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The materials of the XXVIII Symposium "Bioinformatics and Computer-Aided Drug Discovery" are
presented. This Symposium is dedicated to the emerging challenges and opportunities for in silico drug

discovery.

The Symposium'’s main topics: development and practical application of computational methods for
finding and validation of new pharmacological targets, in silico design of potent and safe
pharmaceutical agents, optimization of the structure and properties of drug-like compounds, rational

approaches to the utilization of pharmacotherapeutic remedies in medical practice.

This information will be useful for researchers whose investigations are dedicated to creating
computational methods and their application to drug research and development using bio- and
chemoinformatics methods based on post-genomic technologies. It can also be useful for

undergraduate, graduate, and postgraduate students specializing in the relevant fields.

Responsible editors: Corr. Member of Rus. Acad. Sci. V.V. Poroikov, Prof. R.G. Efremov




Dear Colleagues!

On behalf of the Organizing Committee and the Administration of the Institute of Biomedical
Chemistry (IBMC), we are glad to welcome the participants of the XXVIII Symposium
"Bioinformatics and Computer-Aided Drug Discovery".

For the first time, such a Symposium was held in 1995 in the framework of the Il Russian
National Congress "Man and Drugs" initiative by Full Member of the Russian Academy of Sciences
(RAS) Alexander Archakov. Since then, this meeting has been held annually under the chairmanship
of Corresponding Member of RAS Vladimir Poroikov - Head of the Bioinformatics Department at
IBMC together with Full Member of RAS Nikolay Zefirov, and since 2018 - with Professor Roman
Efremov. The annual Symposium provides an opportunity for researchers whose studies are related to
the development and application of bioinformatics, chemoinformatics and computer-aided drug design
methods, to exchange information on the latest achievements and discuss the modern trends for the
development of this multidisciplinary field of science in the future.

Traditionally, a significant part of the scientific sessions of the Symposium, including the Young
Scientists Contest, was held in the IBMC. In 2021, given the situation with the COVID-19 pandemic,
the XXVII Symposium was held online, which allowed involvement of authoritative scientists from
Germany, France and the USA. Taking into account this experience, it was decided to perform the
XXVIIlI Symposium as virtual meeting. More than 400 staff scientists, PhD, graduate and
undergraduate students from 49 countries have already registered to take part in the Symposium’s
sessions.

The main topics of the Symposium are especially important due to the active involvement of
IBMC in the creation and development of the World-Class Scientific Center (NCMU) "Digital
Biodesign and Personalized Health Care" within the framework of the Russian National Project
"Science". This is a global project on the digitalization of healthcare and health management. Within
the framework of this project, the development of anti-cancer drugs with the use of scaffoldless tissue
engineered constructions and cellular spheroids for neogenesis is also carried out. As part of this
project, IBMC will develop a digital information platform designed to optimize the decision-making
by medical professionals regarding strategy and tactics of treatment using modern pharmacotherapy
and taking into account the individual characteristics of the patient.

In 2022, the life of most of us has changed significantly: the people have lost the confidence in
the future, and the usual work environment. This has led to an escalation of tenseness, and sometimes
even to a complete rupture in relations between colleagues and within workgroups. Now, we are set at
a challenge: how to hold out against the unfavorable conditions in order to continue our occupation
with what we love, and to maintain high quality of our research? In this regard, the organization and
holding this International Symposium is an important communicative step, which will allow the
scientists to unite, helping them hear and understand each other.

| would like to thank the participants of the Symposium, wishing you a fruitful work!

Director of the Institute of Biomedical Chemistry
Doctor of Biological Sciences
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Dear Colleagues!

We are pleased to welcome you as participants of the XXVIII Symposium "Bioinformatics and
Computer-Aided Drug Discovery".

Now all of us live and work in challenging conditions caused by coronavirus pandemics and
global changes in the world that have been taking place recently. It has become evident that the
emerging global threats to human health will continue to persist in the future. One of the critical issues
in this situation is the rapid development and introduction into the medical practice of new - often
innovative - medicines for the successful fight against newly emerging pathologies and known
diseases, which manifestation is significantly changed due to these "newcomers”. Solving this
enormous task requires the mobilization of existing intellectual and material resources and the creation
of new approaches to the discovery and development of new medicines.

As the practice of combating socially significant diseases in recent years, and especially
COVID-19, shows, the use of multidisciplinary approaches of bioinformatics and computer-aided
technologies in general plays a critical role in developing physiologically active compounds. These
methods allow in silico processing big biomedical data, identifying promising molecular targets,
elaborating quantitative structure-activity relationships, building and validating predictive models, and
implementing lead compounds' rational molecular design. Altogether, this provides valid
recommendations to medicinal chemists, pharmacologists, toxicologists, physicians, and regulatory
authorities to optimize drug discovery, development, approval, and clinical usage.

Thus, our Symposium's topics and all of us are at the forefront of the ongoing protracted fight
against global scale pathologies.

Let us use the Symposium discussion platform to exchange original scientific ideas, attractive
methodological solutions, and breakthrough multidisciplinary technologies. This is especially
important in connection with the recent world events, which complicate international scientific and
educational relationships, efficient exchange of information and data. These factors have always been
at the heart of scientific creativity, especially in the field of biomedicine. We believe that holding our
Symposium in these difficult conditions, involving the participation of scientists from many countries,
will help develop scientific diplomacy, preserve and increase professional and human relations of
colleagues, establish new creative connections, and, as a result, increase the efficiency of computer
technologies for the discovery of new medicines. We hope that our Symposium will also contribute to
reducing tension in the world. The online format provides unique opportunities for this, including talks
given by our authoritative colleagues from all over the world.

Welcome to the sessions of the XXVIII Symposium "Bioinformatics and Computer-Aided
Drug Discovery". We wish you very exciting and fruitful meetings and discussions!

