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The influence of pH on damaged DNA processing
by human apurinic/apyrimidinic endonuclease 1

L.V. Alekseeva'", A. Bakman?, Yu.N. Vorobjev!, O.S. Fedorova'2, N.A. Kuznetsov'?
! Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia

2 Novosibirsk State University, Novosibirsk, Russia

* e-mail: Irina.Alekseeva@niboch.nsc.ru

Key words: human APE1, FRET-substrate, stopped-flow kinetics

Motivation and Aim: Human apurinic/apyrimidinic endonuclease 1 (APEl) is a key
participant in the cascade of DNA base excision repair reactions. APEI initiates the
search and repair of apurinic/apyrimidinic (AP) sites in DNA, which are not only
cytotoxic, but also can lead to mutagenesis, if left unrepaired. It is known from X-ray
diffraction data that enzyme amino acid residues interact preferentially with one of the
duplex strands to form usually hydrogen bonds and electrostatic contacts. The enzyme
active site is formed by a large number of polar amino acids, which provide extensive
contact with the phosphate groups of the DNA substrate binding site. Therefore, the aim
of this study was to elucidate the influence of pH on the efficiency of formation of the
enzyme-substrate complex and catalytic reaction.

Methods and Algorithms: In the present work, we used stopped-flow fluorescence
techniques to conduct a comparative kinetic analysis of the conformational
changes of the enzyme and DNA substrate molecules during recognition and
cleavage of the abasic site in the pH range from 5.5 to 9. DNA-substrate contained
FRET pair FAM-BHQ1 and furan residue F as nonreactive analog of AP-site.
Results: We have observed the changes in FAM fluorescence during the interaction of
APEI1 with the FAM-F substrate lead to a fast decrease in the fluorescence intensity
(within 10 ms) followed by the increase phase in the time range 50 ms to 10 s. It was
proposed that the initial decrease in the FRET signal reflects the decrease in the distance
between FAM and quenching BHQ1 residues due to DNA bending in the complex with
APEL. This step was detected only in the case of pH from 5.5 to 7.0. The increase
in FAM fluorescence intensity in the next phase most likely reflects a release of the
cleaved DNA product from the complex with the enzyme. The kinetic curves were fitted
to sum of exponential equations. The rate constants for the formation of the catalytically
competent complex and the observed catalytic constant were calculated.

Conclusion: It was shown that the activity of APE1 increases with increasing pH due
to acceleration of the rates of catalytic complex formation as well as catalytic reaction.

Acknowledgements: This work was supported by grant from Russian Science Foundation
No. 18-14-00135.
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Topological properties of graph of hydrogen bonds forming
in SOD1 protein indicate critical regions in its structure

A. Alemasov*, V. Ivanisenko
Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
* e-mail: alemasov@bionet.nsc.ru

Key words: ALS, SODI, hydrogen bonds, elastic network models, graph theory

Motivation and Aim: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative
disease which manifests in two forms: familial and sporadic [1]. The second most
prevalent and studied cause of familial ALS is mutations in the SOD1 gene, which codes
for the superoxide dismutase-1 enzyme. One of hypotheses on the mechanism for disease
progression posits an aggregation of misfolded SOD1 proteins caused by mutations.
Methods and Algorithms: Spatial structures of the 35 mutant SOD1s were obtained
by introduction of mutations into the human WT SODI protein structure (PDBID:
2VO0A) using FoldX software. The WT and 35 mutant structures were modelled with
elastic networks modelling (EN) using EINemo with the default parameters set. A table
of hydrogen bonds was constructed for the WT SOD1 and its mutants by the cpptraj
utility using AmberTools 13. Rigid fragments in hydrogen bonds graph were detected by
starfish [2]. A topology of the graph was constructed using nested stochastic block model
from Python’s graph-tool package. Graph vertices whose remove decreases connected
component size in the graph were found with Python’s networkx package.
Results: Mutant SOD1’ residues being bottleneck vertices in the graph were found to
form hydrogen bonds lacking in the WT. This can indicate that mutations in SODI1
modify hydrogen bonds network to weaker one in terms of the network connectivity.
Critical regions are found inside the protein structure which are sensitive for structural
adjustments and were affected by ALS-linked mutations. These protein structure regions
include amino-acid residues from zinc-binding site, zinc-bindnig and electrostatic loop.
Conclusion: The results of graph analysis are in agreement with our previous work [3]
in those SOD1 regions which are critical for its structure if affected by ALS mutations.
These SOD1 residues identified can be responsible for the pathogenic conformations
in the mutants. Taking them into account can be valuable both for understanding the
molecular mechanisms of mutant pathogenicity and drug design. The results garnered in
this study can aid the design of drugs that not only can prevent aggregate formation, but
also repair pathogenic conformations of mutant proteins before aggregation.
Acknowledgements: Methods development was supported by the RFBR grant
No. 17-54-49004 and critical regions study was supported by the Russian Science
Foundation grant No. 14-44-00011.
References
1. Kiernan M.C. et al. (2011) Amyotrophic lateral sclerosis. Lancet. 377:942-955.
2. Duggal G., Kingsford C. (2012) Graph rigidity reveals well-constrained regions of chromosome
conformation embeddings. BMC Bioinformatics. 13(1):241.
3. Alemasov N.A. et al. (2018). Molecular mechanisms underlying the impact of mutations in SODI on

its conformational properties associated with amyotrophic lateral sclerosis as revealed with molecular
modelling. BMC Structural Biology. 18(1):1.
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DNA is a new acceptor of PARP3 protein

E. Belousova'*, A. Ishchenko?, O. Lavrik'

! Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia
2UMRS8200 — CNRS Paris Saclay, Gustave Roussy, 94805 Villejuif, France

* e-mail: rina@niboch.nsc.ru

Key words: PARP3, mono(ADP-ribosyl)ation of DNA, DNA repair, NHEJ

Motivation and Aim: Poly(ADP-ribose)polymerases, PARPs, represent a protein family
that is involves in a number of cellular processes such as DNA repair, genomic stability,
and programmed cell death. Through the whole family that includes 17 participants with
very different structures and cellular functions, only three proteins — PARP1, PARP2
and PARP3, possess DNA-dependent catalytic activity on attaching of ADP-ribose from
NAD-+-molecule to the acceptors [1]. Interestingly, that PARP1 and PARP2 catalyzed
synthesis of long stretch of poly(ADP-ribose)polymers, whereas the most data are
consider that PARP3 is a mono(ADP-ribose)transferase.
For a long time, amino acid residue of the protein substrate such as aspartate, glutamate
and lysine, have been exclusive acceptor for PARP-enzymes. However, it was recently
discovered by Talhaoui et al. that DNA-dependent PARP1 and PARP2 can also modify
DNA [2, 3]. Here, we demonstrate that DNA-dependent PARP3 can modify DNA and
form a specific primed structure for further use by the repair proteins.
Methods and Algorithms: In this study, we discovered the capacity of recombinant
human PARP3 to modify partial DNA duplexes and investigated in detail the nature of
the DNA modification and its processing by the DNA repair proteins.
Results: Present study demonstrates that DNA-dependent PARP3 can modify DNA
and that this ADP-ribosylated DNA could be ligated to double-stranded DNA by DNA
ligases. Moreover, ADP-ribosylated DNA could serve as a primed DNA substrate for
PAR chain elongation by the purified proteins PARP1 and PARP2 as well as by cell-free
extracts.
Conclusion: Based on the obtained results we propose that ADP-ribose modification
of DNA can be involved in cellular pathways that are important for cell survival in
the process of double-strand break formation. Moreover, our results suggest that the
different PARPs might act in concert to ensure the efficiency of some cellular processes.
Acknowledgements: Supported by the Russian Science Foundation 14-24-0038.
References
1. Vyasetal. (2014). Family-wide analysis of poly(ADP-ribose) polymerase activity. Nat Commun. 5:4426.
2. Talhaoui et al. (2016) Poly(ADP-ribose) polymerases covalently modify strand break termini in DNA
fragments in vitro. Nucleic Acids Res. 44(19):9279-9295.

3. Munnur and Ahel (2017) Reversible mono-ADP-ribosylation of DNA breaks. FEBS J. 284(23):4002-
4016.
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In vitro lesion bypass by human PrimPol

E.O. Boldinova'*, E.A. Belousova?, Anna V. Makarova'-3, O.1. Lavrik?,
Alena V. Makarova'

! Institute of Molecular Genetics RAS, Moscow, Russia

2 Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia
3D. Mendeleev University of Chemical Technology of Russia, Moscow, Russia

* e-mail: lizaboldinova@yandex.ru

Key words: PrimPol, DNA translesion synthesis (TLS), 8-oxo-G, thymine glycol, 5-formiluracil (5-fU),
AP-site, O%-me-G and 1,N¢-ethenoadenine (eA)

Motivation and Aim: Several human DNA polymerases efficiently incorporate dNTPs
opposite DNA lesions during the process called DNA translesion synthesis (TLS). Human
PrimPol is a DNA primase with DNA polymerase activity which plays an important
role in maintenance of genome integrity. The primary function of PrimPol in vertebrate
cells is reinitiation of stalled DNA replication forks at the DNA damage sites and non-B
DNA structures. Experiments suggest that PrimPol is capable of initiating de novo DNA
synthesis downstream of DNA damage using the DNA primase activity. /n vitro studies
also show that human PrimPol is capable of bypassing some DNA lesions in a manner
of TLS-polymerase. The TLS activity of PrimPol was demonstrated opposite 8-0xo-G,
abasic site (AP-site) and photoproducts. However, the efficiency and accuracy of ANTP
incorporation differ among studies and the activity of PrimPol on templates with other
common DNA lesions is yet to be characterized.

Methods and Algorithms: In this work, we carried out analysis of the TLS activity of
human PrimPol opposite a series of common DNA lesions: 8-0x0-G, thymine glycol,
5-formiluracil (5-fU), AP-site, O%-me-G and 1,N®-ethenoadenine (¢A).

Results: We demonstrate that PrimPol possesses the properties of TLS polymerase
and, in presence of MgZ" ions as metal cofactor, PrimPol carries out very efficient
and accurate synthesis past 8-oxo-G and 5-fU lesions caused by oxidative stress. The
steady state kinetic analysis has shown that incorporation of complementary dCTP
opposite 8-0x0-G is 8-fold higher than incorporation of non-complementary dATP.
PrimPol incorporates correct dATP 20-fold more efficient then dGTP opposite 5-fU. In
the presence of Mg2* ions, PrimPol also bypasses AP-site and O%-me-G with moderate
efficiency but is blocked opposite thymine glycol and €A. PrimPol bypasses O°-me-G
in error-prone manner preferably incorporating non-complementary dTTP opposite the
lesion. Min?" ions significantly stimulate the TLS activity of PrimPol: PrimPol carries out
efficient synthesis opposite all tested DNA lesions including thymine glycol and €A but
demonstrates very low accuracy of dNTPs incorporation. We also demonstrate that the
accessory protein PolDIP2 stimulates the TLS activity of PrimPol in vitro.

Conclusion: These data suggest that the TLS activity of PrimPol have possible relevant
functions in vivo. In particular, the combined primase and polymerase activities of
PrimPol might facilitate replication of DNA with clustered damage.

Acknowledgments: This work was supported by RFBR grants No. 17-04-00925 (to
O.L.L.) and No. 18-04-00777 (to A.V.M.).
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The point mutations in the fingers domain increase the fidelity
of DNA synthesis on undamaged DNA and abrogate DNA translesion
synthesis in Y-family of DNA polymerases

E.O. Boldinova, N.A. Miropolskaya, A.V. Ignatov, A.V. Kulbachinskiy,
A.V. Makarova*

Institute of Molecular Genetics RAS, Moscow, Russia
* e-mail: amakarova-img@yandex.ru

Key words: Y-family of DNA polymerases, Pol iota, Pol eta, DNA damage, active site

Motivation and Aim: Eukaryotic Y-family of DNA polymerases Pol iota and Pol eta play
a key role in efficient and accurate replication of DNA with damage (DNA translesion
synthesis, TLS) but demonstrate very low fidelity of DNA synthesis on undamaged DNA
templates.

Methods and Algorithms: To better understand the mechanism of translesion and error-
prone DNA synthesis by Pol iota and Pol eta we investigated substitutions of evolutionary
conserved active site residues in the fingers domain, involved in interactions with the
templating and the incoming nucleotides. We analyzed the efficiency and fidelity of DNA
synthesis by the mutant human and yeast polymerase variants opposite thymine dimers,
abasic site, thymine glycol, 8-oxoguanine, 1,N°-ethenoadenine and on undamaged DNA.
Results: The point amino acid substitutions Y39A and Q59A in human Pol iota and Q55A
and R73A mutations in yeast Pol eta decreased the catalytic activity of DNA polymerases
on undamaged templates and significantly affected DNA damage bypass. In the presence
of Mg2* ions, the Q59A amino acid substitutions abolished the incorporation of ANTP
opposite 1,N°-ethenoadenine by Pol iota suggesting that the residue Glu59 plays a role
in the Hoogsteen base pairs formation during catalysis. The Q55A substitution in Pol
eta significantly reduced the efficiency of thymine dimers bypass, R73A had a stronger
effect on the activity opposite abasic site, while both substitutions impaired replication
opposite thymine glycol. Importantly, Y39A and Q59A mutations in human Pol iota and
R73A and, to a lesser extent, Q55A substitutions in yeast Pol eta increased the fidelity of
DNA synthesis opposite undamaged DNA.

Conclusions: Altogether, these results reveal a key role of conservative residues of the
fingers domain of Y-family DNA polymerases in replication opposite various types of
DNA lesions and highlight the evolutionary importance of TLS function at the cost of
accuracy of DNA replication.

