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Personalized medicine
Digital "-omics™ technologies prevention and early diagnosis of socially ssgnificant
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diseases

Improving the efficiency of existing drugs

& Bioinformatics
- For identify biomarkers, pharmacological targets and the basic structures of new drugs

_e Biochemistry

Enzymes in pathological processes, b ologically active compounds and vaccngs

« News and announcements

Department for Bioinformatics

The Department of Bioinformatics carries out the investigations related to biocinformatics and computer-aided drug design & discovery. The skilled personnel, original
and commercially available software & databases, and high performance computation facilities provide all pre-requisites for basic and applied research, covered the

whole field "From genomes to drugs in silico™.
Department for Bioinformatics currently includes five laboratories:

« Laboratory of Postgenomic Data Analysis (Head - Dr.5c. Elena Ponomarenko ),

« Laboratory of Bioinformational Technologies (Head - Dr.Sc. Andrey Lisiisa),

« Laboratory of Molecular Graphics and Drug Design (Head - Dr.5c. Alexander Veselovsky),
« Laboratory of Structure-Function Based Drug Design (Head - Prof. Dr. Viadimir Poroikov),

« Laboratory of Parallel Computing and Informational Technology (Head - Ph.D. Vladlen Skvortsov).

The associates are taking active participation in teaching students (special courses and practicums) from Medical-Biological Faculty of Russian State Medical

University and some other Moscow Universities. .
www.ibmc.msk.ru
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‘ Overview ’

1. Historical reflections

2. PASS (Prediction of Activity Spectra for
Substances)

3. PharmaExpert

4. GUSAR (General Unrestricted Structure-Activity
Relationships)

5. Some examples of applications
6. Our web-services based on PASS, GUSAR, etc.
7. _Vy‘ggptugf.c&a': further progress
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‘System for Registration and Biological Testing -

of New Chemical Compounds

Unlocking infectious diseases research potential

S A FORK at Riga Stradin$ University

“The system of biological tests of physiologically
active substances developed under the supervision
of Piruzyan allows the use of relatively simple
methods of investigation requiring minimal
expenditures of time and substances to eliminate
substances that are of little promise for
pharmacology from a great number of new
compounds and select those that may become

medicinal drugs + Lev Aramovich Piruzyan (On his 70th birthday)

%/m)///l|nk.spr|nger.com/artlcle/10.1134/50362119707050192
N ! = www.wayZdrug.af—en
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Some historical reminiscences
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‘ PASS History: Persistent updating and improvement-

1972 Collection of the training set started (USSR National System
of New Chemical Compounds Registration).

1976-  Early versions of different computer programs for biological activity
1992  spectra prediction (V.A. Avidon, V.E. Golender & A.B. Rosenblit).

1993 First version of PASS: 9,314 compounds; 114 activities,
accuracy of prediction AP=76%.

1998 PASS C&T version 4.0: 30,537 compounds; 541 activities, AP=82%.

2005 PASS Pro 2005: >60,000 compounds; >2500 activities, AP=89%.

2009 PASS Pro v. 9.1: >200,000 compounds; >3500 activities, AP =95%.

2014 PASS Pro 2014: >950,000 compounds; >7000 activities, AP =95%. )
» www.wayZdrug.c:‘m
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‘ Overview
1. Historical reflections

2. PASS (Prediction of Activity Spectra for
Substances)

3. PharmakExpert

4. GUSAR (General Unrestricted Structure-Activity
Relationships)

5. Some examples of applications

6. Our web-serwce Jbased on PASS, GUSAR, etc.

;urther progress
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‘Requirements for a computer program evaluated-

biological activity profiles (spectra)

Predicts rediction on the basis
(ideally) all known of structural formulae
activities (MOL or SDF)

/

training with a new User-friendly interface

Unlocking infectious diseases research potential

SEVENTH FRAMEWORK at Riga Stradin$ University

PROGRAMME

Possibility of
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‘ Computer program PASS:

Prediction of Activity Spectra for Substances

Full text publications, databases, pfe\efthtfOhs at conferences etc.
| A

[Reliable data on structureghd activity of drugfie molecules ]

PASS Training Set

-
Bayesian algorithm }

[ MNA Descriptors }‘ Training
procedure o
SAR knOWIEdgEbase }»[ Prediction Results }

Filimonov D.A. et al. Chem. ﬁefé;ocycl. Comps., 2014, 50: 444-457. =) www.way2drug.c{5}n

[ New Molecule

—lG——




RIGAS STRADINA
UNIVERSITATE

Unlocking infectious diseases research potential
SEVENTH FRAMEWORK at Riga Stradin3 University

IBMC [
- PASS 2014 Characteristics

Training Set 959,801 drugs, drug-candidates, pharmacological
and toxic substances comprise the training set

Biological Activity 7,158 biological activities can be predicted (Active
vs. Inactive)

Chemical Structure Multilevel Neighborhoods of Atoms (MNA)
descriptors [1, 2]

Mathematical Bayesian approach was selected by comparison of
Algorithm many different methods [2]

Validation Average accuracy of prediction in LOO CV for the
whole training set is “95% [2]; robustness was

shown using principal compounds from MDDR
database [3]

=20 -

1. Filimonov D.A. et al. J. Chem. Inf Muter Sci., 1999, 39: 666-670.

2. Filimonov D.A. ] ; ghloinfonﬂﬁfibs Approaches to Virtual Screening,
2008, 182-216. T

—

3. Poroikov V.V. et al. J. Chem. Inform. Computer Sci., 2000, 40: 1349-1355.

» www.way2drug. h
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‘ Concept of biological activity spectrum

Biological Activity Spectrum is the intrinsic property
of the compound reflected all biological activities,
which can be found in the compound’s interaction

with biological entity.

Poroikov V.V,, Filimonov D.A., Boudunova A.P. Automatic Documentation and
Mathematical Linguistics. Allerton Press Inc., 1993, 27: 40-43.

Filimonov D.A., Poroikov V.V., KaraichevaE.l. et. al. Experimentaland Clinical
Pharmacology, 1995, 58: 56-62 (Rus).

Filimonov D.A., PoroikowV:Viin: Bioactive Compound Design: Possibilities for Industrial

Use, BIOSIS¢igntific Publishers, Oxford (UK), 1996. pp. 47-56. S way2drug. th
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Non-synonymous definitions in literature

Lewi P.]). Spectral mapping, a technique for classifying biological
activity profiles of chemical compounds. Arzneimittelforschung.
1976; 26 (7):1295-1300.

RIGAS STRADINA
UNIVERSITATE

Battistini A. et al. Spectrum of biological activity of interferons.
Annali dell'Istituto Superiore di Sanita. 1990; 26 (3-4):227-253.

Gringorten J.L. et al. Activity spectra of Bacillus thuringiensis delta-
endotoxins against eight insect cell lines. In Vitro Cell. Dev. Biol. Anim.
1999; 35 (5):299-303.

Fliri A.F. et al. Biological spectra analysis: Linking biological activity
profiles to molecular structure Proc. Natl. Acad. Sci. USA. 2005; 102
(2): 261-266.

Rana A. Benzothiazoles: A new profile of biological activities. Indian
J. Pharm. Sci. 2007; 69:10-17.

Fedichev P, V|nn|k A. &ﬂbglcal Spectra Analysis: Linking Biological
Actw@y_Eneﬂ{es*ttﬂVIolecular Toxicity. 2007; http://www.g-pharm.com.

» www.way2drug. cb\m
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‘ Chemical Structure Representation ,

Unlocking infectious diseases research potential

SEVENTH FRAMEWORK at Riga Stradin3 University

PROGRAMME

Spatial configuration of a free uncharged molecule in the ground state
in vacuum is the necessary and sufficient description of its structure.

To use this molecular structure description one needs the substantial
computational resources for molecular modeling and/or quantum-chemical
calculations. e

)
However, | tzwg,bqsism]_’-_ﬁll, calculations is the traditional structural formula.

= www.wayZdrug.cf‘m
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Unlocking infectious diseases research potential
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UNIVERSITATE
‘ Chemical structure representation -

e

The structural formula unambiguously determines all properties of the
organic molecule.

PROGRAMME

Environment? — Structural formula determines at least potential, “intrinsic”
properties.

= www.wayZdrug.cj;m
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t Neighborhoods of atoms descriptors -

The most biological activities of organic compounds are the
result of molecular recognition, which in turn depends on the
correspondence between the particular atoms of the ligand and
the target.