He =

Vladimir Poroikov Roman Efremov
Corresponding Member of the Russian Prof. Dr.
Academy of Sciences, Prof. Dr.



Scientific Program

Tuesday May 24, 2022

Chairpersons: Vladimir Poroikov, Roman Efremov

10:00

10:20

Opening of the Symposium

Plenary lecture

10:20 11:00 Frank Eisenhaber THE TARGET IDENTIFICATION BOTTLENECK

Oral presentations

11:00 11:20 Shuguang Yuan FROM GPCR BASIC RESEARCH TO DRUG DISCOVERY
VIA COMPUTATIONAL METHODS

11:20 11:40 Dmitry Shulga THE PHILOSOPHY AND PROSPECTS OF FRAGMENT
CONTRIBUTION ESTIMATIONS IN DRUG DISCOVERY

11:40 12:00 S. Balgji INTERACTION AND INHIBITION OF ALPHA-
GLUCOSIDASE WITH SELECTED MONOTERPENES

Keynote lectures

12:00 12:30 Elena Ponomarenko | TARGETED PROTEOMICS FOR HEALTH ANALYTICS:
OPPORTUNITIES AND CHALLENGES

12:30 13:00 Alexander Kel GENE NETWORKS AND DRUGS. WHAT CAN WE
LEARN USING BIO- AND CHEMOINFORMATICS?

Oral presentations

13:00 13:20 Vladimir Ivanisenko | ANDSYSTEM AUTOMATED RECONSTRUCTION OF
GENE NETWORKS FOR OMICS-DATA
INTERPRETATION IN MEDICAL AND BIOLOGICAL
RESEARCH

13:20 13:40 Sajjad Gharaghani SYSTEM PHARMACOLOGY IN DRUG DISCOVERY

13:40 14:00 Eugene Radchenko | DISCOVERY OF NOVEL TANKYRASE INHIBITOR

CHEMOTYPES AN INSIGHTFUL TEST CASE FOR
VIRTUAL SCREENING AND MOLECULAR MODELING
APPROACHES

Lunch break 14:00-16:00




Chairpersons: Hanoch Senderowitz, Maria Khrenova

Plenary lectures

16:00 16:30 Hanoch Senderowitz | COMPUTATIONAL STUDIES ON GREEN PESTICIDES

16:30 17:00 Dmitry Ivankov ALPHAFOLD: PREDICTS OR RECOGNIZES THE
PROTEIN STRUCTURE?

Oral presentations

17:00 17:20 Guzel Minibaeva DE NOVO GENERATION OF SYNTHETICALLY
FEASIBLE MOLECULES

17:20 17:40 Anna Tashchilova SYNTHESIS, DOCKING AND IN VITRO
ANTICOAGULANT ACTIVITY ASSAY OF RHODANINE
DERIVATIVES OF PYRROLO3,2,1-1JQUINOLIN-2(1H)-
ONE AS NEW INHIBITORS OF FACTOR XA AND
FACTOR XIA

17:40 18:00 Andrey Buglak QSPR ANALYSIS IN PHOTONICS

Keynote lectures

18:00 18:30 Walter F. de HARNESSING MACHINE LEARNING FOR DRUG

Azevedo, Jr. DISCOVERY

18:30 19:00 Artem Cherkasov THE USE OF DEEP DOCKING FOR AUTOMATED,
CONSENSUS-BASED HIT IDENTIFICATION IN DRUG
DISCOVERY

Oral presentations

19:00 19:20 Leonid Stolbov SELF CONSISTENT CLASSIFIER SAR APPROACH

19:20 19:40 Miguel Guerrero- DEVELOPMENT OF THE "VSAfiR" METHOD AND ITS

Gonzalez

APPLICATION IN THE DEVELOPMENT OF
ANTIEPILEPTICS




Wednesday May 25, 2022

Chairpersons: Kunal Roy, Timur Madzhidov

Plenary lectures

10:00

10:30

Weiliang Zhu

MOLECULAR DYNAMICS STUDIES ON THE
INTERACTIONS BETWEEN SARS-COV-2 SPIKE
PROTEIN AND HACE2 OR MABS

10:30

11:00

Dmitry Osolodkin

COMPETITION AND COLLABORATION OF IN SILICO
AND IN VITRO SCREENING IN THE SEARCH FOR NEW
ANTIVIRAL COMPOUNDS

Oral pres

entations

11:00

11:20

Igor Polyakov

SARS-COV-2 MAIN PROTEASE INHIBITION WITH
CARMOFUR A COMPUTATIONAL STUDY

11:20

11:40

Tugba Taskin-Tok

MOLECULAR DOCKING-ASSISTED INVESTIGATION OF
CU(II) COMPLEXES CARRYING “SNS” PINCER-TYPE
PYRIDINE-THIOETHER LIGANDS AS POTENTIAL DRUG
CANDIDATES AGAINST SARS-COV-2

11:40

12:00

Elena Aliper

A STRUCTURAL-DYNAMIC MODEL OF SARS-COV-2
SPIKE TRANSMEMBRANE DOMAIN IN CONJUNCTION
WITH THE HR2 REGION. IMPLICATIONS FOR
MEMBRANE FUSION

Keynote

lectures

12:00

12:30

Kyoung Tai No

DRUG DISCOVERY WITH FRAGMENT MOLECULAR
ORBITAL (FMO)

12:30

13:00

Maria Khrenova

HOW DO ENZYMES RECOGNIZE SUBSTRATES AND
INHIBITORS: STRUCTURAL AND ELECTRON DENSITY
ASPECTS

Oral pres

entations

13:00

13:20

Artem Kniga

COMPUTATIONAL CHARACTERIZATION OF N-
ACETYLASPARTYLGLUTAMATE SYNTHETASE FROM
THE PROTEIN PRIMARY SEQUENCE TO PLAUSIBLE
CATALYTIC MECHANISM