Acknowledgments: This work was supported by RFBR grant No. 17-00-00264 and the
RAS program “Molecular Biology. New groups”.
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Development of Tdp1 inhibitors based on natural biologically
active compounds

A.A. Chepanova'*, A.L. Zakharenko!, O.D. Zakharova!, T.M. Khomenko?,

E.V. Suslov?, N.S. Li-Zhulanov?, K.P. Volcho?, O.1. Lavrik!

! Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia
2 Institute of Organic Chemistry SB RAS, Novosibirsk, Russia

* e-mail: arinachepanova@mail.ru

Key words: tyrosyl-DNAphosphodiesterase I, inhibitor of tyrosyl-DNA phosphodiesterase I

Motivation and Aim: Tyrosyl-DNA phosphodiesterase 1 (Tdp1) is a promising target for
anticancer therapy based on damage of tumor DNA caused by topoisomerase-1 (Top1)
inhibitors. Tdp1 plays a key role in the repair of Top1-DNA covalent complexes formed
by Top! inhibitors such as camptothecin and its clinical derivatives.

Presumably, inhibition of Tdpl can enhance the therapeutic effect of Torl inhibitors,
sensitizing tumor cells to their action [1].

The development of new inhibitors of DNA repair enzymes based on natural
compounds and their derivatives is particularly relevant, since such compounds often
have complementarity to targets of biological origin. We used derivatives of coumarin,
terpenes and chromen for Tdp1 inhibitors screening.

Methods and Algorithms: Screening of compounds — potential inhibitors is carried
out using a real-time fluorescence measurement method, which makes it possible to
determine the initial reaction rate with high accuracy [2]. The effect of the selected
compounds on the proliferation of transplanted tumor cell lines and the evaluation of cell
death are studied using the MTT test.

Results: All studied compounds have a pronounced inhibitory effect. The dependence
of the inhibitory activity on the structure of the compounds was revealed. Among the
developed inhibitors, there are both moderately toxic and non-toxic compounds.
Conclusion: The compounds studied can be used to develop on their basis more effective
inhibitors of Tdp1. The therapeutic effect of such substances can be a selective increase
in the activity of Top1 inhibitors in tumors. Non-toxic inhibitors of Tdp1 are of particular
interest, since will avoid additional side effects.

Asknowledgments: Supported by Russian Science Foundation (grant No. 16-13-10074).
References

1. Dexheimer T.S. et al. (2008) Anticancer Agents Med. Chem. 8:381-389.
2. Zakharenko et al. (2015) Bioorg. Med. Chem. 9:2044-2052.
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Comparative analysis of lactaptin produced
in bacterial and eukaryotic cells. Purification and activity

O. Chinak'*, O. Volkova?, T. Belovezhec?, A. Gorchakov?, A. Tkachenko',

E. Kuligina', V. Ricter', O. Koval'-?

! nstitute of Chemical Biology and Fundamental Medicine, SB, RAS, Novosibirsk, Russia
2 Institute of Molecular and CellularBiology SB RAS, Novosibirsk, Russia

3 Novosibirsk State University, Novosibirsk, Russia

* e-mail: chinakolga@gmail.com

Key words: lactaptin, casein, anticancer protein, affinity chromatography

Motivation and Aim: Lactaptin is a fragment of human milk k-casein, it has been
previously shown to induce the apoptosis of cancer cells in culture with no cytotoxic
activity toward non-malignant cells. Its recombinant analogue (RL2) produced in
E.coli demonstrated tumor growth suppression in vivo. Given that correct folding of
recombinant human proteins occurs in eukaryotic cells we constructed new recombinant
plasmid for expression lactaptin analog EL1 (eukaryotic lactaptin 1) in human cells.
Besides a leader sequence for secretion, recombinant lactaptin contained hexahistidine-
tag. Recombinant lactaptin EL1 production, secretion, harvesting and purification were
in the focus of our work.

Methods and Algorithms: EL1production and secretion by HEK293T cells was detected
by Western-blot analysis in cell lysates as well as in cultural medium. To purify EL1 we
used cation-exchange and immobilized metal ion affinity chromatography (IMAC).
Results: IMAC is a commonly used protein purification procedure. However, enrichment
of eukaryotic cell culture medium with histidine and cysteine results in competitive
binding of these amino asids with immobilized metal. Moreover, we found that
numerous histidine-containing serum proteins contaminated EL1 eluates. To overcome
these difficulties we performed cation-exchange chromatography as an initial step. The
chromatography protocol (resin, ionic concentrations and pH) was optimized to remove
free histidine and proteins with similar retention properties from the EL1-containing
solutions. Using IMAC chromatography for subsequent EL1 purification we obtained
the protein with up to 95 % purity.

Conclusion: Detailed protocol for recombinant lactaptin EL1 purification was developed.
Acknowledgements: Supported by the by the Russian Ministry of Education and Science,
Agreement 14.604.21.0169 (unique project identifier RFMEFI60417X0169).
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Motivation and Aim: A single nucleotide replacement in gene can lead to developmental
disorders and even to lethal effect if it occurs in reproductive cells or to carcinogenesis
if mutation proceeds in somatic cells. At present, five to nine systems of damage
correction were distinguished, among which the most active study is conducted with
base excision repair (BER) system. This system is polycomponent and functioning due
to the coordinated action of more than 10 proteins. One of the major proteins of the
BER system is the AP-endonuclease 1 (APE1). The human APEI is a globular protein
of 318 amino acids with a molecular mass 35.4 kDa. The main role of APEI is the
correction of apurinic-apyrimidinic (AP) sites generated spontaneously or as a result of
N-glycosylase reaction catalyzed by monofunctional DNA-glycosylases. The goal of
our research was to analyze the effects of single nucleotide polymorphism of APE1 on
the recognition of AP-sites in DNA and catalytic reaction.

Methods and Algorithms: In the current study, we constructed and purified by the
standard methods the APEl SNP variants: Asn222His, Arg237Ala, Arg237Cys,
Gly241Arg, Arg274Gln, Pro311Ser, Met270Ala and Met270Thr. These amino acid
residues were chosen because some of them are involved in DNA coordination, while
others are involved in the catalytic conversion of AP-sites. Comparative kinetic analysis
of catalytic processes for APEI variants was performed by stopped-flow method. The
effects of SNP APE1 on conformational changes in enzyme and specific DNA-substrates
were analyzed by detection of fluorescence intensities of tryptophan and 2-aminopurine,
respectively.

Results: The data obtained in the current work made it possible to determine the kinetic
scheme describing interactions of the mutant forms of the enzyme with the DNA
substrates, to calculate the rate constants of the elementary stages and to specify the
stages of the process affected by these amino acid substitutions. Stopped-flow kinetic
study for all mutant forms revealed that such amino acid substitutions change APE1
activity by influence on the different stages of enzymatic process. However, all mutant
forms of the enzyme retain the ability to cleave the AP-site.

Conclusion: The natural SNPs in the enzyme APE1 display a significant effect on the
recognition, binding and catalytic conversion of AP-sites in DNA.

Acknowledgements: This work was supported by grant from the Russian Foundation for
Basic Research (No. 16-04-00037).
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Motivation and Aim: Numerous drugs have been developed, which have or resemble
nucleosidic structure. Disaccharide nucleosides is a group of natural compounds forming
poly(ADP-ribose) (PAR) and found in tRNA, antibiotics, and other physiologically
active compounds [1]. Earlier we have developed the synthetic methodology for the
synthesis of 2'-O-a-D-ribofuranosyladenosine, a monomeric unit of PAR, which is an
important biopolymer, participating in DNA repair [2]. Therefore, chemical synthesis
of disaccharide analogues may be an advantageous area for the discovery of a novel
compounds inhibiting DNA-repairing enzymes to increase the effectivity of anticancer
therapy.

Methods and Algorithms: We have synthesized a series of disaccharide purine and
pyrimidine nucleosides by the formation of an O-glycosidic bond between a nucleoside
carrying one free hydroxyl group and an activated monosaccharide. All the compounds
were characterized by NMR and UV spectroscopy and by LC-APCI and LC-HRMS.
Inhibitory effect of disaccharide nucleosides was studied on two DNA-repairing
enzymes — poly(ADP-ribose)polymerase 1 (PARP-1) and tyrosyl-DNA phospho-
diesterase 1 (Tdp-1). PARP-1 inhibitory assay was performed using [3H]-NAD™. Tdp-1
activity was measured using real-time fluorescence assay in the presence of fluorophore-
quencher containing oligonucleotides.

Results: In the series of disaccharide nucleosides pyrimidine derivatives were found to be
effective Tdp-1 inhibitors, with IC, being in low micro molar range, and weak PARP-1
inhibitors, with ICs, being ~10-> M. Disaccharide nucleosides did not demonstrate
cytotoxic effects at concentration up to 1 mM against human cell lines.

Conclusion: Thus, the obtained results have revealed disaccharide nucleosides as a
promising class of compounds, inhibiting key DN A-repairing enzymes: PARP and Tdp-1.
Acknowledgements: Supported by Russian Scientific Foundation (grant No. 17-74-
10057).
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Motivation and Aim: The problem of rapid target search in DNA is faced by transcription
factors, restriction endonucleases, DNA repair enzymes and other sequence- or structure-
specific DNA-binding proteins. Theoretically, the fastest target search in DNA can be
achieved by combining one-dimensional diffusion along the DNA contour (processive
search) and three-dimensional diffusion (distributive search). The balance between
these search modes depends on many factors affecting DNA-protein interactions, such
as the presence of mono- and divalent cations, competing proteins, crowding effect, etc.
Presently, the mechanisms of target search are understood only for a handful of enzymes.
Methods and Algorithms: We have recently developed an assay to study target search
by DNA repair enzymes, based on cleavage of oligonucleotide substrate containing
two targets. Thus, the distance between the targets can be precisely controlled, and any
modification can be introduced into DNA. Subsequently, the probability of correlated
cleavage (P,,) is estimated, reflecting the efficiency of enzyme transfer between the
specific sites. In this work, we have investigated five repair enzymes: E. coli endonuclease
VII (Nei), its human homologs NEIL1 and NEIL2, and uracil-DNA-glycosylases
(UNG) from E. coli and vaccinia virus.

Results and conclusion: As expected, P, of all enzymes depended on the ionic strength
of the solution and the presence of MgZ". UNG from vaccinia virus was the most sensitive
to these factors, raising questions about its proficiency as a suggested processivity factor
of viral DNA polymerase. Nei, NEIL1 and NEIL2 showed a peak of P_, at low but non-
zero ionic strength indicating that nonpolar interactions contribute to binding of these
proteins to nonspecific DNA. This conclusion was also supported by analyzing amino
acid conservation in the catalytic core of Nei. Introduction of bulky fluorescent group
between two specific sites greatly reduced the ability of glycosylases to slide along DNA.
Acknowledgements: This work was supported by RSF (No. 14-24-00093).

SbPCD-2018 15



DOI 10.18699/SbPCD-2018-10

Role of miR-126a in regulation of expression
of anti-apoptotic protein BCL2

L. Gulyaeva

Federal Research Centre “Fundamental and Translational Medicine”, Novosibirsk, Russia
Novosibirsk State University, Novosibirsk, Russia

e-mail: lfgulyaeva@gmail.com

Key words: BCL2 expression, miR-126, tumor cells, target in vitro assay

Motivation and Aim: Anti-apoptotic B cell lymphoma 2 (BCL2) family members play a key
role in the regulation of intrinsic apoptosis. In many types of cancer apoptosis is suppressed
due to upregulation of these proteins through multiple mechanisms. MicroRNAs (miRs) may
also control BCL2 gene expression at post-transcriptional level. Thus far 12 miRNAs have
been validated to target BCL2 [1]. Using in silico approach we found that miR-126 host gene
Egf17 has ESRs and DRE binding sites in promoter [2]. Then we performed experiments
to measure miR-126 expression under xenobiotic exposure and validated its interaction with
3'UTR of BCL?2 target gene.
Methods and Algorithms: We analyzed ChIP-seq data obtained from the encode project (T47D
and Ishikawa cells treated with estradiol, respectively GSM803539 and GSM803422) to
identify miR-coding genes with ESRs binding sites in their promoter regions [3]. To study
of gene expression we used human cell cultures MCF-7, breast and endometrial cancer
tissues. For detection of miR and BCL2, Egf17 expression the stem-loop RT-PCR and RT-PCR
respectively were used. For luciferase reporter experiments, 293FT and HepG2 cells were
transfected with the pmirGLO vector with the corresponding inserts (bcl2 3'UTR/bel2 3'UTR
mutated) and the corresponding mimic/miR-126-3p inhibitors (+126mim/+126inh).
Results: In breast cancer, BCL2 protein expression was associated with low tumor grade, ER
positivity, and favorable prognosis. We have shown that BCL2 is more frequently overexpressed
in endometrial cancer tissues than in normal adjoined tissues. To understand the mechanism
of elevated expression of this protein in tumour cells we determined the miR126a expression,
which may potentially interact with BCL2 mRNA. Since host gene EgfI7 of this miR has
ESRs and DRE binding sites we incubated MCF7 cells with various doses of benzo(a)pyrene
(BP). It was shown 2 fold increase of miR126a and Egf!7 expression under the BP exposure.
At the same time, the expression level of BCL2 target gene decreased in 5 times. Moreover,
the expression level of miR-126a in luminal B type of breast cancer is reduced by 3-4 times.
These results confirmed the tumor suppressor feature of this miR which may regulate BCL2
expression. To proof this suggestion we preformed luciferase reporter experiments and have
shown that luciferase activity in 293FT cells transfected with the vector containing insertion of
bel2 3'UTR and the corresponding mimic was reliably reduced by 20 %, whereas an increase in
the signal by 55 % was observed with the inhibitor. Similar results were obtained on HepG cells.
Conclusion: The results showed that miR-126a may regulate BCL2 gene expression in breast
and endometrial cancer. Besides, ligands of AhR capable activate the transcription of Egf17
and miR-126 in MCF-7 cells, followed by inactivation of the BCL-2 gene expression, and may
be considered as potential therapeutic agents in the treatment of these cancers.
Acknowledgements: Supported by the RSF (project No. 15-15-30012).
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Motivation and Aim: There are two types of apoptosis induction: intrinsic-mediated via
mitochondria and extrinsic-mediated via death receptor (DR) activation. Currently six
DRs are characterized: CD95/Fas, TNF-R1, TRAILR1/2, DR3 and DR6, while CD95/
Fas is one of the most studied members of the DR family. The induction of apoptosis
via CD95 is largely controlled by the Death-Inducing Signaling Complex (DISC),
which is formed upon CD95 stimulation. CD95 DISC comprises oligomerized, CD95,
the adaptor protein FADD, procaspases-8/10 and cellular FLICE inhibitory proteins
(c-FLIP). Deregulation of the CD95 pathway accompanies a variety of tumors and
neurodegenerative diseases. Currently a limited number of small-molecule agents
targeting this pathway is available. Development of DISC targeting compounds is of
great interest and the goal of the current work.