MOLECULAR BIOLOGY
QUANTUM CHEMISTRY
QUANTUM FIELD THEORY

M=V+VgM=V + VgV + VgVgV + VgVgVg + ...
M;=V;+VgM=V, +Vg(M, + M, +... + M)

Descriptors are based on the concept of atoms’ of molecule
taking into account the influence of the neighborhoods:
MNA - multilevel neighborhoods of atoms

QNA - quantitative neighborhoods of atoms

Filimonov D.A., Poroikov V.V. Probabil.i\stic qpmﬁ’in activity prediction. In: Chemoinformatics Approaches to

Virtual Screening. E_cls. ﬁgxa‘:lreﬂfarﬁgkland Alexander Tropsha. Cambridge (UK): RSC Publishing, 2008, 182-216.
Filimonov D.'A.,ﬂ'k'h!rov A.., Lagunin A.A., Poroikov V.V. QNA based ‘Star Track’ QSAR approach. =
SAR and QSAR Environ. Res., 2009, 20 (7-8), 679-709. » www.way2drug. cb\m
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‘ MNA: Multilevel Neighborhoods of Atoms -
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7SO~y MNA/O: C
|
H
_C.___C.___0O, MNA/1: C(CN-H)

MNA/2: C(C(CC-H)N(CC)-H(C))

O
F|I|monovD ;t‘aL_J\eheE:form Computer Sci., 1999, 39: 666-670.

- " “
» www.way2drug. <b
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Structural formula of Clopidogrel

HC
| CHHHO
CHHCC
© € CHHCN
CHCC
CHCCN
w CHCS
CCcCC
Cl S cces
Activity Spectrum of Clopidogrel gggg
Abdominal pain (I\DICCZ:CC
Acute neurologic disorders treatment oce
Agranulocytosis sce
Allergic reaction cic
Anaphylaxis
Anemia

Angioedema
Angiogenesis inhibitor

Antianginal

Antiarthritic

Anticoagulant a
Antineoplastic a
Antipsoriatic = ‘

—

Antithrombotig ﬂ/ )

112 known activities in PASS SAR Base

Unlocking infectious diseases research potential
at Riga Stradin3 University

Substance representation

MNA Descriptors of Clopidogrel

RIGAS STRADINA
UNIVERSITATE

C(C(CCC)C(CC-H-H)S(CC))
C(C(CCC)C(CS-H)-H(C))
C(C(CCC)N(CC-C)-H(C)-H(C))
C(C(CCS)C(CC-H)C(CN-H-H))
C(C(CCS)C(CN-H-H)-H(C)-H(C))
C(C(CC-H-H)N(CC-C)-H(C)-H(C))
C(C(CC-H)C(CC-H)-H(C))
C(C(CC-H)C(CC-C)-H(C))
C(C(CC-H)C(CC-C)-CI(C))
C(C(CC-H)C(CC-CI)-H(C))
C(C(CC-H)C(CC-CI)-C(CN-H-C))
C(C(CC-H)S(CC)-H(C))
N(C(CN-H-H)C(CN-H-H)-C(CN-H-C))
S(C(CCS)C(CS-H))
-H(C(CC-H))
-H(C(CC-H-H))
-H(C(CN-H-H))
-H(C(CS-H))
-H(-C(CN-H-C))
“H(-C(-H-H-H-0))
-C(C(CC-C)N(CC-C)-H(-C)-C(-C-0-0))
“C(-H(-C)-H(-C)-H(-C)-O(-C-C))
-C(-C(CN-H-C)-O(-C)-O(-C-C))
-O(-C(-H-H-H-0)-C(-C-0-0))
-O(-C(-C-0-0))
-cl(c(cc-cly)

= www.wayZdrug.cf“m
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‘ Prediction of Biological Activity Spectra -

According to the Bayes' theorem, the probability P(A|S) that the
compound S has activity (or inactivity) A, equals to:

Unlocking infectious diseases research potential

SEVENTH FRAMEWORK y
PROGRAMME at Riga Stradin3 University

P(A|S) = P(S|A)*P(A)/P(S)
If the descriptors of organic compound D, ..., D, are independent, then:
P(SIA) = P(D;, ..., D,|A) = TLP(D;|A)

P(A) and P(A|D;) are calculated as sums through all compounds of the
training set: D \w. (A
P(a[D,) - 2 Ex(DiIWu(A)
Z g.(D;)

Filimonov D.A. et al. m. Heterocyc/ Compnds., 2014, 50: 444-457. » www.way2drug.dpm
Filimonov D.A., Poroikov \W.V. (2006). Rus. J. Gen. Chem., 2006, 50: 66-75. b
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‘ Biological activities predicted by PASS ,

» Pharmacotherapeutic effects
(antihypertensive, hepatoprotective, antiinflammatory etc.);

Unlocking infectious diseases research potential

SEVENTH FRAMEWORK at Riga Stradin3 University

PROGRAMME

» Mechanisms of action
(5-HT1A agonist, cyclooxygenase 1 inhibitor, adenosine uptake inhibitor, etc.);

» Specific toxicities
(mutagenicity, carcinogenicity, teratogenicity, etc.);

» Interaction with Antitargets
(HERG channel blocker, etc.);

» Metabolic terms
(CYP1A substrate, CYP3A4 inhibitor, CYP2C9 inducer, etc.);

» Influence on gene expression
(APOA1 expression enhancer, NOS2 expression inhibitor, etc.);

-

» Action on transport‘egf‘\‘/ '
(Qopa@ngﬁ@s’ﬁér%gr’anfagonist, Sodium/bile acid )
cotransporter inhibitor, etc.). = W-wayzdrug-ﬁlgn
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Unlocking infectious diseases research potential
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‘ PASS algorithm description

Filimonov D.A., Lagunin A.A., Gloriozova T.A., Rudik A.V., Druzhilovskiy D.S.,

RIGAS STRADINA
UNIVERSITATE

Pogodin P.V., Poroikov V.V. (2014). Prediction of the biological activity spectra of

organic compounds using the PASS online web resource. Chemistry of Heterocyclic

Compounds, 50: 444-457.

Filimonov D.A., Poroikov V.V. (2008). Probabilistic Approach in Virtual Screening.

In: Chemoinformatics Approaches to Virtual Screening. Alexander Varnek and

Alexander Tropsha, Eds. RSC Publishing, 182-216.

Filimonov D.A., Poroikov V.V. (2006). Prediction of biological activity spectra for

organic compounds. Russian Journal of General Chemistry, 50: 66-75.

APPLICATIONS NOTE
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Descriptors (1999)  Robustness (2000) PASS Online (2000)

Drug-likeness (2001)

NCI Browser (2003)
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‘ Threshold selection: active/inactive? ,

1’0 ‘ZZZZZII::22ZZ212ZZZZZL;;l;;lll.......................................‘;::;}::\\

Unlocking infectious diseases research potential

SEVENTH FRAMEWORK atRiga Stradind University

PROGRAMME

0,9 -
08 - Pi
0,7 -
0,6 -
0,5 -
04
0,3 -
0,2 -

0,1 A

= www.wayZdrug.c;gm



‘PASS: Selection of the desirable activities
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= PASS -0
File | Base | Predict View Options Help
& J New Base 88 8

¢ Open Base ...
= - B\ACTIVITY-SELECTION\PASS 2014-Reumatowd-Astheitis. SAR

» Training ...

Fscection... |

", Validation ...

v
A N ~ A
Unused Activiy Type = Group Number | 1P ~l
[N-scatyineuraminyl}-galactosyiglucosyiceramide N-acetygalactosamingiansierase inkubitor M 6 08714
[R}-3-amino-2-mathylpropionate-pyruvate ransaminase inhibitor M 24 0.9330
[R}-6-hpdraxyracotine cxadase inhibitor M 3 09435 v

Inchide .. | Load.. | save.. || ok | concel |

Selected Activity Types: 0 of 7474 Ay, 1AP: 0,0000

= www.waydeg.{%\n
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RIGAS STRADINA
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‘ Rheumatoid arthritis treatment: PASS activities-

5-Lipoxygenase inhibitor

Adenosine A3 receptor agonist
Adenosine deaminase inhibitor
Angiogenesis inhibitor
Antiinflammatory

Antimetabolite

Antioxidant

Apoptosis agonist

Autoimmune disorders treatment
Beta amyloid protein antagonist
Bisphosphonate

Bruton tyrosine kinase inhibitor
Calcineurin inhibitor

Cannabinoid receptor agonist
Cathepsin K inhibitor

CC chemokine 1 receptor antagonist
CC chemokine 2 receptq“a”tagomst

‘—-‘;‘

Cell adhesion inhibitor

Cell adhesion molecule inhibitor
Chemokine receptor antagonist
Collagenase inhibitor

Complement inhibitor
Corticosteroid-like

Corticotropin releasing factor antagonist
CXC chemokine 2 receptor antagonist
CXC chemokine 4 receptor antagonist
Cyclin-dependent kinase 1 inhibitor
Cyclin-dependent kinase 2 inhibitor
Cyclin-dependent kinase 5 inhibitor
Cyclin-dependent kinase 7 inhibitor
Cyclin-dependent kinase 9 inhibitor
Cyclooxygenase 2 inhibitor