13:20

13:40

Anastasia Fomina

ACTIVITY PREDICTION OF SARS-COV-2 MPRO
INHIBITORS BASED ON ENSEMBLE DOCKING AND
MACHINE LEARNING

13:40

14:00

Anton Chugunov

PHF10 THE SUBUNIT OF PBAF CHROMATIN
REMODELING COMPLEX STRUCTURE AND FUNCTION
PREDICTIONS

Lunch break 14:00-16:00

Chairpersons: Pavel Polishchuk, Vladimir Palyulin



http://www.way2drug.com/dr/BCADD2022/cv/Khrenova_M_CV.pdf

Young scientists flash presentations

16:00 16:10 Dessiree Allyssa UNVEILING THE POTENTIAL DRUG LIGANDS
Tina AGAINST VIRULENCE-RELATED HYPOTHETICAL
PROTEIN IN CRYPTOCOCCUS NEOFORMANS AN /N
SILICO ANALYSIS APPROACH
16:10 16:20 Hadiatullah VIRTUAL SCREENING OF PLANT-DERIVED
Hadiatullah COMPOUNDS TARGETING HYDROLYTIC AND LIGNIN
DEGRADING ENZYMES OF GANODERMA BONINENSE
16:20 16:30 Anatoliy Bulygin COMPUTATIONAL APPROACH FOR IMPROVING OF
KNOWN PERSPECTIVE SARS-COV-2 MPRO INHIBITORS
16:30 16:40 Debanjan Saha MULTI-TARGET APPROACH ON LEISHMANIA
DONOVANI AND FINDING OUT POTENT INHIBITORS
FOR ESSENTIAL ENZYMES
16:40 16:50 Alexandra SMMOLE - PIPELINE FOR SEARCHING BIOLOGICAL
Sadovskaya PROPERTIES OF SECONDARY METABOLITES BASED
ON THEIR MOLECULAR STRUCTURES
16:50 17:00 Mohammed Efendi | TESTING THE ACTIVITY OF BIGUANIDES AND SOME
NOVEL DESIGNED MOLECULES AGAINST SARS-COV-2
PROTEINS, IN SILICO STUDY
17:00 17:10 Egor Kozlov DIMERIC STATES OF TRANSMEMBRANE SEGMENTS
OF THE DDR1 RECEPTOR PREDICTED BY ATOMISTIC
MODELING
17:10 17:20 Arkaprava Banerjee | APPLICATION OF 2D-QSAR AND CHEMICAL READ-
ACROSS ALGORITHM TO PREDICT THE ANDROGEN
RECEPTOR BINDING AFFINITY
17:20 17:30 Nadezhda Biziukova | NFORMATION EXTRACTION FROM TEXTS ANTIVIRAL
AGENTS ACTIVE AGAINST VIRUS OR HOST PROTEINS
17:30 17:40 Aleksandra Ivanova | STRUCTURAL OPTIMIZATION OF TUBULIN
INHIBITORS
17:40 17:50 Maksim Perfilev THE CONSENSUS ENSEMBLE NEURAL NETWORK
MULTITARGET MODEL OF ANXIOLYTIC ACTIVITY
17:50 18:00 Alina Kutlushina MOLECULAR DYNAMIC PHARMACOPHORE AND ITS
APPLICATION IN DESIGNING NOVEL MARK4
INHIBITORS
18:00 18:10 Ivan Kuznetsov ALINA - A DEEP LEARNING BASED PROGRAM FOR
PREDICTION OF RNA SECONDARY STRUCTURE
WITHOUT SPECIFICATION OF THERMODYNAMIC
PARAMETERS
18:10 18:20 Ana Luisa Chavez- | TOWARDS THE DE NOVO DESIGN OF HIV-1 PROTEASE
Hernandez INHIBITORS BASED ON NATURAL PRODUCTS
18:20 18:30 Gabriela Bitencourt- | EXPLORING THE SCORING FUNCTION SPACE FOR
Ferreira STRUCTURE-BASED DRUG DESIGN
18:30 18:40 Luis Heriberto REPURPOSING OF FDA-DRUGS AS POTENTIAL ERB

Vazquez Mendoza

AGONISTS USING MULTICOMPLEX-BASED
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PHARMACOPHORE MAPS. A NEW APPROACH IN
BREAST CANCER THERAPY

18:40

18:50

Alessandra Latorre

IN SILICO DESIGN OF QUERCETIN DERIVATIVES WITH
POTENTIAL DUAL INHIBITORY ACTIVITY AGAINST
GSK3 AND CDK5P25 FOR THE TREATMENT OF
ALZHEIMER'S DISEASE

18:50

19:00

Edgar Lopez-Lopez

CONSENSUS VIRTUAL SCREENING OF NATURAL
PRODUCT DERIVATIVES AGAINST TUBULIN
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Thursday May 26, 2022

Chairpersons: Athina Geronikaki, Dmitry Osolodkin

Plenary lectures

10:00 10:30 Garikapati Narahari | THE STATUS OF THE COMPUTER-AIDED DRUG
Sastry DESIGN: THEN, NOW AND FUTURE

10:30 11:00 Roman Efremov COMPUTATIONAL DRUG DESIGN FOR MEMBRANE
TARGETS: DIVING INTO COMPLEX DETAILS

Oral presentations

11:00 11:20 Petr Popov SPATIOTEMPORAL IDENTIFICATION OF BINDING
SITES WITH COMPUTER VISION

11:20 11:40 Vladimir Sulimov NEW INHIBITORS OF THE COAGULATION FACTOR
XIIA DOCKING AND EXPERIMENTAL VERIFICATION

11:40 12:00 Anastasia Borovik AN INSIGHT INTO THE ORIGIN OF MICROTUBULE-
CURLING EFFECT OF PODOPHYLLOTOXIN ESTERS
MOLECULAR DYNAMICS STUDY