Methods and Algorithms: Structure-based molecular modeling techniques including
molecular docking, virtual screening, homology modeling and molecular dynamics
simulations combined with cellular CD95 activation assays were applied.

Results: Computer-aided design of small-molecule compounds targeting DISC proteins
allowed to reveal first agents with propensity to target DISC oligomerization. Novel
strategies for inhibition and activation of DISC platform by allosteric and protein-protein
interaction mechanisms were proposed.

Conclusion: Combination of structure-based in silico and cellular experimental
approaches allow to reveal lead compounds for targeting CD95 pathway and development
of new anticancer and new anti-neurodegenerative drugs.

Acknowledgements: Supported by the Russian Science Foundation grant
No. 14-44-00011.
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Motivation and Aim: The number of publications in the areas of biology, medicine,
and biotechnology grows dramatically, which makes important the computer-based
analysis. To date, over 28 million of abstracts highly relevant to biology and medicine
can obtained from the PubMed database, and this number keeps growing. A study of
such data allows estimating the growth of interest to the researches in the field of medical
genetics. The identification of genes in scientific studies for which there is a growing
interest can be useful in finding promising candidates for genotyping and drug targets.
Such identification can be performed using the text-mining tools.

Methods and Algorithms: The analysis of literature was performed using the ANDSystem
package that incorporates utilities for automated extraction of knowledge from Pubmed
published scientific texts and databases [1].

Results: On the example of analysis of publications related to apoptosis, a set of genes
with a growing interest involved in apoptosis, was formed. Reconstruction of the gene
network using this initial set of genes allowed to identify new genes that are functionally
closely related to the initial list. The interest to these new genes may appear in the nearest
future.

Conclusion: Thus, the identified gene-candidates can be promising for planning
experiments on genotyping and search for drug targets.

Acknowledgements: The development of methods for analyzing interest to researches
in the field of medical genetics by scientific publications was supported by the Federal
target program “Research and development in priority areas of development of Russia’s
scientific and technological complex for 2014-2020”

Agreement on granting a subsidy as of October 23, 2017 No. 14.601.21.0015 between
the Ministry of Education and Science of the Russian Federation and Tomsk NRMC on
conducting research project titled: Development of a forecast for the implementation
of the priority of scientific and technological development defined in paragraph 20c
“personalized medicine, high-tech health care and health saving technologies, including
the rational use of medicines (primarily antibacterial)” Scientific and technological
development strategy of the Russian Federation. The unique identifier of the project is
RFMEF160117X0015. The state agreement identifier is 0000000007417PE10002.

The reconstruction and analysis of gene networks, involved in apoptosis, was supported
by the Russian Science Foundation grant “Programmed cell death induced via death
receptors: Delineating molecular mechanisms of apoptosis initiation via molecular
modeling” 14-44-00011.
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Motivation and Aim: Nitric oxide plays an important role in different biological processes
in healthy cells, such as neurotransmission, blood pressure control, immunity, and also
in the process of protecting the body against the spread of cancer cells during metastasis.
The biological activity of ruthenium nitrosyl complexes is mainly related to the possibility
of NO release in biological solutions due to photochemical activation or reduction by
biological reductants such as ascorbic acid or NADH. On the other hand, it is known that
a solution saturated with NO gas is capable of inhibiting the activity of the prokaryotic
DNA glycosylase Nth, the main player of the base excision DNA repair (BER). Thus, the
study of both the antiproliferative potential of nitrosyl ruthenium complexes on human
cell lines, such as the study of the activity of the eukaryotic DNA repair enzymes under
conditions of NO saturation in vitro, is necessary for understanding the mechanisms of
inhibiting the proliferation of cancer cells.

Methods and Algorithms: We measured the cytotoxicity potential in human cell lines
of the recently synthesized ruthenium nitrosyl complexes lines by MMT analysis. To
analyzed in vitro activity of the eukaryotic DNA repair enzymes we used NO saturation
conditions controlled by photochemical activation.

Results: Inrecentdecades,anew directioninmedicinehasdeveloped—photopharmacology,
in particular, ruthenium nitrosyl complexes provide the possibility for the photodynamic
therapy as potential anticancer drug. Measuring of the cytotoxicity the ruthenium nitrosyl
complexes in human mammary adenocarcinoma (MCF-7) and immortalized human
embryonic kidney (HEK-293) cell lines revealed that the [RuNO(betta - Pic),(NO,),0OH]
complex exhibited inhibition of the growth of cancer cells at remarkably low micromolar
concentrations. This ruthenium nitrosyl complex inhibited the activity some eukaryotic
BER enzymes containing [4Fe-4S] cluster after controlled photoinduction in vitro. Thus,
the ruthenium nitrosyl complexes seem are very promising for photocontrolled NO-
dependent toxicity conditions for in vitro applications and research.
Acknowledgements: Supported under SB RAS Integrated scientific program, No. 11.1/16
(0309-2018-0008).
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Motivation and Aim: The base excision repair (BER) pathway consists of sequential action
of DNA glycosylase and apurinic/apyrimidinic (AP) endonuclease necessary to remove a
damaged base and generate a single-strand break in duplex DNA. Human multifunctional
AP endonuclease 1 (APE1) plays essential roles in BER by acting downstream of DNA
glycosylases to incise a DNA duplex at AP sites and remove 3'-blocking sugar moieties
at DNA strand breaks. Human 8-oxoguanine-DNA glycosylase (OGG1), methyl-CpG-
binding domain 4 (MBD4), and alkyl-N-purine-DNA glycosylase (ANPG) excise a
variety of damaged bases from DNA. The major human apurinic/apyrimidinic (AP)
endonuclease, APE1, stimulates DNA glycosylases by increasing their turnover rate on
duplex DNA substrates. At present, the mechanism of the stimulation remains unclear.
Methods and Algorithms: Electron microscopy (EM) indicated that APE1 can
oligomerize onto a DNA fragment. Atomic force microscopy (AFM) revealed that APE1
oligomerization induces a kink in the DNA backbone to detect an abasic site. To elucidate
the molecular mechanism of the APE1-catalyzed stimulation, we employed the stopped-
flow fluorescence analyses of the interaction of APE1 with human DNA glycosylases
OGG1, MBD4cat and ANPG¢at bound to their DNA-substrates.

Results: TEM and AFM imaging of APE1-DNA complexes showed that polymerization
of APE1 on DNA proceeds in an apparently sequence-independent manner. Full-length
APEIl oligomerization along DNA induces helix distortions, which in turn enable
stimulation of DNA glycosylases. It was shown that truncated APE1 protein lacking the
first N-terminal 61 amino acid residues (APE1-NA61) cannot stimulate DNA glycosylase
activities of OGG1, MBD4, and ANPG® on duplex DNA substrates. Altogether, these
results suggest that the first 61 N-terminal residues of APEI participate in protein
polymerization along DNA and in formation of oligomerlike complexes by binding to
undamaged DNA.

Conclusion: We propose that APE1 oligomers on DNA induce helix distortions
thereby enhancing molecular recognition of DNA lesions by DNA glycosylases
via a conformational proofreading/selection mechanism. APEl-mediated structural
deformations of the DNA helix stabilize the enzyme—substrate catalytic complex and
promote dissociation of human DNA glycosylases from the product AP-site with a
subsequent increase in their turnover rate.

Acknowledgements: This work was supported by grant from Russian Science Foundation
No. 18-14-000135.
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Motivation and Aim: Endonuclease III is a bifunctional DNA-glycosylase from E. coli
that exhibits both N-glycosylase and AP-lyase activity. It is known that interaction of
enzyme with DNA substrate proceeds through several conformational rearrangements in
its structure. Here we used stopped-flow technique to register conformational dynamics
of DNA substrates arising from the Endo III action.

Methods and Algorithms: Structural changes in DNA substrates were registered using
fluorescent analog of DNA base incorporated opposite the specific base. The DNA
duplexes contained 5, 6-dihydrouracile base, non-cleavable analog of abasic site and
native guanosine as non-damaged DNA-duplex. Changes in fluorescence intensity
were registered in 5-37 °C temperature range. To calculate the rate constants of DNA
conformational transitions, a number of kinetic curves for each DNA substrate were
obtained. Additionally, several mutant forms (K120A, D138A) were constructed to
determine the functional role of each amino acid residue in the catalytic process.
Results: 1t was shown that mutant forms Endo III K120A and D138A lack of both
N-glycosylase and AP-lyase activities. Understanding the mechanism of the catalytic
complex formation was improved by thermodynamic analysis of the binding and
cleavage steps. The dependences of equilibrium constants on temperature were analyzed
according to the van’t Hoff equation allowing calculating Gibbs free energy, enthalpy and
entropy of individual interaction stages. The analysis of the temperature dependence of
the reaction rate constant k, using the Eyring equation provided the values of standard
activation enthalpy and standard activation entropy of the transition state.

Conclusion: The thermodynamic analyses of catalytic processes performed by Endo III
from E. coli reveal that this enzyme employs common energetic features at the main
steps of base lesion recognition as other DNA-glycosylases from human and bacteria.
Mutational analysis of Endo III reveals that Lys120 takes part both in the processes
of nonspecific binding and subsequent recognition of the damage because substitution
KI120A significantly decelerates conformational changes of the duplex during the
complex formation. Moreover, substitution D138A causes a complete loss of the ability
of Endo III to distort a DNA double chain.

Acknowledgements: This work was supported partially by Russian State funded budget
project (V1.57.1.2, 0309-2018-0001) and grant from the Russian Foundation of Basic
Research (16-04-00037).
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Motivation and Aim: Immunotherapeutic approaches become a new hope for cancer
treatment. Clinical success was demonstrated for adoptive cell transfer of T cells
expressing chimeric antigen receptors (CARs) as well as for oncolytic viruses. However,
both technologies are needed to be improved. Lactaptin was discovered as a molecule
specifically inducing death of various cancer cells in vitro and in vivo. So we propose to
use lactaptin transgene for armoring CAR NK-cells and vaccinia virus.

Methods and Algorithms: We have engineered double recombinant vaccinia virus (VV)
coding human granulocyte-macrophage colony-stimulating factor (GM-CSF) and
apoptosis-inducing protein lactaptin (VV-GMCSF-Lact). To engineere “armored” CAR
NK-cells secreting an anticancer peptide lactaptin at the first stage we designed lentiviral
constructs allowing stable transduction of human cell lines with cassettes encoding two
secreted forms of lactaptin.

Results: VV-GMCSF-Lact activated a set of critical apoptosis markers in infected
cells: phosphatidylserine externalisation, caspase -3, -7 activation, DNA fragmentation,
up-regulation of pro-apoptotic protein BAX and efficiently decreased mitochondrial
membrane potential of infected cancer cell. Investigating immunogenic cell death
(ICD) markers in cancer cell infected with VV-GMCSF-Lact we demonstrated VV
was efficient in calreticulin and HSP70 protein externalisation, cellular high-mobility
group box-1 (HMGBI1) decreasing and ATP secretion. The analysis of antitumor activity
against advanced MDA-MB-231 tumor in mice revealed that VV-GMCSF-Lact delay
tumor growth up to 94 %.

Lactaptin was successfully produced in HEK293T and YT cell lines. Its in vitro activity
in the conditioned media was measured against a panel of sensitive cancer cells: MDA-
MB-231 breast adenocarcinoma, PC3 prostate cancer and T98G glioblastoma. We
evaluated that lactaptin from conditioned media showed greater than 50-fold increase in
cytotoxicity compared to the recombinant lactaptin produced in E. coli.

Conclusion: We demonstrated that lactaptin has a great potential for improving
immunotherapeutic approaches against cancer.

Acknowledgements: Supported by the VolkswagenStiftung Grant No. 90315, by the
Russian Ministry of Education and Science, Agreement 14.604.21.0169 (unique project
identifier RFMEF160417X0169).
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Apoptosis is a programme of cell death, which is essential to all multicellular organisms.
There are two signaling pathways of apoptosis: intrinsic that is mediated by mitochondria
and extrinsic, that is mediated by a family of death receptors. CD95 (APO-1/Fas) is a
member of the death receptor family. The CD95 death-inducing signaling complex (DISC),
comprising CD95, FADD, procaspase-8, procaspase-10, and c-FLIP; serves as a key
platform for initiator procaspase-8 activation leading to induction of apoptotic and non-
apoptotic pathways. The enormous advantage for studies of the death receptor networks
is provided by the state of the art computational technologies, in particular by systems
biology. Systems biology is an emerging field of science that combines mathematical
modeling with quantitative experimental methods, providing a quantitative assessment
of the signaling pathways. Despite the fact that death receptor-mediated signaling has
been studied to a high level of detail, its quantitative regulation until recently has been
poorly understood. This situation has dramatically changed in the last years. Creation
of mathematical models of death receptor signaling, in particular in immune cells, led
to an enormous progress in the quantitative understanding of the network regulation
and provided fascinating insights into the mechanisms of death receptor control. It will
be discussed how our systems biology studies provide new understanding of the death
receptor signaling in cancer cells and create a platform for the drug development in the
context of diseases associated to defects in death receptor signaling pathways.
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Poly(ADP-ribose) polymerase 1 in regulation of DNA
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Motivation and Aim: The phenomenon of nicotinamide adenine dinucleotide (NAD+)-
dependent poly(ADP-ribosyl)ation catalyzed with PARP1 was discovered long time
ago, but it is still unclear how this post-translational modification governs a multitude
of cellular processes including DNA repair. When interacting with the damaged DNA,
PARP1 catalyzes the synthesis of a long branched poly(ADP-ribose) polymer (PAR)
by using NAD™ as a substrate. PAR can be attached to the acceptor amino acid residues
of nuclear proteins or to PARPI itself. This process leads to reorganization of the
functional protein complexes involved in base excision repair (BER) and in nucleotide
excision repair (NER). The aim of the present research was to investigate the role of
poly(ADP-ribosyl)ation in regulation of BER and NER and to search new targets of
PARylation catalyzed with PARP1 and PARP2. The activities of BER and NER systems
were investigated in cells of long-living animal Heterocephalus glaber (H. glaber) in
comparison with cells of Mus musculus (mouse).

