specific
histone demethylase-dependent mechanisms
underlying oxidative stress and inflammation
in human and experimental atherosclerosis: a

transcriptomics approach
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!Institute of Cellular Biology and Pathology “Nicolae Simionescu”
of the Romanian Academy, Bucharest, Romania, 2 University
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Complex epigenetic alterations converging to changes in gene
function and cell phenotype have been increasingly implicated in
atherosclerosis. Within the epigenetic landscape, the role of
lysine-specific histone demethylase (KDM)-based pathways in
atherosclerosis remains elusive. The aim of this study was to
investigate the expression pattern of KDM subtypes in human
and experimental atherosclerosis and to determine the potential
role of KDMS5B in mediating the up-regulation of key genes
linked to oxidative stress and inflammation in vitro. Human non-
atherosclerotic and advanced atherosclerotic arterial samples and
ApoE ™/~ mice were used. Male ApoE~/~ mice were fed a normal
or a high-fat, cholesterol-rich diet for 14 weeks. In vitro studies
were done on primary mouse monocyte-derived resting (MO),
pro-inflammatory (M1) and anti-inflammatory (M2) macro-
phages (Mac). The occurrence of oxidative stress (NADPH oxi-
dase/Nox) and inflammatory cells/markers (CD45, CD68, NOS2)
in the plaques was confirmed by western blot and immunofluo-
rescence microscopy. Microarray-based (SurePrint G3 Human/
Mouse gene Expression v2 8x60K) genome-wide expression pro-
filing and bioinformatics analysis predicted the implication of
KDM-related signaling pathways in atherogenesis. Real-time
PCR and western blot assays revealed the up-regulation of gene
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and protein expression levels of KDMIA, KDMIB, KDM2A,
KDM2B, KDM3A, KDM3B, KDM4A, KDM4B, KDM4C,
KDMSA, KDM5B, and KDMS5C subtypes in human atheroscle-
rotic tissue samples, atherosclerotic aorta of ApoE_"— mice, and
in pro-inflammatory M1-Mac. Pharmacological inhibition of
KDMS5B by PBIT suppressed the up-regulation of TNFa, MCP-
1, Nox1, Nox2, and Nox4 expression levels in M1-Mac. Isoform-
specific KDM pharmacological interventions could represent an
effective therapeutic strategy to correct the expression of dysregu-
lated genes that are mechanistically linked to atherosclerosis.
Work supported by PN-III-P2-2.1-PED-2019-2497, PN-III-P4-
ID-PCE-2020-1898.
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Structural basis for NTP specificity of non-

canonical CutA nucleotidyltransferase

D. Malik', P. Krawczykl, K. Kobyleckiz, A. Dziembowski',
R. Tomecki’, M. Nowotny'

! International Institute of Molecular and Cell Biology, Warsaw,
Poland, Institute of Biochemistry and Biophysics PAS, Warsaw,
Poland

During the course of its lifecycle, eukaryotic mRNA undergoes
several types of modifications at different stages of its maturation.
These modifications significantly affect the mRNA fate. One such
modification is a post-transcriptional addition of untemplated
nucleotides to mRNA 3’-end. Apart from well-known polyadeny-
lation, the presence of homo- or heteropolymeric stretches contain-
ing nucleotides other than adenosine has been reported for
protein-coding transcripts in multiple organisms, including fungal,
plant and animal species. CutA is a non-canonical nucleotidyl-
transferase identified in filamentous fungi Aspergillus nidulans,
which belongs to DNA polymerase B superfamily. n vivo, it adds
short CUCU-rich extensions to 3’-ends of mRNA, which in turn
leads to deadenylation-independent decapping and eventually
mRNA degradation. Our previous biochemical studies carried out
using recombinant CutA from Thielavia terrestris demonstrated
that although the enzyme is able to processively polymerize only
adenosines, it indeed displays an unusually high specificity towards
cytidines as compared to other known terminal nucleotidyltrans-
ferases, and it synthesizes predominantly tails terminating with
two cytosines. Our present work involves determination of crystal
structures of 7. terrestris CutA catalytic domain alone and in
complex with substrate and product. The apo structure of CutA
was solved by Se single-wavelength anomalous diffraction. Based
on the structural analysis further biochemical characterization was
performed on selected mutants to get deeper insight into catalytic
properties of the enzyme: 1) high specificity towards CTP; 2)
exclusive processivity towards ATP; and 3) a complete lack of
activity for GTP as an incoming nucleotide and RNA substrate
ending with guanines.
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Functional studies of A. thaliana MYST-family
acetylases, HAG4 and HAGb, produced by
cell-free translation

P. Banké', A. Dominguez Ferreras®, A. Gonzélez Gil%,

V. Uzunova?, V. Ntoukakis?, S. K. Nagy3

'Graduate School of Agriculture, Hokkaido University, Sapporo,
Japan, The University of Warwick, School of Life Sciences,
Coventry, United Kingdom, *>Semmelweis University, Institute of
Biochemistry and Molecular Biology, Department of Molecular
Biology, Budapest, Hungary

Histone post-translational modifications (PTMs) play a crucial
role in the regulation of gene expression in eukaryotes. Histone
modifying enzymes, as master regulators, can add, identify and
remove a wide array of modifications of core histones, namely
histone H2A, H2B, H3 and H4. One of the most frequent PTM
is acetylation, which is mainly associated with transcriptional
activation. In Arabidopsis thaliana 12 histone acetyltransferases
(HAT) can be found. We aimed to investigate two of the lesser-
known MYST-family acetylases, HAG4/HAM1 (AT5G64610)
and HAGS5/HAM2 (AT5G09740). Previous in vivo studies con-
firmed their roles in plant fertility and significant phenotypic dif-
ferences were observed in mutant plants. Despite the high
similarity in their amino acid sequence, it was shown that HAG4
and HAGS are a functionally redundant pair of genes. It is also
known, that HAG4 and HAGS primarily acetylate histone H4
(H4K5) and have a slight activity on H3. Previously, efficient
in vitro expression and purification of HAG4 and HAGS
enzymes were not successful in E. coli expression systems. In the
presented project, we show the successful expression and purifica-
tion of Arabidopsis thaliana HAG4 and HAGS, histone H3, H4
by cell-free wheat germ translation system. We aim to perform
acetylation assays with HAG4 and HAGS5 on histone H3, H4
and other putative substrates, which can be confirmed by mass
spectrometry. Additionally, we aim to investigate the binding of
acetyl-CoA to the enzymes, and the mechanism of the predicted
autoacetylation of HAG4 and HAGS. (This project is supported
by 129083 grant of the National Research, Development and
Innovation Office, Hungary.)

P-01.4-22
Dual effect of methylation of IncRNA genes on

pathogenesis and metastasis of ovarian cancer
S. S. Lukina'*, A. M. Burdennyy'*, E. A. Filippova',

N. A. Ivanova!, I. V. Pronina!, T. P. Kazubskaya?,

D. O. Utkin? V. L. Loginov', E. A. Braga', N. E. Kushlinskiy*
!'FSBSI IGPP, Moscow, Russia, °N.N. Blokhin National Medical
Research Center of Oncology, Moscow, Russia

Ovarian cancer (OvCa) is asymptomatic and still the most-deadly
cancer of the female genital tract worldwide. The discovery of
noncoding RNAs (ncRNAs) involved in epigenetic processes
opens up new opportunities in the study of the pathogenesis of
cancer. Aberrant DNA methylation is an important mechanism
for regulating the expression of both protein-coding and ncRNA
genes. However, the role of methylation in the regulation of
genes of long noncoding RNAs (IncRNAs) is still very little stud-
ied. So, the aim of this work is to identify new hypermethylated
IncRNA genes in ovarian tumors and their effect on OvCa
metastasis. Using quantitative methylation-specific PCR and non-
parametric Mann-Whitney test we observed a multiple and
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statistically significant (P < 0.001) increase in the methylation
level of a group of IncRNA genes: MEG3, SEMA3B-ASI,
ZNF667-AS1 and TINCR. All our results we found for the first
time. Analysis of 19 samples of peritoneal metastases in compar-
ison with paired primary tumors unexpectedly revealed a statisti-
cally significant decrease in the methylation level of the same 4
genes: MEG3 (P = 0.004), SEMA3B-AS1 (P = 0.002), TINCR (P
= 0.002), and ZNF667- AS1 (P < 0.001). This phenomenon,
which we discovered, is apparently associated with the participa-
tion of these IncRNAs in the regulation of plastic reversion of
EMT- MET. So EMT- MET reprogramming of cells, a decrease
in methylation of IncRNA genes activates the suppressive func-
tions of IncRNAs, and may play a role in stabilizing the epithe-
lial properties of secondary tumors. Thus, long ncRNAs have a
dual effect on OvCa tumors and metastasis which is important
for understanding the pathogenesis of OvCa and for finding new
targets for therapy. The described effects of hypermethylated
IncRNA genes on tumors and metastases (secondary tumors) of
OvCa are under validation via expression studies. The work was
supported by the grant from the Russian Science Foundation
#20-15-00368. *The authors marked with an asterisk equally con-
tributed to the work.
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Analysis of inter-chromosomal contacts of
rDNA genes with DUX4 genes in human cells
in different physiological conditions using

fluorescence in situ hybridization

E. Klushevskaya, A. Bukreeva, N. Tchurikov

Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow, Russia

Direct rDNA inter-chromosomal contacts with different chromo-
somal regions are involved in the regulation of genes activity.
rDNA contacts with the subtelomeric region of chr4 possessing
DUX4 genes were previously detected by the 4C (Circular
Chromosome Conformation Capture) approach. The contacts
disappear after the heat shock treatment (Tchurikov et al., 2020,
Dokl  Biochem  Biophys. 490(1):50-53. doi: 10.1134/
S1607672920010032). DUX4 genes specify transcription factors
that play a key role in zygotic genome activation and are silenced
at the later stages. Their expression at later stages leads to mus-
cular dystrophy. The aim of this study was to study the contacts
of rDNA and DUX4 genes using the independent approach —
fluorescence in situ hybridization (DNA-FISH). We used
HEK?293T cells before and after heat shock treatment. On aver-
age, we observed about 4 foci of rTDNA probe and 10 foci of
DUX4 probe per cell, 34% of them were located in the area of
rDNA contacts. The number of DUX4 genes contacts with
nucleoli decreased approximately twice (to 17%) after the heat
shock treatment and the distances between hybridization foci
increased. The proportion of hybridization sites of DUX4 genes
not associated with the rDNA region increased by almost 10
times. Cells also were stained with antibodies to nucleolin, that is
required for RNA polymerase I transcription, to determine the
transcriptional activity at rDNA hybridization foci. We detected
that the intensity of immunostaining of rDNA loci decreased
after the heat shock treatment. The data indicate the changes of
transcriptional activity in nucleoli induced by the treatment. In
RT-PCR experiments we detected that the treatment causes
nearly a 2-fold decrease the levels of pre-rRNA. FISH results
support the results obtained by 4C approach and provide data
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on diversity of inter- chromosomal contacts in individual cells.
The study was supported by the grant from Russian Science
Foundation No. 21-14-00035.
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milosrdnice, Ljudevit Jurak Clinical Department of Pathology and
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Testicular germ cell tumors (TGCTs) are the most common malig-
nancies in young men with an overall increasing incidence. There-
fore, it is crucial to identify biomarkers for early detection and
diagnosis. TGCTs are divided into seminomas (SE) and nonsemi-
nomas (NS) that both arise from germ cell neoplasia in situ
(GCNIS). RASSF1A is a tumor suppressor gene that influences
tumor initiation and development. PRSS21 is expressed in normal
testes and it is hypothesized to be a tumor suppressor gene. In con-
trast to RASSF1A and PRSS21 gene expression status and DNA
methylation pattern, its protein expression is poorly investigated.
Therefore, we performed a comprehensive in silico bioinformatics
analysis at the DNA methylation level and mRNA level and com-
pared it with data of protein expression in TGCTs. RASSF1A and
PRSS21 protein expression was analyzed in 108 TGCT samples by
immunohistochemistry in healthy testicular seminiferous tubule
tissue (HT), GCNIS, TGCTs, SE, and all NS components (embry-
onal carcinoma, yolk sac, choriocarcinoma, teratoma). The
immunoreactivity score (IRS) was calculated with a cut-off value
of four for clinical diagnostic positivity. UALCAN was used for
the analysis of promoter methylation levels in SE and NS. The
highest RASSF1A and PRSS21 protein expression were in
GCNIS, while in HT and TGCTs was significantly lower. In HT
and TGCTs, RASSFIA and PRSS21 showed inverse protein
expression to their mRNA levels. In SE, RASSF1A expression on
mRNA level was significantly higher than in NS, while differences
of PRSS21 in mRNA expression were not found. RASSF1A and
PRSS21 show general hypomethylation in SE and hypermethyla-
tion in NS, although no differences in protein expression were
detected. Regarding NS components, PRSS21 has shown increased
protein expression in choriocarcinoma. PRSS21 and RASSFI1A
discriminate GCNIS from HT and TGCT, as well as SE from NS,
showing significant potential as future TGCTs biomarkers on more
than one molecular level.
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BPMA1 protein is involved in plant
development and stress responses by

regulating de novo DNA methylation

N. Bauer', L. Markulin?, M. Jagié¢', T. Vuk!, S. Vitko',

A. Skiljaical, M. Tokié!, V. Vigié-Bockor!, Z. Vidakovié-Cifrek',
D. Leljak-Levanic!

!associate professor, Zagreb, Croatia, >Department of Biology,
Faculty of Science, University of Zagreb, Zagreb, Croatia

A member of a small family of Arabidopsis thaliana MATH-BTB
proteins, BPM1 functions as a substrate-specific adaptor of a cul-
lin3-based E3 ubiquitin ligase complex. Its N-terminal MATH
domain binds target proteins and designates them for ubiquitina-
tion and subsequent proteasomal degradation. Recent studies
reported that BPM1 mediates proteasomal degradation of tran-
scription factors (ERF/AP2, R2R3 MYB and Homeobox) and
phosphatases (PP2Cs). By using immunoprecipitation, TAP-tag
purification, fluorescence-lifetime imaging microscopy, yeast-2-hy-
brid, pull down and microscale thermophoresis we confirmed
BPMI interaction with DMS3 and RDM], key regulators of de
novo DNA methylation in A. thaliana. Chromatin immunopre-
cipitation was used to determine regions of overlap between
DMS3 and BPMI chromatin binding sites. The DNA methyla-
tion status of identified regions was analysed by pyrosequencing
after bisulphite conversion in A. thaliana plants overexpressing
BPMI, in plants with downregulated BPMs as well as in DNA
methylation mutants. Methylation patterns were assessed during
plant development and after exposure to different abiotic stresses.
Our results indicate that BPM1 does not participate in degrada-
tion of DMS3 and RDM1. Rather, it seems BPM1 recruits DNA
methylation machinery to specific chromatin positions for de
novo DNA methylation establishment.
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The role of heterochromatin proteins in
imprinted paternal X chromosomes
elimination in the development of Sciara
coprophila

A. Smelova', D. Maksimov'2, O. Posukh'?, P. Singhl’3,
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! Novosibirsk State University, Novosibirsk, Russia, °The Institute
of Molecular and Cellular Biology, Novosibirsk, Russia,
3Nazarbayev University, Astana, Kazakhstan

The phenomenon of genomic imprinting was first investigated in
fungus gnats Sciara coprophila. 1t is known that programmed
elimination of paternal X chromosomes takes place during the
early stages of embryogenesis in somatic cells, so that two paternal
X chromosomes are eliminated in future males, and one is elimi-
nated in future females [1]. The number of eliminated chromo-
somes can be determined by X chromosomes to autosomes ratio
(X/A). Recently it was found that the region of X chromosome
which is not exposed to elimination is associated with H3K9me3
and H4K20me3 epigenetic modifications [2]. Here we estimated
the role of H3K9- and H4K20-specific methyltransferases (MTs)
in X chromosomes elimination in early embryos. As a result of
RNA-Seq and de novo transcriptome assembly 7 transcripts of
specific MTs were found. Double stranded (ds) RNAs were syn-
thesized against identified transcripts for RNA interference
(RNAIi). Embryos were incubated during 10 hours with dsRNAs
against MTs genes and GFP as a control. DNA sequencing by
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Illumina MiSeq was used for reads counting. The number of elimi-
nated X chromosomes was estimated by relation of X/A values
obtained from experimental groups to X/A values got from con-
trols. In our pioneer experiment with female embryos, it was
shown that Su(var)3-9 RNAIi probably leads to blocking of X
chromosomes elimination and SetDB1 RNAi apparently leads to
increased number of eliminated X chromosomes compared with
controls. However, G9a and Hmt4-20 RNAi did not lead to sig-
nificant differences compared with controls. Probably it can be
associated with unsuccessful passing through pores of dsRNAs
into embryos. Apparently, it is advisable to repeat the experiment
with shorter siRNAs in order to achieve sustained effect. This
study was supported by a grant of the Russian Federation
Government #14.Y26.31.0024. Previously published in: [1]. Metz
CW (1938) The American Naturalist 72, 485-520. [2]. Singh PB
et al. (2019) Chromosoma 128(2), 69-80.
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Epigenetic mechanisms, as promoter CpG islands methylation
play a pivotal role in genes expression regulation, including long
noncoding RNA (IncRNA) genes that involved in the pathogen-
esis of breast cancer (BC). The aim of this study was to assess
the methylation status of 7 IncRNA genes in BC and the rela-
tionship with the morphological features of the tumor. Methyla-
tion analysis was performed using quantitative methylation-
specific PCR in 30 paired (tumor/normal) breast cancer samples.
The significance of the results was assessed by the R statistics
(Mann-Whitney U-test, Kolmogorov-Smirnov test, SPSS 20;
P <0.05). The analysis of 7 IncRNA genes methylation level
(MEG3, SEMA3B-AS1, HAND2-AS1, ZNF667-AS1, TINCR,
MALAT, SNHGI) revealed statistically significant (P < 0.001)
hypermethylation for MEG3, SEMA3B-AS1, HAND2-ASI,
ZNF667-AS1; moreover, results for SEMA3B-AS1 and ZNF667-
ASI in breast cancer was shown for the first time. We also found
the statistically significant (P < 0.001) increase of MEGS3,
SEMA3B-AS1, HAND2-AS1, ZNF667-AS1 methylation level on
late stages (III-IV). A significant (P < 0.001) correlations between
changes in the methylation level of the HAND2-AS1 IncRNA
gene with tumor cells high size (T3/T4), the presence of lymph
node metastases (NxMx) and a decrease level of differentiation
(G3) were determined. Thus, our results supplement the “molecu-
lar portrait” of breast cancer and contribute to understanding its
pathogenesis. The revealed methylation features of the studied
genes can be applicant for new approaches to the prognosis, pre-
vention and treatment tactics for breast cancer. This work was
supported by the Russian Science Foundation (Grant No. 20-75-
00126).
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development of rat
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SALL4 and LIN28A/B are pluripotency related markers, being
highly expressed in testis in undifferentiated spermatogonia
respectively, where they play an essential role in maintaining
their pluripotent and self-renewal properties. However, data
about their DNA methylation dynamics during testicular devel-
opment are limited. The aim of this study was to analyze and
compare expression dynamics with DNA methylation status of
SALL4 and LIN28A/B in different stages of early fetal and
neonatal testicular development of rat. DNA and RNA were iso-
lated from the fresh fetal and neonatal samples of rat testis taken
successively from GD20 to PNDS5,5. qPCR method was applied
to determine expression status of SALL4 as well as LIN28A/B
while the pyrosequencing method was used to determine the level
of CpG methylation in promotor regions of mentioned genes.
The results had demonstrated that SALL4 and LIN28A/B were
expressed in all examined testicular developmental stages with
significantly higher mRNA expression in the fetal compared to
the early neonatal stages of testicular development. Furthermore,
promoter regions of both genes were highly hypomethylated,
however, without a difference in the level of methylation between
the individual developmental stages. We conclude that the
expression and related function of spermatogonial-related genes
could be controlled at the posttranscriptional level, which is a
much quicker way to activate/deactivate genes than the DNA
methylation mechanism. This study was supported by the Scien-
tific Center of Excellence for Reproductive and Regenerative
Medicine, Croatia, and through the European Regional Develop-
ment Fund, under grant agreement KK.01.1.1.01.0008. “Repro-
ductive and Regenerative Medicine-Exploring New Platforms
and Potentials”.