VLA-4 antagonist
Totally: 110 activities
= Www.way2drug.c{'_en



—

I B M eIl Unlocking infectious diseases research potential

S e oK at Riga Stradins University

RIGAS STRADINA
UNIVERSITATE

Selection of activities for RA treatment

Predictable Activity Type «

5-Lipoxygenase inhibitor

(nber [P

2834 0.9811

Adenosine A3 receptor agonist 163 0,9344
Adenosine deaminase inhibitor MA, 225 0,9303
Angiogenesis inhibitor EM 4483 0,9223
Antiinflammatory E 5383 0.8471
Antimetabolite EM 732 0,9308
Antioxidant EM 843 09494
Apoptosis agonist E 1299 0,8877
Autoimmune disorders treatment E 3972 0,8875
Beta amyloid protein antagonist M 122 09805

v v A A

Unused Activity Type = Group Number 18P )
[N-acetyineuraminyl}-galactosylglucosyloeramide N-acetylgalactosaminyltransterase inhibitor M ) 0,9714
[R)-3-amino-2-methylpropionate-pyruvate transaminase inhibitor M 24 0,9380
[R})-B-hydroxynicotine oxidase inhibitor M 3 09435
[R}-Pantolactone dehydrogenase (flavin) inhibitor M 8 0,8780
[R}-aminopropanol dehydrogenase inhibitor M 10 0,9933
[R}imonene B-monooxygenase inhibitor M 3 0,9980
(R.R}-butanediol dehydrogenase inhibitor M 3 0,9966
[S)-2-Methylmalate dehydratase inhibitor M 4 0,9980
(S)-2-hydroxy-acid oxidase inhibitor M 28 09336
[S]-3-amino-2-methylpropionate transaminase inhibitor M 8 09607

Include .. Load ... Save .. || ok | Cancel |

Selected Activity Types: 110 of 7474 Av. |AP: 0,9697

= www.waydeg.c@n
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‘ PASS Pro: Creating new SAR Base

File | Base | Predict View Options Help
EEE| @

¢ Open Base ...
[ PAS Save Base

R, Save Base As ... =
2 <13
Add ...
BY Exclude Substances
f& Training ... Descriptors

Activity Types
Selected Activity Types

Average |AP

Prediction Digzabled

File | Base | Predict View Options Help

D New Base e Bl = ()
‘2;,0 Open Base ... 8@ =
[ PASE Save Base

(R Save Base As ...

Substances 100 Modified
Descriptors 1092 Modified
Activity Types 54 Modified
Selected Activity Types 0
Average AP

Prediction Digabled

» www.way2drug.<(%\n
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PASS Pro: Training

Help

&

Pas

[] New Base

'.’_g Open Base ...
Save Base

3 Save Base As ...

¥ Add ...

T Exclude ...

b

Selection ...

e -

Validation .

‘ &) B ‘ (x)

Substances 100 Modified
Descriptors 1092  Modified

Activity Types 54 Modified
Selected Activity Types 54 Modified
Average AP 0,8338

Prediction Dizabled

Predictable Activity Type 18P ~
Teratogen 06263
Antineoplastic : 0.7073
07178

Immunosuppressant

Antipruritic, allergic 5 0,7621
Convulsant B 0,7635
Carcinogenic, rat, male 6 0,7695
Cardiatonic EM 6 0,7801
Phosphodiesterase inhibitor Ma, 5 0,7958
Antifungal E 5 0,8042
Vasodilator EM 6 08138
¥ v ~ A
Unused Activity Type Group Number AP ~ "

v

Incude .. | Load.. | Save.. |[ Ok | Concel |

Selected Activity Types: 54 of 54 Av. |AP: 0,8338
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PASS Pro: Selection procedure

Help

[] New Base

_ 0_9 Open Base ...

I SaveBase

: ‘1‘, Save Base As ...

¥ Add ...
T Exclude....

v Traming

ST —

b, = Valldatlon

e EE| ®

Nuclectide metabolism regulator
Antipruritic, non-allergic 3 0,3003
Psychotropic " 0,9019

HERG channel blocker
Potassium channel (Voltage-sensitive) blocker
Antibacterial

Atherosclerosis treatment

QT interval prolongation

Diuretic
Antiallergic
¥ v ~ A

Unused Activity Type [Group | Number [14P « |
Spasmolytic
Cyelic AMP phosphodiesterage inhibitor

nchude.. | Load.. | Save.. |[ Ok | concel |

Selected Activity Types: 32 of 54 Av. 14P: 0,9512
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‘ PASS Pro: Ready for Prediction

2 PASS =

File Base Predict View Options Help

& | 8 [Pa>Fi ~] |#8 | B 8@ @ | x

PASS_SAR_Basel

B SARBase Information Bl
Substances 100 Modified '
Descriptors 1092  Modified
Activity Types 54 Modified
Selected Activity Types 32 Modified
Average |AP 09512
—

A
'.'*‘!"q:; /1 » www.way2drug. 5
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PASS Pro: 20-fold validation

P

@
Pas

File | Base Predict View Options Help
D New Base 1 ‘ —
= m ‘ ".,x_ )

(’_El Open Base .., 8@

Save Base

% Save Base As ...

@ Add .. 0 Ok E 5 09242 05173 Atherosclerosis heatment e

BT Exclude N ook 2z 3 03450 08557 CYP206 shstiste

12 Ok MA 3 09622 09622 Carborwc anhydrase inhibkor
~ Training ... 13 (al% EM 5 09979 09958 Cell wal synthess mhbkor
’e h 12 Ok M 3 09313 09003 Cholnecge
Selection ... 15 0k M 3 09381 09347 Costicol subctiansterase mhibitor
W\ S lidatio 16 Ok MA 6 09415 09450 Cyclooxygenase inhibator
. 17 Ok EM 10 09244 09111 Dnaeetic
18 Ok EM 5 03874 0983 Diweatic nhbitor
13 Ok MA 4 09766 09740 Dopsmne D2 antagorest
20 Ok M 5 09937 08937 Dopamne antagonist
21 Ok M 5 09874 09855 Electolte absorpbon amagonist
Ok MA 15 09922 09922 Glucocorticoid agonit

23 Ok A 5 09173 09158 HERG channel blocker
24 113 M 6 09362 09344 Lpocorting synthesis agonist
2 Ok M 3 09753 09753 Microtubule formation inhibeor
2% ok EM 5 09853 09853 Non-steroidal antinflammatory agent
7 Ok M 4 08958 05182 Nucieotide metaboksm reguiator
28 Ok M 5 09173 09158  Potassium channel (Voltage-sensitive) blocker
23 Ok E " 03013 03003 Psychoopec
0 Ok T 3 09244 08935 QT interval prolongation
i} Ok EM 6 1.0000 10000 Sashretic
2 Ok M 6 09255 05180 Vitamn

End 1401 201664714
Vahdation SAR Base time: 0:00:00.950

32 Selected Activiy Twez
k4 Vaidated Activity Types

2 Successtuly VddatodAdMly Types
09512 Average AP

09200 20Fold Averags AP

- __‘L . v

v - §:_ 2 ' » www.waydeg.{%\n
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PASS Pro: Quality Control

File | Base | Predict View Options Help

(] New Base o .

& B W ®

3'—'_gopen3ase... l 2 @ W ’ x
" PASE Save Base

% Save Base As ...

Q_ Data from C:\Program Files (x86)\2014 07 20 Standard\S amples\Ermors Example\Emors_Example (P A
& Exclude... Activity Field - <PASS_ERROR>

Begin : 14.01.2016 6:51:11

No 1 - Eror: Number of actual atoms and bonds is not enough: 00
No 2 - Error: Components: 2

No 3 - Error: Carbons: 2< 3.

No 4 - Eror: Valence error.

No 5 - Eror: MolCharge: 1.

No 6 - Error: Molweight: 2802,4 > 1250.0.
No7-Emor: R atom is found.

No 8- Emor: X atom is found.

No 9 - Error: Ala atom is found.

No 10 - Error: Y2000 or V3000 is not found.

No 11 - Error: V2000 or V3000 is not found.

No 12 - Error: Unexpected 'M END' in structure.
No 13 - Error: Molfile format error.

No 14 - Error: Molfile format error.

No 15 - Error: Molfile format error.

No 16 - Error: Molfile format error.

No 17 - Error: Bond error,

End : 14012016 851:11

Data from C:\Program Files [xB6)42014 07 20 Standard\S amples\Errors Example\Erors_Example (P:
0 of 17 Substances were added to SAR Base.
0 new Substances were added to SAR Base.
0 new Activity Data were added to SAR Base.
Adding new Data time: 0:00:00.022.