Methods: Biochemical and immunochemical approaches, RT-PCR, fluorescence titration
methods, atomic force microscopy (AFM), light-scattering technique.

Results: PARP1 interacts with BER and NER proteins as well as with DNA intermediates
of BER containing breaks or apurinic/apyrimidinic (AP-sites). PARP1 and PARP2
activities regulate BER and NER processes. The new mechanism of stimulation of
PARP1 activity by multifunctional protein YB-1 which involved in BER was found. The
level of poly(ADP-ribose) synthesis was higher in the cells of H. glaber in comparison
with mouse cells as well as H. glaber cell extracts displayed higher level of PARP1
covalent binding to DNA probes containing chemically reactive groups.

Conclusion: The results obtained show the key role of PARP1 in regulation of BER and
NER processes and the new mechanisms of stimulation of PARP1 activity by oncoprotein
YB-1. The data show the elevated activity of PARP-1 in cells of long-living mammals
that can speak in favor of the various roles of PARP1 in longevity and aging.
Acknowledgements: This work was supported by grant from RSF (14-24-00038).
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DNA polymerases beta and lambda: gap-filling synthesis
on the intact and damaged DNA templates in base excision repair
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Motivation and Aim: DNA polymerases beta and lambda (Polf} and Pol)) belong to the
X-family and possess similar activities. Both enzymes have dRP lyase activity and the
ability to effectively foster gap-filling reactions. We showed earlier that under certain
conditions these DNA polymerases can catalyze lesion bypass across benzo[a]pyrene-
derived (BP-dG) DNA adduct during repair of apurinic/apyrimidinic (AP) sites [1].
Cluster-type DNA damages that include both a modified nucleotide and a bulky lesion
can be generated under combined action of oxidative stress and genotoxic polycyclic
aromatic hydrocarbons derivatives. In the present study we analyzed the ability of DNA
polymerases § and A to fil gaps generated in DNA after cleavage of AP sites located
in different positions to the BP-dG adduct and their interaction with AP-site cleaving
enzyme — AP endonuclease 1 (APE1). Effect of DNA repair regulating protein —
poly(ADP-ribose)polymerase 1 (PARP1) on Polf and PolX activities was also studied.
Methods: Biochemical and immunochemical approaches, fluorescence titration methods,
molecular dynamic simulation.

Results: The activity of Polp and Pol\ depends on the location of the gap relative to
the modified nucleotide as well as on the conformation of the bulky adduct and on
the reaction conditions. DNA duplex with the AP site in 3’ adjacent (+1) position to
nucleotide paired with the modified dG was the most difficult to be processed by APE1
and DNA polymerases. The repair process was more effective when both APE1 and Pol
were added simultaneously to this DNA. No functional cooperation between APE1 and
Pol)\ was observed. PolP was also able to insert the correct nucleotide in the gap arising
after AP site hydrolysis in DNA with the AP site in position +2 and +3. PolA was more
sensitive to stereoisomeric form of BP-dG adducts and performed DNA synthesis with
less fidelity than Polf. Although PARP1 moderately inhibited both DNA polymerases, in
the presence of NAD+ only Polp activity was completely restored.

Conclusion: Polf tolerates BP-dG adducts in DNA and in cooperation with APE1 can
correctly process AP site clustered with bulky lesion. Pol\ is sensitive to stereoisomeric
form of BP-dG adducts and to PARP1 catalyzed modification and can play a specific role
in the repair of cluster lesions.

Acknowledgements: This work was supported by RFBR grant No. 18-04-00596.
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Motivation and Aim: The ability of cancer cell to recognize DNA damage and initiate
repair is the key mechanism of their resistance to chemotherapy. Therefore, the search of
DNA repair enzymes inhibitors can serve as a strategy for the development of anticancer
drugs. One of the most promising target enzymes for drug development is tyrosyl-
DNA phosphodiesterase 1 (Tdp1) [1]. It plays an important role in the removal of DNA
damage caused by topoisomerase 1 (Topl), its inhibitor camptothecin and anticancer
drugs (camptothecin derivatives — topotecan and irinotecan) [2]. Thus, a Tdp1 inhibitors
application can potentiate tumor cells to chemotherapy.

Furthermore, there is a natural mutant of Tdpl (SCANT1), which is responsible for the
development of neurodegenerative disease — a spinocerebellar ataxia syndrome with
axonal neuropathy (SCANT1). SCAN1 phenotype does not appear until the second decade
of life and is not associated with an increased risk of cancer or immunodeficiency states.
Probably, pathology is caused by the accumulation of covalent intermediates SCAN1-
DNA formed during the reaction [3]. Presumably, suppression of SCAN1 activity will
prevent the progression of the disease.

Materials and methods: The Tdpl and SCANI real-time activity measurements were
carried out with fluorophore-quencher-coupled DNA-biosensor, previously designed in
our laboratory [4]. Cell cytotoxicity was determined using standard MTT-test [5].
Results: We performed the screening of 34 compounds — derivatives of coumarin,
B-carboline and leelamine. The most active derivatives have ICy, values of 0.1-1 mkM
against Tdpl and 3.5-10 mkM against SCAN1. SCANI1 inhibitors were found the first
time. The compound showed low cytotoxicity (>100 mkM) on A-549 and WI-38 cell
lines.

Conclusion: Tdpl and SCANI inhibitors can likely underlie the development of
anticancer drugs and/or drugs preventing or slowing the progressive cerebellar ataxia to
improve quality of life of SCANI1 patients.

Acknowledgements: Supported by the RFBR (No. 17-04-01071, 18-33-00297).
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Mechanisms of poly(ADP-ribosyl)ation
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Motivation and Aim: PARP1 catalyzes the posttranslational protein modification with
poly(ADP-ribose) (PAR) of variable chain length and branching frequency. Poly(ADP-
ribosyl)ation (PARylation) is involved in diverse cellular functions, such as DNA repair,
transcription, and regulation of cell death, and contributes to various pathophysiological
conditions. Importantly, PARP inhibitors are being employed and further developed
in clinical cancer therapy. The overall aim of our research interests is to unravel the
biochemical and cellular functions of PARP1-mediated PARylation during genotoxic
stress response.

Methods and Algorithms: We employ a broad spectrum of state-of the art bioanalytic,

biochemical, molecular biological, bio-imaging, and genetic techniques, including

quantitative isotope dilution mass spectrometry, gene expression and proteomics
analyses, high-end microscopy and automated image analysis, and genetic engineering
via CRISPR/Cas?9.

Results: This talk will give a brief overview of our latest published results dealing with

biochemical and cellular mechanisms of PARylation, including its role in the regulation

of the tumor suppressor protein p53 [1-3]. In addition the relevance of PARylation in

patho-physiological mechanisms in in vivo mouse models will be highlighted [4, 5].

Furthermore, unpublished results will be presented.

Conclusion: PARylation represents a complex and versatile post-translational

modification with key roles in genotoxic stress response on a cellular level and

significant contributions to patho-physiological states on the organismic level. Thereby
pharmacological interventions hold a high potential in terms of cancer treatment and
other pathophysiological conditions.

Acknowledgements: Our work is supported by the German Research Foundation (DFG),

the Konstanz Graduate School of Chemical Biology, and the Young Scholar Fund of

University of Konstanz.
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Motivation and Aim: Y-box-binding protein 1 (YB-1) is a multifunctional protein involved
in a lot of cellular processes. YB-1 is a DNA- and RNA-binding protein. By binding to
nucleic acids, YB-1 is engaged in many DNA- and mRNA-dependent processes such
as DNA replication and repair, transcription and mRNA translation. Currently, YB-1 is
considered as one of noncanonical proteins of base excision repair (BER). YB-1 has an
increased affinity to damaged DNA and interacts in vivo and in vitro with several BER
proteins, regulating their activities. Recently, it was shown that YB-1 also interacts with
poly(ADP-ribose)polymerase 1 (PARP1), the key regulator of BER. PARP1 binding
to damaged DNA results in its activation followed by synthesis of nucleic acid-like
polymer of ADP-ribose (PAR) originating from NAD™. As a protein post-translational
modification, PAR performs numerous functions in the regulation of BER. The main
target of PARylation is PARP1 itself. It was found that PARP1 modify YB-1 with PAR,
and YB-1 is able to stimulate the activity of PARP1. Interestingly, YB-1 also interacts
non-covalently with PAR. The aim of present research was to investigate potential role
of PAR on PARP1-YB-1 interactions.

Methods: Gel-mobility shift analysis, gel electrophoresis

Results and Conclusion: In the present work we explored the influence of purified PAR
on YB-1-PARP1 interplay during PARylation. Our data demonstrate that PAR in low
concentration may promote interactions of YB-1 and PARPI, resulting in increased
modification of both proteins.

Conversely, YB-1 modification level and PARP1 activity are decreased by excess PAR
due to disconnection of functional coupling of YB-1 and PARP1.To conclude, we found
that the interaction of PARPI and regulatory protein YB1 may be modulated by PAR
during PARylation process.

Acknowledgements: This work was supported by grant from RSF (No. 14-24-00038).
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Motivation and Aim: Colorectal cancer (CRC) is the third most frequently diagnosed
cancer in the World, more than one million people are diagnosed colon cancer annually.
Despite the fact that colorectal cancer is histological homogeneous, in some cases it is
impossible to determine the further prognosis and treatment taking into account the tumor
stage and it’s differentiation. This problem is due to the fact that each tumor has a unique
molecular profile, which is characterized by various genetic and epigenetic changes.
Over this issue the approach to the treatment of CRC also based onevaluation of tumor
molecular and genetic profile. Such technique allows choosing a more specific treatment
and predicting the tumor response to therapy. Considering the fact that colorectal cancer
is a genetically heterogeneous tumor, the prognosis and treatmentprimarily depends on
molecular pathogenesis that is why researching of autophagy and low molecular weight
markers in tumor is very promisingly.To study the correlation of autophagy between
lymphatic metastasis in CRC and to evaluate the expression characteristics of the studied
proteins in the tissue of the primary tumor.

Materials and Methods: We investigated the surgical material obtained from 100
patients with colorectal cancer (stage T1-4N0-2MO0), the mean age of patients being
57.4+09.1 years. Treatment before the operation was not carried out. By a standard
technique, the tissue of the primary tumor node, as well as all the removed and lymph
nodes, was histological examined.Primary tumor node and all removed lymphatic
nodes were evaluated by standard histological methods. Tumor stage was established
by WHO (2010) classification. All cases which wereordinary adenocarcinoma. We
also evaluated lymphatic nodes for presents or absence metastatic lesions. The tissue
of the primary tumor was subjected to immunohistochemical examination.We used
antibodies to Beclin-1 (Abcam, Anti-beclin 1 antibody, rabbit, polyclonal) and mTOR
(SpringBioscience, RabbitAnti-HumanmTORPolyclonalbAntibody, rabbit polyclonal)
Expression of the above proteins was assessed using the Histo-score method.

Results: The received data indicate that expression of autophagy proteins Beclin-1 and
m-TOR was same positive as presence of lymphatic metastasis as their absence. The
results also show that the level of expression Beclin-1 and mTOR is significantly higher
in those cases when lymph nodes are affected by metastases (respectively: for Beclin-1 —
p=0.004, for mTOR —p =0.004.) We also established positive correlation between level
of expression beclin-1 in cells of adenocarcinoma and amount of effected lymphatic
nodes.

Conclusion: In this research we established correlation between the expression of
Beclin-1 and mTOR proteins in adenocarcinoma cells with lymphatic metastasis.
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Motivation and Aim: Nowadays one of the leading causes of irreversible blindness is
primary open angle glaucoma (POAG) affecting more than 44 million people worldwide.
Excess apoptosis is one of the factors involved in degradation of retinal ganglion cells
during POAG [1]. In this work analysis of the role of apoptosis in associative gene
network of POAG was performed.
Methods and Algorithms: The list of genes associated with POAG was created based
on the information from databases (OMIM, ClinVar, GWAS catalog and SNPedia) and
ANDSystem [2]. Genes involved in apoptosis were taken from KEGG database. Gene
network reconstruction and analysis was performed using ANDSystem.
Results: Automatic analysis of information from databases and ANDSystem revealed
156 genes associated with POAG. Gene Ontology enrichment analysis showed that
these genes are involved in apoptosis, extracellular matrix organization, angiogenesis
and other biological processes. According to the value of betweenness centrality TP53
is one of the most central participants of both POAG and apoptosis gene networks. It
was shown, for example, that SNPs in TP53 are associated with POAG and protein p53
can decrease the level of MMP1 (its level is increased in POAG). The elevated MMP1
can participate in activation of collagen degradation. Collagen breakdown, in turn, is
involved in trabecular meshwork disruption, which is a known pathogenesis factor of
POAG.
Conclusion: It was shown that the apoptosis pathway is tightly related to POAG gene
network. Apoptosis genes play the central role in the gene network of POAG. Gene
TP53 was found to be one of the most central players in both POAG gene network and
apoptosis pathway.
Acknowledgements: Supported by the Russian Science Foundation grant ‘“Programmed
cell death induced via death receptors: Delineating molecular mechanisms of apoptosis
initiation via molecular modeling” 14—44-00011.
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Motivation and Aim: Genomic DNA is continuously attacked by exogenous and
endogenous agents in cells. DNA lesions, if unrepaired, block replication fork progression
causing stress. Moreover, DNA damage lead to genomic mutations and related diseases
such as cancer. Specialized DNA polymerases are able to bypass lesions in the process
called DNA translesion synthesis to overcome replication stress. Human polymerase
iota (pol 1) is a Y-family DNA-polymerase which as able to bypass a variety of endo-
genous DNA lesions (O%-me-G, TG, 8-0x0-G, AP). The structure of pol i active site also
stabilizes Hoogsten base pairing between the templating and incoming nucleotides and
promotes efficient and accurate DNA synthesis opposite some bulky lesions such as
ethenoadenine (eA). Several amino acid polymorphisms of human pol i were recently
described (including clinically relevant variants) but their effect on the TLS activity of
enzyme is yet to be determined.