P-01.4-29

Epiclonality alterations may contribute to
adaptation of sticklebacks to different osmotic
conditions

A. Starshin, E. Prokhortchouk
Institute of Bioengineering, Moscow, Russia

The expansion of the methodological capabilities of modern
molecular biology is the foundation for the birth of new hypothe-
ses regarding seemingly well-studied cellular processes. For exam-
ple, during tissue differentiation, the epigenetic profiles of some
cells may be more effective for the processes of adaptation to
new conditions, which will constitute the epigenetic clonality of
the population. Three-spined stickleback is a convenient model
organism for studying adaptation processes at epigenetic level
due to its possibility to inhabit environments with different
osmotic conditions. In this work, we investigate the epigenetic
clonality of the freshwater and marine stickleback populations.
For this purpose, bisulfite sequencing of 48 fishes was performed.
24 fishes were taken from a freshwater environment and 24 from
a marine environment. On average, 65 million pairs of 100-bp
reads were sequenced per sample. Paired reads were mapped to
the gasAcul genomic assembly using the Bismark program with
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standard parameters. For each sample, the methylation (Shan-
non’s) entropy was calculated with a window of 4, 5 and 6 CpG.
The obtained values of entropy were compared between freshwa-
ter and marine conditions using the F-test (with Benjamini-Hoch-
berg adjustment procedure). Thus, we obtained 6526 intervals,
which shifted their level of epigenetic heterogeneity in the fresh-
water environment as compared to the marine one. Using the
intervals, we obtained a list of genes whose promoters changed
epiclonality. GO Enrichment analysis of these genes revealed set
of terms mostly associated with positive and negative epigenetic
regulation of gene expression. Overall, these data allow to make
a hypothesis that the genes that carry out epigenetic regulation
may themselves be under the pressure of the epigenetic compo-
nent of selection. And this alteration in epiclonality may con-
tibute to adaptive changes. This work was supported by Russian
Science Foundation (RSF) grant 19-14-00347.

P-01.4-30
Deepening the regulation of PDYN gene, as a

function of alcohol consumption

F. Bellia!, A. Sabatucci!, A. Wille-Bille?, M. Pucci',

R. M. Pautassi*?, C. D’Addario"*

!University of Teramo - Faculty of Bioscience, Teramo, Italy,
2Instituto de Investigation Medica M. y M. Ferreyra
(INIMEC-CONICET-Universidad Nacional de Cordoba),
Cérdoba, Argentina, °Facultad de Psicologia, Universidad
Nacional de Cordoba, Cordoba, Argentina, “Karolinska Institutet,
Department of Clinical Neuroscience, Stockholm, Sweden

For several years an important role in alcoholism research has
been attributed to the endogenous opioid system [Koob et al.,
1998]. Different groups analyzed genes system polymorphisms
and transcriptional in alcoholics and in mammals exposed to
alcohol. In particular, our group observed the epigenetic regula-
tion of prodynorphin (PDYN) gene via gene promoter DNA
methylation (D’Addario et al., 2017; Wille-Bille et al., 2018). Pat-
tern-based prediction of transcriptional factors (TFs) binding to
PDYN sequence analyzed show that the CpG site resulted to be
differentially modulated by alcohol both in humans and in rats,
is recognized by c-Jun, a TF that in combination with c-Fos
forms the AP-1 (Activator Protein 1) complex. Moreover, PDYN
rat sequence under study is recognized also by cAMP response
element-binding protein-1 (CREBI). We here developed an
in vitro assay to monitor the binding affinity of both c-Jun and
CREBI at PDYN gene promoter region, analyzing how DNA
methylation can influence this binding usAlphaScreen® assay. In
parallel, we quantitatively measured it in the Ventral Tegmental
Area (VTA) of rats prenatally exposed to ethanol or vehicle,
using Chromatin ImmunoPrecipitation (ChIP). The AlphaSc-
reen® assay show a different binding affinity of c-Jun and
CREBI with PDYN sequence. Moreover, CREBI binding results
significantly affected by differential DNA methylation at the
CpG site contained in its recognition motif. ChIP assay con-
firmed the differential CREBI binding in VTA of rats, observing
an increased expression of PDYN in animals prenatally exposed
to alcohol compared to those not exposed. We used a new ana-
lytical method to quantitative monitor the effect of CpG methyl-
ation on the interaction of PDYN gene with TF in combination
with an already well-characterized ChIP method to further
describe the mechanisms behind PDYN gene regulation by alco-
hol. This approach would be of help for the design of new drugs
targeting specific DNA sequences.
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P-01.4-31

Possible effects of miR29a downregulation on
keloid scar formation

D. Harmanci', A. Kocak?, C. Demirdover’, G. Guner Akdogan*
! Department of Molecular Medicine, Graduate School of Health
Sciences, Dokuz Eylul University, Izmir, Turkey, °Department of
Medical Services, Tavsanli Vocational School, Kiitahya Health
Sciences University, Kiitahya, Turkey, 3Department of Plastic and
Reconstructive Surgery, School of Medicine, Dokuz Eylul
University, Izmir, Turkey, *School of Medicine, Izmir University
of Economics, Izmir, Turkey

Abnormal wound healing can cause keloid scar formation.
Keloids are fibrous benign tumours that continue growing
beyond the wound boundaries. It is characterized by increased
collagen accumulation. Therefore, targeting collagen synthesis
may be the right approach for treatment. Evidence is emerging
regarding the efficacy of the miR29 family in fibrotic diseases
and extracellular matrix proteins are dominant among target
molecules. In this study, we examined the role of miR29 family
in keloids, HSP47 and LOX for collagen maturation and colla-
gen synthesis through the TGF-b/Smad pathway. We determined
the skin keloid and control tissue miR29 family gene levels via
qPCR. After determining miR29 expressions in keloid scar tis-
sues, we inhibited miR29a in primary keloid fibroblasts. We
checked the protein levels related to collagen synthesis by using
western blotting. TGF-b/Smad pathway gene levels were deter-
mined by using qPCR. Extracellular LOX activity was measured
with a fluorescent kit, and TIMP-1 protein levels were assessed
with ELISA. As a result, it has been found a significant increase
in fibronectin, COL1A and LOXL2 protein levels, and LOX
activity. These parameters proved that miR29a affects the colla-
gen synthesis process and increases collagen synthesis. On the
other hand, the downregulation of miR29a in keloids increased
TGF-b/Smad pathway activity. TIMP-1 gene levels upregulated
with this activity, but this was not reflected in the extracellular
TIMP-1 protein level. This may indicate that miR29a affects
TGF-b, TGF-b stimulates TIMP-1, but this stimulation may not
be reflected in the protein level of TIMP-1 and may be a cause
of the irregularity in keloid histopathology. These findings indi-
cate that miR29a is effective in keloid formation and this activity
is related to the expression level of miR29a.

P-01.4-32

Lysines acetylome profiling of H3 and H4
histones in TSA-treated stem cells

V. Monaco'?, 1. Iacobucci’, F. Cozzolino®, M. Monti®

! National Institute of Biostructures and Biosystems -
Interuniversity Consortium, Rome, Italy, ’CEING E-Advanced
Biotechnology, Naples, Italy, >University of Naples Federico II,
Naples, Italy

The DNA in eukaryotic cells is packed in chromatin with nucleo-
somes as basic unit. Nucleosomes are composed by octamer of
four histones, and the global chromatin structure is altered by
histone post-translational covalent modifications. Several types of
histone modifications are well known such as acetylation, methy-
lation, phosphorylation, and ubiquitination that play a role in
the regulation of transcription activity. Histone modifications
dysregulation as well as disruption of chromatin remodeling
machinery play a fundamental role in many pathologies and cel-
lular mechanisms. The analysis of histone modifications with
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standard mass mapping procedures is complicated by the highest
occurrence of basic residues mainly in the regions interested by
the modifications (methylation and acetylation). We developed a
methodology based on limited proteolysis coupled to MALDI-
MS to achieve a complete sequence coverage; then by LC-MS/
MS and ion extract procedures, we got a relative quantification
of the modification. Once optimized the procedure on standard
chicken core histones, we investigated the effects of TSA on H3
and H4 lysine acetylome in mice embryonic stem cells (ES14),
treated with trichostatin A (TSA) by using the new, untargeted
approach, consisting of trypsin-limited proteolysis experiments
coupled with MALDI-MS and LC-MS/MS analyses. The pro-
posed strategy was found in its simplicity to be extremely effec-
tive in achieving the identification and relative quantification of
some of the most significant epigenetic modifications, such as
lysine acetylation and methylation.

P-01.4-33
Analysis of prominent molecular biomarkers in

tissue biopsies for TGCT diagnostics

J. Krasic''>?, D. Raos'??, A. Katusic Bojanac2’3, S. Masic*?,
M. Ulamec"**, F. Bulic-Jakus>?, D. Jezek™’, N. Sincic'*?
'Group for Research on Epigenetic Biomarkers (epiMark),
University of Zagreb School of Medicine, Zagreb, Croatia,
2Department of Medical Biology, University of Zagreb School of
Medicine, Zagreb, Croatia, >Centre of Excellence for Reproductive
and Regenerative Medicine, University of Zagreb School of
Medicine, Zagreb, Croatia, 4University Clinical Hospital Center
Sestre milosrdnice, Ljudevit Jurak Clinical Department of
Pathology and Cytology, Zagreb, Croatia, > Department of
Histology and Embryology, University of Zagreb School of
Medicine, Zagreb, Croatia

Testicular germ cell tumours (TGCT) make up 95% of testicular
tumours and are divided into seminoma (SE) and non-seminoma
(NSE), considered to originate from germ cell neoplasia in situ
(GCNIS). GCNIS is driven by an interplay of genetic, epigenetic
and micro-environmental factors leading up to an arrest of gono-
cyte differentiation. Currently used biomarkers for testicular can-
cer lack specificity and sensitivity; and are used as accessories in
diagnostics. Due to the difference in treatment and outcome
depending on diagnosis better biomarkers are needed, which
molecular methods from tissue biopsies promise. We have anal-
ysed prominent TGCT biomarkers (POUS5SF1, NANOG, KIT,
SALL4, HOXA9 and MGMT) in silico mRNA gene expression,
DNA methylation and patient’s gene expression on the protein
level to see the diagnostic potential or limitations of certain
methods. TGCT patient data from TCGA dataset and healthy
adult testis data from GTEx dataset was analysed using XENA,
UALCAN and cBioPortal platforms. For immunohistochemical
detection, 108 FFPE non-seminoma TGCT’s from KBC SM and
48 tumour-free testes were used. Slides were analysed semi-quan-
titatively by pathologists and analysed in GraphPad Prism using
Mann-Whitey and Kruskal-Wallis tests. The results have con-
firmed the efficiency of molecular methods, discriminating TGCT
from healthy tissue (mMRNA levels of all investigated genes) and
discriminating SE from NSE (mRNA level of KIT and DNA
methylation of MGMT and HOXAY), however discriminating
individual NSE components and GCNIS proves to be a challenge
and is only possible using gene expression on the protein level.
Relying purely on molecular methods could mask the presence
of individual NSE components found in TGCT, making the
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pathologist’s expertise irreplaceable in diagnostics. More detailed
investigation of the molecular profile of individual NSE compo-
nents is the last hurdle for novel molecular methods to find wide-
spread clinical use in TGCT diagnostics.

Protein biosynthesis and
expansion of genetic code

P-02.1-01

Biochemical approaches to developing spent
media from industrial bioprocesses for new
protein production in E. coli fermentation

systems
C. Lynch*, D. O’Connell*
University College Dublin, Dublin, Ireland

What if we could take waste byproducts from industrial pro-
cesses and generate new value in secondary processes with that
waste? Of the thousands of tonnes of hazardous chemical waste
generated from the biopharmaceutical manufacture of protein-
based drugs each year, spent cell culture media from bioprocess-
ing represents one potential area for exploitation using applied
biochemical approaches. Studies have shown that levels of up to
60% spent media added to cell culture systems helped to increase
protein production by mammalian and insect cells. In this poster
presentation we describe (i) the proof of principle experiments to
determine viability of E. coli cultures using harvested spent media
from CHO cell culture (ii) the expression analysis of a novel
fusion protein by the cultures and (iii) the empirical approaches
taken to optimise the culture conditions in comparison to rich
bacterial media and nutrient limiting minimal media controls
respectively. Our data shows that expression of a fluorescent
mCherry fusion to a novel affinity construct of commercial value
is maintained by the bacterial cultures in 100% spent medium
from mammalian cell culture. The careful empirical optimisation
of biochemical parameters in the expression culture system are
presented to show how a spent medium from bioprocess can gen-
erate proteins of value in newly designed processes, including the
titration of low cost additives such as glucose and glycerol, as
well as gradients of temperature and expression time. A key aim
of the circular bioeconomy is to maximise the utility of resources
by ensuring waste can be used to generate new value and this
study confirms the potential for the reuse of spent media from
bioprocess as a food source for microbial expression cultures.
*The authors marked with an asterisk equally contributed to the
work.
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P-02.1-02

Stress-induced modulation of human antigen
R by the apoptosis mediator cytochrome ¢ and
tyrosine kinase JAK3

A. Velazquez-Cruz, K. Gonzalez-Arzola, F. Rivero-Rodriguez,
I. Rodriguez-Gonzalez, B. Banos-Jaime, A. Diaz-Quintana,

M. A. De la Rosa, I. Diaz-Moreno

Institute of Chemical Research (11Q) - cicCartuja, University of
Seville - CSIC, Seville, Spain

The post-transcriptional control of gene expression is mediated
by the so-called RNA-binding proteins (RBPs). One of the best
studied RBPs is the Human antigen R (HuR), which usually
enhances the stability and translation of its mRNA ligands.
Moreover, HuR binds to the histone chaperone ANP32B to
export cargo mRNAs into the cytoplasm. Our group is currently
developing two lines of research on the regulation of HuR func-
tion. The first one originated from pull-down assays in which we
had detected the association of the apoptosis mediator cyto-
chrome ¢ (Cc) with HuR upon DNA damage stimulus. Interest-
ingly, we already had evidence suggesting a physiologically
relevant interaction between ANP32B and Cc. Therefore, our
ongoing investigation aims to elucidate whether Cc directly binds
to HuR or, alternatively, ANP32B acts as a molecular bridge
linking the other two proteins. Furthermore, we are also examin-
ing the biological significance of the above-mentioned interac-
tions in the context of programmed cell death. On the other
hand, our second research line focuses on the role of Janus
kinase 3 (JAK3) in the modulation of HuR binding to cognate
mRNAs. Indeed, stress-induced phosphorylation of HuR at
Tyr200 by JAK3 has been related to a reduced interaction of this
RBP with its target transcripts. To get a deeper insight into this
observation, we mimicked Tyr200 phosphorylation by co-express-
ing a tRNA/aminoacyl-tRNA synthetase pair specific for the
non-canonical amino acid p-carboxymethyl-L-phenylalanine
(pCMF) together with an HuR construct. Through several bio-
physical assays with phosphomimetic Y200pCMF HuR and sin-
gle-stranded DNA oligonucleotides, we want to assess the impact
of JAK3 activity on HuR affinity for mRNA. Importantly, HuR
is considered an oncoprotein and its dysregulation has been
implicated in several diseases. Thus, a better understanding of
the molecular mechanisms controlling HuR function could pro-
vide valuable data for the design of new therapies.

P-02.1-03
Isoleucyl-tRNA synthetase carrying antibiotic
resistance cannot support sporulation and

biofilm formation in Bacillus megaterium
V. Zanki, B. Bozi¢, I. Grui¢-Sovulj
Faculty of Science, University of Zagreb, Zagreb, Croatia

Isoleucyl-tRNA synthetase (IleRS) catalyzes covalent coupling of
isoleucine and tRNA'" for protein synthesis. Several Bacilli spe-
cies have two distinct types of ileS gene. While ileS1 seems to be
following species phylogeny tree, ileS2 distribution among species
is best explained by horizontal gene transfer. To understand
requirements for having both ileS genes, we used B. megaterium
as a model organism and performed kinetic analyses on the iso-
lated enzymes and in vivo analyses on the constructed knockout
strains. We found that BmlIleRS2 exhibits 25-fold higher Ky, for
isoleucine than BmlIleRS1 and at the same time a 1000-fold
higher K; for antibiotic mupirocin. Interestingly, while mupirocin

148

POSTERS — RESEARCH

acts as a fast-on/fast-off competitive inhibitor of BmlIleRS2, it
displays a slow-tight binding type of inhibition with BmIleRSI.
Our data further indicate that interaction of BmlleRS1 and
BmlleRS2 with isoleucine is modulated by tRNA™ but in a dif-
ferent way. Whether and how distinct mupirocin interaction with
BmlIleRS1 and BmlIleRS2 is related to the observed different Ky
values of these enzymes toward isoleucine is still not clear, how-
ever, it may suggest that aminoacylation mechanisms could have
distinctly evolved in these enzymes to account for the trade-off
between mupirocin resistance and amino acid affinity. Knockout
strains lacking either bmileS1(AileS1) or bmileS2 (AileS2) were
created to address cellular demands for both ileS genes. Although
both knockout strains were viable, AileS1 exhibited slower
growth, inefficient sporulation and deviation in biofilm formation
compared to the wild-type strain. In a minimal medium, AileS1
strain is outcompeted by AileS2 strain, suggesting bmileS1 in
under constant selective pressure to remain in the genome. These
results show that bmileS2, carrying antibiotic resistance, can
complement bmileSI as a sole housekeeping gene, however,
BmlleRS1 is essential for overall fitness of B. megaterium.

P-02.1-04

Isoleucyl-tRNA synthetase editing domain
accepts broad range of amino acids that are
efficiently discriminated at the synthetic active
site

I. Zivkovié, I. Grui¢-Sovulj

Department of Chemistry, Faculty of Science, University of
Zagreb, Zagreb, Croatia

Aminoacyl-tRNA synthetases (aaRSs) activate amino acids and
transfer them to cognate tRNAs. Some aaRSs cannot establish a
required specificity in amino acid recognition and thus may erro-
neously activate noncognate amino acids with a frequency higher
than 107%. These enzymes evolved a separate editing domain to
hydrolyze formed misaminoacylated tRNAs (post-transfer edit-
ing). An initial model of discrimination at the editing domain
proposed that binding of the cognate amino acid is prevented by
a steric clash. Yet, we showed that the cognate amino acid may
bind at the editing site, but unproductively (previously published
in Dulic et al. J] Mol Biol (2018) 430, 1-16). To understand better
what shaped selectivity of the editing domain we have used
isoleucyl-tRNA synthetase (IleRS) as a model enzyme in our
recent (previously published in Bilus et al. J Mol Biol (2019) 431,
1284-1297; Zivkovic et al. FEBS J (2020) 287, 800-813, doi:
10.1111/febs.15053) and novel work. We tested a broad range of
substrates belonging to i) proteinogenic (Ile, Ala, Val, Leu, Thr,
Ser and Met), ii) nonproteinogenic (o-aminobutyrate, norvaline
(Nva) and norleucine), and iii) synthetic (di- and tri-y-fluoro-o-
aminobutyrate) amino acids. Among them, only Val and Nva
mimic well the cognate Ile and were poorly discriminated (< 200-
fold), while the others were well discriminated at the IleRS syn-
thetic site (500- to 10°fold). Nevertheless, we prepared misacy-
lated tRNAs with all tested amino acids and followed their
hydrolysis in an independent assay. Surprisingly, all misacylated
tRNAs were hydrolyzed by IleRS at similar rates (35-70 s~ ).
Thus, how efficient amino acids were discriminated at the syn-
thetic site and consequently whether these amino acids posed an
evolutionary threat to translation fidelity does not determine the
efficiency of their post-transfer editing. Only the cognate Ile-
tRNA was hydrolyzed slowly (0.058 s™1), suggesting that this is
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the main requirement that shaped specificity of the editing
domain.

P-02.1-05
Investigation of interaction between SecM
stop peptide and E. coli ribosome by MD

G. Makarov, A. Shunaylov
South Ural State University, Chelyabinsk, Russia

The nascent peptide exit tunnel (NPET) participates the transla-
tion regulation. So-called stop peptides are able to bind NPET
walls, arresting translation. SecM is a such kind of peptides that
precedes the SecA translocase code in the mRNA: with SecA
deficiency the arrest of the ribosome by SecM leads to unwinding
of the mRNA hairpin hiding the SecA start codon and SecA syn-
thesis. On the contrary, if SecA is abundant, the arrest of the
ribosome by SecM is terminated by binding its N-terminus to the
Sec translocon and the subsequent completion of SecM synthesis
without initiating SecA translation. SecM is to contain the
F5oXXXXWIXXXXGIRAGP ¢ sequence to be able to arrest
translation. Mechanism of SecM translation arrest was studied
by MD simulations and cryoEM. Zhang et al. presented the
structure of SecM complex with E. coli ribosome, in which the
conformation of the critical GIRAG sequence contains two cis-
peptide bonds. It is unlikely that anything in this region of the
NPET is able to create such a conformation of the nascent pep-
tide, although the published electron density indicates the general
path of the peptide chain. Based on it, we modeled the structure
of the SecM complex with the E. coli ribosome, which is charac-
terized by stable interactions between the amino acid residues
critical to SecM activity and NPET, such as Al164 and R163
hydrogen bonds with U2585 and C2063 residues, hydrophobic
contact of 1162 and A2062 base, stacking interaction and hydro-
gen bonds of W155 with A789 residue. Thus, the structure simu-
lated by us is consistent with the known experimental data. It
can be assumed that these interactions enable SecM to bind
strongly to NPET impeding translocation. But the external force
pulling the peptide from the NPET is capable of breaking them,
thereby translation arrest is reversible. All simulations were per-
formed with the Lomonosov II supercomputer of Moscow State
University using GROMACS 5 and PLUMED 2 packages and
AMBERI14SB force field.