< >
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PASS predictions for Clopidogrel

C:4PASS 2012 Drugs_Example.sdf il
545 | At | 33 | 242 Molecular Structure | MNA' I.&ntithrombotic j
Effects | Mechanismsl Toxicityl Antitargets | Metabolism | Gene Exp A I ’I

-

45 of 464 Possible Pharmacological Effects at Pa » Pi I—

0.957 0.004 Meuroprotector

1] Acute nedrologic disorders treatment
0 ithrombotic

0712 0.004 Platelet aggregation inhibitar

0.618 0.019 Antianginal

0553 0.013 Atherosclerosis treatment

! 0,453 0.048 Analgesic

O

0.385 0.009 Platelet antagonist
0,367 0.027 Stroke treatment
0.352 0.026 Angiogenesis stimulant
| 0332 0.017 Anticoagulant
0.366 0.083 Diabetic neuropathy treatment
" el 0.292 0.013 Analgesic, opioid

0.224 0.049 Antinflammatory, ophthalmic

0341 0116 Spasmalvtic, urinary
] 0.290 0,102 Cell adhezion maoleculs inkibitar Fovee
0.301 0.135 Meurodegenerative dizeases treatment
0.261 0.098 Antipzariatic
0167 0.005 Acetylcholine release stimulant
0195 0.057 Fibramyalgia syndrome treatment
0.236 0,104 Age-related macular degeneration treatment
0202 0.075 Pancreatic disorders treatment
0.228 0,104 Amyotrophic lateral sclerozis treatment
0375 0.254 ¥ azodilator, cersbral

B Nj 0176 0.058 Lipoprotein disorders treatment
er o 0.156 0.047 Diabetic retinopathy treatment
Lo A o 0.257 0150 Psychatropic =l
. El = <MAME: [0 42 Subztructure Descriptors: 0 new.
Clopidogrel

246 of 6400 Possible Activities
5 45 of 464 Possible Pharmacological Effects
" 79 of 3850 Pogsible Mechanisms of Action
= 106 of 321 Possible Toxic and Adverse Effects
MH 5 of 118 Pogsible Antitargets
o o 12 of 195 Possible Metabolism-Felated Actions
o=

17 of 1610 Poszible Gene Expression Regulation
h 4 of B8 Possible Transporters-Related Actions

| 1129 | 0.723 0.006 Antithrembolic Y

- .‘—'{-‘ - | ,_', ‘

» Www.wayZdrug.c(‘—‘m



e ———

IBMC

SEVENTH FRAMEWORK
PROGRAMME

Unlocking infectious diseases research potential
at Riga Stradin$ University

RIGAS STRADINA
UNIVERSITATE

‘ Clopidogrel: predicted vs. known activities ,

Abdominal pain

Acute neurologic disorders
treatment

Agranulocytosis

Allergic reaction
Anaphylaxis

Anemia

Angioedema
Angiogenesis inhibitor
Antianginal

Antiarthritic

Anticoagulant
Antineoplastic
Antipsoriatic
Antithrombotic

Anxiety

Arthralgia

Atherosclerosis treatment
Back pain

Behavioral disturbance
Blindness
Bronchoconstrictor
Cardiotoxic

Cataract

CCL4 expression enhancer
CCL5 expression enhancer
Chest pain

Colic

Colitis

Blue — predictiofis coincided with
Black — unpredictable activities.

Conjunctivitis
Consciousness alteration
Constipation

Cough

CYP2 substrate

CYP2C substrate
CYP2C19 inhibitor
CYP2C19 substrate
CYP2C9 inhibitor

CYP3A substrate
CYP3A4 substrate
Cytochrome P450 inhibitor
Dermatitis

Dermatologic

Dizziness

Drug eruption

Dyspepsia

Emetic

Eosinophilia

Erythema

Erythema multiforme
Exanthema

Flatulence

GP lIb/llla receptor antagonist
Hallucinogen

Headache

Heart failure .
Hematotoxi \

Herrau:hage \

the experime
Red — unpredicted activities.

Henoch-Schonlein purpura
Hepatic failure

Hepatitis

Hepatotoxic
Hypertensive
Hyperthermic
Hypotension

Infection

Insomnia

Lassitude

Leukopenia

Lichen planus

Lichenoid eruption
Malaise

Menstruation disturbance
Myalgia

Nausea

Necrosis

Nephrotoxic
Neuroprotect
Neutropenia

Ocular toxicity

Pain

Pancreatitis
Pancytopenia

Platelet aggregation inhibitor
Platelet antagonist
Pruritus

Pulmonary embolism

nt.

Purinergic P2 antagonist
Purinergic P2T antagonist
Purinergic P2Y antagonist
Purinergic P2Y12 antagonist
Purinergic receptor antagonist
Purpura

Renal colic

Reproductive dysfunction
Rhinitis

Sensory disturbance

Serum sickness

Shock

Sinusitis

Sleep disturbance
Stomatitis

Syncope

THBS1 expression enhancer
Thrombocytopenia

Toxic

Toxic epidermal necrolysis
Toxic, gastrointestinal

TP53 expression enhancer
Urticaria

Vasculitis

Vertigo

Vision disturbance

» Www.wayZdrug.c(‘—‘m
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‘ Overview

1. Historical reflections

2. PASS (Prediction of Activity Spectra for
Substances)

3. PharmaExpert

4. GUSAR (General Unrestricted Structure-Activity
Relationships)

5. Some examples of applications
ased on PASS, GUSAR, etc.

6. Our web-service
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PharmaExpert: Tool for analysis of PASS predictions
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PharmaExpert: Statistics of predicted activities
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PharmaExpert: Search for multitargeted
antineoplastic agents
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PharmaExpert: Link to the KEGG Pathway (example)
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‘ Overview

1. Historical reflections

2. PASS (Prediction of Activity Spectra for
Substances)

3. PharmakExpert

4. GUSAR (General Unrestricted Structure-Activity
Relationships)

5. Some examples of applications
6. Our web-serV|ce§,based on PASS, GUSAR, etc.

further progress
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‘ QNA: Quantitative Neighborhoods of Atoms -

According to the Hellman-Feynman theorem, interatomic and
intermolecular forces are electrical in nature.

Unlocking infectious diseases research potential

S A ORK at Riga Stradin3 University

Feynman R. Ph. Phys. Rev., 1939, 56, 340-343.
P; = B;2 . (Exp(-72C)); By
Q; = B;2 , (Exp(-72C)); B, Ay

A = ¥(IP + EA)
B = (IP - EA)™"

IP is the first ionization potential,
EA is the electron affinity.

Robert G. Parr et al. J. Chem. Phys., 1978, 68(8), 3801-3807.
“Gasteiger J, Marsili M. Tetrahedron, 1980, 36, 3219-3228.

o ppe A K and W A Goddard IIl. J. Ph. Ch., 1991, 95, 3358-3363.

—
.l -
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Filimonov D.A., Zakharov A.V., Lagunin A.A., Poroikov V.V. QNA based » www.way2drug.cpm
‘Star Track’ QSAR approach. SAR and QSAR Environ. Res., 2009, 20: 679-709. b
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‘GUSAR' General Unrestricted Structure-Activity Relationships-

Unlocking infectious diseases research potential
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S GUSAR- c:\prograﬁes'_(xssmk\ws;\'Bases\Antita GEtSAR

kile Base Modeling Preaict Opticns  Help
L BO0® | L8R | g@@m| ® |

| [ QNA and MNA Model(s) were created.

b e g e ool
Prediction EC50 -0.223 Name of Activity: EC50

Ch istics of Ci model from 16 models.
N=65 R2=0928 F=52606 SD=0.292 Q2=0.886 V=10

ted from the training set.

Predicted Values

> <ID> (25)
25

> <EC50> (25)
-3.100000000000000e-001

Observed Values

—

FiIimonovT)TA. et al. SAR En%QASZR"’-;Environ. Res., 2009, 20: 679-7009. » www.way2drug.
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‘ GUSAR: Superiority in performance in comparison

with some other (Q)SAR methods

RIGAS STRADINA
UNIVERSITATE

PLS

MLR

GFA

@ delta R2 test
M delta Q2
M delta R2

HQSAR
CoMFA

—
F
__—
___
EVA __—
—
_—

CoMSIA

3D Cerius2

2D Cerius2

-0.10 ‘__0—95((;.00 0.05 0.10 0.15 0.20

=U. \,."
— _?l_

'q — : = o8 —
Filimonov D.A. et al. SAR and QSAR Environ. Res., 2009, 20: 679-709. 4 www.way2drug.c{‘m
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‘ Impacts of atoms into particular activity ,

For each atom in a molecule all MNA/QNA descriptors are generated. Using

__ Unlocking infectious diseases research potential

SEVENTH FRAMEWORK
PROGRAMME at Riga Stradin3 University

these descriptors for each particular activity Pa u Pi values are calculated.

Each atom is colored in accordance with the following:

Red :=0.3+0.7*Pi  (negative impact on activity)
Green :=0.3+0.7*Pa  (positive impact on activity)
Blue : = 1-0.7*(Pi+Pa) (neutral impact on activity)

This can be interpreted in the following way:

If Pa=0and Pi =1, then Red =1, Green = 0.3, Blue = 0.3 - bright red color;

If Pa=1and Pi =0, then Red = 0.3, Green=1, nBlue=0.3 - bright green color;
If Pa =0 and Pi =0, then Red = 0 3 Green 0.3,Blue=1 - bright blue color;
If Pa = 0.33 and Pi = 0. 334,thén Red 0.53, Green = 0.53, Blue = 0.53 — grey color.