Methods and Algorithms: In this work, we analyzed the efficiency and fidelity of DNA
synthesis opposite AP-site, thymine glycol, 8-0x0-G, O%-me-G and e-A by several pol i
variants: R71G, 72367, 72517, 75327, ?7706?. Amino acid substitutions were introduced
by site-directed mutagenesis and corresponding proteins were purified from S. cerevisiae.
Results and Conclusions: We showed that ?236?, 725172, 7?5327, ?706? variants did not
significantly affect the TLS activity pf pol i. However, R71G pol i variant dramatically
impaired the catalytic activity and changed the specificity of ANTP incorporation opposite
DNA lesions. The R71G polymorphism significantly reduced the ability to bypass all
tested lesions but eA. In particular, R71G variant incorporated dATP, dTTP and dCTP
opposite AP-site and 8-oxo-G with lower efficiency compared to the wild type enzyme.
We also observed decrease in incorporation of dCTP opposite O%-me-G, TG and eA
lesions. Nevertheless R71G variant showed the DNA polymerase activity similar to the
wild type enzyme when replicating through eA suggesting that this polymorphic variant
supports Hoogsteen interactions during base paring in the active site of pol i.
Acknowledgments: This work was supported by RFBR grants No. 17-00-00264 and
No. 15-34-70002.
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Motivation and Aim: The stability of the genome is controlled by a complex machinery
of repair that counteracts DNA damage, the major guilty in cancer and ageing related
diseases [1]. After DNA damage, mammalian cells trigger a cascade of events that
starts from poly(ADP-ribose)polymerases (PARPs) recruitment to site of DNA damage.
Nuclear PARPs, PARP1 [2], recognize damaged DNA and synthetize long and branched
poly(ADP-ribose) polymers (PAR) resulting in covalent modification of itself and other
DNA binding proteins [2]. The protein poly(ADP-ribosyl)ation (PARylation) is a reversible
post-translational modification. PAR polymers covalently attached to acceptor proteins is
hydrolyzed by poly(ADP-ribose) glycohydrolase (PARG), which makes protein PARylation
a reversible post-translational modification [2]. Recently, PARylation has been shown for
RNA binding proteins, which accumulate in DNA regions damaged by short laser beam
exposures raising issues about their putative role in DNA repair [3]. Here we focus our
attention on the RNA binding protein FUS (fused in sarcoma) during genotoxic stress. FUS
is one of the most abundant RNA-binding proteins that can be PARylated after exposure
to genotoxic stress and interact with PAR. However, the role of the PAR dependent FUS
accumulation at damaged DNA in the cellular response to genotoxic stress remains unclear.
Methods and Algorithms: To address the above-mentioned issue, we developed an original
approach based on a single molecule analyzes by atomic force microscopy (AFM). Such
approach enables to visualize the molecular assemblies formed by FUS at DNA damage
sites after PARP1 activation in vitro. In cells, we used immunofluorescence, immuno-
blotting and RNA interference to detect intracellular compartmentalization of FUS after
exposure to genotoxic stress.

Results: In vitro, we found that FUS is recruited to DNA damage sites by binding to PAR
and subsequently forms large molecular assemblies thus concentrating damaged DNA
into compartments and demonstrated their reversibility through the hydrolysis of PAR
by PARG.

Conclusion: We suggest that PAR-dependent relocation of FUS may participate to an
adapted translational response to DNA damages.

Acknowledgements: Supported by Vernadsky program of the French Embassy in the
Russian Federation and RFBR 18-04-00882.
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The Base Excision Repair (BER) pathway, initially studied as a mere DNA repair pathway,
has been later found to be implicated in the expression of cancer related genes in human.
For several years, this intricate involvement in apparently different processes represented
a mystery, which we now are starting to unveil. The BER handles simple alkylation and
oxidative lesions arising from both endogenous and exogenous sources, including cancer
therapy agents. Surprisingly, BER pathway involvement in transcriptional regulation,
immunoglobulin variability and switch recombination, RNA metabolism and nucleolar
function is astonishingly consolidating. An emerging evidence in tumor biology is that
RNA processing pathways participate in DNA Damage Response (DDR) and that defects
in these regulatory connections are associated with genomic instability of cancers. In
fact, many BER proteins are associated with those involved in RNA metabolism, ncRNA
processing and transcriptional regulation, including within the nucleolus, proving a
substantial role of the interactome network in determining their non-canonical functions
in tumor cells. Mammalian apurinic/apyrimidinic endonuclease 1 (APEl) is a key
DNA repair enzyme in canonical BER involved in genome stability but also in the non-
canonical expression of genes involved in oxidative stress responses, tumor progression
and chemoresistance. However, the molecular mechanisms underlying APE1’s role
in these processes are still unclear. Recent findings point to a novel role of APE1 in
RNA metabolism. Through the characterization of the interactomes of APE1 with RNA
and other proteins, we demonstrate here a role for APEI in pri-miRNA processing
and stability via association with the DROSHA processing complex during genotoxic
stress. We also show that endonuclease activity of APE1 is required for the processing
of miR-221/222 in regulation expression of the tumor suppressor PTEN. Analysis of a
cohort of different cancers supports the relevance of our findings for tumor biology. We
also show that APE1 participates in RNA- and protein-interactomes involved in cancer
development, thus indicating an unsuspected post-transcriptional effect on cancer genes.
Maybe these new insights of BER enzymes, along with their emerging function in RNA-
decay, may explain BER essential role in tumor development and chemoresistance and
may explain the long-time mystery. Although recent works have provided tremendous
amount of data in this field, there are still lot of open questions.
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Motivation and Aim: Lactaptin, the proteolitic fragment of human milk kappa-casein,
induces apoptosis of various cultured cancer cells. Earlier we have demonstrated
lactaptin treatment led to processing LC3-I to LC3-II form in treated cells that was
defined as autophagy. Combination of lactaptin with autophagy inhibitor chloroquine
(CQ) strongly increased their cytotoxicity against various cancer cells. We supposed that
lactaptin besides apoptosis induced also pro-survival autophagy in treated cancer cells.
However, lactaptin-dependent autophagosome formation and autophagic flux have not
been demonstrated yet.

Methods and Algorithms: Lactaptin analog (RL2) produced in E. coli was used for
experiments. Autophagosome formation has been detected by transmission electron
microscopy. Changes in autophagy-related protein were detected by Western Blot
analysis. Lysosome dynamic was monitored by fluorescent microscopy. Autophagy
inhibitors and inducers were used to increase or decrease lactaptin-dependent autophagy.
Results: Effective suppression of RL2-induced autophagy by inhibitor CQ was confirmed
by electron microscopy: in the presence of RL2 and CQ the number of autophagosomes
two-times increased without the implementation of catabolic processes (autophagic
flux). It was found that spermidine and 3-methyladenine (3MA) did not affect the
cytotoxicity RL2 in vitro, but CQ, Ku55933 and rapamycin increased cytotoxic effect
of RL2 in vitro. Thus, RL2 stimulates pro-survival autophagy of cancer cells, and
its inhibition potentiates the cytotoxic effect of RL2 in vitro. It was shown that RL2
treatment decreased p62 while in combination with inhibitors of autophagy (3MA, CQ,
Ku55933) we detected up-regulation of p62.

Tumor growth inhibition and survival outcomes after RL2 and CQ treatment were
estimated using mice, bearing cyclophosphamide-resistant lymphosarcoma RLS. We
demonstrated that intravenous injections of RL2 (12 mg/kg) in combination with CQ
(50 mg/kg) enhanced the antitumor effect of monotherapy. Tumor growth inhibition was
24.9 % for RL2, 78.4 % for CQ and 86.5 % for RL2 in combination with CQ. It was
shown that survival rate in the group receiving RL2 and CQ was 100 % compared to
22.2 % in the control.

Conclusion: Autophagy inhibitors potentiate the cytotoxic effect of RL2 in vitro.
Combination of lactaptin analog with CQ enhanced antitumor effect in mice.
Acknowledgements: Supported by the VolkswagenStiftung Grant No. 90315, Russian
State funded budget project for 2013-2020 (V1.62.1.5, 0309-2016-0003).
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Motivation and Aim: A CRISPR/Cas9 system widely uses in the genome editing. The
main principle of genome editing is the formation of double-strand breaks in DNA and
following DNA reparation. A Cas9/sgRNA complex is targeted to the protospacer in
DNA by PAM recognition and R-loop formation. It was shown that mismatches in the
sequence of a protospacer influence negatively on the DNA binding and cleavage by
the Cas9/sgRNA complex [1]. However, an influence of the DNA damage on cleavage
efficiency by the Cas9/sgRNA previously wasn’t studied. Thereby we decided to
investigate the Cas9/sgRNA cleavage of duplexes and plasmids with point DNA lesions
in PAM and the protospacer sequence.

Methods: To detect the DNA cleavage product in vitro, we’ve obtained radiolabeled
duplexes with substitutions such as 8-oxo0-2'-deoxyguanosine (0xoG), uridine (U) and
tetrahydrofuran abasic site (F). These substitutions contained both in PAM (5'-TGG-3")
and the protospacer sequence. In addition, plasmids with the same substitutions as in
duplexes have been used as substrates.

Results: Surprisingly, any substitutions in PAM sequence (5'-TGG-3") of guanosine on
the tetrahydrofuran abasic site or 8-0x0-2'-deoxyguanosine led to cleavage resistance for
duplex substrates. The opposite situation was observed when substrates were plasmids.
8-Ox0-2'-deoxyguanosine in the second and third positions of PAM partially reduced
of cleavage efficiency while tetrahydrofuran abasic sites in the same position didn’t
effect on activity of the Cas9/sgRNA complex. The cleavage efficiency of duplexes
with substitutions at the protospacer positions upstream of PAM of non-target strand
decreases in the row (8G— F)—(8G — 0x0G)—(16C — U)—(14C — U).

Conclusion: Our results have shown that the DNA cleavage by the Cas9/sgRNA complex
depends not only on the type of DNA damage, but also on the type of substrate.
References
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Motivation and Aim: DNA glycosylases are enzymes that maintain genome integrity and
they are a key element of base excision DNA repair. Due to their ability to recognize base
lesions created by ionizing radiation, alkylating and oxidizing agents, these enzymes are
still a subject of particular interest and can find use in different areas. Recently, by whole-
genome sequencing of some bacteria reveal new Fpg/Nei-like DNA — glycosylases.
However, these new Fpg/Nei-like enzymes show very low percentage of sequence
identity to existing representatives of Fpg/Nei superfamily. In this work we aim to
investigate structural and biochemical aspects of new Fpg/Nei-like DNA — glycosylases
of different bacteria.

Methods and Algorithms: We have used molecular cloning and optimized protocol of
protein purification to get new Fpg/Nei-like proteins. Using biochemical approaches,
we have got first understanding of affinity and substrate specificity of these enzymes.
By protein crystallography method we have crystallize and resolve the structures of new
Fpg/Nei-like proteins from Bacteroides thetaiotaomicron.

Results: In the molecule of Fpg/Nei superfamily belonging proteins there are some
structural features that provide the mechanism of catalysis. Most Fpg/Nei glycosylases
have high-conservative PELPEVET N-terminal motif and use their N-terminal proline
residue as a key catalytic nucleophile. Additionally, Fpg/Nei proteins have helix-two-
turn-helix domain and zinc-finger motif to contribute residue to the active site. However,
new Fpg/Nei-like proteins have atypical N-terminal residues such as isoleucine and
lysine and significant diversity of N-terminal motif. We have crystallized Fpg/Nei-like
protein from Bacteroides thetaiotaomicron with 2.0 A resolution and reveal the pretense
of Zn-finger domain in C-terminal of protein, a-helix rich region in N-terminal and some
another Fpg-like features. However, substrate preferences make these proteins similar to
Nei. Conclusion: We have revealed structural and biochemical aspects of new atypical
Fpg/Nei-like proteins to determine relationships these proteins to known glycosylases
families by protein crystallographic approach.