Keynote lectures

12:00 12:30 Timur Madzhidov CONDENSED GRAPH OF REACTION - SWISS-KNIFE
TOOL FOR REACTION INFORMATICS

12:30 13:00 Kunal Roy CHEMICAL READ-ACROSS PREDICTIONS OF
ECOTOXICITY DATA

Oral presentations

13:00 13:20 Yuriy Orlov DEVELOPMENT OF BIOMEDICAL EDUCATIONAL
PROGRAMS

13:20 13:40 Kuppusamy Selvam | A COMPREHENSIVE COMPUTATIONAL

Mukunthan PHARMACOKINETICS IDENTIFICATION OF

BIOTRANSFORMED LEADS FROM CURCUMA CAESIA
ROXB

13:50 14:00 Pavel Pogodin TCSTF, TOOL FOR CATEGORIZATION OF SHORT TEXT

FRAGMENTS

Lunch break 14:00-16:00

Chairpersons: Artem Cherkasov, Alexey Lagunin

Keynote lectures

16:00 16:30 Olga Bocharova PHARMACOLOGICAL POTENTIAL OF
MULTIPHYTOADAPTOGEN AS POLYVALENT
MEDICATION: IN SILICO, IN VITRO, IN VIVO AND
CLINICAL STUDIES

16:30 17:00 Marcus Scotti NATURAL PRODUCTS DATABASES AS VALUABLE

SOURCES OF BIOACTIVE STRUCTURES FOR VIRTUAL
SCREENING

12



Oral presentations

17:00 17:20 Pavel Vassiliev THE CONSENSUS ENSEMBLE MULTIDESCRIPTOR
MULTITARGET NEURAL NETWORK MODELING OF
PHARMACOLOGICAL ACTIVITY OF CHEMICAL
COMPOUNDS

17:20 17:40 Evgenia DATABASE OF ANTIMICROBIAL ACTIVITY AND

Alimbarashvili STRUCTURE OF PEPTIDES (DBAASP) - FINDING A WAY

OUT OF MICROBIAL RESISTANCE

Keynote lectures

17:40 18:10 Oxana Galzitskaya | AMYLOIDOGENIC PEPTIDES NEW CLASS OF
ANTIMICROBIAL PEPTIDES WITH THE NOVEL
MECHANISM OF ACTIVITY

18:10 18:40 Dmitry Filimonov SIMILARITY ASSESSMENTS IN DRUG DISCOVERY

Plenary lecture

18:40 19:20 José Medina-Franco | CHEMOINFORMATICS IN DRUG DISCOVERY AND
PUBLIC HEALTH: PROGRESS AND CHALLENGES
AHEAD

19:20 20:00 Closure of the XXVI1I Symposium on Bioinformatics and Computer-Aided

Drug Discovery

13
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PHARMACOLOGICAL POTENTIAL OF MULTIPHYTOADAPTOGEN
AS POLYVALENT MEDICATION: IN SILICO, IN VITRO, IN VIVO
AND CLINICAL STUDIES
0. Bocharova®, N. lonov*, I. Kazeev?, V. Shevchenko!, E. Bocharov?, R. Karpova®,

0. Sheychenko?, V. Kucheryanu®, V. Kosorukov', V. Matveev', D. Filimonov*,
A. Lagunin®, V. Poroikov*

IN.N. Blokhin National Medical Research Center of Oncology, Moscow, Russia
2All-Russian Scientific Research Institute of Medicinal and Aromatic Plants, Moscow, Russia
3Institute of General Pathology and Pathophysiology, Moscow, Russia
*Institute of Biomedical Chemistry, Moscow, Russia

Many human diseases including cancer, diabetes, autoimmune disorders, degenerative diseases
and others are multi-factorial. In this case, pharmaceutical agents acting on a single target do not
provide their efficient curation. Multita.rgeted drugs exhibiting the pleiotropic pharmacological effects
have certain advantages due to the normalization of the different etiology complex pathological
processes. Medicinal plants extracts containing multiple phytoconstituents are widely used in the
traditional medicines for treatment of the multi-factorial disorders [1]. Experimental studies of
multicomponent compounds’ mixtures pharmacological potential are very expensive and time-
consuming. /n silico evaluation of multi-component medications pharmacological potential may not
only provide the basis for selecting the most promising directions of testing but also for identifying
potential additive/synergistic effects. Such estimations could be obtained using computer programs
PASS and PharmaExpert [2].

Multiphytoadaptogen (MPhA) containing seventy major phytocomponents of different chemical
classes from forty extracts of medicinal plants is investigated in preclinical and clinical studies for
about thirty years [3, 4]. Antitumor action against adenocarcinoma of the ovaries and cervix as well as
against hypernephroma has been found in in vitro experiments. Experiments in vivo on high-cancer
CBA mice-males have demonstrated potent MPhA effect against hepatocellular carcinoma. In vivo a
100% antimetastatic effect was found on lung carcinoma. Antitumor activity in stage four advanced
gastric cancer has been shown in the clinics. Chemopreventive (oncoprophylaxis) effect was
demonstrated in CBA mice, as well as in the clinics for the treatment of precancerous oral leukoplakia.
The therapeutic effects of age-related diseases - benign prostatic hyperplasia and Parkinson's disease
were revealed. In addition, neuroprotective as well as antioxidant, antimutagenic, radioprotective,
immunomodulating MPhA action have been found.