— e I

» WWW. way2drug.<{;}n
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Case study: Sulfathiazole

Antibacterial Activity

ﬁ PASS - CADATABASES\TEST-MOLECULE Shvsulphatiazole.sdf

ET, Receptor Antagonist

ﬁ PASS - CADATABASESV\TEST-MOLECULES sulphatiazole. sdf

=10l

File Base Predict View Options Help File Base Predict Yiew Options Help
@|3@P6>P|V |@| = @‘@lpﬁ)P\ hd |[§|m| &3]

| CAProgram Fileg\PASS-ETC-AUG-200BMMNICKLAUS-AUG-2005RunlmagelPASS. SAR

Antibacterial
— 0443 0.012

Activity Spectrum

Chart | General |Effec:ts | tdechanisms I Tuxicwtyl

Dihydropteroate synthase inhibitor
lodide peroxidase inhikitor

139 of 2005 Possible Activities at Pa > Fi

0.589 0.005 Antiohesity

0,535 0.005 Para amino benzoic acid antagonist
0.736 0.006 Dihydropteroate synthase inhibitor
0.721 0.006 Antidishetic

5 0,556 0.006 Antiprotozoal (Coccidial)

] 0,552 0.019 Prostaglandin E1 antagonist

0.509 0.026 Prostaglandin HZ antagonist

0,485 0.045 Potassium channel antagonist
0,453 0.013 Cyclooxygenase inhibitor

0468 0.028 Antinrotozoal
1] al
0,412 0.021 Diuretic inhibitar
0.408 0.024 Gingipain R inhibitor

0,421 0.053 Antiinfective

0.371 0.006 Hypoghcemic

0.328 0.015 Antineoplastic (breast cancer)

0.362 0.054 Antirmycobacterial

0.351 0.047 Antituberculosic

0.325 0.023 Saluretic

0.345 0.052 Myelodysplastic syndrome treatment

(KN

> <id> (2) 32 Substructure Descriptors; 0 new.
2 There are 3 known activities.
Drug-Likeness: 0,156

139 ot 2005 Possible Activities
(=] 36 of 224 Possible Fharmacological Effects

| CiProgram Files\PAZS-ETC-AUG-2005MNICKLAUS-AUG-2005 Funlmage\PASS SAR

Endothelin receptor amtagonist -
— 0158 0.019

Activity Spectrum

Chart | General |Eﬁect5 | Mechamsmsl Toxu:liyl

0.280 0.048 Ribonucleoside triphosphate reductase inhibitor | a
0.285 0.0617 Channel-conductance-contralling ATPase inhibitor
0.254 0.029 Tubulin antagonist

0.269 0.0617 Antiprotozoal (Trichomaonas)

0.245 0.044 Thromboxane A2 antagonist

0.204 0.004 & Hydroxytryptarmine B antagonist

0.244 0.045 Lipoxygenase inhibitar

0.287 0.093 CYPZBZ substrate

0.246 0.060 Oligopeptidase B inhibitor

0.205 0.021 Thromboxane antagonist

0.235 0.059 Benzodiszepine inverse agonist

0,176 0.001 11-Beta-hydroxysteroid dehydrogenase 1 inhibitar
0176 0.001 11-Beta-hydroxysteroid dehydrogenase inhibitor
0.264 0100 Serine-phosphoethanolamine synthase inhibitar
0.247 0.083 Antithrombocytopenic

0.235 0.079 PolyiADP-ribose) glycohydrolase inhibitor

0.216 0.066 Corticosteroid antagonist

0.154 0.008 Thyroid hormone antagonist

0.219 0.074 Granzyme A inhibitor
0.246 0,106 Carcinogenic

0.279 0.139 Antiulcerative

0.155 0.016 Beta tubulin antagonist
0.256 0.117 Carcinogenic, male mice

or &

23? I]'IEI (3)-3-hydroxyacid ester dehydrogenase inhibitor LI

> <id> (2) 32 Substructure Descriptors: 0 new -
2 There are 3 known activities
Drug-Likeness: 0156

1349 of 2005 Possible Activities
=] 35 of 224 Possible Pharmacological Effects

2 structure of 2

N

‘ 2 structure of 2

e U

- .‘—'{-‘ — g ‘

= www.way2drug.<{;m
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‘ “Critical fragment” remains unchanged ,

1 sulfathiazole

3 BMS-182874
ET, ICy = 0.15 uM

4 BMS-193884
ET,Ki=14nM

3 4

1
0,9
0,8
0,7
0,6
0,5
0,4
5 0,3
0,2
0,1

" \

Y

5 BMS-207940
ET,Ki=0.010 nM

—

—1-

1 2 3 4 5

— .qq’—i" — ¥ ”
Wermuth C. J. Med. “Chem 2004 47:

Compound No.

1303-1314. = WWW-WayZdrug.c{im
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‘ Overview

1. Historical reflections

2. PASS (Prediction of Activity Spectra for
Substances)

3. PharmaExpert

4. GUSAR (General Unrestricted Structure-Activity
Relationships)

5. Some examples of applications

Our web-services.based on PASS, GUSAR, etc.

— —

farther progress - mowayzmg.@n
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‘ GUSAR Application to

Table 3. QSAR modeling of antifungal activities results.

training
tramning

Activity
name
Number
compounds
Training
set/Test set
models

R” test set
RMSE test

& | Number
R?
set

3

0.85

100 17

12/5

20

091

100

12/5 11 0.89 0.81 100

Vi 12/5 2 0.83 0.82 100 | 2037

N . . .
R — determination coefficient

Q2 — determination coefficient calculated for leave-one-out

cross validation procedure

Yo ot
PN E:
HC™ ™S A
- N CcH
0\__‘ + e N/ \C—C/l(
Wi HY HH
o
Figure 2. Atom contribution into the antifungal activity.

——— e
a = %

Kokurkina G.V. et al. Eur. J. Med. Chem., 2012, 46:

-~ —

the antifungal activities

Figure 3. Comparison of the experimental (black line) and
predicted (grey line) antifungal activities for compounds 10a (1-
6), 10b (7-12), 10c¢ (13-18), 10d (19-24).

» www.way2drug.cp
4374-4382.
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Drug repositioning -

DRUG REPOSITIONING:
[DENTIFYING AND DEVELOPING
NEW USES FOR EXISTING DRUGS

Ted T2 Astibure and Karl B, Thor

DRUG REPOSITIONING SUMMIT:
FINDING NEW ROUTES TO

| Bophamacautical companas attemoting 10 Rorasse productivity Twougn noves discoverny

Ovug Dacovery Todey «Volume 10, Nyerwrs. /8« Apel 2011

THE VALUE OF DRUG
REPOSITIONING IN THE et

CURRENT PHARMACEUTICAI
MARKE g - Xyt
i| In silico repositioning of approved drugs
R >
i/ for rare and neglected diseases
Sean Ekins’-z'3-4-' SAR and QEAR b Envianmenal Ressaroh £ 2001 OPA (Overeas Publishers Associntion) M.V,
by Edward L. Toblnlek covery efforts efficlently has become of pri Ma“hew D. Krasq mlr};?l.l:;iﬂ;ﬁ;sghn the puslisher the Gardan and Breach :::I;h::ﬁ.smffn;ﬂu:
v Edwinrd L oblni P o CLIMMAMAD hd Photocopying permitted by Hormse caly n member of the Tayler & Frasis Group.
OPEN () ACCESS Freely available onfine PLOS compuraniona sioLoGy
TOP 200 MEDICINES: CAN NEW ACTIONS

. . . . BE DISCOVERED THROUGH
Drug Discovery Using Chemical Systems Biology: COMPUTER-AIDED PREDICTION?*
Repositioning the Safe Medicine Comtan to Treat Multi- V. POROTKOV®™, D. AKIMOV®, E. SHABELNIKOVA®

and . FILIMONOWV®

Drug and Extensively Drug Resistant Tuberculosis Shatiste of Bt ooty fthe R Acsdon of Mo Sk,

10, Pvgad'mgka)aa Sireet, Moscow, 119832, Russia; ®Medical and Biological

Sarah L. Kinnings'®”, Nina Liu®”, Nancy Buchmeier®”, Peter J. Tonge?, Lei Xie™, Philip E. Bourne™*" Facully of the "“‘”"’”’;?Z,ﬂﬁ;‘f‘i‘}’,?g’;f‘i;ﬁ;;}a‘ Ostravityanova Street,
1 Department of Blology University of York, York, United Kingdom, 2 insstute of Chemicat Blology & Drug Discovery, Department of Chemistry, Stony Srock University,
Stonry Brook, New York, Unitad States of Amaerica, 3 Department of Chemistry and Biochemasary, University of California San Diego, La Jol, Gililomia, Uneted States of
Amedca, 45an Diego Supercomputer Conter, University of Califomia San Diego, La Jolla, California, United Smawes of America, 55kaggs School of Pharmacy and
Prarmaceutical Sclences, University of Califomia San Diego, La Jolla, Calkfornia, United States of Amesica