Acknowledgements: This work was supported by Russian Science Foundation
(No. 14-24-00093). The authors thank Dr. M. Saparbaev for plasmids containing new
Fpg-like proteins. The corresponding author thanks Fulbright Scholarship for opportunity
to proceed experiments in the US.
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Motivation and Aim: Tyrosyl-DNA-phosphodiesterase 1 (Tdpl) is promising target for
antitumor therapy based on damage of tumor DNA, induced by topoisomerase 1 (Topl)
inhibitors such as camptothecin and its clinical derivatives [1]. Thus, inhibition of
Tdpl may enhance therapeutic effect of Top1 inhibitors, sensitizing tumor cells to their
action [2]. The objectives of the study were: search of effective Tdp! inhibitors among
derivatives of the natural biologically active compounds usnic and bile acids; definition
for the most effective inhibitors their own cytotoxicity against tumor cell lines and their
influence on the cytotoxic effect of camptothecins; study of the influence of the most
promising compounds on the tumor growth and metastasis of Lewis carcinoma in vivo.
Methods and Algorithms: The inhibitory properties of compounds were determined
using real-time detection of Tdp1 activity [3]. Cytotoxicity of compounds along and in
combination with camptothecin derivative topotecan was determined using a standard
MTT test for tumor cell lines. For in vivo experiments, mice C57BL/6 were used with
Lewis carcinoma metastasizing into the lungs.
Results: In vitro studies have established high inhibitory activity of usnic acid derivatives
against Tdpl (half inhibitory concentrations ICs, were in the range of 20 to 150 nM).
Also we have found a new class of Tdp1 inhibitors based on the bile acid scaffold with
ICsy up to 0.29 uM. In combination with topotecan, some of usnic acid derivatives
increase the cytotoxic effect of the former from 2 to 12 times, being used in the non-toxic
concentrations. /n vivo studies have shown that under the influence of the usnic acid
derivatives, a 30 % decrease in the volume of the primary tumor and at least two-fold
enhancement of the antimetastatic effect of topotecan on Lewis carcinoma take place.
Conclusion: The use of the Tdp1 inhibitors made it possible to unequivocally demonstrate
increasing influence on the antitumor effect of topotecan in relation to the transplanted
tumor of mice, both on its primary grafts and on distant metastases.
Acknowledgements: Supported by Russian Science Foundation (grant No. 16-13-10074).
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DNA dependent poly(ADP-ribose) polymerases (PARP1-3) play important roles in the
repair of DNA strand breaks and are known to be activated in the presence of DNA
strand breaks to catalyze poly- or mono(ADP-ribosyl)ation (PARylation or MARylation,
respectively) of themselves or other nuclear acceptor proteins. Each PARP recognizes
distinct sets of DNA structures with breaks, suggesting that PARP1, 2 and 3 have non-
overlapping functions in DNA repair. At present, the detailed molecular mechanisms
of PARP-dependent DNA breaks repair remain unknown. Previously, we showed that
mammalian PARP1 and PARP2 can catalyze covalent addition of ADP-ribose units not
only to proteins but also to DNA strand breaks containing terminal phosphates or a
2'-OH group, thus producing a covalent PAR-DNA adduct in vitro. The PARP-catalyzed
DNA PARylation is a reversible process because PAR can be entirely degraded by
poly(ADP-ribose) glycohydrolase (PARG). Here, we examined DNA ADP-ribosylation
activity and the DNA substrate preference of PARP3 as compared with structurally
similar PARP2. PARP3 can effectively produce MAR-DNA adducts covalently linked
to terminal phosphates at DSB and SSB termini of short and long DNA molecules,
exhibiting similar substrate specificity with PARP2. Notably, ADP-ribosylation of
5'-terminal thiophosphates at DSB termini by PARPs generates MAR-DNA adducts
resistant to PARG hydrolysis. We found that depending on configuration of DNA strand
breaks, the DNA termini can become preferred acceptor sites for ADP-ribosylation as
compared to proteins. According to the data obtained, we propose a putative mechanistic
model of DNA strand break-oriented DNA ADP-ribosylation by PARP3 or PARP2. Our
findings reveal effective PARP3- or PARP2-catalyzed ADP-ribosylation of ~3-kb DNA
plasmid-based substrates and DNA PARylation activity in nuclear extracts from HeLa
cells. Finally, immunoblotting of purified genomic DNA from PARG-depleted HeLa
cells after genotoxic treatment provides indirect evidence of the presence of PAR-DNA
adducts in live cells. These results suggest that certain types of complex DNA breaks can
be effectively ADP-ribosylated by PARPs in cellular response to DNA damage.
Acknowledgements: This work was supported by grants from La Ligue Nationale
Contre le Cancer “Equipe LNCC 20167, EDF RB 2016-17, CNRS PRC-Russie 1074
“REDOBER”, Russian Science Foundation 14-24-0038 and 17-74-20075.
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Motivation and Aim: Cytosine methylation is a generally acknowledged mechanism of
gene activity regulation. Disregulation of epigenetic DNA methylation accompanies
almost all cancers. While the mechanism of methylation has been known for a while,
until recently it was not clear how the 5-methylcytosine (mC) marks could be erased
from DNA. In the past few years, it was discovered that mC is removed by controlled
damage by TET1-TET3 dioxygenases and/or AID and APOBEC deaminases followed
by excision by DNA glycosylases, the enzymes that so far have been implicated in
genome maintenance through DNA repair.

Methods and Algorithms: We have used molecular dynamics computer simulation to
explain the specificity of the demethylation enzymes and Monte Carlo simulation to
analyze the flows through this pathway. In addition, we have biochemically characterized
plant enzymes that directly remove mC from DNA, and processing of the 5'-adjacent
nucleotides during base excision repair.

Results: TET2 dioxygenase and TDG and MBD4 DNA glycosylases, engaged in the
active demethylation pathway, seem to derive their specificity for DNA bases in the
active demethylation pathway from being able to correctly position them in the active
site pocket, unlike the non-substrate bases. The repair steps are limiting the flow through
the whole active demethylation pathway. In addition to the canonical pathway direct
mC damage, methylation in human cells can be erased through off-target DNA repair
when the initiating lesion resides nearby mC, and artificially erased by foreign mC-DNA
glycosylases. Overexpression of plant demethylating DNA glycosylase ROS1 in human
cells also caused a global decrease in DNA methylation.

Conclusion: Targeted DNA damage and repair emerge as a new paradigm of genome
dynamics, in which a number of non-canonical DNA bases are not strictly unwanted
lesions that need to be removed as soon as possible but play an important role as
regulatory marks.
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Macroautophagy/autophagy inhibition under stress conditions is often associated with
increased cell death. Recent data demonstrate a transcriptional regulation of several
autophagy genes as a mechanism that controls autophagy in response to starvation.
We found that despite the significant upregulation of mRNA of the essential autophagy
initiation gene ULK], its protein level is rapidly reduced under starvation. Although
both autophagic and proteasomal systems contribute to the degradation of ULK1, under
prolonged nitrogen deprivation, its level was still reduced in ATG7 knockout cells, and
only initially stabilized in cells treated with the lysosomal or proteasomal inhibitors.
Under starvation, protein translation is rapidly diminished and, similar to treatments
with the proteosynthesis inhibitors, is associated with a significant reduction of ULKI.
Inhibiting the mitochondrial respiratory complexes or the mitochondrial ATP synthase
leads to upregulation of the ULK 1 mRNA and protein expression in an AMPK-dependent
manner. These inhibitors could also drastically increase the ULKI1 protein in lung
adenocarcinoma cells (LACC) with knockout of the ATG 13, where the ULK1 expression
is significantly diminished. We also found that under nutrient limitation, activation of
caspase-8 was significantly increased in autophagy-deficient lung cancer cells, which
precedes mitochondria outer membrane permeabilization, cytochrome c release, and
activation of caspase-9, indicating that under such conditions the activation of caspase-8
is a primary event in the initiation of apoptosis as well as essential to reduce clonogenic
survival of autophagy-deficient cells. As expected overexpression of inhibitor of FLICE
reduces caspase-8 activation and apoptosis during starvation, while its silencing promotes
efficient activation of caspase-8 and apoptosis in autophagy-deficient LACC even under
nutrient-rich conditions. Similar to starvation, inhibition of protein translation leads to
efficient activation of caspase-8 and cell death in autophagy-deficient LACC. Thus, here
for the first time we report that suppressed translation leads to activation of caspase-
8-dependent apoptosis in autophagy-deficient LACC under conditions of nutrient
limitation. Our data suggest that targeting translational machinery can be beneficial for
elimination of autophagy-deficient cells via the caspase-8-dependent apoptotic pathway.
Acknowledgements: This research was supported by grant from RSF (14-56-00056).
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KomnaHua Huawei aBnaetca BefyLwmm MUpPOBbIM
nocrtaswmkom NKT-peweHnin. bnarogapa yctaHoB-
NEHVIO B3aVIMOBBIFOAHbBIX OTHOLIEHUIN C HaMMK
napTHepamn 1 3akasuvMkamy KomnaHum Huawei
yAanocb JOO6UTbCA CYLLECTBEHHbIX NPEUMyLLECTB
B cdepe onepaTopcKmx ceTel, KOPNopaTUBHOIO
1 notpebuTtenbckoro 6M3Heca, a Takke B cdepe
06nauHbIX TeXHONOrMin. Mbl CTpeMMMCS co3faBaTb
MaKcvMMasbHble NMpeumyLlecTsa Ana onepaTtopos
CBA3W, NPefnpuUATUIA 1 NoTpebuTtenen nyTem pas-
paboTKkn KOHKypeHTHbIX WKT-peleHunin n ycnyr.
O6opypnoBaHue 1 peleHnsa Huawei ncnonbsytorca
B 6onee yem 170 cTpaHax Mupa. Komnanusa obcny-
XKMBaeT 6ornee TPeTW HaceNeHnsa 3eMHOro Lapa.

Mmen GoraTblii OMbIT U TeXHWYECKMe 3HaHWA B
o6nactn HANOKP, Huawei npugepxuneaetca ctpa-
TerMy TeCHOro COTPYAHMYECTBA U MHTErpaummn c
KOPMopaTMBHbIMM 3aKa3umKamu 1 npefocTaBnaet
UM LUMPOKMIA CNEeKTP BbICOKOIPDEKTUBHBIX KNK-
eHToOpMeHTMPOBaHHbIX WKT-peweHnn wn ycayr,
Ha 6a3e rny6oKoro NoHVMaHuA Ux NOTPebHOCTEN.
CornacHo aton cTpaterun Huawei npegnaraet wu-
pokuin Bblbop nepefosbix VIKT-pewwenuin B chepe
rocyfapCcTBEHHOrO ynpasrieHns, obLeCcTBEHHOrO
ceKTopa, GMHAHCOB, TPaHCMOPTa, SMEKTPOIHEp-
reTVKu, KpYnHbIX NPeanpuaTUii, a TakKe Manblx 1
cpepgHux npepgnpuAtTn (SME). 3Tn pelueHnsa ox-
BaTbIBalOT KOPMoOpaT/BHbIE CETU, YHUBEPCASIbHbIE
cuctembl ¢BsA3n 1 B3aumopenctema (UCRC), cu-
CcTeMbl 061aUHbIX BbIYMCIEHUI U LLeHTPbI AaHHbIX,
cucTeMbl KOPropaTMBHOWM 6ecnpoBOfHOW CBA3W,
CeTeBOro 3N1eKTPONUTaHUA, a TaKkKe MHGPaCTPyK-
TYpHble ycnyru.
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intel.

Kopnopauus Intel

Kopnopauus Intel 6bina ocHoBaHa B 1968 rogy Pobeptom HoicoMm u FopaoHoM
MypoM. Ha npotaxeHun 50 net Intel co3gaeT WMHHOBAUMOHHbIE TEXHONOMMM,
OTKpbIBaOLLME HOBblE BO3MOXHOCTU A9 t04eN.

Koprnopauusa Intel sBnseTcs MmpoBbIM NnaepoMm B 06/1aCTU MUKPOINEKTPOHUKN 1
MHMOPMaLMNOHHbIX TeXHONOrni. Intel cozpgaeT TEXHONOrMKM A1 YMHOIrO MMpa 3MoxXu
6onbwnx AaHHbIX. OCHOBHOE BHWMaHME KoOpropauus yAensieT COo34aHuio
VHTENNeKTyasbHbIX pelleHuid A5 YMHOro Mmpa, oT yCcTpoicTB MHTepHeTa Bellew
1 nonb3oBaTenbCkux MK A0 KOMMYHUKAUMOHHOW WH@PACTPYKTYpbl, TEXHOMNOTMN
AN UeHTpoB 06paboTkM AaHHbIX U CYNEepKOMMbIOTEPOB.

Ltab-kBapTMpa koprnopaumm pacnosioxeHa B r. CaHTa-Knapa, wTt. KanndopHus.
O6wwmit wrat Intel HacunTbiBaeT 6onee 100 Thic. coTpyaHMKOB B 6onee, yem 60
CTpaHax Mo BCeMy MUpYy. [NaBHbIM WUCMOMHUTENbHbLIM ANMPEKTOPOM KOpropaumm
aBnsetca Pobept CeBoH (Robert Swan).

Intel B Poccumn

MNepBoe npeactaBntTenscTBo Intel B Poccnn 6bino oTkpbiTo B 1991 roay B Mockase.
CerogHsa B poccuinckmx oducax Intel B Mockee n HwmxHem Hosropoae pabotatoT
6onee 800 yenosek.

B MOCKOBCKOM odurce KOMMaHUU NnpeacTaBieHbl OTAE bl MAapKETUHIa U pPasBUTUS
6usHeca, rpynnbl No pa3paboTke MNporpaMMHOro obecneyeHus, HPUANYECKUN
oTaen.

B HMOKP ueHTpe Intel B HMxHeM HoBropoae co3aatoTcst HOBblE M MHHOBALMOHHbIE
npoaykTbl Ans paspaboTtku MO. CeroaHs OH ABASIETCS OAHUM M3 KPYMNHEMLNX
LIeHTPOB nccneanoBaHuii n paspaboTtok Intel B EBpone. bonee 700 cneuuasanucroB
U MHXXeHepoB pa3pabaTbiBaloT MPOrpaMMHbIE MHCTPYMEHTbI U NPUIOXEHUS ANS
apxutekTyp Intel. B HmxHeM HoBropoae Takxxe pasMeLlatoTcs pasfinyHble rpynmnbl
noanepXku 6usHeca (HanpuMep, aAMUHUCTPATUBHO-XO3SIMCTBEHHAs! 4YacTb,
duHaHcoBbIV oTAen, otaen UT, otaen kagpos).