P-02.1-06
Proteome-wide identification of proteoforms
induced by adenosine-to-inosine mRNA

editing in fruit fly, mouse and human brains
S. Moshkovskii'%, A. Kliuchnikova'?, L. Levitsky3, A.
Goncharov', K. Kuznetsova', M. Pyatnitskiy"“, I. llina’,

S. Novikova*, M. Ivanov’, M. Gorshkov®

!Federal Research and Clinical Center of Physical-Chemical
Medicine, Moscow, Russia, ZPirogov Russian National Research
Medical University, Moscow, Russia, VL. Talrose Institute for
Energy Problems of Chemical Physics, N.N. Semenov Federal
Research Center for Chemical Physics, Russian Academy of
Sciences, Moscow, Russia, Institute of Biomedical Chemistry,
Moscow, Russia

Effects of A-to-I RNA editing by ADAR enzymes which leads to
non-synonymous mRNA substitutions were identified proteome-
wide using publicly available and in-house shotgun mass
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spectrometry proteomic data for fruit fly, murine and human
brains. This type of RNA editing plays its primary role in immu-
nity regulation, and adaptive significance of protein recoding due
to this type of editing is still being discussed. Using a modified
database for containing edited protein sites predicted from RNA-
seq data, we have shown that edited forms are generally depleted
in proteomes in comparison to genomically encoded sequences.
Thus, of thousands non-synonymous edited sites in fruit fly,
mouse and human transcriptomes, we identified 1-2% sites at
the proteome level in each brain proteome. In the fruit fly brain,
edited sites were shown to be enriched in proteins of SNARE
presynaptic complex and other vesicle trafficking components
(Kuznetsova et al. (2018) J Proteome Res 17, 3889-3903).
Selected findings were confirmed by targeted mass-spectrometry
which also showed the dynamics in editing of some protein sites
during insect ontogeny. Re-analysis of deep proteomes of murine
and human brains could identify as few as 20 and 37 editing sites
in mouse and human, respectively, of them eight sites in six pro-
teins were conservative between species (Levitsky et al. (2019)
Proteomics 19, e€1900195). These findings were in accordance
with a previous art, where GRIA2-3 glutamate receptor subunits,
COPA coatomer protein and FLNA filamin alpha were
recognized as RNA editing targets. Of these extensively edited
sites, a functional significance was only known for the GRIA2
glutamate receptor subunit in brain and, preliminary, for the fil-
amin alpha in vascular tissues. Thus, we have identified RNA
editing sites at the level of shotgun proteomes. Adaptive signifi-
cance of these sites, as well as their possible role in animal and
human pathology, should be further elucidated by functional
studies.

P-02.1-07

Effect of temperature on heterologous
expression of lectin CnSLB in minimal growth
medium

B. Miheli¢', L. Meglen'?, J. Kos?, J. Sabotic'

! Department of biotechnology, JozZef Stefan Institute, Ljubljana,
Slovenia, *Faculty of Pharmacy, University of Ljubljana,
Ljubljana, Slovenia

Lectins are proteins that specifically and reversibly bind carbo-
hydrates without modifying them. CnSLB is a new lectin discov-
ered in Clitocybe nebularis with interesting biochemical
properties and insecticidal activity but currently unknown struc-
ture. The purpose of research was to yield enough labelled pro-
tein for studies of its three-dimensional structure. We used
Escherichia coli BL21 (DE3) and E. coli BL21 (DE3) pTTRX
cells as heterologous expression systems. Using autoinduction
defined minimal growth medium and incubation at different
temperatures (15°C, 18°C, 20°C and 22°C) we analyzed the solu-
bility of the expressed proteins with polyacrylamide gel elec-
trophoresis. As observed at all examined temperatures CnSLB
was expressed as insoluble protein in inclusion bodies. The yield
of CnSLB expression was proportional to increasing tempera-
ture, with 22°C as the highest observed yield. In conclusion, lec-
tin CnSLB is in the bacterial expression system expressed in
inclusion bodies regardless of the temperature in the process.
The yield was, however, higher with higher temperature used.
Therefore, to obtain the labelled protein for structural studies
heterologous expression at higher temperatures (25°C and 27°C)
will be performed to increase the yield even further and finally
the refolding process will be developed.
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Introducing BglBrick gene assembly in lactic
acid bacterium Lactococcus lactis

T. Kljuéevéekl, A. Berlec'?

!Faculty of Pharmacy, University of Ljubljana, Ljubljana,
Slovenia, *Jozef Stefan Institute, Department of Biotechnology,
Ljubljana, Slovenia

Lactic acid bacteria (LAB) as cell factories are important hosts
for production and delivery of biomolecules of interest. As they
have considerable biotechnological potential and increasing
interest, novel tools for engineering of complex phenotypes are
in demand. A lot of new DNA assembly methods have been
developed in the last two decades to facilitate and advance the
gene construction. One of the introduced assembly standards is
BglBrick, which emerged from optimisation of BioBrick™
assembly. It is a method that consists of iterative DNA diges-
tion and ligation using two different restriction enzymes that
generate compatible cohesive ends. These can be ligated,
thereby generating a scar sequence in DNA that cannot be
digested with either of previously used enzymes. BglBrick
assembly was so far limited to Escherichia coli; however, in this
study it was introduced to a model LAB Lactococcus lactis. We
constructed a new plasmid pNBBX, on the basis of pNZ8148,
that employs BglIl and Bcll restriction enzymes, which produce
GATC sticky ends. After ligation, a TGATCT scar sequence is
formed between each of the two consecutive cassettes. Alto-
gether, our plasmids encode Nhel-Bglll-gene-Bcell-Xhol cas-
settes. We applied three model proteins to test their
concomitant expression in L. lactis, namely near-infrared fluo-
rescent protein (iIRFP), NanoLuc™ luciferase and and affibody
with the affinity for human epidermal growth factor receptor 2.
We aim to clone all three model protein-encoding genes in
pNBBX plasmid by using BglBrick assembly, resulting in 6 dif-
ferent theoretical assembly possibilities. We will determine the
quantity of the three expressed model proteins obtained with
plasmids thus assembled. The ultimate goal of the research is to
develop an alternative gene assembly option for L. lactis,
thereby facilitating multiple protein expression.

P-02.1-09
Heterologous expression of fungal lectins in

bacterial expression system

L. Meglen', B. Miheli¢'?, J. Kos?, J. Saboti¢'

' Department of Biotechnology, Jozef Stefan Institute, Ljubljana,
Slovenia, > University of Ljubljana, Faculty of Pharmacy,
Ljubljana, Slovenia

Lectins are proteins which bind reversibly and specifically to car-
bohydrates. CnSL is a new fungal lectin with an unknown struc-
ture and unique characteristics. We assessed heterologous
expression of the lectin in a bacterial expression system using a
rich growth medium (RGM) and a defined minimal growth med-
ium (MGM) with the goal to prepare a labelled protein for stud-
ies of its three-dimensional structure. Two variants of CnSL
lectins (CnSLA and CnSLB) were expressed in Escherichia coli
using the rich autoinduction medium RGM (3,5 h at 37°C, 19 h
at 22°C). Alternatively, the CnSLB variant was expressed in the
minimal autoinduction medium MGM (2 h at 37°C, 19 h at
22°C). Finally, we analysed the solubility of heterologously
expressed CnSL with SDS-PAGE. Successful expression of CnSL
in the bacterial expression system was confirmed in all cases.
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Lectin CnSLB expressed at a higher yield compared to CnSLA.
There was no significant difference in protein expression between
RGM and MGM, which is encouraging as we are required to
use MGM for labelling of the lectin. Both lectin variants were
expressed as insoluble inclusion bodies that were solubilized in 8
M urea. In conclusion, no significant difference was observed in
heterologous protein expression between RGM and MGM. How-
ever, lectins CnSL form inclusion bodies and their purification
will require optimization of the refolding process to obtain the
proteins with correct tertiary structure. Furthermore, we will
explore the possibility of their expression in soluble form in the
bacterial periplasm.

P-02.1-10
The role of poly(A) sequence length in

eukaryotic termination of translation

E. Sokolova, N. Bizyaev, T. Egorova, A. Shuvalov,

E. Shuvalova, E. Alkalaeva

Engelhardt Institute of Molecular Biology, RAS, Moscow, Russia

There is a lot of evidence of the ability of 3’ area below the stop
codon, in particular, poly(A) tract, to influence translation termi-
nation efficiency. It was also shown that an approximation of
poly(A) binding protein PABP and peptide release factor eRF3a
leads to termination efficiency increase. Moreover, an amount of
mRNA-connected PABP molecules is in direct dependency on
the length of poly(A) tail. It was also demonstrated recently that
poly(A) tail length affected efficiency of translation, but the data
about termination dependency on poly(A) length is still poor. At
the same time, investigation of this dependency is important, as
about 10% of genetic diseases are caused by nonsense mutations,
and the effect of poly(A) tract can modulate the cure. An appear-
ance of small closed-loop mRNA structure as a result of inter-
connection between PABP and eRF3a was proposed. However,
experimental evidences of such a structure are controversial. To
reveal the mechanism of its formation, we used reconstituted sys-
tem of eukaryotic translation. We obtained purified pretermina-
tion complexes on mRNAs with CDSs and poly(A) tracts of
different length, containing PABP. Then we estimated the effi-
ciency of translation and peptide release, as well as the efficiency
of stop codon recognition by the release factor. We revealed that
an increase of poly(A) length leads to stimulation of translation
termination efficiency. The work was supported by the RSF
grant Ne 19-74-10078.

P-02.1-11
Crystallization of chimeric proteins based on

human glycyl-tRNA synthetase
E. Vinogradova, O. Nikonov, E. Nikonova
Institute of Protein Research, Pushchino, Moscow Region, Russia

The translation initiation of entheroviral mRNA is occurred by
cap-independent pathway, with the help of special structural ele-
ments — internal ribosome entry site (IRES). All enteroviruses
have first type of IRES. At the moment, there is no complete
understanding of the mechanisms of the IRES functioning.
Moreover, not all protein factors participating in translation ini-
tiation on type I IRES have been discovered. It was shown
recently that human glycyl-tRNA synthetase (GARS) is one of
these factors (IRES trans-acting factors — ITAFs). It interacts
with an apical part of the domain V of poliovirus IRES and
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stimulates its activity. We’ve obtained the anticodon-binding
domain (ABD) of GARS in isolated form and showed its ability
to specifically interact with IRES type I. However, working with
isolated ABD is difficult because it’s highly prone to aggregation
and has low affinity to RNA for getting crystals of such complex.
In order to solve this problem, we decided to create a chimeric
protein, containing ABD (specific recognition) and some small
RNA-binding protein (strong binding abilities). In theory, affinity
of the chimeric protein to IRES should be higher than that of
the intact protein. At present we have isolated, purified in a
preparative scale and crystallized first chimeric protein. High-res-
olution diffraction data were collected at the ERSF in Grenoble.
Currently, the structure determination and refinement is in pro-
gress. The results of our work will help to understand the mecha-
nisms of viral initiation translation. This work was supported by
the RFBR grant No. 19-34-90135

P-02.1-12
Reconstruction of lantibiotic gene cluster in

methylotrophic yeasts P. pastoris

S. Pipiya', Y. Mokrushina'?, S. Terekhov'?, 1. Smirnov"?
'Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry
RAS, Moscow, Russia, °Lomonosov Moscow State University
(MSU), Moscow, Russia

The number of new cases of multidrug-resistant infections
increases annually. Thereby, the discovery of new antibiotics
becomes a high-priority challenge for biomedicine. Lantibiotics
are ribosomally synthesized and post-translationally modified
peptides that carry noncanonical thioether amino acids lan-
thionin and methyllanthionin. Lantibiotics mediate their antibac-
terial activity by blocking the cell wall synthesis or forming pores
in a bacterial membrane. However, their clinical application is
limited due to low stability and solubility, insufficient production
levels and narrow activity spectra. Nevertheless, the genetically
encoded architecture of lantibiotics allows the creation of various
peptides that could be modified with lantibiotic biosynthesis
machinery resulting in a more advanced antimicrobial drug. In
this work, we focused on the development of a heterologous
expression system for lantibiotic. The biosynthetic cluster com-
posed of pre-lantibiotic sequence, methyltransferase and lantibi-
otic synthetase (LanL) was transferred into methylotrophic yeast
Pichia pastoris. We found that particular pre-lantibiotic
sequences were essential for efficient lantibiotic production. We
substituted the original lantibiotic core sequence with a panel of
natural lantibiotics to understand whether LanL is substrate-tol-
erant toward lantibiotics of different classes and architecture. We
analyzed structures and antimicrobial activity of the purified lan-
tibiotics comparing recombinant lantibiotics with native once.
The recombinant lantibiotics displayed pronounced antibacterial
activity against Gram-positive bacteria including pathogenic S.
aureus MRSA strain. We consider our yeast-based system for
lantibiotic production combined with gene-editing techniques and
high-throughput screening methods could serve as a useful tool
in the discovery of the next-generation antimicrobial agents. This
work is supported by RFBR grant 18-29-08054.
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P-02.1-13

High-level homogeneous production of
fluorescent proteins in E. coli provides a
sensitive reporter for antibiotic activity
detection

M. Baranova'%, S. Terekhov'?, Y. Mokrushina'=, I. Smirnov'-
! Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the
Russian Academy of Sciences, Moscow, Russia, >Department of
Chemistry, Lomonosov Moscow State University, Moscow, Russia

The uncontrolled use of antibiotics both in the medicinal practice
and agriculture demands the development of highly sensitive
probes for their preventive detection. Otherwise, this misuse
results in the global spread of multidrug-resistant strains. That is
particularly critical in the case of gram-negative bacteria which
are intrinsically resistant to the majority of novel antimicrobial
agents. Recently we presented a concept of deep functional pro-
filing of microbiomes providing a new powerful tool for the
detection of biological activity of even minor components of bac-
terial communities. This concept is based on a combination of
microfluidic encapsulation of single cells in droplets of double
emulsion (MDE) and fluorescence-activated cell sorting (FACS)
isolating phenotype of interest. The stumbling block of this tech-
nology is the requirement of a particular fluorescent reporter
indicating the desired activity. Moreover, highly sensitive detec-
tion of antibiotics in various environments is an urgent task
resulted from their uncontrolled use in medicinal practice and
agriculture. The present study is dedicated to the development of
an Escherichia coli strain as a Gram-negative reporter. We have
tested a number of common laboratory E. coli strains for optimal
growth conditions, cell morphology, and culture homogeneity.
Different bright GFP derivative genes regulated by various
strong promoters were examined to gain high levels of produc-
tion, signal intensity, and narrow fluorescence distribution. Bulk
culture fluorescence measurements supplemented with fluorescent
microscopy and flow cytometry allowed us to identify a combina-
tion of strain, gene, and promoter providing optimal biosensor
parameters. We believe our results will be applied for various
applications including food safety-related studies, antibiotic pol-
lutant tracking, and antibiotic discovery. This work was sup-
ported by RSF grant 19-14-00331.

P-02.1-14
Role of the isoforms of human eukaryotic

release factor 1 in termination of translation
A. Shuvalov, E. Shuvalova, K. Evmenov, N. Bizyaev,

E. Sokolova, N. Pustogarov, T. Egorova, E. Alkalaeva
Engelhardt Institute of Molecular Biology, The Russian Academy
of Sciences, 119991 Moscow, Russia

Eukaryotic release factor 1 (eRF1) is a protein that carries out
translation termination in eukaryotes. In humans, eRFI1 is
encoded by the ETF1 gene located on chromosome 5. There are
six known transcriptional variants (TV) of the ETF1 gene result-
ing from alternative splicing. TVl (NM_004730.4) encodes the
major isoform eRFI1 — isol. More than 95% of all ETF1 gene
transcripts expressed in healthy tissues are TV1. Our analysis of
the Ribo-Seq data of human cells and tissues showed that all the
other TVs of the ETFI gene encode an isoform shortened from
the N-terminus by 33 amino acid residues — eRF1 is02. In addi-
tion, Ribo-Seq data shows that transcript TVl contains an
upORF, from which a small peptide (35 amino acid residues) is
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translated. Interestingly, this peptide is encoded in the same
frame as eRFlisol, and their sequences are separated by the stop
codon UAG and the “linker” GGGGEK. It is known that UAG
can be suppressed by some tRNAs. Thus, with a certain proba-
bility, eRFlisol can be extended from the N-terminus (eRF1
long). In this study, we obtained recombinant eRF1 isol and
eRF1 iso02, as well as a peptide with upORF and a hypothetical
longer isoform of eRF1 and tested their translational activity in
in vitro systems. Our data show that eRF1 iso2 recognizes stop
codons but is unable to hydrolyze peptidyl-tRNA. eRF1 iso2
binds to eRF3, but the resulting complex is functionally inactive.
The activity of longer eRF1 in translation termination is compa-
rable to that of eRFI isol. A peptide with upORF in high con-
centrations suppresses translation termination. We assume that
eRF1 isoforms are involved in the regulation of translation ter-
mination. This work is supported by the Russian Science Foun-
dation grant Ne 19-14-00349.

P-02.1-15
Structural organization of 3'UTR modulates

the activity of PABP in translation termination
N. Biziaev, T. Egorova, E. Shuvalova, E. Sokolova, S. Mukba,
K. Evmenov, A. Shuvalov, E. Alkalaeva

Engelhardt Institute of Molecular Biology, RAS, Moscow, Russia

It is assumed that in the process of translation, an mRNA struc-
ture with closely spaced 5° and 3’ ends (so-called the closed-loop
mRNA) can be formed. It forms via interaction of initiation
translation factor eIF4G and poly(A) binding protein (PABP).
Additionally, it was suggested that stop codon and poly(A) tail
are also closely located in this structure as PABP is able to inter-
act both with eIF4G and release factor eRF3. It is confirmed by
the fact that PABP activates both initiation and termination of
translation. We proposed that structure of 3’ untranslated region
(3’UTR) can be critical for such activation, since the formation
of hairpins in the 3’UTR can facilitate the physical convergence
of the poly(A) tail and the stop codon. To reveal that, we deter-
mined the translation efficiency of mRNA with different
structure of 3’UTR in the presence of PABP using in vitro recon-
stituted translation termination system. For this purpose, we used
two alternative approaches of obtaining linear 3’UTR. First
approach implied using long antisense oligonucleotide comple-
mentary to 3’UTR of mRNA. This oligonucleotide interacting
with 3’UTR, prevented formation of hairpins in the 3’UTR. Sec-
ond approach implies using repeated CA motive, unable to form
secondary structure. As a result, we observed the dependence of
the termination efficiency on the mRNA structure. In particular,
when the stop codon is spatially distant from the poly(A) tail,
PABP associated with poly(A) tail does not activate translation
termination. Thus, the spatial coupling of stop codon and poly
(A) tail, which may occur during the formation of a closed-loop
structure, modulates the efficiency of in translation termination.
The work was supported by Russian Science Foundation (grant
No. 19-74-10078).
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P-02.1-16
Phosphostate of the ribosomal P-proteins

K. Filipek, B. Michalec-Wawidrka, M. Tchérzewski
Maria Curie-Sklodowska University, Lublin, Poland

Protein phosphorylation is the most common post-translational
modification (PTM) which regulates protein activity. It can be
responsible for on/off switching of their activity, can change the
interaction pattern of proteins or can modulate their subcellular
localization or dynamics. Phosphorylation has been described for
many ribosomal proteins (RPs) found both within the 40S (12
proteins) and 60S (15 proteins) subunits. The phosphorylation is
a dynamic process that can appear in different cell conditions
like in mitosis as well as in response to external stress stimuli,
e.g. hypoxia. Growing evidence has shown an enormous potential
of phosphorylation of ribosomal proteins as a regulatory mecha-
nism turning the activity of the translational apparatus. For
example, the recent report has revealed that translation can be
regulated during mitosis by uLll phosphorylation. Despite the
advent of high-throughput analyses devoted to mapping PTM’s
of ribosomal proteins, the phosphostate and phosphorylation
impact of ribosomal proteins are not described exhaustively.
Among RPs that undergo phosphorylation are the P-stalk pro-
teins, namely uL10 protein and P1-P2 proteins. They are respon-
sible for the stimulation of translational GTPases activity during
all stages of ribosomal action. Although it is known that the
P-stalk proteins are phosphorylated by CK2 kinase. Here, using
Pro-Q staining, the method which selectively detects protein
phosphorylation, we show that many ribosomal proteins are
phosphorylated. Moreover, to describe the detailed phosphostate
of the P-stalk proteins in different conditions as well as in cell
lines, we applied the Phos-tag technique. Our results indicate that
the ribosomal P-proteins phosphostate is changing upon applica-
tion of environment stimulus, which is consistent with the idea
that they may provide another level of regulation for transla-
tional machinery.