{ Received 30 June 2008, in final form 31 March 2001 )

Computer-aided prediction of the biological activity spectra by the program PASS was applied
to a set of 130 pharmaceuticals from the list of the Top 200 medicines, The known phar-
macological effects were found in the nredicted activity snectea in 01 294 af cacse A dditianallv
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In 2001 we published predictions Which predictions are confirmed?
of new effects for 8 medicines (informational search, September 2014)
from the list of Top200 Drugs [1].
Ref.
! Sertraline Cocain dependency treatment i [2]
A
o~ Amlodipine Antineoplastic enhancer (moderate i [3]
" BCRP/ABCG2 inhibitor)
Oxaprozin Interleukin 1 antagonist (Inhibitor + [4]
of production of Interleukin 1)
NN Ramipril Antiarthritic + [5]

1. Poroikov V. et al. SAR and QSAR Environ. Res., 2001, 12: 327-344.

2. Mancino M.J. et al. J. Clin. Rsy’fh“opharmacol., 2014, 34: 234-2309.

3. Takara K. etMoJ%oﬁ"Rep., 2012, 5: 603-609.

4. Rainsford K.D. et al. Inflammopharmacology, 2002, 10: 85-239. » www.way2drug.dpm
5. Shi Q. et al. Arthritis Res. Ther., 2012, 14: R223. b
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‘ Nootroplc effect in some antlhypertenswe drugs?
r o

— Unlocking infectious diseases research potential l{iGAS STRAD[ NA
S A Rk at Riga Stradin$ University I =
UNIVERSITATE

o S S o)
“ ‘
=
>F] Perindopril in dose of 1 mg/kg, and
(Nootropic effect), % quinapril and monopril in doses of 10
Captopril . mg/kg improved the patrolling
Enalapril , behavior in the maze, like piracetam
Lisinopril . and meclofenoxate (in doses of 300
Perindopril and 120 mg/kg, respectively).
Quinapril : Raggs?
. = BAL Open 2013 3002881 dai 10 11238 bmjopen-2013-002881
Rami prll ’ Geriatric medicine
MonOpr" ’ Effects of centrally acting ACE inhibitors on the
Piracetam , rate of cognitive decline in dementia
Amlodipin ‘ Yang Gao -~ Ronan O'Cacimh’ Liam Healy' David M Kerins * Joseph Eustace’

Gordon Guyatt™ David Sammon®, D William Molloy "’

Hydrochlorothiazide

« Author Affllations
Correspondence to
Professor D Wiliarm Mooy, w maloy@uce e
Published 22 July 2013

Kryzhanovskii S.A. et m. J., 2012, 45: 605-611. - -way2drug. ﬁ‘
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‘ Dichotomic modelling of regulatory

networks behavior

Primary states

. Active node -
0 Inactive node = i

——> Inactive edge of activation
——e Active edge of inhibition
——> Active edge of activation

S(0)

Edge State of

property node i Si=1
b/k—l / \ b/k—-l » 7,
Sk=1 o @ S«=0 . O .} S(n)

\

Fi (S1, S2, ... ,Sn ) ‘/@, + SkSkbki)  Effect

—

- o ——
Koboro N et aI SAR and QSAR Environ. Res., 2009, 20: 755-766.
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‘ Input Data for Breast Cancer Modeling ,

Regulatory network Microarray data for

TRANSPATH® database breast cancer
Cyclonet database

Fragment: 2336 edges and 1405 nodes http://cyclonet.biouml.org
»HER2/neu-positive

Cascade of TNFalpha [L-& TGFheta

cospases e iy P, breast carcinomas.

> Ductal carcinoma.

Cellocle qui R Vecr 12l » Invasive ductal

chains th pathway .

pathwy petmey carcinoma and/or a
nodal metastasis.

= _— EGF MAP »Generalized breast

athway pathway kinases

Cancer.

-

Koborova O.N. et al. SAR and QSAR Environ. Res., 2009, 20: 755-766.
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‘ Some Double and Triple Targets’ Combinations -

Identified for Breast Cancer

No | Compounds Action 1 Action 2 Action 3
1 4 Bcl2 antagonist CDK-2 inhibitor
2 10 Bcl2 antagonist Myc inhibitor
3 10 Bcl2 antagonist Phosphatidylinositol 3-kinase
beta inhibitor
4 3 CDK-2 inhibitor Myc inhibitor
5 7 HIF-1 alpha Myc inhibitor
inhibitor
6 10 HIF-1 alpha Phosphatidylinositol 3-kinase
inhibitor beta inhibitor
7 10 Myc inhibitor Phosphatidylinositol 3-kinase
inhibitor
8 10 Bcl2 antagonist™ | Myc inhibitor Phosphatidylinositol 3-
= : L
o | kinase beta inhibitor
g

—%

Koborova O.N. et al. SAR and QSAR Environ. Res., 2009, 20: 755-766.
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SIXTH FRAMEWORK PROGRAMME
PRIORITY )
LIFE SCIENCES, GENOMICS AND

European project «From analysis of gene
regulatory networks to drug» (Net2Drug)

PO

BIOTECHNOLOCY FOR HEALTH

Comomr for

SPECTFIC TARGETED RESEARCH OR INNOVATION
FROJECT DEDICATED TO SMEs

[ Annex | - “Description of Work™ ]

Net2Dwug

| 2 active compounds
(BC, melanoma)
| Synergism W|th RITA.

Part|C|pants,_, dteams “%
from 8 countries ’-t

ChemNavigator database

(~24,000,000 structures of organic

compounds)

Virtual screening of potential
multitarget anticancer substances
(PASS, GUSAR)

11 compounds tested in cellular
assays

Further progress:

Activity confirmed in experiments
on mouse xenograft models

~

AlLab - resident of «Skolkovo» (2012)

Grant of«Skolkovo» (2013)

|

More active analogs (2014)

|

o

Mechanism(s) of action (2015)
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‘ InterBioScreen library of natural compounds

File Edit Options Object Database Search List Window Help

ibs20140ct_nc.dbyibs
(Rooo 25876 of 55580
Dinam, Al

4

Tel: +7 49652 40091 E-mail: screen@ ibscreenchgru
Fax: +7 49652 40092 Web: hrps//www, ibscreen.com

Natural Compounds

I 1w
STOCK1N-51602 4439122
Formula Commant hdex
CogH1aCFN40 DNC
H-Bend Donors H-Bood Accapines | | Rotalatile Sonds "o TRPSA CLogP
5 57 7800 74390
UPAC Name

1-4{3-chiorophenyl)-N-(2-fluorophenethyl)-9H-pyndo[3 4-blindole-3-carboxamide
http://www.ibscreen.com/

s...q_-'——'—_‘;?’«j: %/ » www.wayZdrug.of‘gm
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Predictions of RA associated activities for IBS library

L Pharmatxpent - B

Dl oD [rowm - -

Prediction & Interpretation - CAUsers\wp\Desktop\RIGA-JAN-2018\ACTIVITY-SELECTION\IbS 201 Smat_nc (PASS2014)-RA-Pa-more-20SDF. 1/55742 - 93
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Hyposm rductle bacton 1 i wibddo
Froe radcal scavengs
Tiaracaghon lackas STATI eiditoe
Irrrnomoddaton
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T el mhitwor
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Search for multitargeted agents for RA treatment

| Pharmatapert =S

Fils Tos= View Help

Dwdy <u%ND Whawm 5 -

Prechiction & Intepretatil 3
STOCX N KO, 4 © STOCKINOO0M STOCKN
‘ 0

A ~7
LI Q
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s e
Save TX1 Save S0 Clotowd Exchide | Pa  Pi Actwily O chanaiie 2 receoicr ee,
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0372 0080 Angogeress mhibdo Chamos ne iecagior arlagonet
Ps w| b 0| |F\ 'I Sot 0320 0077 Apepuees sgorist g‘;‘?""’m#u
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0254 0190 Avtrflarmatoy
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Mo [P [humber [Acoay toe [Actrety oo [Actrn oo [Actry trom -
o252 3 Irdegme ardagorest iethedn b ardagures VLA & iagorsdt
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One promising hit for experimental validation
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drug-drug
interactions
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Success Stories

Hare you will find a bnef overview of publications describing applications of our software  This

achigye betler resullts m their projecis aimad at drug design & dsscovary o chene §

SUCCess slones about vinual Screening, arug repurposing, reveahng inve hidoen potentst of ng

If you have soma expanance with the ! story She
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Virtugl Scrooning
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Drug safety & nfk assesunent

Evaluation of lndden potential ¢

onls contribuho

Soene othed PASS prodiclions confierned by e exponmants
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General papers with references on our computational tools
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identify unknown drug
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‘ Overview