Significant chemical diversity of the MPhA components may provide a great biological activity
profile of the multicomponent preparation, which could be estimated using PASS and PharmaExpert.
We have analyzed the PASS estimations for the separate phytocomponents and show that most of the
predicted antitumor and antimetastatic effects correspond to those found in vitro, in vivo and in clinics.
For more than 50 compounds antineoplastic effect is predicted against the thirteen types of tumors.
Antimutagenic, immunomodulating, radioprotective, neuroprotective and antiparkinsonian effects have
been predicted for some phytocomponents as well. Four probable mechanisms of action are revealed,
including transcription factor NF kappa B inhibitor; caspase 3 stimulant; apoptosis agonist;
antioxidant, which also corresponds to the experimental results. Integration of the predictions for
separate phytocomponents using PharmaExpert indicates the probable additive/synergistic actions
against tumors of different etiology.

1. Li, F.S., Weng, J.K. (2017) Nature Plants, 3, 17109.

2. Lagunin, A.A., Goel, R.K., Gawande, D.Y. et al. (2014) Natural Product Reports, 31, 1585.

3. Bocharova, O., Karpova, R., Bocharov, E. et al. (2020) Russian Journal of Biotherapy, 19, 22.
4. Bocharova, O., Matveev, V., Bocharov, E. et al. (2021) Russian Journal of Biotherapy, 20, 42.
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THE USE OF DEEP DOCKING FOR AUTOMATED, CONSENSUS-BASED
HIT IDENTIFICATION IN DRUG DISCOVERY

A. Cherkasov
The University of British Columbia, Vancouver, Canada

Recent explosive growth of "make-on-demand” chemical libraries brings unprecedented
opportunities but also raises significant challenges to the field of computer-aided drug discovery. To
address this expansion of the accessible chemical universe, molecular docking needs to accurately rank
tens of billions of chemical structures, calling for the development of automated hit-selecting protocols
to minimize human intervention and error.

We have recently developed an artificial intelligence-driven virtual screening pipeline that
utilizes Deep Docking with Autodock GPU, Glide SP, FRED, ICM and QuickVina2 programs to
screen 40 billion molecules against SARS-CoV-2 main protease (Mpro) [1]. This campaign returned a
significant number of experimentally confirmed inhibitors of Mpro enzyme, and also enabled to
benchmark the performance of twenty-eight hit-selecting strategies of various degrees of stringency
and automation. These findings provide new starting scaffolds for hit-to-lead optimization campaigns
against Mpro and encourage the development of fully automated end-to-end drug discovery protocols
integrating machine learning and human expertise.

This work was funded by Canadian Institutes of Health Research (CIHR), Canadian 2019 Novel
Coronavirus (2019-nCoV) Rapid Research grants (OV3-170631 and VR3-172639), and generous
donations for COVID-19 research from TELUS, Teck Resources, 625 Powell Street Foundation, Tai
Hung Fai Charitable Foundation, Vancouver General Hospital Foundation. The author also thanks the
Dell Technologies HPC and Al Innovation Lab for their support and partnership in providing the HPC
platform (PowerEdge servers) to accelerate the Al algorithms, and the UBC Advanced Research
Computing team for providing access and technical support for the Sockeye supercomputing cluster.

1. Gentile, A., Fernandez, M., Ban, F. et al. (2021) Chem. Sci., 2021, 12, 15960.
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COMPUTATIONAL DRUG DESIGN FOR MEMBRANE TARGETS:
DIVING INTO COMPLEX DETAILS

R. Efremov*®

'Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
’National Research University Higher School of Economics, Moscow, Russia
$Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia

Membrane proteins (MPs) make up about 30% of the proteome of humans and most other
organisms, but only ~2% of them have a known spatial structure. MPs are involved in the most
important processes in the cell, including signal and energy transduction, molecular and ion transport,
enzymatic reactions, etc. MPs are the most important pharmacological targets, since more than half of
all known drugs act on these proteins. For the rational drug design and therapies for the most severe
diseases, such as cancer, cardiovascular, neurodegenerative and infectious, it is necessary to have
atomistic models of the structural-dynamic organization of MPs. Along with rapidly developing
experimental methods (cryo-EM, NMR, X-ray, SAXS, etc.), methods of computational experiment
provide invaluable assistance.

When constructing MPs’ models and studying the molecular mechanisms of their functioning,
both standard computer modeling methods that have proven themselves well in the case of water-
soluble proteins and special approaches that take into account important features of MPs are used. The
first include methods of structural bioinformatics, homology modeling, sampling of the proteins phase
space via molecular dynamics (MD) / Monte Carlo, molecular docking, etc. These approaches provide
adequate information for drug design, especially if the active center is located outside the membrane.
The task is much more difficult if the biologically active compound binds and acts in the
transmembrane domain (TMD) of the protein. So, in recent years it has become obvious that, in this
case, it is necessary to take into account a number of features that were previously practically not
considered. Among them: (1) The degree of autonomy of the protein TMD, i.e. whether it is necessary
to take into account the juxtamembrane and more distant domains that can be allosterically coupled,;
(2) Heterogeneity (mosaic) and complex dynamics of the surrounding layer of lipids, water and ions,
forming for each MP type its unique "dynamic molecular portrait™; (3) The role of individual lipids in
maintaining the spatial structure of MP and transitions between its functional states; (4) Contribution
of TMD homo- and hetero-oligomerization processes.

This work presents a comprehensive computational approach to modeling MPs of several classes
(receptor tyrosine kinases, ion channels, viral proteins) — potentially important pharmacological
targets. The consisted application of both standard modeling methods (MD, homology modeling,
ensemble docking, etc.) and original approaches (detailed mapping of spatio-temporal characteristics
and physico-chemical properties of MPs and membranes, analysis of key physical interactions in these
systems, etc.) is described. It is concluded that the successful computer-aided design of drugs acting on
target proteins in cell membranes requires consideration of the MP/lipids/water/ions system as a single
whole, and the relationships between all components should be taken into account as carefully as
possible.