P-02.1-17

Mechanism-based dual reporter screening
system assists in identification of translational
inhibitors

D. Lukianov', I. Lisevich!, V. Marina®, M. Wieland?,

T. Maviza', E. Rasumova®, A. Ferbergz, M. Tochilkina®,

O. Ibitoye', V. Tashlitskyz, V. Polshakov?, S. Tarovenko®,

K. Komarova'*, D. Wilson®, P. Sergiev'?, O. Dontsova'>?,

I. Osterman'*

ISkolkovo Institute of Science and Technology (Skoltech),
Moscow, Russia, ?Lomonosov State University, Chemistry
Department, Moscow, Russia, *Institute for Biochemistry and
Molecular Biology, University of Hamburg, Hamburg, Germany,
*Faculty of Bioengineering and Bioinformatics, Lomonosoy
Moscow State University, Moscow, Russia, 5Shemyakin—
Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy
of Sciences, Moscow, Russia

In the last decade, many bacteria with outstanding resistance have
been discovered and the already known pathogenic bacteria gained
resistance genes. It caused a gradual decrease in the efficiency of
the known antibiotics. According to a population-level modelling
analysis in the European Union in 2015 it was estimated that
33000 deaths were caused by antimicrobial resistance. In our labo-
ratory method, convenient for high throughput screening was
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invented. A broad-specificity system for detecting translation inhi-
bitors is built upon the tryptophan attenuator trpL and Katush-
ka2S fluorescent protein. DNA-damaging antibiotics can be
detected by the expression of Red Fluorescent Protein (RFP)
cloned under sulA promoter. Using this approach 50000 individual
chemical compounds and 4000 cultural broth were tested. Among
tested substances we have found chemicals that induce transla-
tional reporter system. Molecule «Y020-7126» from ChemDiv
compound library inhibits translation in the non-cellular system
and in vivo incorporation of C'*-valine in cells proteins, stops
translation on the stage of elongation according to the toe-printing
assay. Also, two cultural broth which contains inhibitors of trans-
lation were found—the compound auroplanin from a cultural
broth of Actinoplanes sp. VKM Ac-2862. It has the empirical for-
mula Cy3H,5NO, and, according to the structure solved by
Nuclear Magnetic Resonance, is a novel molecule. E. coli strains
resistant to this active compound have mutations in 560 helices of
16S rRNA. These mutations were not described in the literature
before. Another interesting broth sample of bacterium Amycolo-
plasis sp. This culture produces aromatic polyketide antibiotic
tetracenomycin X (TemX), which is a potent inhibitor of protein
synthesis and does not induce DNA damage as previously thought.
TemX binds to a novel site within the polypeptide exit tunnel on
the large subunit. The reported study was funded by RFBR
according to the research project Ne20-34-90048.

P-02.1-18
Programmed cell death protein 4 affects
translation termination and undergoes

proteolysis in cell lysate

E. Shuvalova"*, A. Ivanov"*, A. Shuvalov', N. Biziaev',

N. Pustogarov', 1. Terenin?, T. Egorova!, E. Alkalaeva'

! Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow, Russia, 2Belozersky Institute of
Physico-Chemical Biology, Moscow, Russia

Programmed cell death 4 (PDCD4) was originally identified as a
gene whose expression was increased during apoptosis. The
PDCD4 expression decrease accompanied the development of a
number of malignant tumors, including lungs, colon, liver, breast
cancer, and glioblastoma. PDCD4 encodes a highly conserved
phosphoprotein, which subcellular localization (in the nucleus or
cytoplasm) is controlled by the protein kinase. PDCD4 also affects
two stages of translation: cap-dependent initiation and elongation
of oncogenic mRNAs: c-myb and a-myb. PDCD4 prevents initia-
tion by binding to eukaryotic initiation factor 4A via MA3
domains located in the middle and C-terminal part of the protein.
Elongation of c-myb and a-myb is thought to be affected by the
interaction of PDCD4 with the N-terminal domain of poly(A)-
binding protein (PABP). We previously showed that PABP is able
to stimulate translation termination by recruiting the release factor
3a (eRF3a). After that, we found that PDCD4 binds to the release
factors independently of PABP and observed stimulation of termi-
nation activity by PDCD4. Thus, PDCD4 increased the termina-
tion efficiency by stabilizing termination complex formation and
stimulating the GTPase activity of eRF3a. In addition, we found
out that PDCD4 is proteolyzed in a cell-free translation system
based on rabbit reticulocytes lysate. This fact suggests the presence
of a mechanism for the PDCD4 regulation modulated by pro-
teases. This study was supported by Russian Foundation for Basic
Research Ne 19-34-90048. *The authors marked with an asterisk
equally contributed to the work.
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P-02.1-19
The role of glycogen synthase kinase-3 beta in
the regulation of ribosome biogenesis in rat

soleus muscle under hindlimb unloading
T. Mirzoev, S. Rozhkov, K. Sharlo, B. Shenkman
Institute of Biomedical Problems RAS, Moscow, Russia

It is well-established that mechanical unloading results in a sig-
nificant reduction in the rate of muscle protein synthesis and sub-
sequent fiber atrophy and loss of muscle mass. To date, new
therapies are needed to tackle the problem associated with dis-
use-induced skeletal muscle atrophy. However, molecular mecha-
nisms involved in the regulation of translational capacity under
disuse conditions are poorly explored. Glycogen synthase kinase-
3 beta (GSK-3beta), which is known to negatively regulate pro-
tein synthesis (PS), is activated in rat soleus muscle under
unloading conditions. We hypothesized that inhibition of GSK-3-
beta activity during hindlimb unloading (HU) would reduce
unloading-induced downregulation of ribosome biogenesis in rat
soleus muscle. Wistar rats were randomly divided into 3 groups:
1) vivarium control (C), 2) 7-day HU, 3) 7-day HU + daily injec-
tions (4 mg/kg) of AR-A014418 (GSK-3beta inhibitor). GSK-3-
beta and glycogen synthase 1 (GS1) phosphorylation was
measured by western-blotting. The key markers of ribosome bio-
genesis were assessed via agarose gel-electrophoresis and RT-
PCR. As expected, 7-day HU resulted in a significant decrease in
the inhibitory Ser9 GSK-3beta phosphorylation and an increase
in GS1 (Ser641) phosphorylation compared to the C group.
Treatment of rats with GSK-3beta inhibitor prevented HU-in-
duced increase in GS1 (Ser641) phosphorylation which was
indicative of GSK-3beta inhibition. Administration of GSK-3-
beta inhibitor also prevented unloading-induced downregulation
of c-Myc expression as well as decreases in the levels of 45S pre-
rRNA and 18S+28S rRNAs. These AR-A014418-induced alter-
ations in the markers of ribosome biogenesis were paralleled with
partial prevention of a decrease in the rate of PS. Thus, inhibi-
tion of GSK-3beta during 7-day HU is able to attenuate a
decrease in translational capacity and the rate of PS in rat soleus
muscle. The study was supported by the Russian Science Foun-
dation grant No. 17-75-20152.

P-02.1-20

ERA GTPase of Staphylococcus aureus:
cloning, expression, purification and
preparation for structural research

E. Klochkova', S. Validov', A. Bikmullin', D. Islamov',

M. Yusupovl‘z, K. Usachev'

!Kazan Federal University, Kazan, Russia, 2IGBMC, Strasbourg,
France

ERA, is a widely conserved and essential GTPase in bacteria play-
ing a significant role in the regulation of protein synthesis. In bac-
teria, ERA is required for the maturation of the 30S ribosomal
subunit and coordination of cell growth and division cycle. How-
ever, the contribution of ERA to protein biosynthesis is not yet
fully understood. The study of the effect of ERA on the bacterial
protein-synthesizing apparatus will help in finding new targets in
the fight against a number of human bacterial pathogens such as
Staphylococcus aureus. In this study, we have cloned the era gene
from the genome of S. aureus and obtained the construct express-
ing ERA with six histidine residues on C-terminus. Hisq-ERA was
expressed in E. coli, purified, and concentrated to 10 mg/ml for
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further search of crystallization conditions. Crystals of ERA in a
complex with GppCp were obtained using the hanging-drop tech-
niques. We also showed that ERA forms a stable complex with a
30S ribosome subunit of S. aureus, confirmed using agarose gel
electrophoresis and PAGE. Further studies of ERA molecule crys-
tal structure by X-ray diffraction and cryo-EM studies of ERA-
30S complexes will prompt active sites responsible for interaction
with ribosomal subunit. This work was supported by the Russian
Science Foundation (grant 21-74-20034).

P-02.1-21

Looking for the brightest one: fluorescent
protein-based approach for identifying optimal
coding sequence for recombinant protein

expression in E. coli
A. Zabolotskii
Lomonosov Moscow State University, Moscow, Russia

Due to the degeneracy of the genetic code, most amino acids are
encoded by several codons. Different synonymous codons at the
5’-end coding sequence of mRNA (5CDS) has strong effect on
protein expression. This often explained by different contribution
of synonymous codons to the minimal free energy (MFE) of the
SCDS which correlates with probability of mRNA secondary
structure formation. Strong secondary structure in this region
interferes with ribosome binding and affects the process of trans-
lation initiation. In silico optimization of SCDS can significantly
increase the level of protein expression. However, this method is
not always effective due to the uncertainty of the exact mecha-
nism by which synonymous substitutions affect expression, thus
it may produce numerous of non-optimal variants. An alternative
approach is the generation of partially-randomized library com-
prising hundreds of selected synonymous variants fused to repor-
ter gene with subsequent screening for most promising
candidates according to reporter’s signal intensity. For this work
as a model protein, we used canine cystatin C (CCC) which is
known for low expression level in E. coli. Thus, a library of
SCDS-partially randomized CCC fusions to superfolderGFP
(CCC::stGFP) was created. Colonies with the highest expression
level of CCC::sfGFP were selected based on fluorescence inten-
sity. Then sfGFP coding sequence was removed from the fusion
and expression level of obtained non-fused CCC variants was
measured. As a result, several optimized CCC sequences with an
expression level exceeding the original version by ~20 times were
obtained. Analysis of SCDS from several optimal and non-opti-
mal variants revealed that variants with highest values of MFE
were the ones with the highest CCC expression levels. We suggest
that this simple approach may provide efficient and inexpensive
optimization method for poorly expressed proteins in prokaryotic
system.
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P-02.1-22
Studies on the structure and biosynthesis of
posttranslationally modified isoforms of the

bacteriocin BacSp222

J. Smialek], M. Bzowska?, M. Nowakowski3, P. Mak!

! Department of Analytical Biochemistry, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University, Cracow,
Poland, *Department of Cell Biochemistry, Faculty of
Biochemistry, Biophysics and Biotechnology, Jagiellonian
University, Cracow, Poland, >Faculty of Chemistry, Biological and
Chemical Research Centre, University of Warsaw, Warsaw,
Poland

BacSp222 is a linear, 50-amino acid long peptide produced by a
zoonotic strain Staphylococcus pseudintermedius 222. BacSp222
serves both as a bacteriocin as well as a virulence factor: it kills
Gram-positive bacteria and is cytotoxic as well as immunomodu-
latory to selected eukaryotic cells. (Previously published in: Wla-
dyka B. et al. (2015) Sci. Rep. 5, 14569, Nowakowski M. et al.
(2018) Int. J. Biol. Macromolecules 107, 2715-2724.) We have
recently discovered that BacSp222 is produced in three different
posttranslationally modified isoforms. In the present research, we
focused on the mechanism of modification and on the influence
of modifications on the structure and activity of BacSp222. The
identity of posttranslational modifications was determined by
Edman degradation and mass spectrometry, and these studies
showed that BacSp222 is produced as an unmodified isoform il,
an isoform i2 containing one butanedioic (succinyl) group, and
an isoform i3 with two butanedioic groups. These modifications
occupy epsilon-amino groups of lysine residues. We demon-
strated that succinylation is a nonenzymatic reaction - in contrast
to desuccinylation, which is a NAD- and cytoplasmic enzymes-
dependent process. The only physiological donor of the butane-
dioic group able to modify BacSp222 is succinyl-coenzyme A.
The nuclear magnetic resonance and circular dichroism studies
did not show any significant differences between the conforma-
tion of il and i2. On the other hand, the antibacterial activity of
i2 and 13 is significantly lower than il. The level of modified iso-
forms depends on environmental factors such as different sources
of carbon, culture temperature, and pH of the medium. In sum,
BacSp222 is the first described bacteriocin which has posttransla-
tionally succinylated lysine residues. Our results suggest that
these modifications protect producer cells against the autotoxicity
of the excreted peptide. Funding: National Science Centre,
Poland (grant No 2018/31/B/NZ3/01226).

P-02.1-23
Influence of mistranslation stress on oxidative

stress response in bacteria Escherichia coli
V. Evi¢, 1. Grui¢ Sovulj, J. Rokov Plavec

Faculty of Science, Department of Chemistry, University of
Zagreb, Zagreb, Croatia

Mistakes during translation can occur due to inaccurate amino
acid selection by aminoacyl-tRNA synthetases (aaRSs). Some
aaRSs possess editing domain and hydrolyze incorrect aa-tRNA
product. Although mistranslation is usually toxic due to produc-
tion of functionally aberrant proteins, there are few examples of
its adaptive effect on cellular responses to subsequent stresses.
Research on organisms with editing-deficient aaRS and their
response to oxidative stress is scarce. In our experiments, we used
Escherichia coli strain expressing isoleucyl-tRNA synthetase with

FEBS Open Bio 11 (Suppl. 1) (2021) 103-507 DOI: 10.1002/2211-5463.13205

© 2021 The Authors. FEBS Open Bio © 2021 FEBS



POSTERS — RESEARCH

inactivated editing domain which produces mistranslated proteins
if amino acids structurally similar to isoleucine, such as proteino-
genic amino acid valine (Val) or nonproteinogenic amino acid
norvaline (Nva), are added to the media. To observe the effect of
mistranslation and subsequent oxidative stress on cell morphol-
ogy, proliferation and viability, cells were observed under micro-
scope, growth curves were determined, and survival assays were
performed. Mistranslation was induced by overnight incubation
of bacteria with various concentrations of Val or Nva (0.25, 0.5,
0.75 and 1 mM), and cells were then exposed to oxidative stress
by adding 1| mM H,0,. Prominent filamentation of the cells was
observed with cell size increasing in Val or Nva concentration-de-
pendent manner. Survival assays indicated increased survival of
bacteria grown with 0.75 and 1 mM Val or Nva in the presence
of H,0,. Growth curve measurements showed that after induc-
tion of oxidative stress, lag phase was shorter for cultures grown
with 1 mM Val or 0.75 mM Nva. The results indicate that there
is mistranslation-induced preadaptation to oxidative stress, albeit
only in a narrow range of Val and Nva concentrations. Further
work will be focused on identification of cellular mechanisms
that allow better survival under oxidative stress due to misincor-
poration of valine or norvaline at isoleucine positions in proteins.

P-02.1-24
Cloning and heterologous expression of
Candida albicans SC5314 deoxyhypusine

hydrolase gene in E. coli

E. Agboigbal, E. Kuchaevl, N. Garaeva', E. Klochkova',
K. Usachev', M. Yusupovz, S. Validov'

'Kazan Federal University, Kazan, Russia, ’IGBMC,
Hlikirch-Graffenstaden, France

Candida albicans (C. albicans) is a fungal pathogen that causes
mucosal and systemic infections in immunocompromised people.
Finding both selective and less toxic treatment against C. albicans
is required and could be achieved by the regulation of transcrip-
tion and translation [2]. Hypusination is a post-translational
modification of eukaryotic translational factor 5a (eIF5A) in
which unusual amino acid, hypusine is formed from a specific
lysine residue [3]. This modification involves two enzymes, deoxy-
hypusine synthase (DHS) and deoxyhypusine hydroxylase
(DOHH). At the first stage of hypusination, the aminobutyl frag-
ment of spermidine is transferred to the e-amino group of lysine
by DHS and forms deoxyhypusine, which is then hydroxylated
with DOHH to hypusine [1], [3]. This paper is about cloning and
expression of DOHH gene in E. coli to obtain protein for bio-
chemical study and crystallization. DOHH gene (Genbank
KHC88093.1) was amplified from isolated total Candida albicans
DNA by PCR using Tersus polymerase and specific primers
(Evrogen, Russia). The resulting gene was ligated with the
pETGBIla plasmid vector, and transformed into E. coli DHS5a
cells. Plasmid DNA (pETGBla: dohh) was isolated and was fur-
ther transformed into E. coli BL21 for expression, in LB medium
at 37°C. Protein synthesis was induced by adding isopropyl-p-D-
1-thiogalactopyranoside (IPTG) to a final 0.5 mM, at 18°C over-
night. BL21 cells were pelleted, resuspended, and lysed. The
lysate was centrifuged at 45000 rpm for 45 min. Protein 6xHis-
GB1-CaDOHH, was purified by Ni-NTA agarose chromatogra-
phy. The obtained protein was further purified to CaDOHH 43
kDa. DOHH catalyzes the last hypusination reaction that leads
to the activation of eIF5A in all eukaryotes. The resulting con-
struct and the developed protocol for CaDOHH isolation from
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E. coli make it possible to obtain a purified protein for structural
studies. This work was supported by the Russian Science Foun-
dation grant 20-65-47031

P-02.1-25
Aberrant protein N-terminal acetylation as a

cause for congenital disease

N. McTiernan', M. M. Boerrigterz’3 , Z. Timer>*, T. Arnesen'>°
' Department of Biomedicine, University of Bergen, Bergen,
Norway, *Kennedy Center, Department of Clinical Genetics,
Copenhagen University Hospital, Copenhagen, Denmark,
Department of Gastroenterology and Hepatology, Radboud
University Medical Center, Nijmegen, Netherlands, *Department of
Clinical Medicine, Faculty of Health and Medical Sciences,
University of Copenhagen, Copenhagen, Denmark, > Department of
Surgery, Haukeland University Hospital, Bergen, Norway,
6Departmem of Biological Sciences, University of Bergen, Bergen,
Norway

The major N-terminal (Nt) acetyltransferase NatA co-transla-
tionally acetylates nearly half of all human proteins at their
N-termini. NatA consists of two core subunits; the catalytic sub-
unit NAA10 and auxiliary subunit NAAI1S. In addition to
NAA10’s evolutionarily conserved role as part of the NatA com-
plex, there also exists a cellular population of monomeric
NAA10. Monomeric NAA10 has been reported to regulate pro-
teins both through lysine acetylation and in an acetyltransferase-
independent manner. A variety of hereditary and de novo mis-
sense variants in the X-linked NAA10 gene have been found to
cause congenital disease in humans. Affected individuals display
phenotypic heterogeneity, but phenotypes often include variable
degrees of intellectual disability, developmental delay and cardiac
anomalies. Importantly, the underlying disease mechanisms asso-
ciated with pathogenic NAA10 variants are still poorly under-
stood. In this project, we have investigated the biochemical
profiles of novel and known NAA10 missense variants through
immunoprecipitation and in vitro acetylation assays. While some
missense variants appear to affect overall protein stability, some
impair NAA10-NAA15 NatA complex formation and NatA
mediated Nt-acetylation, and others appear to reduce monomeric
NAAI10 acetylation. Thus, different NAA10 missense variants
are likely to affect different roles of the multifunctional NAA10
protein which may explain the heterogenous disease manifesta-
tions in affected individuals. Previously published in: McTiernan
N et al. (2020) Int J Mol Sci 21, 8973. McTiernan N et al. (2020)
Eur J Hum Genet 29, 280-288. Bader I et al. (2020) BMC Med
Genet 21, 153.