1. Historical reflections

2. PASS (Prediction of Activity Spectra for
Substances)

3. PharmaExpert

4. GUSAR (General Unrestricted Structure-Activity
Relationships)

5. Some examples of applications
6. Our web-services based on PASS, GUSAR, etc.
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further progress
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IBMC _
‘ Way2Drug web platform

WayZDrug PROKIE [ perogonem | ssssssseses B We have proposed the local
"""""""""""""""""""""""""" e = correspondence concept, which is based
Homs: 1 Abodt Projects bl B o on the fact that most biological activities

of organic compounds are the result of
molecular recognition, which in turn

P g & Cramica gl | = depends on the correspondence between
Yol Ve g\ the particular atoms of the ligand and the
2 X ‘Ph INFORMATION
O e Pa ! target.
Bt o S * |"'“.'
O sow @ KNOWLEDGE )
R y ™ . ..................................
A | ‘% &

Using this concept, we have developed
e a consistent system of atom-centered
neighborhoods of atoms descriptors
including MNA, QNA, and LMNA, and
have implemented them in several

; t SAR/QSAR/QSPR modeling app-

' A roaches.
- ¥ [, — 4= 9 » www.way2drug.dp
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‘ 7%\ PASSOnli
nline
\

Way2Drug =

Predicts about 4000 biological activity types of organic

compounds by their structural formulas, including
\/ pharmacological effects, mechanisms of action, toxicity
Get more information R and side effects, interaction with metabolic enzymes,
effects on gene expression, etc.

PARSS orﬂpe

— Training set with more than 313,000 known
- : \/ biologically active substances, belonging to different
@;/* . chemical classes.

! Gt .

T ‘ Constantly working to improve the quality of
o e ' prediction, updating the training set, and making
e changes in calculation methods.

Fot B Aemyrrse
L0 LY Leastcerter

BT B0 Aol enamqeyt e ahsbne

DAL B At 0 b b shd

L
:::: :::::‘:.-:n‘-h-‘:lm Srem — (e R
5 average training set LOO CV: 0.95

e

(g

- B ~_ B » www.way2drug.
Filimonov D.A. et al. Chem. Hete@glc,l. Comp., 2014, No. 3, 483-499.
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‘ Ha USAR Online

G.USAB ONLINE | GUSAR online presents: consensus
e ——— B— / prediction, applicability domain

assessment, internal and external models
validation and clearly interpretations of
P = : obtaining results.

@esAR

Acute Rat Toswity Astiargets Eavronmmtal

o8 - & v Developed to create QSAR/QSPR models on
oSy f ¢ the basis of the appropriate training sets
- e k / represented as SDF file format contained

GUSAR software was developed %o create QSARNSPR models on the 13 o
basis of e sppropnate Eamng $e1s repeasanted as SDle comaned data .
aboul chomcl sruciures and endpoint » quanitiatve lonms ® 5 d ata a bo ut c h e m I Ca I St ru Ct u res a n d

J SCHNE AT MXMCATE RRCTION ' : different endpoints in quantitative terms.

I ®ico predetion of LDSO values for rats weth four types of admnsyation (ol N ~p
riraenous, mraperionesl subcutarecus inhalation) by GUSAR sofware The QU000
nnng sets were cesied on Pe s of daa from 3Y MOL Toocty s Praocat

Gt s vy e e LU0 s (o0 NGl - Prediction of acute rat toxicity;

PR P AR e - Prediction of antitarget interaction
B B o 2 / profiles for chemical compounds;

Frerosvonesl | M8 155 ™ 066 558 | 057 85 % 1 | . . . . .
pomes | @ f w [ B | 0 | W 1 h | @ L A1 | - Prediction of ecotoxicity for chemical

N Vet - rmdel Of LOTORENCE o Ihe Larn) iel d
100051 - narsses of Lompeunds i 1o st sot compoun s'
A2 - average R2 of e macels calculates i he appropnate Eanng et L

Q2 - avecage Q2 of T macels cycaiaied ot he approprive kyrng tet
Coveaan - % compounds Fom Be el a8l i Agphcaily Oaman

» www.way2drug.
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PHARMAEXPERT

I Katvn appes

Predicton by
VIeRRA byt dofs
WP Sa3et dea

Protsin based predicton resut

Naxe patcion

COeeC=CLI=0LCI=C ’

v

L ]

Lagunin A.A. et al. Blomfornﬁn;cs 2013 29:

2062-2063.

Gene expression profiles are used to solve
various problems in pharmaceutical
research, such as the repositioning of
drugs, overcoming resistance, estimating
toxicity and drug-drug interactions.

Training sets:

mRNA-based - 1385 compounds for 952
genes (500 up- and 475 downregulations);
Protein-based - 1451 compounds for 129
genes (85 up- and 51 downregulations).

Results of prediction are linked to CTD
(Comparative Toxicogenomics Database)
for the purpose of their interpretation.

MmRNA-based training set LOO CV: 0.853

» www.way2drug.
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CLC-Pred

1
Way2Drug === I Web-service for in silico prediction of
e / cytotoxicity to the tumor and non-tumor cell-
e Temmsd ¢ PonesSews o e e lines based on structural formula of chemical
{—‘ =17 s compound.
SLER
’—: Tumor cell-fine prediction result - .
e Foes e m' : Training sets on the basis of DB ChEMBLdb
R wris “Hog il nans (=1 U PR
e ) e om| s | = e | com (ver.17) were collected from 76804 chemical
= oy e / compounds, which reflected the current level
oy of knowledge of the cytotoxicity of chemical
o 0 [ compounds in relation to the 44 tumor and
il.&anI'&éiilu;ve prediction result .
: . 48 non-tumor cell-lines.
K‘\\/\ || A | ke GHimdrams | Tews
‘\‘//\‘ IJI:' .;:': Fpneson foiass | 'i“;nlz:: . . . . .
g T In this case, the spectrum of biological activity
\/ is the assessment of cytotoxicity in relation to
3 % different cell lines.
Maka pecicion [
 S— J The daa on cytotooacty Of Chemias 1or lamor 30 NoTE C2i-Ines N e 3NNy 5ot FONe reneves Pom
CRENELCD (verzion 17) (Dapswws S0 30 wnembioty) [August, 2005, EMBL-EBI & ! Training Set LOO CV: 0.96

———

I

e e www.way2drug.cp
[ QSA&Envfro%? Res., 2015. = y 8-«

Konova V.I. et al. SAR a
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Way2Drug

PREDICTIVE

5 Chermten

o SMP: Prediction of subsirarp'metabolite specificin
XK 1
PasP v Coasas ) Cirg
Substrate based prediction result
| . Fa Pt n.\—g
0983 oo | JGT14e
ban 0.0 G113
TR oo l,l,‘n:.\
0673 000 UGT1AN0
03d 0148 UGT287
s | am USTIA?
INCE S T
0N 02w UeTIA
0223 01 3 Uq..E‘f

Metabolte based prediction result

AN P (» e /_.A\\\
l T IL, 1‘ T P I Fi Eryme
?—1 4 e { 0142 0040 LGT1A
0149 D05 UGT141
-;‘ 0134 0.053 UGT1A10
\
C o

AEEW y of Feter EA Novams
The creation of peD-5ecWiCe was s Jpoa"ec ts «U‘s:an Scentifc Foundation gran! 14-15-00449

I e e

Rudik A.V. et al.,

A

2015, in pre _a_r:atlon

N

v
v

Prediction of interaction with 18
cytochrome P450 and UGT isoforms:
CYP1A2, CYP2C9, CYP2C19, CYP2De6,
CYP3A4, UGT1A10, UGT1A1, UGT2B7,
UGT1A7, UGT2B15, UGT1A8, UGT1A4,
UGT2B17, UGT2B10, UGT1A3,
UGT1A9, UGT1A6, UGT2BA4.

Substrate training set —
3411 compounds.

Metabolite-based training set —
2104 compounds.

Training set LOO CV: 0.934

» www.way2drug.d
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Contacts

1: 2046-2048.