This work was supported by RSF grant No. 18-14-00375.
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THE TARGET IDENTIFICATION BOTTLENECK: DECLINE IN
BIOMOLECULAR MECHANISM DISCOVERY AFTER 2000

F. Eisenhaber
Genome Institute of Singapore and Bioinformatics Institute, Singapore

Rational drug design (or generally that of medical interventions) requires insight into mechanism
in physiology and disease, desirably at the level of bimolecular mechanisms. This is the common
theme in all success cases.

It is generally believed that full human genome sequencing was a watershed event in human
history that boosted biomedical research, biomolecular mechanism discovery and life science
applications. At the same time, researchers in the field of genome annotation see that there is a
persisting, substantial body of functionally insufficiently or completely not characterized genes (for
example, ~10,000 protein-coding in the human genome) despite the availability of full genome
sequences. A survey of the biomedical literature shows that the number of reported new protein
functions had been steadily growing until 2000 but the trend reversed to a dramatic decline thereafter
(1,2) when, at the same time, the annual amount of new life science publications doubled between
2000 and 2017.

This reduction in the supply of newly characterized pathways has profound implications for the
drug development pipelines in industry as well as for research. The example of the SUGCT function
discovery (3) shows the significance that many uncharacterized genes will have in aging, metabolic
diseases and their complications.

1. Sinha, S., Eisenhaber, B., Jensen, L.J., Kalbuaji, B., Eisenhaber, F. (2018) Proteomics, 18(21-22),
€1800093.

2. Eisenhaber, F.J. (2012) Bioinform. Comput. Biol., 10(5), 1271001.

3. Niska-Blakie, J., Gopinathan, L., Low, K.N., Kien, Y.L., Goh, C.M.F., Caldez, M.J., Pfeiffenberger,
E., Jones, O.S., Ong, C.B., Kurochkin, 1.V., Coppola, V., Tessarollo, L., Choi, H., Kanagasundaram,
Y., Eisenhaber, F., Maurer-Stroh, S., Kaldis, P. (2019) Cell Mol. Life Sci., 77, 3423-3439.
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SIMILARITY ASSESSMENTS IN DRUG DISCOVERY

D. Filimonov, V. Poroikov
Institute of Biomedical Chemistry, Moscow, Russia

Assessment of molecular similarity is one of the popular computational methods used in medicinal
chemistry. It is widely used for design and synthesis of analogs during the drug optimizations process,
and for an umbrella patenting of pharmaceutical agents from certain chemical series with a particular
biological activity. Computational tools based on the similarity estimation are implemented in large
chemical libraries providing the search for analogs with the expected similar properties.

The hypothesis that structurally similar compounds exhibit similar biological effects or some other
properties is taken as an axiom. However, molecular similarity, as a paradigm, contains many implicit
and explicit assumptions. One does not know a priory which properties of the molecular structure are
essential for its biological activity; therefore, the description of the structure can be only heuristic [1].
The selection of molecular descriptors and the estimation of molecular similarity based on this selection
crucially determine the final result of the study [2, 3]. However, for novel pharmacological targets (like
SARS-CoV-2 coronavirus proteins), when only limited number of antiviral agents that may be used as a
"query" are known, similarity assessment is the method-of-the-choice.

The biological activity of drug-like compound mostly expresses the result of molecular
recognition, which, in turn, depends primarily on the correspondence between specific ligand atoms and
the pharmacological target. On this basis, we have proposed an enhancement of the similarity principle,
called the “local correspondence concept”. Based on this concept, we have developed a consistent
system of descriptors named Multilevel and Quantitative Neighborhoods of Atoms (MNA and QNA,
respectively). MNA descriptors are successfully used for predicting biological activity spectra of drug-
like molecules in the PASS software [2, 4] for about 30 years. For QSAR/QSPR modeling we have
proposed a novel QNA based "Star Track" approach [5], where, in accordance with the local
correspondence concept, any molecule is represented as a set of points in the two-dimensional space of
QNA descriptors.

The MNA and QNA descriptors have the form of disordered sets, which significantly distinguishes
them from the other molecular descriptors. MNA descriptors are the strings of symbols (linear notations
of atoms with their surroundings). QNA descriptors are presented by the pairs of real numbers, P and Q,
for each atom of the molecule. For MNA descriptors, a well-known Tanimoto measure of similarity of
two discrete sets may be used. The peculiarity of the QNA descriptors does not allow the use of both set-
theoretic similarity measures and known similarity measures based on distances due to the disordered
nature of QNA descriptors. We have proposed a similarity assessment using the QNA descriptors, in
which the Todeschini approach [6] and the Tanimoto similarity are used. This approach is implemented
in the web service freely available via the Internet, which provides the computer-aided search for novel
anticoronavirus agents [7].

Challenges and opportunities of molecular similarity application in drug discovery including the
case studies based on our experience will be considered.

The study was supported in the framework of the Russian Foundation for Basic Research grant
No. 20-04-60285.
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ALPHAFOLD: DOES IT PREDICT OR RECOGNIZE THE PROTEIN
STRUCTURE?

D.N. Ivankov', M.A. Pak®, A.V. Finkelstein®®*

'Skolkovo Institute of Science and Technology, Moscow, Russia
?Institute of Protein Research, Russian Academy of Sciences, Pushchino, Moscow Region, Russia
*Biotechnlogy Department, Lomonosov Moscow State University, Pushchino, Moscow Region, Russia
*Biology Department, Lomonosov Moscow State University, Moscow, Russia

Prediction of three-dimensional (3D) protein structure from the protein amino acid sequence has
been a long-standing problem in protein physics and structural bioinformatics for more than 50 years
[1]. Two years ago, a deep neural network program AlphaFold won Critical Assessment of Protein
Structure Prediction (CASP), a biannual competition on blind prediction of protein 3D structure from
the sequence [2]. More importantly, AlphaFold models were of near-to-experimental accuracy [3].
This enormous success poses a question: does AlphaFold really "predict” protein 3D structure or just
recognize it by similarity with already known 3D structures? In other words, has AlphaFold learned
the free energy potential functions, or it bases mostly on analogy with 3D protein structures and
sequences that are already stored in the databanks?