P-02.1-26

Blocking IF3 N-terminal domain delays 30S
initiation complex formation in bacterial
protein synthesis

A. E. Sanchez-Castro'?, K. Pefiaranda’, J. A. Nakamoto',

P. Milén'

!Centre for Research and Innovation, Faculty of Health Sciences,
Universidad Peruana de Ciencias Aplicadas, Lima, Peru, *Faculty
of Medicine, Universidad Nacional Mayor de San Marcos, Lima,
Peru

Bacterial translation initiation factor IF3 has an essential role in
30S initiation complex (IC) formation. In the initiation phase,
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IF3 binds to the 30S ribosomal subunit rapidly and modulates
the fidelity and speed of the codon-anticodon interaction between
the mRNA and initiator tRNA. In canonical conditions, most of
the IF3 functions are granted to the C-terminal domain, while
the N terminal domain (IF3N) functions remain in debate. Here,
we developed an aptamer for IF3N using the Systematic Evolu-
tion of Ligands by EXponential enrichment (SELEX) methodol-
ogy and utilized biophysical methods to study aptamer-mediated
blocking of IF3N during 30S IC assembly. Five potential apta-
mers were identified using purified IF3N from Escherichia coli as
a target. Pull-down and Microscale Thermophoresis (MST)
assays were used to identify Apt>*® as an aptamer candidate that
specifically binds to IF3N with a K4 = 205 + 164 nM. Rapid
kinetics coupled to intramolecular Forster Resonance Energy
Transfer ((kFRET) showed that Apt*** binds to a double-labeled
IF3 drastically reducing by 13-fold the speed of IF3 binding to
the 30S subunit. Additionally, the aptamer affected IF1- and
IF2-depended conformational accommodations of IF3 on the
30S subunit. Furthermore, the canonical codon-anticodon duplex
formation appeared to be delayed by Apt343. However, this
delay does not affect the 50S joining reaction upon 70S IC for-
mation. Altogether, our results suggest that IF3N positioning
contributes to the accommodation of initiator tRNA and there-
fore, with canonical 30S IC formation. Additionally, the experi-
mental scheme presented here provides a solid alternative for the
development of new inhibitors of bacterial translation.

P-02.1-27

Amino acid substitutions in translation
termination factor eRF3 of yeast
Saccharomyces cerevisiae that lead to

decreased GTPase activity

N. Trubitsina!, S. Moskalenko'2, E. Porﬁryeval,

G. Zhouravleva'

' Department of Genetics and Biotechnology, Saint-Petersburg
State University, Saint-Petersburg, Russia, >Vavilov Institute of
General Genetics, Saint-Petersburg Branch, Saint-Petersburg,
Russia

The final step in protein synthesis, translation termination, occurs
when one of three termination codons (UAA, UGA, or UAG) in
mRNA reaches the ribosomal A-site. In eukaryotes, translation
termination requires two factors: eRF1 (eukaryotic release factor)
and eRF3. The eRFI1 protein belongs to class 1 release factors,
responsible for the recognition of the stop codon and peptidyl-
tRNA hydrolysis, and eRF3 — to class 2 release factors, func-
tioning to stimulate the work of class 1 factors due to its GTPase
activity. In the yeast S. cerevisiae, release factors are encoded by
the SUP45 and SUP35 genes. Factor eRF3 of S. cerevisiae
(Sup35p) consists of three domains. C-domain is essential for
translation termination and possesses GTP- and eRF1-binding
sites. N-domain is responsible for Sup35p aggregation and [PSI']
prion formation. M-domain is involved in the maintenance of
[PSI']. Both sup35 mutations and [PSI'] cause reduction of the
translation termination fidelity and lead to the nonsense suppres-
sion. It was shown that sup35 mutations affecting the N-domain
have an influence on [PSI'] appearance and maintenance. In this
work, we have studied three sup35-m (missense) mutations
located inside the C-domain of Sup35p. We reconstituted in vitro
eukaryotic translation termination using purified ribosomal sub-
units, termination factors eRF1 and C-domain of eRF3 (wild
type or mutant variants). It has been shown that amino acid
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substitutions in translation termination factor eRF3 of yeast S.
cerevisiae lead to decreased GTPase activity. It is possible that
these mutations disrupt the GTPase activity of eRF3, resulting in
suppression and reduction of the translation termination fidelity.
This work was supported by RSF grant 18-14-00050 “Genetic
and epigenetic regulation of translation termination”, RFBR
grant 19-04-00173 and the State Research Program 0112-2016-
0015. Part of experimental work was done in the resource centre
of SPBU “Centre for Molecular and Cell Technologies”.

P-02.1-28
Design of RNA polymerases recognizing

synthetic nucleotides

S. Mukba!, T. Egoroval‘*, E. Shuvalova'**, A. Shuvalov'-*,

P. Kolosov?>*, P. Vlasov>*, E. Alkalaeva'*

! Engelhardt Institute of Molecular Biology, The Russian Academy
of Sciences, 119991, Moscow, Russia, *Institute of Higher Nervous
Activity and Neurophysiology, The Russian Academy of Sciences,
117485, Moscow, Russia, *Institute of Science and Technology,
Am Campus 1, 3400 Klosterneuburg, Vienna, Austria

Nowadays, advances in gene modification and viral therapy have
led to the development of various viral vectors, capable to repli-
cate and express therapeutic proteins in specific tissues and even
tumor cells. However, viral therapy still has some limitations due
to the viral nature of genetic material delivery. First of all, the
existing limitations are associated with the risk of uncontrolled
viral replication and premature expression of therapeutic pro-
teins. We have proposed a system that will include a reporter
gene, carrying artificial nucleotides, and a mutant T7 DNA-de-
pendent RNA polymerase capable of reading artificial nucleo-
tides in genes and transcribing them into natural mRNA. Such a
genetic construction will not be able to replicate, and the genes
in it will not be transcribed by cellular DNA and RNA poly-
merases. Thus, its existence will be completely controlled. To
choose positions for site-directed mutagenesis, we carried out
molecular modeling, in particular, docking of DNA templates
containing artificial nucleotides in the active site of T7 RNA
polymerase. The ligand was a sequence consisting of natural and
unnatural nucleotides. Having used molecular docking, we
obtained the affinity of the oligonucleotide ligand with T7 RNA
polymerases carrying various amino acid substitutions. Selected
candidates were further tested in the proposed new method based
on a double coupled (coupled2) cell-free transcription-translation
system, in which we determine the activity of mutant T7 RNA
polymerases by the luminescence of synthesized nanoluciferase
(Nluc). As a result, we were able to evaluate the efficiency of
transcription of unnatural templates with different mutants of T7
RNA polymerases. We have shown the high sensitivity and sim-
plicity of the developed method, and also demonstrated the abil-
ity of the studied mutants of T7 RNA polymerase to recognize
UBPs. Funding: This research was funded by RFBR, grant num-
ber 18-29-08044. *The authors marked with an asterisk equally
contributed to the work.
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Modulation of eukaryotic release factors
activity by elF3j

K. Evmenov, E. Shuvalova, N. Biziaev, S. Mukba, A. Shuvalov,
E. Sokolova, T. Egorova, E. Alkalaeva

Engelhardt Institute of Molecular Biology, The Russian Academy
of Sciences, 119991, Moscow, Russia

Translation termination has long been considered the shortest
stage of protein biosynthesis, in which only two protein factors,
eRF1 and eRF3, are involved. It turned out that in addition to
the two main proteins, additional proteins can take part in trans-
lation termination. One such protein is human elF3j. elF3j is
known as the labile subunit of eukaryotic translation initiation
factor elF3. The yeast homolog of this protein, HCR1, has been
reported to participate in controlling the translation termination
and stop codon readthrough. Also, it was shown that HCRI1
functions in the recycling of the 60S ribosomal subunit in vivo.
We revealed role of human elF3;j in translation termination using
a reconstituted mammalian in vitro translation system. We
showed that elF3j stimulates peptidyl-tRNA hydrolysis induced
by a complex of release factors eRF1-eRF3. Using toe-printing
assay, we determined that elF3j improves the efficiency of stop
codon recognition by release factors. Experiments on the binding
of elF3j with eRF1, eRF3 and ribosomal complexes confirmed
its direct involvement in translation termination. Moreover, we
found that elF3j could interact with eRF3 in solution. Thus, we
have shown that the human translation initiation factor elF3j,
like its yeast homologue, is involved in the regulation of transla-
tion termination. This work is supported by the Russian Science
Foundation grant no. 19-14-00349.

P-02.1-30
Possible role of mTORC1 in the regulation of
ribosome biogenesis in rat soleus muscle at

the initial stage of mechanical unloading

S. Rozhkov, K. Sharlo*, T. Mirzoev*, B. Shenkman*

Russian Federation State Research Center Institute of Biomedical
Problems Russian Academy of Science, Moscow, Russia

It is well known that disuse-induced muscle atrophy caused by
immobilization or real/simulated microgravity is associated with
a downregulation of protein synthesis and a corresponding loss
in muscle mass and size. The rate of protein synthesis in skeletal
muscles is determined by both protein synthesis per unit RNA
(translational efficiency) and the amount of ribosomes per unit
tissue (translational capacity). mTORCI is considered to be one
of the key regulators of both abovementioned factors. Therefore,
using a specific mTORCI1 inhibitor (rapamycin) we aimed to
determine to what extent mTORCI! would influence ribosome
biogenesis in rat soleus muscle at the early stage of mechanical
unloading (24 h). Wistar rats were divided into the 4 groups:
vivarium control + saline injection (C); vivarium control + rapa-
mycin injection (400 mg/kg) (CR); l-day hindlimb suspension
(HS) + saline injection (HS); 1-day HS + rapamycin injection
(400 mg/kg) (HSR). The expression levels of both c-Myc and 458
pre-rRNA were assessed by RT-PCR. 18S rRNA and 28S rRNA
contents were determined by 1.2%-agarose gel electrophoresis.
RT-PCR analysis revealed that c-Myc mRNA expression did not
change in the CR group compared with the C group, but
declined by almost 50% (P < 0.05) in the HS and HSR groups
relative to the C group. The expression levels of 45S pre-rRNA
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showed an 80% (P < 0.05) increase in the CR group vs. the C
group, and almost a 30% decrease in the HS group and a 50%
(P < 0.05) increase in the HSR group in comparison with the C
group. The pattern of changes between the groups for the con-
tent of 18S and 28S rRNAs was similar to that observed for 45S
pre-rRNA expression. Thus, the results of our study suggest that
at the initial stage of mechanical unloading of the rat soleus mus-
cle (24 h) the expression of 45S pre-rRNA, but not c-Myc expres-
sion, is apparently dependent on the activity of mTORCI. The
study was supported by the Russian Science Foundation (project
No. 17-75-20152). *The authors marked with an asterisk equally
contributed to the work.

P-02.1-31
Tissue-specific landscape of translation

machinery components

A. Anisimova>3* N. Kolyupanova”’*, N. Makarova',

A. Egorovm, 1. Kulakovskiyl’s‘(’, S. Dmitriev'®?

! Belozersky Institute of Physico-Chemical Biology, Moscow State
University, Moscow, Russia, ’Medical University of Vienna, Max
F. Perutz Laboratories, Campus Vienna Biocenter, Vienna,
Austria, *School of Bioengineering and Bioinformatics, Lomonosov
Moscow State University, Moscow, Russia, *Phystech School of
Biological and Medical Physics, Moscow Institute of Physics and
Technology (State University), Dolgoprudny, Russia, > Engelhardt
Institute of Molecular Biology, Russian Academy of Sciences,
Moscow, Russia, *Institute of Protein Research, Russian Academy
of Sciences, Pushchino, Russia

Protein synthesis is vital for the majority of cell types. Diversely
differentiated cells require specific translation regulation, which
suggests specialization of translation machinery across tissues
and organs. Using data from GTEx, FANTOM, and Gene Atlas
we systematically explored the abundance of transcripts coding
for translation factors and aminoacyl-tRNA synthetases
(ARSases) in normal and cancer human tissues. We recovered a
few known and identified several novel cases of a strict tissue-
specific expression of particular transcripts. Among those there
were ¢eEF1A1, eEF1A2, PABPCIL, PABPC3, ¢IF1B, e¢IF4EIB,
elF4ENIF1, and elF5AL1. Furthermore, our analysis revealed
pervasive tissue-specificity of relative abundance of transcripts
encoding components of the translation machinery (e.g. paralogs
of PABP, eRF3, and eIF5MP, as well as eIF2B subunits and
some ARSases), suggesting presumptive variance in composition
of translation initiation, elongation, and termination complexes.
These conclusions were largely confirmed by the analysis of pro-
teomic data. Finally, we paid attention to a sex-specific difference
in the repertoire of translation factors encoded in sex chromo-
somes (eIF1A, elF2y, and DDX3) and identified ovary, testis,
and brain as organs with the most diverged expression patterns.
N.M.K., A.A.E., and S.E.D. are part of the Interdisciplinary Sci-
entific and Educational School of Moscow University «Molecular
Technologies of the Living Systems and Synthetic Biology». The
work was supported by the Russian Science Foundation (grant
no. 18-14-00291 to S.E.D.). *The authors marked with an aster-
isk equally contributed to the work.

157



Autophagy and protein recycling

Autophagy and protein
recycling

P-02.2-01
Autophagy is involved in lipid droplet
breakdown in serum-starved breast cancer

cells

S. Koren', E. Jarc Jovici¢"2, M. Jusovi¢'?, P. Stari¢', T. Petan'
! Jozef Stefan Institute, Department of Molecular and Biomedical
Sciences, Ljubljana, Slovenia, *Jozef Stefan International
Postgraduate School, Ljubljana, Slovenia

Lipid droplets (LDs) are dynamic fat storage organelles present
in most eukaryotic cells and involved in the regulation of lipid
metabolism, cell signaling and protein trafficking. LDs accumu-
late in cells deprived of oxygen and nutrients, indicating their
involvement in the cellular stress response. Recent studies have
shown that LDs are engaged in a complex relationship with
autophagy, the major cellular recycling and stress response
pathway. Autophagy may participate in both LD biogenesis
and breakdown, whereas LDs may provide essential lipids for
the initiation of autophagy. It is not yet clear how this complex
interplay is regulated and which molecular pathways are
responsible for the execution of the multiple possible outcomes.
These questions are particularly important in cancer cells, which
are often exposed to nutrient and oxygen fluctuations and use
both autophagy and LDs for protection against metabolic
stress. In this work, we aim to determine if and how autophagy
and LDs cooperate in the protection of breast cancer cells
against starvation. We found that LD biogenesis is upregulated
during severe amino acid deprivation in Hanks’ balanced salt
solution, whereas milder starvation in the absence of serum
induces LD breakdown. The latter was dependent on cytosolic
lipolysis mediated by adipose triglyceride lipase (ATGL).
Intriguingly, autophagy was active during both severe and mild
starvation. Using live-cell confocal imaging we show that
autophagosomal and lysosomal structures colocalize with LDs
during mild, but not during severe starvation, suggesting the
involvement of “lipophagy”, an LD-selective form of autop-
hagy, in starvation-induced breakdown of LDs. In accordance,
inhibition of autophagic flux with bafilomycin Al or chloro-
quine further elevated the colocalization between LDs and
autophagosomes. These results suggest that autophagy is active
during mild starvation and is involved in the breakdown of
LDs in aggressive breast cancer cells.

P-02.2-02

Degradation of autophagic bodies in
sugar-starved lupin embryo axes: a
transcriptomic and proteomic approach

S. Stefaniak', L. Wojtyla'*, K. Nuc**, L. Wolko>*,

M. Pietrowska-Borek>*, S. Borek!*

" Adam Mickiewicz University, Faculty of Biology, Poznan,
Poland, 2Poznan University of Life Sciences, Department of
Biochemistry and Biotechnology, Poznan, Poland

The degradation of autophagic bodies is one of the final stages
of autophagy. Autophagic bodies are spherical structures
formed in the vacuole of yeasts and plants. The newly formed
autophagic bodies are rapidly degraded by vacuolar lytic
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enzymes. Based on our results, autophagy is significantly
enhanced by sugar starvation in cells of lupin embryo axes but
asparagine (a central amino acid in lupin seed metabolism)
causes a clear inhibition of autophagic bodies degradation. Try-
ing to describe the role of asparagine in a mechanism of autop-
hagic body degradation, we performed transcriptomic and
proteomic analyses of lupin embryo axes. The experiments were
performed on embryo axes isolated from imbibed seeds of
white and Andean lupin. Embryo axes were cultured in vitro
for 96 h on a mineral medium supplemented with 60 mM
sucrose, without the sugar, and on both the media mentioned
above enriched in 35 mM asparagine. The quality of the
libraries was verified by Sanger sequencing method, and the
large-scale transcriptomic sequencing using Illumina HiSeq Next
Generation Sequencing technology (NGS) was performed. The
obtained sequence reads were aligned to reference transcriptome
and counted in the aim to find differentially expressed genes.
As transcriptome modulation could be manifested in proteomic
changes, isobaric tags for relative and absolute quantitation
(iTRAQ)-based proteomics was performed to screen the differ-
entially expressed proteins. Our goal was to analyze the effect
of asparagine on the expression of genes and accumulations of
proteins involved in autophagy. First of all, we focused on
changes in the level of transcripts of genes coding for ATG
proteins and genes coding for vacuolar lytic enzymes (e.g., pro-
teases) as well as on the changes in the accumulation of appro-
priate proteins. This work was financed by the National
Science Centre, Poland (Grant no. 2016/23/B/NZ3/00735) and
European Social Funds (Grant no. POWR.03.02.00-00-1006/17-
00). *The authors marked with an asterisk equally contributed
to the work.

P-02.2-03
Drosophila Sec20 regulates autophagy and
endocytosis independently of the Golgi-to-ER

retrograde transport

Z. Lakatos', P. Lérincz!, Z. Szabé!, P. Benkd', L. A. Kenéz!,
T. Csizmadia', G. Juhdsz®

'Eétvés Lordnd University, Budapest, Hungary, *Institue of
Genetics, Biological Research Centre, Szeged, Hungary

Sec20/BNIP1 (BCL2/adenovirus E1B 19 kDa protein-interacting
protein 1) is a SNARE protein first described in yeast as an
endoplasmic reticular SNARE. It mediates the fusion between
the ER and retrograde vesicles from the Golgi. Other studies
have also suggested that it may have a role in many other cellu-
lar functions including autophagy, ER homeostasis and apopto-
sis. As the role of Sec20 in autophagy (and other lysosomal
pathways) has yet to be elucidated we used Drosophila melanoga-
ster as an in vivo model organism. Starved larval fat cells and
garland nephrocytes were used to detect any defects in autophagy
or endocytosis, respectively. We found that Sec20 and its partner
Syx18 not only regulates autophagy, but it surprisingly has a role
in endocytic transport as well. Ultrastructural analyses revealed
abnormal lysosomal compartment and dilated ER in both fat
cells and nephrocytes. Moreover, the latter contained enlarged
late endosomes and was nearly devoid of endolysosomes. As we
found that depletion of other SNAREs or tethering proteins
(previously shown to regulate Golgi-to-ER retrograde traffic) did
not cause any defect in either autophagy or endocytosis, we sug-
gest that Sec20 has a novel role in lysosomal degradation that
seems to be independent of Golgi-to-ER transport.
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A dual role of autophagy in the anticancer

therapy

A. Chmurska'*, K. Matczak>*

'Doctoral School of Exact and Natural Sciences, University of
Lodz, Banacha Street 1216, 90-237, Lodz, Poland, *Faculty of
Biology and Environmental Protection, Institute of Biophysics,
Department of Medical Biophysics, University of Lodz, Pomorska
Street 141/143, 90-236, Lodz, Poland

In the development of cancer, autophagy demonstrates a dual
role. It can both inhibit disease progression as well as protect
cells and stimulate tumour growth. Many studies indicate that
the main mechanism of cytotoxic action of cytostatic is induction
of apoptosis process. However, the initiation of this process is
often inhibited by triggering the process of autophagy — in this
way the damaged organelles can be removed and the cell death
induction inhibited. Based on these opposing properties of autop-
hagy, attempts to inhibit or activate the process can be effective
strategies in the fight against cancer. In the present study, it has
been analysed whether the process of apoptosis will be induced
by inhibiting autophagy in breast cancer cells MCF-7 and MCF-
7/Dox using doxorubicin and its two nanoforms (N-DOX/ N-
DOX-gh625). In order to determine the intensity of the autop-
hagy process, a staining technique with monodansylcadaverine
was used, whereas in order to analyse pro-apoptotic properties of
the analysed compounds, the activity of caspase 3 was measured.
The research showed that the drugs in question simultaneously
trigger apoptosis and autophagy in cells. NH4Cl was used in the
study and it was shown that this compound can inhibit autop-
hagy. Ammonium chloride, which is a weak alkali can accumu-
late inside lysosomes, increase pH and inactivate hydrolyses.
Ammonium chloride inhibited autophagy in MCF-7 and MCF-7/
Dox cells. Interestingly, the process of autophagy was most effec-
tive after 48 hours of post-incubation culture, both in cells trea-
ted with doxorubicin and its two nanoforms, despite the use of
antioxidants (NAC, Tiron, Trolox) in the cell were generated
damage. This shows that the damage caused by doxorubicin and
its two nanoforms was removed from the cell. By removing the
damaged cellular organelles, which can be a source of free radi-
cals, autophagy prevented the signals necessary to start the apop-
tosis process. *The authors marked with an asterisk equally
contributed to the work.
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Super-resolution imaging of macroautophagy

in astrocytes

P. Tavéar', R. Zorec'?, J. Jorgaéevskil'2

!Faculty of Medicine, Institute of Pathophysiology, Laboratory of
neuroendocrinology - Molecular Cell Physiology, Ljubljana,
Slovenia, *Celica Biomedical, Laboratory of Cell Engineering,
Ljubljana, Slovenia

Autophagy is a regulated pathway ending in lysosomal degrada-
tion of intracellular material, including organelles. It maintains
cell homeostasis and enables cell survival under stress. Astrocytes
are a type of glial cells, providing homeostatic support in the
brain. They are essential for neuron function and also participate
in synaptic signalling. However, the exact role of autophagy in
astrocytes in different conditions, including reactive gliosis and
viral infections are not known. Studying macroautophagy is chal-
lenging because it is a multistep process, involving structures with
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dimensions below the optical resolution. Plasmid constructs that
encode fluorescent-tagged LC3 (microtubule-associated protein
1A/1B-light chain 3), a marker of autophagosomal membranes,
have been successfully used to distinguish autophagosomes and
autolysosomes in single cells. In our experiments we tested the
efficacy of plasmid construct encoding LC3 in evaluating autop-
hagic activity of murine astrocytes. To discern the autophagic
intermediates with dimensions below limits imposed by diffrac-
tion, we have used super-resolution structured illumination
microscopy (SIM). Therefore, murine astrocytes in culture were
transfected with LC3-coding plasmid constructs and treated with
known autophagy inhibitors (putatively affecting different stages
of autophagy) and/or activators. Astrocytes expressing the con-
structs were examined with SIM. To estimate autophagic activity,
we determined the total number of autophagic compartments
and the fractions of autophagosomes and autolysosomes in single
astrocytes. The results show that astrocytes expressing fluores-
cent-tagged LC3 have responded in expected ways to known
autophagy activators and inhibitors. We conclude that murine
astrocytes expressing fluorescent-tagged LC3 in combination with
SIM, represent a suitable approach for the future studies of
autophagic activity in reactive astrocytes and in the presence of
different flaviviruses.