LleHTp uccnenoBaHuii n paspa6ortok Intel B HnyxHem HoBropoae

Huxeropoackuii odbuc Intel 6bin SBNSETCS LEHTPOM 3KCMEpTM3bl KOpropauun B
061acT  BbICOKOMPOU3BOAUTENbHbBIX BbIYMCIEHWUI, pa3paboTkM MNpoOrpaMMHOro
obecneyeHnss B 0651aCTU YMCNIEHHbIX METOA0B U 6€CrnpoBOAHONM CBS3W.
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DMK MP Biomedicals
(OO0 «MIMBA grarHocTuKa»)
Appec: 109147, r. MockBa, yn. MapkcucTckas, a. 3,
cTp. 2, 00.2.1.20/2
@ Ten./dakc:
+7(495)604-13-44
E-mail  rus@mpbio.com

WEB  mpbio.com; mpbio.ru

Komnanua OO0 «MTBA gnarHocTuka» ABNAETCA AoYepHer KoMnaHuen
MP Biomedicals, paHee n3sectHoin kak ICN Biomedicals, ocHoBaHHoOIn B
1959 rogy, NpW3HaHHOTO NvAepa B 061acT MPOV3BOACTBA LWMPOKOTO
CMEeKTPa XMMUYECKMX peakTMBOB, 060pyaoBaHUA Al MPO6ONOLrOTOBKM
(cuctema gna romoreHusauun FastPrep) n HabopoBs peareHToB. Katanor
npogaykuumn komnaHumn MP Biomedicals Bkntouaet 6onee 55000 HavmeHo-
BaHVI BbICOKOKAUECTBEHHBIX MPOAYKTOB AnA NPoBefeHna bruoxmmmye-
CKUX UCCneoBaHMi, GapmaLeBTUYECKOro 1 BMOTEXHONOMMYECKOro Npo-
W3BOACTBA, AN1A Pa3NINUHbIX OTpacieil UMMYyHONOTN U FTeHETUKM.

FastDNA SPIN eV H»
kitforsoil € ' >




Roche)

000 «Pom [JuarHoctuka Pyc» - obuiMaabHbIN
uMnoprep npoaykuuum Roche B Poccum u jauneH3uart
kommnaHuu F.Hoffmann-La Roche Ltd.

Roche Sequencing Solutions, noppasgeneHue Roche,
OpMEeHTUPOBaHHOe Ha pelieHMs AJiss NGS, a B 4YaCTHOCTU
Ha npo6omnoaroToBky k NGS, npezjaraer:

-Ha6opsr KAPA Biosystems pOasi HIPUTOTOBJIIEHUS
6ub6amorex JHK (BxroyaroT — 6apKoAMpOBaHHBIE
azanTepbl, YaCTULbl JJIsI OUYMCTKU, HAGOPBI [AJIsSI OLeHKU
KoHIleHTpaumuin AHK u 6ubnauorexk wmetomom IIIIP B
peaJbHOM BpPEMEHMN).

-Ha6o0pslI Aj1s1 HannpaBJeHHOro oTr6opa reHoB nepezn NGS:
NimbleGen SeqCap EZ -rubpuamusaiMoHHOEe
oboramnieHue naHeJien TeHOB, 3K30MOB,

TPAaHKCPUIITOMOB M ME€TUJIOMOB;

HEAT-seq - aMIuiMMUKAIMOHHOE oOb6oraiieHue
IaHeJsieil reHOB, B TOM UYMCJIe U ITaHeJie)l OHKOI'€HOB;

AVENIO -rubpuzmsanMoHHOe oboraileHue mnaHesen
OHKOT'€HOB 13 BHEKJIETOUHOI omnyxoJseBoit JHK u

[

Sequencing
aHaJIU3 JAaHHBIX. Fleady Library
00O «Pour InarHoctuka Pyc» mpeznjiaraeT KOMIIJIEKCHbIE
pellieHMs, BKJIOUalolue B cebsl He TOJIbKO 060pyZloBaHMEe
M PpeareHTbl, HO U TeXHUYECKUI CepBUC, obyueHUe
ImepCcoHasia U IIOCTOSAHHYIO METOAUYECKYIO ITOAOEPIKKY.
{ \ Unlock 000 «Pow JJuacHocmuka Pyc
i the Potential 115114, Poccus, Mockea
of Every Sample Ya. JlemHukoeckas, 0. 2, cmp. 2

Ten:+7 (495) 229-69-99
BusHec-ueHmp «Busanvdu I1lnaza»
ras.russia@roche.com

sequencing.roche.com

JlJ1s1 HayYHbIX MCCIIeJOBaHUM. He /11 [MarHOCTUKMA.



00O «buollaiiH» aBnAeTcs oduLManbHbIM GUCTPUOBIOTOPOM

- -
Blo lne komnaHwuii BD Biosciences, Leica Microsystems, PerkinElmer, BioTek,
BeAyLUVX MUPOBbIX MPOV3BOAUTENEN MPUOOPOB 1 peareHToB
rpynna KoMnaHuw ana 6I/IOMe,qVIL|I/IHCKI/IX VICCJ'IeuOBaHI/II?I.
> Bnarogaps yHuKanbHomy nopTponmo NPoAYKLMM 1 ONbITY
, tel,oa HaLVX CNeuUmancToB Mbl BbIMOHAEM MOCTaBKY Vi BHEAPEHNE
PerkinElmer” .
For the Better wicRosYsTEMS KOMIMJIEKCHbIX PELIEHNI 1A pa3HOO6pa3HbIX 3aaau

. . NG B 06/1aCTV MONEKYNIAPHON 1 KNIETOUYHOWN Gruonornu.
$2Biolek & BD ynap

MOJ'IeKyJ'IFIpHO-FeHeTVIl-IeCKI/Ie ncanegqosaHmA

e CucTembl N1A BbIAENEHUA 1 MONIEKYNIAPHOTO aHanu3a
OAMHOUHBIX KneTok Becton Dickinson

o CraHuuu ana Bbigenenus IHK, o6opynosaHue PerkinElmer
LNA NOATOTOBKM U KOHTpons 6ubnunotek ana NGS

e Ha6opbi Nextflex ana nogrotoBku 6ménunotek NGS PerkinElmer: nonHoreHomHoe
1 TapreTHOE CEKBEHVPOBaHUE, TPAHCKPUMTOMYIKA, SNUTeHETUKA, MeTareHoMKa

[MpoTeoOMHble nccnegoBaHUA

® [lepefoBble ONTUYECKME TEXHONOMMI KOMNaHu BioTek Instruments
INA GUOXMMNYECKNX NCCNEeA0BAHNIA, UAEHTUGUKALMM U KONMYECTBEHHOMN OLIEHKU
aHanMToB, NCCNeOBaHNA B3aMOAENCTBUA GriOMONeKyn

® PeareHTbl 1 pacxofHble maTtepuansl PerkinElmer gna npoteomHbIx nccnegosaHnin

KneTouHble nccnegoBaHumA

® CycTembl AN NPOTOYHOW LIUTOMETPUM U COPTUPOBKU KNETOK
komnaHuw BD Biosciences

® OnTyyeckan BU3yanu3aLyia KNeToK A1A MOAENNPOBaHUA NPOLIECCOB B KNETOUHbIX
KynbTypax v Ha 3D chepoupax: pewenus PerkinElmer n BioTek Instruments

® Cuctembl AnA KOHOKanbHoOM MKpockonum Leica Microsystems

MccnenoBaHmA Ha XKUBOTHbIX

® [Mpr6opbl ANA ONTUYECKON BM3yanu3aumm in vivo Spectrum v Lumina,
cnctembl ans KT v MN3T komnanun PerkinElmer

A “ ® O6opyaoBaHve ANA ccnefoBaHWin Ha XMBOTHbIX Leica Biosystems

OduumansHble ancTprbsioTopsl BD Biosciences, Leica Microsystems, PerkinElmer, BioTek B Poccum — koMnaHus «broSlaiH»

000 «Buollanu» Mockaa, Ten.: +7 (800) 555 49 40 EQnHbIN BecnnatHbIn
Poccms, 197101, CaHkT-MeTepbypr HoBocnbupck, Ten.: +7 (383) 227 09 63 -
Nukckui nep., A. 3, uT. A Ecarepunbypr, Ten- +7 (343) 287 32 49 HOMeg CepBrcHON
Ten: 47 (812) 320 49 49 BnanueocTok, Ten.: +7 (423) 201 18 08 cnyx0bl And Bcex

. HwxHuin Hosropog, Ten.: +7 (831) 278 61 47
(;bakcj +7 (812)_32_0 49 40 PocToB-Ha-floHy, Ten.: +7 (863) 268 99 32
e-mail: main@bioline.ru KasaHb, Ten.: +7 (843) 570 66 88

wnanar hinline rin Camana +7 (RAR) 2AAR-NA-RA 8 800 333 OO 49

pervioHos Poccunu:



Oxfoed

NANOPORE

AHNAAM

Distributor
eACHE

KomnaHus [uasm — KpynHenLwnin NocTaBLLMK COBpeMeHHOoro nabopatopHoro obopyaoBaHuna Ha
Poccuitickom pbiHKe. KaTanor KomnaHum HacumTbiBaeT 6osee 500 000 HaumeHoBaHWUI Npubopos.,
peareHToB U PacXO4HbIX MaTepPManoB AN MeAULMHCKMX U HAyYHO-UCCNef0BaTeNbCKMX NabopaTopuii.

B KaTanore KomnaHuK NpeaAcTaBAeHa NPOAYKLMA BeAyLUX MUPOBbLIX Npou3BoauTenen, kak: Abcam,
Applied Biosystems, Binder, Bio-Rad, Corning, Eppendorf, lllumina, lon Torrent, Lexogen, Oxford Nanopore
Technologies, Panasonic (Sanyo), Sage Sciences, Sigma-Aldrich, Thermo Fisher Scientific, Qiagen:

o Habopbl ana NoarotoBkM 6MBIMOTEK, 418 BbICOKONPOU3BOAUTENBHOTO CeKBeHnpoBaHusa NGS, ans
ncenefoBaTeIbCkUX paboT 1, B OHKONOMMK, PenpoAYKTUBHON MeANLMHE, B U3yYeHUU HACNeACTBEHHbIX
3a60/1eBaHWi1, peareHTbl U HabopPbI A4/19 KANUANAPHOTO CEKBEHUPOBAHMS.

° CeKBeHaTOpbl KanuanapHble U BbicOKonpoussoauTenbHble NGS, obopyaoBaHue Ana aHanusa
kauectBa HK gna NGS, pob0oTH3MpoBaHHbIE CTAHLMKN ANA NOATOTOBKM BUBNNOTEK U CEKBEHMPOBAHUA.

° Bce ans MNUP, peareHTbl,Habopbl, NAACTUK, amnanduKkaTopbl.

° HaHonoposbie cekBeHaTopbl Oxford Nanopore Technologies, Habopbl gna cekBeHnpoBaHua AHK u
PHK.

CeKBeHUpPOBaHUWe Tenepb AOCTYNHO KaxKgomy!

[Ounasm cerogHs npeacrasaset npoaykumto Oxford Nanopore Technologies — 3To cekBeHaTopbl TPETLETO
nokoneHusa — MinlON, GridION, PromethION.

TexHonorus cekseHuposaHua Oxford Nanopore Technologies no3sonseT genaTb NPAMOE NPOYTEHNE
uenert OHK nam PHK B pexkume oHnaliH, AAWHA pUAa orpaHMYeHa To/IbKO ANMHON dparmeHTa, a
NopTaTUBHOCTb 060PYA0BaHMA U BbiCTpas NOAroToBKa BMBINOTEK AAET BOSMOKHOCTb CEKBEHUPOBATb
[laXKe B NONEBbIX YC/I0BUAX C MUHWMAbHbIMU TpeboBaHUAMM K reHeTn4eckon nabopartopun. C Oxford
Nanopore Technologies cekBeHMPOBaTb TEMEPb MOMKET KaXKAbIM, aXKe TOT, KTO paHee U He 3alyMbIBasICcs O
CEKBEHMPOBAHMUU - 3TO MPOCTO M AOCTYMHO.

CeKBEHMPOBAHUE TPETHEIO NMOKOJIEHUSA HE 3aMEHSAET U HE OTMEHSET NPUMEHEHUE KanuUIAPHbIX
cekBeHaTopoB no CaHrepy nam nnatdopm NGS BTOpOro nokoneHus, HA06opOT, coveTaHUe TPex NOKONEHUN
reHeTUYECKOro aHaIn3a OTKPbLIBAET HOBblE BO3MOXHOCTU MOJIy4eHUSA paHee HEU3BECTHbIX AaHHbIX.
Cneuuanuctbl Anasm npownn obyyeHme B Oxford Nanopore Technologies, ocywecteastoT
npodeccMoHanbHOe KOHCYIbTUPOBAHME U TEXHUYECKYHO MOAAEPKKY, MOMOTYT CMIaHMPOBATb 3KCNEPUMEHT
1 nogobpatb HeobxoanMmble Habopbl PpeareHToB AN PeleHMa KOHKPEeTHOM 3a4a4M He3aBUCUMO OT
broaxkeTa nabopatopum.