To check a putative potential function of AlphaFold, we first asked if AlphaFold could estimate
the effect of mutations on protein stability, which is equivalent to the task of ranking two protein
structures based on their stabilities. The only way to do this test was to use AlphaFold’s level of
confidence to score different mutant structures: the more confident the prediction, the more stable the
corresponding 3D structure. However, we found virtually no correlation between AlphaFold
confidence and experimental effect of mutations, which means that the AlphaFold’s level of
confidence does not use the free energy function in the output [4].

On the other hand, we checked if the statistical power of the databases on which AlphaFold was
trained, is enough to make successful predictions. For this, we estimated the expected similarity of a
random sequence S to the most similar to it chain S' from the set X5 of N other random sequences.
Actually, we pose a question: Is the set X large enough to include a sequence S’, which is so similar
to S that their 3D structures are very similar? We found that the Protein Data Bank and UniProt
databases contain the sufficient number of sequences to find among them a sequence with ~25%
sequence identity to an arbitrary random sequence. On average, such sequence identity corresponds to
the superfamily level with structural divergence of only 1.7A+0.5A [5]. This level is enough to
recognize the topology of the 3D structure and then to refine the recognized 3D structure using
conventional methods.

To summarize, we show that the basis for the tremendous success of AlphaFold is a very clever
usage of huge protein databases that already cover all or almost all of the protein superfamilies that
exist in nature. The AlphaFold team managed to use the deep learning technology for finding the
effective way of the recognition of the correct fold, and then to refine it.

AVF acknowledges support from the Russian Science Foundation (grant No. 21-14-00268).
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3. Callaway, E. (2022) Nature, 604, 234-238.
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GENE NETWORKS AND DRUGS. WHAT CAN WE LEARN USING BIO- AND
CHEMOINFORMATICS?

D. Stelmashenko'?, O. Kel-Margoulis®, S. Apalko®, A. Kel'**

1gene)2(plain GmbH, Wolfenbiittel, Germany
biosoft.ru, Novosibirsk, Russia
3Cz'ly Hospital Ne40, St. Petersburg, Russia
*Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia

Correct identification of the therapeutic targets is the first step on the way to successful treatment
of complex diseases such as cancer, autoimmune diseases, neurogenerative disorders, sepsis. "Gene
networks", better to say, networks of signal transduction, gene regulation and protein-protein
interactions that are acting in the cells and organs in norm and pathology have clues to identification of
effective drug targets. Such molecular networks practically always are characterized by a hierarchical
structure when a few important molecules, so called master-regulators, that are positioned at the top of
the hierarchy and possess control over activity of hundreds and thousands of genes in all molecular and
physiological processes in the cells and in the whole organism. In cases of complex diseases, often, a
few pathologically altered master-regulators hijack the gene regulatory networks and lead to the
disease state of the system. In cancer, such alterations, so called "driver mutations” often cause a
complete rewiring of the gene regulatory network that are characterized by numerous positive
feedback loops [1].

Development of effective computational approaches for identification of master-regulators as
prospective drug targets based on multi-omics data is one of the challenges addressed by
bioinformatics and chemoinformatic today. Our current work aims to develop an algorithm for
reconstruction of the molecular mechanism of a certain pathology and selection of effective therapies
based on the personalized model of the disease. The algorithm introduced in this work can be applied
to analyse any combinations of 5 major types of omics data: genomics, transcriptomis, epigenomics,
proteomics and metabolomics. It is called an algorithm of "Walking pathways" [1]. The algorithm
consists of three main steps: 1) TRANSFAC analysis to identify complexes of transcription factors
(TF) that dysregulate gene expression in the disease; 2) TRANSPATH network analysis to identify
common regulators of the TFs, identification of master-regulators with feedback loops as potential
drug targets; 3) Search in HumanPSD database for known drugs for the found targets as well as usage
of chemoinformatics tool PASS to identify new drugs targeting the predicted targets. This algorithm is
available at the Genome Enhancer web site (https://genexplain.com/genome-enhancer/).

In this work, we applied Genome Enhancer to analyze data from transcriptomic (RNA-seq) and
whole exome sequencing to reconstruct the molecular mechanism of pathology in individual patients
with colorectal adenocarcinoma, and identification of their drug targets. Based on the found drug
targets we prioritized drugs to identify the potential of the tumor to be sensitive or resistant to the
proposed drug treatment. We demonstrated a clear correlation between the sensitivity to the chosen
therapy predicted by the algorithm and observed therapy response in the individual cases. So, the
target-oriented approach is one of the most effective approaches in personalized medicine.

1. Kel A. et.al. (2019) BMC Bioinformatics, 20 (Suppl 4), 119.
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HOW DO ENZYMES RECOGNIZE SUBSTRATES AND INHIBITORS:
STRUCTURAL AND ELECTRON DENSITY ASPECTS

M. Khrenoval?

' omonosov Moscow State University, Moscow, Russia
’Federal Research Centre "Fundamentals of Biotechnology"”, RAS, Moscow, Russia

Tremendous experimental efforts are made to accumulate data on substrate specificity of various
enzymes. There are also numerous studies in the literature on the systematization of the obtained data
based on bioinformatic analysis, as well as on the prediction of substrates preferred for the selected
enzymes based on big data analysis. Mainly, such analysis is based on the search of the
complementary regions of substrates and binding sites of enzymes. Importantly, amino acid residues
forming the active sites are the same within the selected class. Thus, bioinformatic analysis can answer
questions related to the complementarity of peptide substrates and protease binding sites, which
certainly affects their reactivity (the value of the catalytic constant k., of the stationary Michaelis-
Menten kinetics). However, these methods cannot explain the reasons underlying different reactivity
(manifested in a change in Kc,) With respect to different substrates, which is of interest to fundamental
science.