P-02.2-06
Autophagy contributes to the ethanol
response in the Saccharomyces cerevisiae

cells

A. Kofanova', K. Kulagin', D. Spasskaya®, D. Karpov?

! Engelhardt Institute of Molecular Biology, Russian Academy of
Science, Moscow, Russia, 2Center for Precision Genome Editing
and Genetic Technologies for Biomedicine, Engelhardt Institute of
Molecular Biology Russian Academy of Sciences, Moscow, Russia

Baker’s yeast Saccharomyces cerevisiae is the valuable ethanol pro-
ducer important for biofuel manufacturing. During fermentation,
yeast cells cope with several stresses induced by high ethanol con-
centration. Among these are a disturbance in membrane integrity,
oxidative stress, and proteotoxic stress caused by intracellular pro-
tein aggregation. The ubiquitin-proteasome system (UPS) and
autophagy are the main proteolytic systems that degrade intracel-
lular protein waste. How crosstalk between these systems helps the
cells to tolerate ethanol-induced stresses is not fully understood.
We have shown that impaired proteasome function sensitizes yeast
to high ethanol, isopropanol, and butanol concentrations. Surpris-
ingly, the proteome analysis showed that yeast proteasomal sub-
units are not upregulated upon short-term ethanol treatment.
However, the UPS and autophagy protein substrates’ level is
decreased in the mutant strain with the impaired Rpn4-dependent
regulation of the 20S proteasomal subunit Prel (YPL), while less
significant changes are observed for the RPN4 deletion mutant
(rpn4-A) compared with the wild-type strain. Next, ethanol stress
induces autophagy hyperactivation in the YPL strain, while no
autophagy hyperactivation is seen in the rpn4-A strain compared
with wild-type. Accordingly, the expression of important autop-
hagy genes ATG7 and PRBI is induced in YPL upon ethanol
stress. PRB1 as an Rpn4 target is overexpressed due to Rpn4 sta-
bilization in the YPL. Deletion or CRISPR/dCas9-mediated
repression of Rpn4-dependent regulation of the PRBI renders
yeast cells more sensitive to ethanol than wild-type. We conclude
that both ubiquitin-proteasome and autophagy systems are
required for ethanol resistance in yeast cells. The compensatory
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autophagy induction upon proteasome dysfunction partially
depends on the Rpn4. This work is supported by the Russian
Science Foundation grant no. 17-74-30030.

P-02.2-07
EVOO polyphenols can relieve autophagy

dysregulation in Alzheimer’s disease

M. Leril, A. Bertolini?, M. Stefani!, M. Bucciantini'
Dipartimento di Scienze Biomediche Sperimentali e Cliniche,
Firenze, Italy, °Dipartimento di Patologia Chirurgica, Medica,
Molecolare e dell’Area Critica, Pisa, Italy

Autophagy is a key process involved in the control of cell pro-
teostasis, in the regulation of lipid metabolism and organelle
turnover and in the clearance of materials of endogenous or
exogenous origin. Autophagy efficiency declines with age, leading
to accumulation of harmful protein aggregates and damaged
mitochondria, with increased ROS production. These modifica-
tions contribute to several pathophysiological conditions, includ-
ing Alzheimer’s disease (AD). Indeed, several studies have
reported that the maturation of autophagolysosomes and the
inhibition of their retrograde transport creates favourable condi-
tions for the accumulation of the AB peptide, whose aggregation
into extracellular plaques is considered a key responsible of neu-
ronal damage in AD. Recent data have shown that oleuropein
aglycone (OleA), a key component of olive oil, interferes with AB
aggregation, stimulates cell defences against plaque-induced neu-
rodegeneration and triggers autophagy. After ingestion, OleA is
metabolized to hydroxytyrosol (HT), the most powerful antioxi-
dant compound in the olive tree. Based on these premises, we
aimed to investigate the molecular mechanisms involved in
autophagy activation by a mixture of OleA and HT. Therefore,
we performed a set of in vitro experiments to extend and to dee-
pen the knowledge on the molecular determinants of the benefi-
cial properties of olive polyphenols. Our results show that a mix
of OleA/HT activates the autophagic pathway more than the
same amounts (in molar terms) of OleA or HT taken alone.
Moreover, a reduction of ROS production with a significant
recovery of cell viability was observed in cells exposed to toxic
AB oligomers following treatment with the mixture. These studies
extend previous data and provide the rationale to consider these
molecules as promising candidates for prevention and long-term
nutraceutical treatment of neurodegeneration or as molecular
scaffolds for further pharmacological development.

P-02.2-08
Cellular studies of the two main isoforms of

human D-aspartate oxidase

V. Rabattoni', L. Pollegioni], G. Tedeschi?, E. Maffioli?,

S. Sacchi'

"Universita degli Studi dell’Insubria, Varese, Italy, *University of
Milan, Milan, Italy

Human D-aspartate oxidase (hDASPO, EC 1.4.3.1) is a peroxiso-
mal flavoenzyme that selectively degrades the D-enantiomers of
acidic amino acids and is the only enzyme known to degrade D-
aspartate (D-Asp). In mammals, D-Asp is present in the central
nervous system, where it acts as a signaling molecule and is
involved in neural development, brain morphology and behavior
[1]. Studies performed in animal models (DASPO~/~ knock out
mice) demonstrated that, by regulating D-Asp concentration in
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the brain, DASPO impacts on glutamatergic neurotransmission,
thus preventing precocious age-related deterioration processes [2].
The UniProtKB database reports three hDASPO isoforms, con-
stituted by 369, 341 and 282 amino acids. To date the different
isoforms have only been partially characterized and notably the
properties of the longest putative isoform have never been stud-
ied. Here, we identified the additional N-terminal peptide of the
hDASPO_369 isoform only in the hippocampus of female Alzhei-
mer’s disease (AD) patients, while peptides common to
hDASPO_369 and hDASPO_341 isoforms were present in sam-
ples from both male and female healthy controls and AD
patients. Unfortunately, the hDASPO_369 isoform was largely
produced in E. coli as inclusion bodies, thus hampering its bio-
chemical characterization. However, the functional properties,
the degradation kinetics and the mechanisms involved in cellular
turnover of hDASPO_341 and hDASPO_369 were investigated
by ectopically expressing these isoforms in the U87 human
glioblastoma cell line. This study demonstrated that both protein
isoforms are active (showing similar kinetic properties), localize
to the peroxisomes, are very stable (with an estimated half-life of
approximately 100 hours) and are primarily degraded through
the ubiquitin-proteasome system [3]. References: [1] Usiello A
et al. (2020) Int J Mol Sci 21, 8718. [2] Cristino L et al. (2015)
Neurobiol Aging 36, 1890-1902. [3] Rabattoni V et al. (2021)
FEBS J, doi: 10.1111/febs.15797

P-02.2-09

Correlation between the modified expression
of autophagy and endoplasmic reticulum
stress markers and the continuous

inflammation of the colon in ulcerative colitis
I. Samoila', S. Dinescu', M. Costache'-?

! University of Bucharest, Bucharest, Romania, ?Research Institute
of the University of Bucharest - ICUB, Bucharest, Romania

Ulcerative colitis (UC) is characterized by an unknown cause of
chronic inflammation of the colon. Among the reasons that could
trigger inflammation, an impaired autophagy process could fur-
ther affect the endoplasmic reticulum stress (ERS) response,
hence leading to unfolded protein response activation. The aim
of this study was to evaluate gene and protein expression of
specific autophagy and ERS markers, in order to correlate their
level of expression with their possible implication in the inflam-
matory state of UC. In this study we used colon tissue samples
isolated from 4 mice conditions: BALB/C, 2.4,6-trinitrobenzene-
sulfonic acid (TNBS)-induced UC BALB/C, STAT6 knockout
and TNBS-induced UC STAT6 knockout. For gene expression
evaluation, quantitative Real Time PCR was performed using
primers for key autophagy and ERS genes, whereas protein
expression evaluation was possible by immunohistochemistry,
with specific autophagy and ERS antibodies. When analyzing
gene expression of autophagy markers, we identified an increased
SQSTM1 and ATGI6L1 expression, but an inhibited LC3-1I
expression in TNBS-induced UC BALB/C mice when compared
to BALB/C. Similar results were obtained for TNBS-induced col-
itis STAT6 mice, but with an even more exacerbated expression
of SQSTM1 and ATGI16LI than in the case of TNBS-induced
UC BALC/C. XBP-1s, elF2a and ATF6a ERS markers investi-
gation displayed an increased level of expression in colitis BALB/
C mice in comparison to control group. Colitis STAT6 mice dis-
played higher values for ERS gene expression when compared to
colitis BALB/C mice. Gene expression results were confirmed by

FEBS Open Bio 11 (Suppl. 1) (2021) 103-507 DOI: 10.1002/2211-5463.13205

© 2021 The Authors. FEBS Open Bio © 2021 FEBS



POSTERS — RESEARCH

protein expression antibodies staining. Our results indicated a
modified expression of key intestinal homeostasis markers, which
leads to epithelial barrier dysfunction, hence supporting the idea
of an aggravated UC in STAT6 knockout mice. This work was
supported by UEFISCDI PN-III-P1-1.2-PCCDI-2017-0407/
INTELMAT.

P-02.2-10

Targeting autophagy via AMPK/ULK1/2
pathway inhibition affects survival and
therapeutic susceptibility of chronic
lymphocytic leukemia cells

D. Avsec', A. T. Jakos Djordjevic', H. Podgornik',

I. Mlinari¢-Rascan'

! Faculty of Pharmacy, The Chair of Clinical Biochemistry,
University of Ljubljana, Ljubljana, Slovenia, > Department of
Haematology, University Medical Centre Ljubljana, Ljubljana,
Slovenia

Chronic lymphocytic leukemia (CLL) is the most common hema-
tologic malignancy in the Western world and is characterized by
a progressive accumulation of mature-appearing CD5+, CD19+
B lymphocytes in the blood, lymph nodes, and bone marrow. We
set out to investigate the role of autophagy in the survival and
therapeutic susceptibility of CLL cells. The study was approved
by Slovenian National Medical Ethics Committee; 0120-136/
2019/46. Six different pharmacologic modulators of distinct tar-
gets in the autophagic process were evaluated on patient-derived
CLL cells (n=17). Of the tested, AMPK inhibitor (dorsomor-
phin), ULK1/2 inhibitor (MRT68921), and autophagosome-lyso-
some fusion inhibitor (chloroquine) demonstrated the most
prominent concentration and time-dependent cytotoxic effects
against CLL cells. The mean EC50 values of MRT68921, dorso-
morphin, and chloroquine after 24 hours were 3 uM, 5 uM, and
26 uM, respectively. Comparing the effects on CLL cells and
PBMCs revealed that MRT68921, dorsomorphin, and chloro-
quine act selectively cytotoxic against malignant B-lymphocytes.
However, only MRT68921 and dorsomorphin acted against CLL
cells in low micromolar concentrations and through a caspase-de-
pendent mechanism. Next, we inspected the potential of combin-
ing AMPK/ULK1/2 inhibitors with contemporary targeted
therapy. MRT68921 and dorsomorphin augmented the action of
targeted therapeutics ibrutinib, idelalisib, and venetoclax in
patient-derived CLL cells. Moreover, MRT68921 alone induced
cell cycle arrest at the G2/M phase, while in combination with
ibrutinib and venetoclax it acted synergistically cytotoxic through
a caspase-dependent mechanism. To conclude, we have demon-
strated the antileukemic potential of targeting autophagy via
AMPK/ULK1/2 pathway inhibition both alone and in conjunc-
tion with targeted therapy and thus provided the rationale for
further investigation of autophagy as a target in CLL.
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P-02.3-01

The study of the main porcine muscle proteins
and its modifications

A. Akhremko

V.M. Gorbatov Federal Research Center for Food Systems of
RAS, Moscow, Russia

In recent years, the volume and scale of meat production is in
trend to be arisen. This tendency causes serious investigations,
which can be successfully attributed to livestock farming. Porcine
muscle tissues were studied, as well as functional structural pro-
teins were identified, including their modifications. 2D PAGE
was carried out by O’Farrell method; scanned with Bio-5000 plus
(Serva, Germany) images were analyzed with ImageMaster™ 2D
Platinum software (GE Healthcare, Switzerland); protein frac-
tions were identification by MALDI-TOF MS. A comparative
analysis of 2-DE muscle samples using the software showed that
on about 300 spots were detected on each gel. 56 standard pro-
tein fractions were observed in samples with various geographical
origin, breed, age, as well as in samples with different technologi-
cal processing and storage conditions of muscle tissue. Major
proteins belonged to tropomyosin family, myosin structural light
chains, phosphorylated myosin light chains, isoforms of muscle
enolase and creatine phosphokinase, aldolase A, glyceraldehyde-
3-phosphate dehydrogenase and myoglobins, stress-induced phos-
phoprotein, pyridoxine isoform, diethanolamine phosphate bind-
ing protein, troponin I and phosphoglyceratmutase. The most
dynamic changes caused by various factors (storage conditions,
degree of autolysis, breed, age) were concerned the following pro-
tein fractions: myosin light chains (21.5 kDa), tropomyosin
chains (33.5 kDa), pyruvate dehydrogenase components (33.5
kDa), creatine kinase (41.0 kDa) and enolase beta (46.0 kDa).
This work was supported by RFBR, project number 19-316-
90056.

P-02.3-02
The impact of proteasome impairment on

microglia function and neuroinflammation

G. Cetin, M. Studencka-Turski, S. Venz, H. Junker, F. Ebstein,
E. Kriiger

University of Greifswald, Greifswald, Germany

Cellular protein homeostasis is maintained by the ubiquitin protea-
some system (UPS) via protein ubiquitylation and proteasomal
degradation. In response to inflammation, catalytic B-subunits of
the standard proteasome (SP) are replaced by the inducible sub-
units and form an alternative isoform, the immunoproteasome
(IP). Proteasome (IP and SP) dysfunction results in accumulation
of ubiquitylated proteins, the induction of type I interferons
(IFNs), and systemic inflammation including neuroinflammation
(Previously published in: Brehm A et al. (2015) J Clin Invest 125,
4196-211). Microglia are immune cells of myeloid origin in the
brain which constitutively express IP. Since our understanding of
the impact of proteasome impairment on microglia function is
very limited, we sought to determine the molecular link between
ubiquitin-conjugate accumulation following proteasome dysfunc-
tion and neuroinflammation. In order to mimic inflammation, we
subjected primary microglia isolated from wild type and LMP7
knockout mice, which harbor a deletion of the PSMB8 gene
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encoding the IP catalytic subunit LMP7, to treatment with the
proteasome inhibitor bortezomib (BTZ) and the toll-like receptor
4 ligand lipopolysaccharide (LPS). BTZ treatment induced type I
IFNs dependent on the IREl-arm of the unfolded protein
response in wild type microglia (Previously published in: Stu-
dencka-Turski M, Cetin G et al. (2019) Frontiers Immunol doi:
10.3389/fimmu.2019.02900). LPS treatment caused an accumula-
tion of ubiquitylated proteins in primary microglia of both geno-
types, however cells with impaired IP function exhibited more of
the ubiquitin-conjugates. Moreover, molecular analysis revealed
significantly stronger induction of inflammation, as indicated by
higher levels of type I IFNs and interferon-stimulated genes in pri-
mary microglia with IP impairment. In an attempt to identify the
drivers of the inflammation, the ubiquitylated proteins will be
characterized further by proteomic analysis.

P-02.3-03
Extracellular substrates of apoptotic and

inflammatory caspases in cancer

E. Vidak'?, M. Vizovisek'~, R. Vidmar', N. Kaveic',

M. Biasizzo'?, M. Fonovi¢!, B. Turk"*

! Jozef Stefan Institute, Ljubljana, Slovenia, *Jozef Stefan
International Postgraduate School, Ljubljana, Slovenia,
3Department of Biology, Institute of Molecular Systems Biology,
ETH Ziirich, Zurich, Switzerland, *Faculty of Chemistry and
Chemical Technology, University of Ljubljana, Ljubljana, Slovenia

Programmed cell death describes several mechanisms that main-
tain homeostasis and consequently, impairments in these mecha-
nisms are detrimental to the organism. Our research focused on
caspases activated during apoptosis and pyroptosis. In the case
of apoptosis, insufficient clearance of apoptotic bodies leads to
the progression to secondary necrosis, which is morphologically
similar to pyroptosis. In both cases, membrane integrity is dis-
rupted and intracellular proteins can get released to the extracel-
lular space. Caspase-3-like DEVDase activity has already been
detected in the extracellular space of apoptotic cells and simi-
larly, some evidence exists of caspase-1 activity in supernatants
of pyroptotic cells. We checked whether released active caspases
could, similarly to cathepsins, perform selective proteolysis of
membrane proteins from cancer cells. To investigate the extracel-
lular role of caspases-3, -7 and -1 we treated breast cancer cells
with recombinant human caspases and used the mass-spectrome-
try proteomic platform to identify the proteins released from the
cell surface. Furthermore, several cleavages were additionally
confirmed using immunoblotting. Target analysis revealed that
caspases can mostly cleave membrane proteins that act as cell
adhesion molecules (e.g. CD44) or cell transmembrane receptors
(e.g. NRP-1), but the exact consequences of caspase cleavages
remain unknown. Additionally, we confirmed the presence of
DEVDase activity in extracellular space during progression from
apoptosis to secondary necrosis. Using immunoblotting we
showed the presence of caspase-3 in the supernatants from apop-
totic cells. As for caspase-1 activity, additional tests are needed
to determine whether it can be detected in the supernatants from
pyroptotic cells. In the future, we will try to validate the effect of
extracellular caspase cleavages on the properties of cancer cells
and try to determine the physiological relevance of caspases as
potential sheddases.
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Cystatin C deficiency is associated with
increased NLRP3 inflammasome activation and
LPS-induced sepsis

M. Biasizzo'?, M. Trstenjak-Prebandal, J. Zavrsnik!,

A. Grubb®*, B. Turk'? N. Kopirat—]eralal‘2

Jozef Stefan Institute, Ljubljana, Slovenia, *Jozef Stefan
International Postgraduate School, Ljubljana, Slovenia, 3 Lund
University, Lund, Sweden, *Department of Clinical Chemistry,
Lund University, Lund, Sweden

Cystatin C (encoded by CST3 on human chromosome
20p11.21) is a potent cysteine protease inhibitor that plays an
important role in various biological processes including cancer,
cardiovascular diseases and neurodegenerative diseases. It is
ubiquitously expressed and secreted from various cell types and
is abundant in body fluids. Inflammasomes are multimeric pro-
tein platforms that mediate activation of pro-inflammatory cas-
pase-1 and maturation of pro-inflammatory cytokines such as
interleukin-1p (IL-1B) and IL-18. Autophagy, an intracellular
process important for recycling of damaged organelles and
destruction of intracellular pathogens, was reported to protect
the host from excessive inflammation. In the present study we
demonstrated that cystatin C-deficient mice were significantly
more sensitive to the lethal LPS-induced sepsis. We demon-
strated that pro-caspase-11 and pro-IL-1B are up-regulated in
cystatin  C-deficient bone marrow-derived macrophages
(BMDMs) upon LPS stimulation. We examined the role of cys-
tatin C-deficiency in Nlrp3 inflammasome activation and release
of pro-inflammatory cytokines in BMDMs upon LPS and ATP
stimulation. Our results show that cystatin C-deficient BMDMs
secrete higher amounts of pro-inflammatory cytokine IL-1B due
to increased caspase-1 and -11 activation upon Nlrp3 inflamma-
some activation, but is not mediated by elevated activity of cys-
teine cathepsins. Cystatin C-deficient BMDMs show decreased
levels of autophagy, which might lead to increased inflamma-
tory response.