Ob6pauaiTech B N106OM U3 HALLIMX OGUCOB AW NULWIKTE Ha sales@dia-m.ru

*
000 «lnasm» www.dia-m.ru
MockBa HoBocubupck Kazaub Caukr-Metepbypr PocToB-Ha-[loHy MNepmb BopoHex
yn. MaragaHcxkas, 7/3 np. Axag. yn. Mapumckon yn. NMpogeccopa nep. Cemawko, 114 Npeacraeutens Ten./dakc:
Ten./dakc: NaBpenTbesa, 6/1 KommyHsl, A. 6 Monosa, 23 Ten/dakc: 8 Y00 (473) 232-4412
(495) 747-0508 Ten./dakc: Ten/dakc: Ten./dakc: (863) 250-0006 Ten./dakc: voronezh@dia-m.ru
sales@dia-m.ru (383) 328-0048 (843) 210-2080 (812) 372-6040 md@dia-m.ru (342) 202-2239

nsk@dia-m.ru k dia-m.ru p ia-m.ru perm@dia-m.ru



AJIbBNOIEH illumina' et

Komnanusa AIIbBUOIMEH — odmumnanbHbIn ANCTPUOLIOTOP
illumina n Lucigen

Komnanua OO0 «AlTbBUOTIEH» ¢ 2015 roga sBnseTca 9KCKNO3MBHBIM (€ANHCTBEHHbLIM)
oduuManbHbIM  TOProBbIM MPEACTaBUTENEM U AUCTPUOLIOTOPOM KoMnaHuu illumina Ha
TeppuTopun Poccuiickon ®epepauun, Pecnybnukn bBenapych, Pecnybnuku KaszaxctaH u
Pecny6nukn Y3bekmcTtaH.

Hawen 3apaven sBnsietcs obecrnedyeHne MNOMHOro [AOCTyna KIMEHTOB K MepenoBbIM
TexHornormam n cepsucam illumina, Bkntoyasa coBpemeHHble cuctembl NGS v aHanusa
OHK-6uoumnos, nporpammHoe obecnedyeHne p[ns OWOMH(OpPMaTUKM U BECb CMEKTp
peakT1BOB.

OO0 «AJIbBENOIMEH» npegoctaBnsaeT NOMHbIN KOMMMEKC YCRyr, CBA3aHHbIX C NPOAaXeNn,
TEXHUYECKON MOOOEPXKKOW U CEPBUCHBIM  (FrApaHTUWHBIM U MOCTrapaHTUIAHBIM)
obcnyxnBaHnem npoaykumm komnanum lllumina, a Takke oby4veHWem nonb3oBaTenem
paboTe Ha AaHHOM 06opyLOBaHUM.

MHHOBaLMOHHAsA 1M CTpeMUTENbHO pasBuBatoasaca komnaHusa illumina Inc., sengawoLwiascs
MUPOBLIM NaepoM B 00MacT¥ FeHOMHbIX TEXHOSOrMI, 3akroyuna cornalleHne ¢
komnaHuen AJIbBUOIMEH, cneunanusuvpylowenca Ha nocTtaBkax obopygoBaHus w
pacxofHbIX MaTepuarnoB AN CEKBEHMPOBaHUSA HoBoro nokoneHus (NGS) n aHanusa Ha
OHK-6uoumnax.

HoBeviwumne npogyktbl komnavum illumina, cosgaBaemble COBMECTHO C BeayLMMu
MUPOBLIMX YYEHBIMW, MO3BOMSAT M3yvaTb FEHOM Ha O4YeHb My6OKOM YPOBHE W gatoT
BO3MOXXHOCTb 5151 HOBATOPCKUX OOCTUXKEHUI B HayKe, MEAULMHE, CENIbCKOM XO3SINCTBE U
notpebutensckon reHomuke. Bonee 90% Hay4HbIX CTaTel, CBSI3aHHbIX C TEXHOMOTMSIMU
CEKBEHMPOBAHMS HOBOIO MOKONEHMS], CAeNaHbl Mpu nomoLmn obopyaosaHus lllumina.

CotpygHuyectBo ¢ komnaHnven AJIbBUOIEH HanpaeBneHo Ha TO, 4TOGbI caenaTb
TexHonormn NGS wn aHanusa [OHK-6uoumnoB 6Gornee [OCTYMHbIMKM Ha TeppuTOpUM
Poccuickon ®epgepaumm n B ctpaHax CHI.

Komnanna AJIbBUOTEH wucnonb3yeT cBoW OOWMPHBIA ONbIT B obnacty npojax wu
NPOABWXKEHNS NPOAYKUMW, 3HaHWS MNEepefoBbIX TEXHOMOMMMW U CeTb  PEermoHanbHbIX
npencTtasutenen ana obecneveHns GbicTpon, addpekTuBHoM 1 BecnepeboriHon paboThbl
nabopaTopuii knueHToB illumina.

Komnanua AJIbBVIOTEH Takke siBnsietcs oduumanbHbIM OUCTPUOLIOTOPOM KOMMaHUM
Lucigen, OCHOBHbIMW MpOAYKTaMW KOTOPOW SBMASKTCA (EepMeHTbl M peareHTbl And
CEKBEHMPOBaHWS HOBOMO MKOMEHUS 1 MOMEKYNSPHON ANArHOCTUKK.



SkyGen

KomnaHua Ckali[l>XmH npepnaraeT K nocTaBke co cknaga B MockBe v nop 3aka3 Habopbl pe-
areHToB, 060pyAOBaHNe, pacxodHble MaTepuranbl, PeakTVBbI, @ TaKkKe cneymann3npyeTca Ha
CEpPBUCHOM 06CNYXKMBaHWM 1 NMOBEPKe [03aTOPOB, 1abopPaTOPHbIX BECOB Pa3fINUHbIX NPOU3-
BoauTenei. Mbl npegnaraem rubkue ycsioBrsa paboTbl 1 OYeHb GOJbLION aCCOPTUMEHT MPO-

AyKumu.

MocTaBnAemas Halen KOMMaHUeNn NPoAyKuMA WMPOKO UCMONb3yeTcAa B Hay4YHO-UCCneno-
BaTeNbCKMX NabopaTtopusax n R&D ueHTpax, nabopatopusax CeKBEHNPOBAHNWSA, NMPU pPeLLeHI
NpaKTUYeCcKn Nobbix MONEKYNAPHO-6MONOrMYecKmx 3agad.

Bonblas yacTb Npon3BoanTesNEN B HALLEM NOPTPOSIMO - 3TO NPAMbIE, SKCKIO3UBHbIE
nocTaBKu. Mbl ABNAEMCA NepBbiM 3BEHOM B MOCTaBKaXx /1A TaKUX KOMMaHUN Kak New
England Biolabs, Agilent Technologies, Oxford Nanopore Technologies, QIAGEN, 10x
Genomics, NIMAGEN, Integrated DNA Technologies, Thermo Fisher Scientific, SIGMA-
ALDRICH, BioSan, Gilson.

K d)ﬂaFMaHCKI/IM npoayKTamM HalWnX NMHEEK OTHOCATCA:

« Habop gna npo6onoarotosku obpasuos ot New England Biolabs ULTRA Il FS ¢
WHTErpUPOBAHHOW CUCTEMOW dparmeHTaumu n gpyrmue Habopbl cepum ULTRA
ans obpasuos AHK, PHK n mukpoPHK;

- Digital NGS: rotoBble naHenu 1 Habopbl Ans oboraweHuss Ha ocHose [LP ot
QIAGEN ¢ moHOMOnEeKynspHbIM 6apKoANpOBaHNEM;

«  CneumanusnpoBaHHble Habopbl Ans paboTbl c MUKPoPHK v aHanmsa skcnpeccnn
ot QIAGEN-Exiqon;

. HaHonopoBble cekBeHaTOPbl TPETbErO NMOKONIEHUA: MOPTATUBHbIN CEKBEHATOP
MinlON, BbicokonpounsBoanTenbHbI cekBeHaTop GridlON;

- YHukanbHaa cuctema Chromium npowusBogctBa 10x Genomics ans
ABTOMATUYECKON NPOHOMNOArOTOBKM rEHOMOB U TPAHCKPUMNTOMOB €IVHNYHbIX
KNeTOK.

3a pononHuTenbHol UHGOPMaLMel O MPON3BOAUTENAX, TOBAPaAX, LIeHaX 1 YCIIOBMAX NOCTaB-
K1 obpaLlanTech K HawmmM KBanndrLMpoBaHHbIM CrielanmcTam.

Bynem pagbl oTBeTUTL Ha Baluy Bonpochl 1 MOMOYb BbIOpaTb KaYeCTBEHHOE 1 HELOPOroe pe-
weHwne ans Bawwnx 3agauy!

000 «CranxuH»

Appec: 115093, Mocksa,

yn. JllocnHoBsckas, 4. 36, cp. 1
Ten: 8 (495) 21502 22
info@skygen.com
www.skygen.com



XNMI3IKCHNEPT
AreHTcTBO XMM3KcnepT

Nndopmanus o koMnaHum:

KomnaHua XumakcnepT cyuiectsyeT 16 neT v AaBHO 3apekomeHgoBana cebs, Kak HaAeXKHbI MOCTaBLMK
npubopoB, PeakTMBOB M PACXOAHbIX MaTEpPUanoB AAA MONEKYyNAPHOW BGuonormn. Mbl cobpanu ons cBoux
K/IMEHTOB CaMble MHTEPECHble W NepcrneKTUBHble 6peHabl, GONbLIMHCTBO M3 KOTOPbIX B PoCcuMM MOMKHO
nprMobpecTu TONbKO y Hac.

XumakcnepT npepgnaraer obopynosaHve ans aHanusa AOHK u PHK, B Tom uucne u metogamu NGS,
dYyHAAMEHTaNbHbIX MPOTEOMHbIX W LIMTONOTMYECKUX UcCnefoBaHui, dapmaueBTMKM UM BUOTEXHOOTUIA,
NPUKNALHOTO TECTUPOBAHUA, BK/IOYAA MAEHTUDUKALMIO IMYHOCTU U YCTAHOBEHUE POACTBA B KPUMUHANUCTUKE
1 cypebHo-MeanLMHCKOM 3KcnepTuse.

Halum KaneHTbl BbIBUPaOT XMMIKCNepT NOTOMY YTO:

* XMMaKcnepT Bcerga Haxo4uT camble MNporpeccuBHble pelleHus B obnactn Life Sciences.
Hala KomMnaHWs MOCTOAHHO pacwupseT csoe MopTGoAMO M B Kypce MOCNeAHWUX BesHWI B
061acTn monekynsapHoi buonorum

* XMM3KCMEPT OCYLLECTBAAET MOJIHYIO TEXHUYECKYID W METOAMYECKYI TMOAAEPIKKY HALUMUX
KNIMEHTOB: 06paTMBLLUMCL K HaMm, Bbl MONy4YaeTe NOMOLLb KBANUGULMPOBAHHBIX COTPYAHUKOB B
noabope o60pyLOBaHWA WM peareHToB MOA MOCTaB/AEHHblE 3a4ayu M UX MocaeayroLlem
MCMONb30BaHUM

* XMM3KCNEepT CTPEMUTCA MATWM HABCTPeYy 3aKa3uMKam W OCYLLecTBAATb GbiCTpble MOCTaBKM,
TaK KaK CKOPOCTb M YETKOCTb UCTMIONHEHWA 3aKa30B OYEHb BaXKHa.

O6paTMBLUMCL K HaM, Bbl MOXKeTe 6bITb yBepeHbl B ByayLiem CBOero sKcnepumeHTa.
HayHuTe cOTpyAHMYECTBO C KOMNaHMEN XMMIKCNepT 1 ybeanTeCh B 3TOM Ha CBOEM OnNbiTe!

000 «AreHTcTBO XMMakcnepT» 125009, r. Mocksa, CTpacTHoli 6-p, 4. 4, od. 101
Ten: +7 (495) 629 28 69, 650 36 66

inffo@khimexpert.ru,

www.khimexpert.ru




gene Xplain

www.genexplain.com

The geneXplain GmbH is glad to welcome you at the BGRS/SB’2018 conference and is proud to introduce you the
following software and database solutions for the needs of bioinformatics, systems biology and systems medicine:

gene Xplain
PLATFORM

N/
A(TRANSFAC

N/
%\<TRANSPATH

>>\/<HumanPSD

% BRENDA ||

The Comprehensive Enzyme Information System
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geneXplain platform — is a high-performance tool for multi-omics data analysis,
which allows identification of new therapeutic targets and biomarkers. A unique
feature of the geneXplain platform is its Upstream Analysis. You can register and
immediately receive access to a free account.

TRANSFAC database — is a unique collection of transcription factors, their
experimentally validated binding sites (TFBS) and a widely known library of
positional weight matrices (PWMs). The database has its own integrated methods for
TFBS search. It can also be used as an integral part of the geneXplain platform.
TRANSFAC is available online or can be downloaded as a set of flat files.

TRANSPATH database — is one of the biggest and most famous collections of
signaling and metabolic pathways, which counts over 489000 reactions. The database
can be applied for master-regulators search within the geneXplain platform.
TRANSPATH is also available online in one package with HumanPSD database or
can be downloaded as a set of flat files.

HumanPSD database — is a collection of genes, proteins and micro-RNAs, which
includes information about disease biomarkers and clinical trials for various diseases.
Besides the detailed biomarkers data, the database contains information about drugs.

BRENDA database — is a comprehensive enzyme and enzyme-ligand information
system. Its manually derived core contains over 3 million data points about 77,000
enzymes annotated from 135,000 literature references.

PASS - is a software tool for evaluating the general biological potential of organic
compounds based on their structural formula. This program predicts main and side
pharmacological effects, molecular mechanisms of action, specific toxicities, and
antitargets, actions associated with the metabolism and transport of pharmaceutical
substances and their influence on gene expression.

PharmaExpert — is a software tool for analysis of the biological activity spectra of
substances predicted by PASS and selecting compounds with the desirable set of
biological activity, for analyzing the relationships between biological activities, drug-
drug interactions and for multiple targeting of chemical compounds.

GUSAR - is a software tool for analysis of quantitative structure-activity/structure-
property relationships (QSAR/QSPR) based on the structural formulas of the
compounds and data on their activity/property, and for prediction of activity/property
for new compounds. GUSAR can be easily applied to different routine QSAR/QSPR
tasks, for building multiple models, and for prediction of the different quantitative
values simultaneously.

If you got interested in any of the products, provided by GeneXplain, or you have any questions, please contact us by
e-mail info@genexplain.com. We will be glad to help you!
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