It is possible to determine the origin of substrate specificity within the framework of molecular
modeling based on quantum theory, which makes it possible to quantitatively describe and characterize
interatomic and intermolecular interactions in the active sites of enzymes. Herein, we present results of
the study of the dynamic behavior of enzyme-substrate complexes using the molecular dynamics
method with combined quantum mechanics/molecular mechanics potentials, followed by quantitative
analysis of the interactions of the enzyme and the substrate and characterization of substrate activation
by the enzyme using electron density descriptors.

This study was supported by the grant of the President of Russian Federation for young doctor of
sciences (MD-1390.2022.1.4).
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CONDENSED GRAPH OF REACTION - SWISS-KNIFE TOOL FOR
REACTION INFORMATICS

T. Madzhidov?, A. Rakhimbekova®, V. Afonina®, A. Fatykhova®, D. Zankov*, A. Varnek®

'Kazan Federal University, Kazan, Russia
2University of Strasbourg, Strasbourg, France

Wealth of data on chemical compounds and organic reaction has been collected due to increasing
performance of synthetic work. The greatest databases contain about 100 mln data on chemical
reactions. It opened the door for applications of big data analytics and data mining technologies
(including artificial intelligence approaches) in synthetic chemistry [1]. On the other side, it requires
that a synthetic chemist has to be very productive and efficient, especially in industrial settings. He has
to develop a robust and efficient pathway to the desired compound, select optimal conditions, foresee
and avoid possible selectivity issues. At the same time, none of the chemists can follow all of the
knowledge generated in the field. Thus, big data analytics and machine learning techniques (including
artificial intelligence approaches) attract much attention [1].

Here, we review our efforts on development of approaches reaction data analysis, model building
and synthesis prediction. The proposed approach is based on Condensed Graph of Reaction (CGR)
technique that allows to encode the reaction equation into one sole molecular graph. The advantage of
the CGR technique is that it explicitly encodes reaction center. Also, it is a single pseudo-molecular
graph with specific bond types corresponding to formed/broken/changed bonds, and thus it can be
manipulated as regular molecules by well-developed chemoinformatics algorithms. The most
important is that chemical descriptors can be calculated and applied for reaction characteristics
modeling, optimal condition assessment and reaction search enhancements. Also, some task-specific
modeling techniques were proposed to take into account reaction complexity and specifics. Thus, we
proposed conjugated QSA/PR modeling technique to take into account known chemical laws and
relations. We proposed an approach for taking into account conformational lability of molecules based
on multi-instance approach. The latter were used for prediction of enantioselectivity of catalysts.

2. Structure-Reactivity modeling

1. Automatized processing of 2.1 Classification and regression models 3, Automatized reactions

raw reaction data 2.2 Similarity-based approach classification
1.1 Reaction data curation 3.1 Data visualization and clustering
1.2 Atom-to-Atom Mapping Methodology 3.2 Extraction of reaction signatures

Condensed

"z?o Gra ph of & 7. New modules in the
. 2. . ISIDA package:
4. Expert system for protecting 1"%. Reaction 7.1 1SIDA/GGR designer
groups reactivity "q:’ 7.2 Mapper

o

. a 7.3 On-line reactivity predictor
5. Predictive models for: ¥P

5.1 reaction rate (substitution, elimination,
cycloaddition and bio-orthogonal reactions)
5.2 tautomeric equilibrium constants

5.3 regioselectivity of enzymatic reactions
5.4 activity cliffs and bioisosters

6. Visualization and analysis of
reaction databases using GTM:
Reaxys, FlowReact DB

The reviewed developments was supported in the framework of Russian Science Foundation
grants (14-43-00024, 14-43-00024I11, 19-73-10137), state assignment for science for Kazan Federal
University (agreement No 075-03-2021-299/6), Ministry of Science and Higher Education of the
Russian Federation (agreement no. 14.587.21.0049, unique identifier RFMEF158718X0049).

1. Baskin, L.1., Madzhidov, T.I., Antipin, I.S., Varnek, A. (2017) Russ. Chem. Rev., 86, 1127.
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CHEMOINFORMATICS IN DRUG DISCOVERY AND PUBLIC HEALTH:
PROGRESS AND CHALLENGES AHEAD

J.L. Medina-Franco

DIFACQUIM research group, School of Chemistry, National Autonomous University of Mexico,
Mexico City, Mexico

The talk is divided into three main sections. First, we present an introduction to
chemoinformatics, mentioning a formal definition, similarities, and differences with other theoretical
chemistry disciplines and their broad applicability in research, including drug discovery [1]. After the
brief background, we discuss the progress of chemoinformatics applications in a drug discovery
program ongoing in our research group focused on epigenetic drug discovery with emphasis on the
development of inhibitors of DNA methyltransferases. As part of the results, we will present the
current trends of machine learning models generated based on large public compound databases
annotated with biological activity and implemented in a free webserver to advance epigenetic drug
discovery further [2]. We will also discuss the perspectives of this program that includes the
development of poly-epigenetic drug candidates. In the third section of the talk, we will outline
significant challenges that, in the author’s view, faces chemoinformatics and computer-aided drug
design in general. For the discussion’s purposes, such challenges are organized into three major
categories: those associated with the effective exploration and expansion of the chemical and
biological spaces, methodological challenges, and hurdles related to effective communication among
research teams, data sharing, education, and training [3].

1. Lopez-Lopez, E. et al. (2021) J. Chem. Inf. Model, 61, 26-35.

2. Sanchez-Cruz, N. e