P-02.3-05
Deciphering the functional properties

of non-metazoan caspase homologues

M. Klemenci¢!, V. Strancar!, N. Gorsek!, P. Huesgen2
"University of Ljubljana, Faculty of Chemistry and Chemical
Technology, Department of Biochemistry, Ljubljana, Slovenia,
2Forschungszentrum Jiilich, Juelich, Germany

Caspases are enzymes, indispensable for execution of apoptosis
in metazoa. However, no caspases were yet identified in other
eukaryotes. Instead, structurally highly homologous proteins
were identified and termed metacaspases and paracaspases. Addi-
tionally, caspase homologues were also found in prokaryotes and
were termed orthocaspases. All members of this caspase super-
family contain the p20 domain, with the His-Cys dyad needed
for hydrolysis of the peptide bond. Despite high structural simi-
larities between the p20-containing proteins, only caspases cleave
their substrates after negatively charged amino acid residues,
while paracaspases, as well as type I/II metacaspases and ortho-
caspases favour the Arg or Lys at the position P1. No informa-
tion was until recently available for orthocaspases and type III
metacaspases, which are found in prokaryotes and algae, respec-
tively. We have recently shown that genes for both types code
for proteolytically active enzymes, which have the preference for
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cleavage after basic amino acid residues. The activity of type III
metacaspases, just like for type I and type II metacaspases,
strongly depends on the presence of calcium. Additionally, we
show high functional relatedness of type III metacaspases to type
I metacaspases and propose a new function of the pl0 domain.
This domain contains a well-conserved N-terminal region, which
can only be found in type I/II/III metacaspases, but is absent in
caspases and calcium-independent caspase homologues, which
explains their calcium-independent activity. Despite their similar
structural properties, the three metacaspase types exhibit remark-
ably contrasting activation, autoprocessing and proteolytic prop-
erties and vary in their substrate preferences, as we have
determined by performing Proteolytic Identification of Cleavage
Sites (PICS).

P-02.3-06

Interaction of murine cathepsin B and DARPin
and its prospects

M. Zari¢"?, U. Javorsek'?, 1. Stefe', L. Kramer', B. Turk"?

! Jozef Stefan Institute, Department of Biochemistry, Molecular
and Structural Biology, Ljubljana, Slovenia, *Jozef Stefan

International Postgraduate School, Ljubljana, Slovenia, >Faculty of

Chemistry and Chemical Technology, University of Ljubljana,
Ljubljana, Slovenia

Cysteine cathepsins are lysosomal proteases that influence many
cellular processes. They are activated by other active cathepsins
in the lysosomal acidic milieu by cleavage of the propeptide.
They are essential for homeostasis in healthy tissue and are
involved in processes such as bone remodeling, antigen process-
ing and presentation, hormone processing, and overall protein
turnover. Their aberrant expression and activity play major
roles in many pathologies including in the progression, invasion,
and metastasis of solid tumors. Among them, cathepsin B
(CtsB) has been the most studied in the context of cancer. Dur-
ing cancer progression, it can be found at the surface of and in
membrane invaginations of tumor cells where it was linked with
extracellular matrix degradation and metastasis spread.
Designed ankyrin repeat proteins (DARPins) are genetically
engineered antibody mimetic proteins based on natural ankyrin
proteins. DARPins can be used as diagnostic or therapeutic
agents but also as agents for co-crystallization due to their high
selectivity and affinity for the selected target. We designed a
new inhibitory DARPin (4m3) that shows a high affinity for
murine, but not human, cathepsin B. Currently, the structure of
murine cathepsin B remains unresolved due to lack of success in
crystallization efforts but DARPin 4m3 could be used for chap-
erone-assisted crystallization since its binding is expected to suf-
ficiently stabilize murine CtsB. Due to similar biochemical and
physiological properties between human and murine CtsB it is
sensible to resolve the structure of murine variant which could
help in structure-based drug design. Additionally, the resolved
structure could help understand the potential difference between
binding of antibodies and related proteins to murine and human
CtsB, which could be helpful in the design of human CtsB-tar-
geting molecules.
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Phosphoproteomic analysis of legumain
deficient mice

T. Sever'?, R. Vidmar', T. Reinheckel’, B. Turk'**, M. Fonovi¢'
! Jozef Stefan Institute, Department of Biochemistry and Molecular
and Structural Biology, Liubljana, Slovenia, *Jozef Stefan
International Postgraduate School, Ljubljana, Slovenia, 3 Institute
of Molecular Medicine and Cell Research, Medical Faculty,
University of Freiburg, Freiburg, Germany, *University of
Ljubljana, Faculty of Chemistry and Chemical Technology,
Ljubljana, Slovenia

Legumain, an asparaginyl specific protease, is a member of the
cysteine proteinase family. Normally it is confined to the
endolysosomal system, though, when specific physiological condi-
tions arise, it can also be found in the cytoplasm, cell nucleus or
extracellular space. The enzyme’s primary structure is highly con-
served among a wide variety of species, implying its significance
in evolutionary and physiological aspects. Interestingly, legumain
knock out mice exhibit a very mild phenotype. They are viable,
fertile and don’t display any behavioural aberrations. However,
their phenotype includes lowered body mass, irregular kidney
function and enhanced inflammatory response. The molecular
basis for the observed phenotype is largely unknown, due to the
fact, that no system-wide studies on legumain-deficient mice have
been published to date. It has been shown that levels of EGF
receptor are significantly increased in legumain null mice. An
effect which may cause global changes in cellular signalling.
Apart from that, legumain could also be able to influence the
function of other receptors and kinases. To reveal these possible
connections, we carried out a phosphoproteomic analysis of
legumain-deficient mice tissue samples to elucidate changes in pro-
tein phosphorylation caused by legumain. We also immunologi-
cally validated selected targets. Obtained evidence will enable us to
gain an understanding of role legumain has in the physiology of the
organism and its possible involvement in pathological states.

P-02.3-08

Intracellular cathepsin B inhibition with
DARPin

U. Javorsek"%, L. Kramer', B. Turk"?

! Department of Biochemistry and Molecular Biology, Jozef Stefan
Institute, Ljubljana, Slovenia, *Jozef Stefan International
Postgraduate School, Ljubljana, Slovenia, >Faculty of Chemistry
and Chemical Technology, Ljubljana, Slovenia

Cysteine cathepsins are endolysosomal proteases which over the
recent years were established as key players in many intra- and
extracellular physiological processes. Their intracellular role is
often linked with cell death regulation following release into the
cytoplasm, where they act as activators of regulatory proteins.
However, their broad substrate specificity which is often overlap-
ping between different members of the cathepsin family makes it
hard to design specific inhibitors and substrates, as demonstrated
by many failed attempts in clinical studies. Therefore, when eluci-
dating cellular mechanisms it is important to critically interpret
the results obtained with inhibitors which are generally consid-
ered specific but in reality are not, especially in high concentra-
tions which are usually used when studying processes in cell
culture. The use of intracellularly expressed specific binders has a
potential advantage over traditional knock-out experiments and
inhibitors, because they can be targeted to a specific location and
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therefore, do not disturb the physiological function of their target
elsewhere. We, therefore, set out to compare an inhibitor consid-
ered specific for cathepsin B (CA074-OMe) with a cathepsin B
specific DARPin (designed ankyrin repeat protein) expressed
intracellularly.

P-02.3-09

Optimized expression and purification of the
ectodomain of the disintegrin metalloprotease
ADAMA17 and the design of a cleavage assay

for EpCAM

K. P. van Midden, B. Lenarci¢, A. Gaber

Faculty of Chemistry and Chemical Technology, University of
Ljubljana, Vecna pot 113, Ljubljana, Slovenia

The disintegrin metalloprotease ADAMI17, also known as the
tumor necrosis factor converting enzyme (TACE), is an essential
regulator of several signaling pathways that include development,
immunity, inflammation, and cancer progression. This is possible
because it cleaves a number of different substrates including
cytokines, growth factors, and adhesion molecules. Even though
TACE has been extensively studied, molecular mechanisms that
govern cleavage of some substrates have yet to be elucidated. One
of these substrates is the transmembrane glycoprotein EpCAM,
which has been identified as a tumor-associated antigen due to its
high expression level in rapidly growing epithelial tumors. In vivo
studies have shown that TACE cleaves EpCAM at two alpha sites,
which are both located in a groove formed by two subunits in a
dimer — the native oligomeric state of EpCAM. The cleavage sites
are thereby inaccessible to TACE. To better understand the mech-
anism by which TACE is able to cleave EpCAM we designed vari-
ous full-length and extracellular constructs of TACE and
expressed them in an Sf9 insect cell line. We optimized the expres-
sion and purification methods for the construct containing the
entire wild-type ectodomain (TACE-EX) and performed the first
in vitro cleavage of EpCAM. We also designed and tested the
experimental procedure to analyze the cleavage of the soluble
EpCAM ectodomain. Our optimized expression and purification
protocols will enable further studies of in vitro cleavage of differ-
ent TACE substrates and allow us to better understand the under-
lying mechanisms of EpCAM cleavage.

P-02.3-10
Insights in peptidyl substrate binding to

cysteine cathepsins
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Slovenia, *Acies Bio d.o.o., Tehnoloski park 21, Ljubljana,
Slovenia, >VIB Center for Medical Biotechnology, A.
Baertsoenkaai 3, Ghent, Belgium, ® Department of Biomolecular
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"VIB Center for Medical Biotechnology, A. Baertsoenkaai 3,
Ghent, Belgium

Cysteine cathepsins are lysosomal peptidases involved in numer-
ous physiological and pathological processes, such as protein
degradation, protein processing, antigen presentation, cancer and
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CNS (central nervous system) disorders. We are trying to under-
stand how these proteases select their endogenous substrates.
Analysis of proteomic study of the cell lysate, which was
enriched with selected cathepsins, suggested representative pep-
tides as a model of protein substrates based on cathepsin’s speci-
fic cleavages. Using a structural approach, we attempted to
validate the peptide model with the crystal structures of active-
site mutant human cathepsin V in complex with those peptides.
The results showed that binding to cathepsin was affected by pri-
mary sequence of the peptides, their terminal modification, crys-
tallization conditions and cathepsin active site mutation. Further
on, those same peptides were treated with native cathepsin V, K
and L and cleavage sites were identified by HPLC-MS. We
showed that peptide binding or cleavage don’t always match with
the binding and/or cleavage of protein substrate. Hence, peptides
are not (always) the model to rely on when studying substrate
specificity at least of cathepsins V, K and L, but likely also other
endopeptidases.

P-02.3-11

Enhanced cytotoxic effect of NK-92 cells
toward K562 target cells in the presence of
propeptide dipeptides of granzymes A and B
I. Dolenc, J. Bozi¢

Jozef Stefan Institute, Ljubljana, Slovenia

Cathepsin C (dipeptidyl-peptidase I) activates granzymes A and
B by proteolytic removal of their N-terminal dipeptides. The pos-
sible physiological role of the cleaved dipeptides Glu-Lys and
Gly-Glu is not yet understood. Our research showed that adding
either of the two dipeptides to NK-92 cells resulted in enhanced
cytotoxicity toward the targeted K562 cells and increased death
rate of the target cells. Cathepsin C is known to generate cyto-
toxic polymers from various dipeptides, as seen for Leu-Leu-
OMe. However, in the case of the dipeptides Glu-Lys and Gly-
Glu, cathepsin C was unable to polymerize them. We showed
that the enhanced cytotoxicity in the presence of the dipeptides is
perforin depended. Additionally, the dipeptides were found to be
inhibitors of the transferase activity of cathepsin C (IC50 < 20
mM), and weak competitive inhibitors of the peptidase activity
with Ki values in the millimolar range.

P-02.3-12
N-terminal domain of EpCAM is involved in

proteolysis-associated signaling

T. Zagar], A. Gaber', B. Lenarcic"?, M. Pavsic!

! Department of Chemistry and Biochemistry, Faculty of Chemistry
and Chemical Technology, University of Ljubljana, Vecna pot 113,
Ljubljana, Slovenia, *Department of Biochemistry, Molecular and
Structural Biology, Institute JoZef Stefan, Jamova 39, Ljubljana,
Slovenia

EpCAM is a homodimeric transmembrane glycoprotein associ-
ated with enchanced cell proliferation and cancer through regu-
lated proteolysis-associated signaling. This involves a series of
cleavages carried out by three membrane-bound proteases,
TACE (TNFuo converting enzyme), BACE! (B-secretase 1) and y-
secretase, and results in the release of the EpCAMs intracellular
part, a crucial component for the formation of the transcription
complex responsible for increased mitogen synthesis. The signal-
ing is initiated by the cleavage of the extracellular part by either
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TACE or BACEI, however the details of molecular events lead-
ing to cleavege at sites buried in the dimerization surface of
EpCAM remain unknown. One possible factor regulating the
accessibility of the cleavage sites is interaction of EpCAM with
other proteins which can lead to the exposure of the cleavage
sites, i.e. by causing the dimer dissociation. In order to test this
hypothesis, we performed interaction interface mapping by
mutating surface-exposed residues of EpCAM’s extracellular part
(EpEX). A set of 28 of such mutants was studied in vivo and the
extent of the cleavage was assessed with the quantitive western
blot. The analysis revealed three distinct surface patches with the
same cleavage pattern compared to the wild type, however the
extent of the cleavage at certain sites was substantially different.
These surface regions represent possible interaction sites with
proteins affecting the cleavage and are located mostly on the
membrane-distal N-terminal domain. Those interaction partners
will be identified using a proximity ligation assay involving
promiscuous biotin ligases BioID2 and/or TurboID fused to the
extracellular part of EpCAM and will enable us to determine
which interaction partners bind to which surface patch and hope-
fully reveal their underlying effect on the signaling initiation.

P-02.3-13
Ectodomain shedding of epidermal growth

factor receptor by cysteine cathepsins

M. Grozdanic'%, B. Soboti¢!, T. Sever"2, M. Vizovisek',

B. Turk!*3* M. Fonovi¢">3

Jozef Stefan Institute, Liubljana, Slovenia, *Jozef Stefan
International Postgraduate School, Ljubljana, Slovenia, *Centre of
Excellence for Integrated Approaches in Chemistry and Biology of
Proteins, Ljubljana, Slovenia, *Faculty of chemistry and chemical
technology, Ljubljana, Slovenia

Cysteine cathepsins are lysosomal proteases, also known to be
secreted to the extracellular space. Secreted cysteine cathepsins can
cleave ectodomains of membrane proteins including receptors,
growth factors, cytokines, and adhesion proteins. Among the
receptors, the epidermal growth factor receptor (EGFR) was iden-
tified as a cysteine cathepsin substrate candidate with high physio-
logical relevance. EGFR belongs to the ErbB family of receptor
tyrosine kinases and plays an important role in cell differentiation,
migration, proliferation, and metabolism. This receptor is found to
be overexpressed in many cancers, showed to be consequently
more aggressive and resistant to chemotherapeutics. Signaling
through EGFR is commonly triggered by ligand binding, however,
deletions in the extracellular region of EGFR can also cause
ligand-independent constitutive activation. Using mass spectrome-
try-based proteomics, we determined that extracellular cysteine
cathepsin L cleaves domain II of EGFR. Moreover, our results
revealed that this ectodomain truncation activated the receptor
and changed the phosphorylation profile of cellular kinases. By
phosphoproteomic analysis, we were able to identify and quantify
significant differences in cellular phosphorylation in cells express-
ing truncated EGFR. Significant pathways suggest that expression
of truncated EGFR causes changes in mitogen-activated protein
kinases (MAPK) pathway, connected with cell cycle and prolifera-
tion, and changes in RNA metabolism. Since EGFR is one of the
important anticancer drug targets, our finding could lead to a bet-
ter understanding of EGFR and possibly to more effective strate-
gies in anticancer therapy. Additionally, our results confirm the
increasingly recognized important role of extracellular cysteine
cathepsins in cancer.
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P-02.3-14
Modulation of the 20S proteasome activity by

the interplay between ATP and Mg?* ions

A. Morozovl, T. Astakhova®, A. Burov', P. Erokhov?,

V. Karpov'

! Engelhardt Institute of Molecular Biology, Russian Academy of
Sciences, Moscow, Russia, °Koltzov Institute of Developmental
Biology, Russian Academy of Sciences, Moscow, Russia

The proteasomes represent elements of the ubiquitin-proteasome
system (UPS) directly responsible for the degradation of cellular
proteins. There are several mechanisms that regulate activity of
proteasomes including association with regulators, cofactors and
via posttranslational modifications of proteasome subunits. Inter-
estingly, the activity of proteasomes was shown to be influenced
by divalent ions Ca®>" and Mg”". Magnesium forms a key com-
plex with intracellular ATP and most intracellular ATP is bound
to Mg*", however in certain conditions including stress, when
Mg?" concentrations are decreased the amount of free ATP may
rise. Herein, using purified preparations of 20S constitutive and
immunoproteasomes and a set of short fluorogenic proteasome
substrates we demonstrated that chymotrypsin- and caspase-like
proteasome activities were gradually decreased from 90 to 50%
with the rise of free ATP concentration from 0.25 to 10 mM. In
contrast, Mg?" concentrations in range from 0.5 mM to 20 mM
dose dependently increased the chymotrypsin-like activity of puri-
fied 20S proteasomes from 17% to 67% correspondingly. Con-
cordantly, when proteasomes were incubated with combinations
of ATP and Mg2+ the chymotrypsin-like activity was directly
proportional to the molecule ratio, being equal to control values
when identical concentrations of Mg?* and ATP were used. At
the same time, when casein labeled with Cy5, or Rhodamine was
used as a proteasome substrate instead of short peptides minimal
effect of free ATP on the substrate turnover was demonstrated.
Taken together, obtained results indicate that free ATP and
Mg®" differently influence the degradation of different substrates
likely relevant to their size and charge. Furthermore, proteasome
regulatory mechanism based on the balance between free ATP
and Mg®" may exist in cells. The work was supported by Russian
Science Foundation grant #17-74-30030.

P-02.3-15

Structural mechanisms underlying maturation
of papain-like cysteine protease

O. E. Chepikova‘, L. V. SavvateevaZ, V. D. Maslova'?,

M. V. Serebryakova®, A. S. Kazakov*, N. V. Gorokhovets?,

V. A. Makarov>, S. E. Permyakov“, A. V. Golovin'?,

E. Y. Zernii®, A. A. Zamyatnin Jr.}>?

ISirius University of Science and Technology, Sochi, Russia,

2 Institute of Molecular Medicine, Sechenov First Moscow State
Medical University, Moscow, Russia, >A.N.Belozersky Institute of
Physico-chemical Biology, Lomonosov Moscow State University,
Moscow, Russia, *Institute for Biological Instrumentation of the
Russian Academy of Sciences, Pushchino, Moscow Region, Russia

Papain-like cysteine proteases (PLCPs) are synthesized by various
living organisms and have been widely implicated in biotechnol-
ogy and medicine. Normally, these enzymes consist of a signal
(leader) peptide, a pro-peptide domain and a catalytic domain
harboring catalytic triad Cys-His-Asn. Being expressed as inac-
tive zymogen, PLCPs become maturated via autocatalytic cleav-
ages, which separate their pro-peptide and catalytic domains. In
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this study we address structural mechanisms regulating timely
and efficient maturation of PLCPs by the example of human pro-
tease cathepsin L and wheat protease triticain-o. We demonstrate
that activation of these proteases is a multistep pH-dependent
process, which is governed by formation of a proper molecular
complex enabling productive autocatalytic processing. Structural
and biochemical analysis along with molecular modeling sug-
gested that formation of such complex is mediated by multiple
electrostatic interactions in the interface between the enzyme sub-
units. These findings expand general understanding of PLCPs
functionality, and may be used upon developing PLCPs-based
products for pharmaceutics and biotechnology. This work was
supported by the Russian Science Foundation (grant No. 21-75-
30020).

P-02.3-16

Selective and reversible cathepsin X inhibitors:
development and structure-activity
relationships study

U. Pecar Fonovi¢', D. Knez', M. Hrast', A. Mitrovi¢',

A. Piglar', N. Zidar!, M. Projl, T. Jakos', J. Stojanz, S. Zakeljl,
J. Tronteljl, B. Brus', S. Gobec!, J. Kos'

"University of Ljubljana, Faculty of Pharmacy, Ljubljana,
Slovenia, °University of Ljubljana, Faculty of Medicine, Institute
of Biochemistry, Ljubljana, Slovenia

Cathepsin X is a carboxymonopeptidase found mainly in immune
cells, where it regulates migration, adhesion, proliferation, matura-
tion, phagocytosis and signal transduction through cleaving differ-
ent substrates. Cathepsin X is highly elevated in various types of
cancer, neurodegenerative disorders, inflammatory and other dis-
eases and became an object of interest as a possible therapeutic tar-
get. Until recently, an epoxysuccinyl-based inhibitor AMS36 was
the only one that showed certain selectivity toward cathepsin X. It
is an irreversible inhibitor that also partially inhibits cathepsin B.
However, for treatment of pathologic conditions associated with
excessive proteolytic cleavage, reversible small molecular inhibitors
could be a preferred option. In our study, 579 compounds from
the in-house library were tested for the relative inhibition of
cathepsin X, following further characterization. A reversible and
specific inhibitor Z9 (1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-
((4-isopropyl-4H-1,2 4-triazol-3-yl)thio)ethan-1-one) with K; 2.45 +
0.05 uM was further validated on PC-3 prostate cancer cells and
PC-12 pheochromocytoma cells revealing substantial inhibition of
PC-3 migration and PC-12 neurite outgrowth (previously published
in: Pecar Fonovi¢ U et al. (2017) Sci Rep 7(1): 11459). Both pro-
cesses are under the control of cathepsin X carboxypeptidase activ-
ity. Next, a concise series of inhibitor Z9 modifications on its
benzodioxine or triazol moieties and ketomethylenethio linker were
synthesized to study the structure-activity relationships. Several of
the most promising candidates were further characterized and tested
in cell-based assays.
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P-02.3-17

In-gel profiling of protease cleavage specificity
R. Vidmar, M. Vizovisek, D. Turk, B. Turk, M. Fonovic
Institute Jozef Stefan, Department for Biochemistry, Molecular
and Structural Biology, Ljubljana, Slovenia

Determination of protease specificity is of crucial importance for
understanding protease function and also for the design of selec-
tive synthetic peptide substrates. Despite several available pro-
teomic methodologies, protease cleavage specificity profiling still
remains a labor-intensive and experimentally challenging task.
To tackle these drawbacks, we developed a gel-based label-free
proteomic approach for reliable determination of protease cleav-
age specificity (Vidmar et al., 2017, EMBO J). The presented
methodology is based on in-gel digestion of the gel-separated
proteome with the studied protease, enrichment of cleaved pep-
tides by gel extraction and subsequent mass spectrometry analy-
sis combined with a length-limited unspecific database search.
We developed an optimized and easy-to-implement workflow that
enables the identification of both N- and C-terminal cleavage
sequences, which are aligned to establish a global protease cleav-
age specificity profile. The methodology was validated by profil-
ing ten proteases from highly specific caspase-7, legumain,
endoproteinase GluC and trypsin to broad specific matrix-metal-
loproteinase-3, thermolysin and cathepsins K, L, S and V. Speci-
ficity profiling of thermolysin was performed at its optimal
temperature of 75°C, which confirmed the applicability of DIPPS
to extreme experimental conditions. Furthermore, DIPPS enabled
us to perform a first global cleavage specificity profile of legu-
main at a pH as low as 4.0, which confirmed a pH-dependent
cleavage specificity switch. The obtained data of >50 000 cleav-
ages showed excellent correlation with known protease specifici-
ties, demonstrating the applicability of this approach to all major
mechanistic classes of proteases under a broad range of experi-
mental conditions. This approach can be easily implemented by
any proteomic laboratory and thus provides an excellent starting
point for protease characterization and development of specific
protease substrates and inhibitors.

P-02.3-18

Role for the S1 pocket in substrate specificity
of papain-like cysteine proteases

A. Petushkova', A. Zalevsky"z, N. Gorokhovets', V. Makarov',
L. Savvateeva!, M. Serebryakova3, A. Golovinl‘“, E. Zernii'?,
A. Zamyatnin'->*

!Institute of Molecular Medicine, Sechenov First Moscow State
Medical University, Moscow, Russia, 2Faculty of Bioengineering
and Bioinformatics, Lomonosov Moscow State University,
Moscow, Russia, >Belozersky Institute of Physico-Chemical
Biology, Lomonosov Moscow State University, Moscow, Russia,
*Sirius University of Science and Technology, Sochi, Russia

Papain-like cysteine proteases (PLCPs) are well-recognized as
enzymes responsible for low-specificity digest of different proteins
in lysosomes and other acidic cellular compartments. Growing
evidence indicates that PLCPs have additional specific functions
under ambient pH conditions characterized for the cytoplasm. In
this study, we examined structural aspects ensuring pH-depen-
dent substrate specificity of PLCPs. Mass-spectrometry analysis
of the natural products of plant PLCPs-catalyzed digestion
revealed that the enzymes cleave polypeptides with a hydropho-
bic residue in the P2 position. Meanwhile, experiments employing
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fluorogenic peptide substrates demonstrated that plant PLCPs
and human cysteine cathepsins additionally possess a pH-depen-
dent specificity for the residue in the P1 position. X-ray crystallo-
graphic studies and molecular simulations allowed overall
structure determination of the enzymes and predict residues in
the S1 binding pocket which can form electrostatic contacts with
the substrates. Sequence analysis established variability of these
residues among PLCPs. Based on these data, we conclude that
the S1 binding pocket may govern specific pH-dependent recogni-
tion of substrates by PLCPs, thereby ensuring multiple physio-
logical functions of these enzymes. This work was supported by
the Russian Science Foundation (grant No. 21-75-30020) and by
the UK-Russia Young Medics Association.

P-02.3-19

Characterization of ubiquitin metabolism in
mammalian cells by fluorescence tracking
A. Kudriaeva, A. Belogurov Jr.

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS,
Moscow 117997, Russia

Despite almost 40 years having passed from the initial discovery
of ubiquitin (Ub), fundamental questions related to its intracellu-
lar metabolism are still enigmatic. Here we utilized fluorescent
tracking for monitoring ubiquitin turnover in mammalian cells,
resulting in obtaining qualitatively new data. We report (1) short
Ub half-life estimated as 4 h; (2) for a median of six Ub mole-
cules per substrate as a dynamic equilibrium between Ub ligases
and deubiquitinated enzymes (DUBs); (3) loss on average of one
Ub molecule per four acts of engagement of polyubiquitinated
substrate by the proteasome; (4) direct correlation between incor-
poration of Ub into the distinct type of chains and Ub half-life;
and (5) critical influence of the single lysine residue K27 on the
stability of the whole Ub molecule. Concluding, our data provide
a comprehensive understanding of ubiquitin-proteasome system
dynamics on the previously unreachable state of the art. The
reported study was supported by Russian Scientific Foundation
project # 19-14-00262.

P-02.3-20
Expression of (pro)cathepsin X and cystatin C
in PC-12 cell line affected by amyloid beta

fragment (25-35)
B. Doljak, J. Kos
Faculty of Pharmacy, University of Ljubljana, Ljubljana, Slovenia

Cathepsin X is a unique cysteine protease expressed mainly in
immune and neuronal cells. In addition to the non-specific degra-
dation of proteins in lysosomes, it also specifically regulates
inflammatory and immune responses by cleaving protein targets
outside lysosomes. Increased expression and activity of cathepsin
X in neurodegenerative diseases such as Alzheimer’s disease
(AD) and multiple sclerosis suggest its role in disease onset and
development. Cystatin C is an endogenous cysteine protease inhi-
bitor found among others in the senile plaques of patients with
AD. It shows anti-amyloidogenic activity by binding to amyloid
beta and inhibiting formation of its neurotoxic forms. Undiffer-
entiated PC-12 cells that represent a good model for neurodegen-
eration, were incubated with AP(25-35) at 3 hour and 12 hour
time intervals with and without continuous shaking. The quanti-
ties of intracellular (pro)cathepsin X and cystatin C were
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determined by ELISA in cell lysates, while a kinetic method was
used to measure the amount of active cathepsin X. The amount
of total cathepsin X (pro and active form combined) increased
significantly within 3 h of incubation and remained elevated for
the next 9 h. The level of cystatin C initially decreased during the
first 8 h, subsequently increased to a peak at 12 h and then
slowly decreased back to normal in the next 48 h. The amount of
active cathepsin X intracellularly was not affected during the
observed time points. Cathepsin L, which is responsible for the
activation of procathepsin X into its active form, might be inhib-
ited by cystatin C intralysosomally, thus hindering the boosting
of cathepsin X in spite of increased procathepsin X expression.

P-02.3-21
Characterization of the protease with
keratinolytic activity produced by Aspergillus

giganteus
S. Timorshina, A. Osmolovskiy
Lomonosov Moscow State University, Moscow, Russia

Proteases are in demand in various fields of science and bioecon-
omy. In recent years, a substantial part of studies has been
devoted to investigation of keratinases. Expanding the accumu-
lated knowledge about biochemical and physicochemical proper-
ties of keratinolytic enzymes, will increase the efficiency of
processes that are significant for humanity, such as biodegrada-
tion, treatment of certain skin diseases, and production of bio-
plastics from organic waste. In this regard, this work was
focused on study of the keratinolytic protease synthesized by
Aspergillus giganteus. A complex preparation of proteins secreted
by A. giganteus was fractionated by isoelectric focusing. Enzy-
matic activity was examined with keratin suspension. Also, reac-
tions were carried out with various chromogenic peptide
substrates para-nitroanilides (CPS) to determine the substrate
specificity of the enzyme. For inhibitory analysis, the enzyme was
treated (1 h, 25°C, pH 8.2) with the following inhibitors: PMSF
(1.5 mM), EDTA (1 mM), PCMB (I mM), TPCK (0.5 mM),
TLCK (0.5 mM), soybean trypsin inhibitor (0.5 mg/ml). Reac-
tion conditions are 37°C, pH 8.2, 600 rpm. The amount of
formed products in all types of reactions was measured spec-
trophotometrically. The purified enzyme was analyzed by SDS-
PAGE. Qualitative reaction was performed for determination of
glycoproteins using periodic acid and Schiff’s reagent by dot
blotting on nitrocellulose membranes. The keratinolytic enzyme
of A. giganteus is a protein with molecular weight about 27 kDa
and pl 9.2-9.3. The highest activity in reactions with CPS was
shown with Z-Ala-Ala-Leu-pNA, and protease inhibition
occurred upon the addition of PMSF and EDTA. These results
may indicate the subtilisin-like nature of the enzyme. No glycosy-
lation of the enzyme was detected, which will simplify the cloning
work. Thus, some characteristics of new keratinolytic protease
that can be promising for practical applying and produced by
A. giganteus were investigated.
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P-02.3-22
Sumoylation of neurofibromin and its SecPH
domain plays a role in their functions and

implies unexpected structural requirements

C. Mosrin', M. Bergougl, F. Godin', M. Doudeau', 1. Sosic],
M. Suskiewicz?, B. Vallee-Méheust!, H. Benedetti'

ICentre de Biophysique Moléculaire, ORLEANS, France,

2Sir William Dunn School of Pathology, Oxford, United Kingdom

Neurofibromin (Nf1) is a large, multi-domain protein encoded by
the tumor-suppressor gene NFI1. NF1 is mutated in a frequent
genetic disease, Neurofibromatosis type I, which is mainly char-
acterized by the development of tumors of the nervous system
and it is also mutated in various types of cancers. The best
described function of Nfl is its Ras-GTPase activity, carried out
by its central GRD (GAP related domain), which negatively reg-
ulates the Ras-MAPK pathway. But Nfl exerts other functions
in the regulation of cAMP production and actin cytoskeleton
dynamics. Nfl has been identified as highly regulated by post-
translational modifications (PTM), particularly by phosphoryla-
tion and ubiquitination. Data of our team previously demon-
strated a partial colocalisation of Nfl with PML (ProMyelocytic
Leukemia) nuclear bodies thereby suggesting a possible Nfl
sumoylation. In this work we demonstrated that endogenous Nf1
is preferentially sumoylated by SUMO-2. We then focused on a
specific Nfl domain, SecPH, a bipartite phospholipid binding
module immediately adjacent to GRD which connects Nfl to
diverse signaling pathways by interacting with different partners.
We identified a typical SecPH sumoylation pattern and a specific
lysine as a major SUMO acceptor site. We demonstrated that
this sumoylation is important for Nfl function because it affects
the Ras-GAP activity of the adjacent GRD and the interaction
of SecPH with one of its partners, furthermore SecPH sumoyla-
tion pattern is disrupted in different pathogenic NF1 missense
mutations. We further characterized SecPH major sumoylation
and demonstrated that it is independent of a consensus site but
requires unexpected structural elements and could be used as a
readout of SecPH folding or conformation to affect its stability
and functions.

P-02.3-23
The role of ACRC/GCNA in the repair of

DNA-protein crosslinks

C. Supina, 1. Anticevic, J. Loncar, M. Popovic

Ruder Boskovic Institute, Division for Marine and Environmental
Research, Laboratory for molecular ecotoxicology, Zagreb,
Croatia

DNA-protein crosslinks (DPCs) are DNA lesions which occur
when a protein becomes irreversibly covalently linked to DNA.
DPC formation is very common in cells, as it can arise from both
endogenous (aldehydes and reactive oxygen species) and exoge-
nous sources (ionizing radiation, UV, chemotherapeutics). Due
to their bulky nature, DPCs impair all DNA transactions (repli-
cation, transcription, and repair). They have adverse effects on
the organismal level including cancer, premature aging, and neu-
rodegenerative diseases. Several groups have identified novel pro-
teases, Wssl in yeast and SPRTN in higher eukaryotes, which
initiate the removal of DPCs through the proteolytic digestion of
crosslinked proteins. Considering that they are a common type
of DNA damage, a second potential DPC protease in higher
eukaryotes might exist. Phylogenetic analysis of the SPRT family
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in metazoans identified a SPRT-like protein family, ACRC
(acidic repeat containing). In line with the phylogenetic proxim-
ity, the 3D structure of the protease core within the Sprt domain
of ACRC is very similar to that of SPRTN. The goal of our
study is to determine if ACRC is proteolytically active and what
is its relation to SPRTN, using zebrafish model and CRISPR/
Cas9 gene manipulation. To address the role of ACRC in vivo
we introduced mutation in the ACRC putative protease active
site (E451 deletion) with the aim of creating an enzymatic dead
version of ACRC. We also compared both proteases using phylo-
genetic and syntenic analysis and in regard to mRNA and pro-
tein expression across different tissues in zebrafish. Our study
will reveal actual contribution of ACRC to the DPC removal on
the organismal level.

P-02.3-24

Identification of a novel putative interaction
partner of dipeptidyl peptidase 3,

SH2 domain-containing protein 3C

M. Matovina, A. Tomasi¢ Pai¢, M. Pinteri¢

Ruder Boskovic Institute, Zagreb, Croatia

Dipeptidyl peptidase 3 (DPP3) is a zinc metallopeptidase that
sequentially cleaves off dipeptides from the unsubstituted amino-
termini of 3-10 residue long peptides in vitro, showing broad
specificity for 4-8 residue substrates. It is involved in the regula-
tion of Nrf2/KEAPI signalling pathway through its interaction
with KEAPI protein, which is so far the only confirmed protein
interaction partner of DPP3. We have conducted SILAC-MS
study on the whole proteome of HEK293T cells and identified
novel putative interaction partner of DPP3, SH2 domain-con-
taining protein 3C (SH2D3C). SH2D3C is one of the three mem-
bers of the family of proteins which contain both SH2 domain
and a domain similar to guanine nucleotide exchange factor
domains for Ras family GTPases (Ras GEF-like domain). Sev-
eral different length isoforms of SH2D3C protein are expressed
in different cell types, where they have different functions, includ-
ing acting as an adapter protein involved in the regulation of cell
adhesion and migration, tissue organization, and the regulation
of the immune response. The interaction of DPP3 with the iso-
forms 2 and 3 of SH2D3C was confirmed by Co-immunoprecipi-
tation of overexpressed proteins in HEK293T cells and by GST-
pulldown with both wild type DPP3 and catalytically inactive
DPP3 variant, E451A. The colocalization of EGFP-DPP3 and
SH2D3C-mCherry was analysed by confocal microscopy in NIH
3T3 cells and detected in cytosol and on the membrane, with
weak staining signal in the nucleus. Preliminary bimolecular fluo-
rescence complementation (BiFC) investigation displays the inter-
action in the cytosol and in the membrane ruffles. Present
knowledge about the DPP3 and SH2D3C proteins indicate that
their interaction might represent a link between Nrf2/KEAP1
mediated oxidative stress response and the regulation of cell
migration, and further investigations that will elucidate the
potential physiological implications of this interaction are in
progress.
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Specificity of cysteine cathepsins through the

eyes of large-scale proteomic data analysis

L. Tusar'>*, F. Impens>*, E. Van Quickelberghe’, M.
Vizovisek"*, M. Miheli¢’, R. Vidmar', M. Fonovi¢!, B. Turk"®7,
K. Gevaert’, D. Turk'?
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and Structural Biology, Ljubljana, Slovenia, 2Centre of Excellence
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Biotechnology and UGent Department of Biomolecular Medicine,
Gent, Belgium, *ETH Ziirich, Inst. f. Molekulare Systembiologie,
Zurich, Switzerland, 5M1akarjeva 11, Kamnik, Slovenia, GFacully
of Chemistry, University of Ljubljana, Ljubljana, Slovenia,
"Institute of Regenerative Medicine, I.M. Sechenov First Moscow
State Medical University, Moscow, Russia

Cysteine cathepsins are a group of endolysosomal proteases
involved predominantly in protein turnover with a number of
specific roles. Their redundancy and broad specificity make it dif-
ficult to understand their functional differences. To get an insight
in the redundancy and specific protein degradation patterns we
undertook a proteomic analysis of SH-SYSY cell lysates with
human cathepsins K, V, B, L, S, and F. A survey of approxi-
mately 30000 cleavage sites determined by the COFRADIC
method showed that the majority of cleavages can be performed
by several cathepsins, with a small fraction of specific cleavages,
performed by a single cathepsin in the intact protein only once.
Redundant cleavages often appear in groups of short sequence
spans. Statistical analysis of the cleaved peptides revealed differ-
ences in the specificity-determining substrate binding sites and
their span. We call these sites heterogeneous, in contrast to
homogeneous, which contain normal distribution of amino acids.
The cleavage sites of heterogeneous substrate positions were clus-
tered using the BLOSUM weighted substitution matrix and
served us to extract refined training sets for generating the sup-
port vector machine models for cathepsins K, V, B, L, S, and F.
We applied this methodology to successfully predict cathepsin
cleavages in a number of viral proteins known to be associated
with cysteine cathepsin activation, including the S-protein of
SARS-CoV-2. The computational methodology developed here
can be applied to provide an insight and predict interactions in a
broad range of protein substrates and their processing enzymes.
*The authors marked with an asterisk equally contributed to the
work.
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DNA-Protein-Crosslinks (DPCs) are DNA lesions which occur
when proteins become irreversibly covalently bound to DNA,
thereby physically blocking all DNA transactions including chro-
matin remodeling, replication, transcription and repair. DPC
repair (DPCR) is a specialized DNA damage repair pathway in
which crosslinked proteins are proteolytically or nucleolytically
cleaved. Recently, the specific roles of several enzymes in DPCR
have been uncovered, and their dysfunction has been linked to
ageing, cancer and neurodegenerative diseases. To quantify
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DPCs, we are developing a new method using stably transfected
HeLa cells expressing a GFP-tagged Histone which can form
model DPCs upon e.g. formaldehyde treatment. The presence of
GFP in particular cellular fractions, which depends on the pres-
ence and activity of DPCR enzymes, can then be analyzed, either
by fluorescence or by western blot. Once the method is estab-
lished in cell culture, we aim to develop an in vivo assay in zeb-
rafish. Currently, we are creating zebrafish mutants for DPCR
factors using CRISPR/Cas9 gene editing with the aim of study-
ing the function of target proteins in DPCR in vivo during
embryonic development and in adults. In particular, we are gen-
erating a zebrafish mutant line by introducing the K524A muta-
tion in the p97 gene using the CRISPR/Cas9 knock-in method to
elucidate the role of the segregase P97 specifically in DPCR. We
will investigate the epistasis of P97 with Sprtn, which is a central
component of DPCR and for which we are generating equivalent
mutant zebrafish lines. Taken together, our results will unravel
the role of P97 during the orchestration of DPC repair in vivo.
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Many distinctive proteins regulate the process of tissue mineral-
ization. These macromolecules control the deposition of biomin-
erals and have significant influence on the nucleation, growth,
localization and morphology of growing crystals. Many of
biomineralization related proteins are intrinsically disordered
(IDP) considered as the 