The study is suppor edﬁylSF"gnt No. 14-15-00449,

Prediction of sites of metabolism for
drug-like compounds for (five major
human) cytochrome P450s: CYP1A2,
CYP2C9, CYP2C19, CYP2D6 and
CYP3AA4. Also in the training set were
included the sites of glucoronidation,
catalyzed by UGT.

amount

CYP3A4 0.89
CYP2D6 588 0.92
CYP2C9 446 0.92
CYP2C19 388 0.93
CYP1A2 573 0.92

UGT 592 0.98

» www.way22drug. Fb
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About 300 papers published citing our web-services
(>50% with the experimental confirmation; the other 50% -
just with the prediction results without experimental testing)

Avallable online at www.sciencedirect.com

Available onlire at waw. sosncedred. com

ol 5 EUROPEAN JOURNAL OF Bioorganic
*.” ScienceDirect Mi NAL SCIENCE @mn ECT* Medicinal
i CH i TRY Chemistry
ELSEVIER Earpesm foomad i Madcrnal Chenastry &1 (X000 1018 1034 e —— Letters

Ovigiral articke Bicorgane & Madicinal Chemistry Letters 15 (2005) 2145-2148

Synthesis. properties, and perspectives of gem-diphosphono
substituted-thiazoles

Quinazolines revisited: search for novel anxiolytic

ANTIMICROSIAL AGENTS ASD CHEMOTHERAPY, Jun, 2003, p. 174-140 Vol 47, No. 1 620, Russian Journa! of Bioorganic Chemistry, 2013, Vol. 39, No. 2, pp. 202—210. © Pleiades Publishing, Ltd., 2013.
OOOABAELSOR 00 -0 DOL: 10,11 2RAACAT. 1 IT‘lel KIS ian Text © O.B. Kazakova, I.E. Smirnova, H.Do Tkhi Tkhu, Tkhankh Tra Nguen, GN. Apryshko, O.S. Zhukova, N.I. Medvedey
Copyright € 2003, American Sockety e Micmobs o »\li-Ru;m- Resenvd W.F. Ismagilova, K. Yu. Suponitsky, D.V. Kazakov, F.E. Safarov, G.A. Tolstikov. 2013, published in Bioorganicheskaya Khimiva, 20

In Vitro Activities of 7-Substituted 9-Chloro and
9-Amino-2-Methoxyacridines and Their Bis- and Tetra-Acridine
Complexes against Leishmania infantum

Synthesis, Structure, and Pharmacological Ac

Carole Di Giorgio,' Florence Delmas,” Nathalie Filloux,” Maxime Robin® Lactitia \vhn.m,“‘

Nudine Azus,' Monique Gasquet,! Muriel Costa,' Pierre Timon-David," and Jean-Picrre Gub AflID QQ\ Tunnxrsr A12D 17T D\ tminsralana Ahints

Labonoire de Parasitologre, Hygiene et Zoologie, Faculté de Pharmacie, Marsesiie Cedex 005," and Laboy UDC 547,67
Valorisation de & Cliimie Five, Université i 'Aix-Marseille 111, Site de Saine Jrome, Marseilies,” Fr

Bnrgine & Megicrid Dhanmry 20 0012) 29302930 VL z‘.ar."th‘ R.Ya. '\!“5.‘.““0‘-.‘.‘.“' V.G Chervetsov

0O.Z. Komarovska-Porokhnyavets, M.V, Stasevyel, V.P. Novike

Contants fats avalsble # SciVerse ScanceDivect S Lviv Polyrechnic National Universi

x § Y p Department of Technology of Biologically Active Substance

Bioorganic & Medicinal Chemistry - Pharmacy snd Biotechuolog

journal homepage: www.olsevier.com/locate/bme —

SYNTHESIS OF NEW DERIVATIVES OF 2-ACYLISOTHIOCYANATE
Identification of novel isocytosine derivatives as xanthine oxidase OF l-.\’lTl}O-9.lﬂ'-.~\.\ T"RAQ_‘ I\O\T WITH

inhibitors from a set of virtual screening hits ANTIMICROBIAL ACTIVITY

VK 378.147:547

Fwopean Josrnd ol Madcongl Chemaniry 45 [ 2000) olo-- 63 2

Contenis lists avallable at ScienceDirect

KomOnuaTopHas XHMHA B BhICHIel MKo1e: TecATIICTHHII ONBIT HAYTHBIX,
European journal of Medicinal Chemis VUeOHBIX H OPTaHI3ANHOHHBIX IPOERTOB
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1. Historical reflections

2. PASS (Prediction of Activity Spectra for
Substances)

3. PharmaExpert

4. GUSAR (General Unrestricted Structure-Activity
Relationships)

5. Some examples of applications

6. Our web-services based on PASS, GUSAR, etc.
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‘ Integration of all web-services (l)

Our Services Predict activities/properties of your compound

PASSOnline
" biological potential of your

b
e S S compounds (more)

To recieve results, please, enter:

/:\ Gusar Online

create QSAR/QSPR models
(more) Draw a structure:

Ba.)’nxdja.]@s@\@)s \JZ—D":’:)'Hz@q’

g S oy
2 45 ’ \ o aa S
(€& |  prediction subatrate/metabolite 1o H
é/“,P// specificity (more)
\\‘/ & / C
4
., rrj N
o (4 Absolute o
NYGFP drug-induced changes of gene S
n expression (more) i 0 O s
- F
sonp Meta-Pred P
. " in silico prediction of sites of
7 metabolism (more) Cl
Br
T CLC-Pred |
% A N
— R » www.way2drug.dyp
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Integration of all web-services (ll)

RIGAS STRADINA
UNIVERSITATE

'

nsuep

e re

DIGEP Pred
drug-inducsd chiangas OF gonag

EXPIessIon (ms)

Mata-Prad
m SHICO prefchion of sites of

maolabolsm (nore)

CLC-Pred
in Sheo prodehion of oytotoxcily
ot and norrnal Cof-linas

(MorsE

B.B8 B. Preduction
calculsts he permeabidty of

blood-twain hamer (more)

(4 Absolute

ODO000

Choose activitiesiproperties which you want to predict

saloctunsaiec! al

YIPASS Online All_Activities

Online-E Mects

s Onling-Machanesir

3y Oaline-Metaboksm

s Unling {ransponrt

S Online. Agverse Ehects& Foxioty

| GUSAR-antan

lGUsaR Acute Hal Toxicty
GUSAR Enviromental Toxicity
IHGEP_Prod-mRNA-Lovd
TOIGEP Prad Proten. Leyve

LogBE

And finally
» Click here 10 pradict

m» www.way2drug.d b




Unlocking infectious diseases research potential

SEVENTH FRAMEWORK at Riga Stradin$ University

PROGRAMME

Integration of all web-services (lll)

RIGAS STRADINA
UNIVERSITATE

PASS_Online-All Activities Web Server prediction results

£ 18 22
10 OH
18
Pa Pi Activity
0,980 0,001 Vasoprotector
0,980 0,001 Antisecretoric
0,979 0,001 Prostaglandin-E2 S-reductase inhibitor
0,976 0,002 Vasodilator, peripherat
0,975 0,001 GST A substrate
0,972 0,002 Mucomembranous protector
0,948 0,001 UGT2B1 substrate
0,944 0,002 Glutathione S-transferase substrate
0,937 0,001 CYP4A11 substrate
0,939 0,003 Vasodilator
0,934 0,002 Antithrombotic
0,933 0,001 Morphine 6-dehydrogenase inhibitor
0,927 0,001 Leukotriene-B4 20-monocoxygenase inhibitor
0,923 0,000 CYPA4F substrate
0,920 0,002 Antiulcerative
0,921 0,004 CYP2E1 substrate
0,914 0,001 Cytoprotectant
0,915 0,004 CYP2E substrate
0,913 0,001 GST M substrate
0,909 0,001 Gastrin inhibitor
0,912 0,006 Mucositis treatment
0,901 0,000 Oxytocic
0,901 0,002 CYP4A substrate
n a7 nnnc Antiarramatis
S oy |
N
— i
e

» www.way2drug. b
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‘ Computer-aided analysis of hidden potential

in traditional Indian medicine Ayurveda
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INDIAN-RUSSIAN JOINT RESEARCH PROECT a3 Natural products are used in folk medicine since
- / many thousands year. They represent a
£ significant, though often underappreciated

resource for the development of new medicines.

that what you do nead

’ What is the purpose ContERts;
e otnspocr | /(1) 50 medicinal plants;
ediuicrane | B piven o g oy (2) structural formulae of 1906 phytochemicals;
(3) biological activity of 288 phytochemicals.

* Humt

 NURJEOIT PRYTOCHIMISTRY

o MAKEJEDIT MIXTURE

* ADBJEDIT NEW SURSTANCE

° VIER/EmIT DASTING
ACTIVITY LIST

Criteria:
(1) Ayurvedic /traditional medicinal use;
/ (2) adequately explored for phytochemical

SUPPORTED BY . f \ z Depuﬂmemoudencelmnnolog/ | analysis.
’

| ; (3) unexplored for pleiotropic pharmacological
studies.

Lagumn#ﬁ“‘eﬂ’e!di/c“,‘}iemlstry, 2015, 61: 286-297.
Supported by RFBR-DST g-nant No. 11-04-92713_IND

% FEEDNRCK

> www.wayZdrug.c(?n
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‘ Study on quality of data in publicly

and commercially available databases
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QSAR Modeling Using Large-Scale Databases: Case Study for HIV-1
Reverse Transcriptase Inhibitors

Olga A. Tarasova,* " Aleksandra F. Urusova,' ngtry A. Filimonoy,” Marc C. Nicklaus,’
Alexey V. Zakharov,” and Vladimir V. Poroikov'

"Institute of Biocdhemical Chemistry, 10-8, Pogodinskaya St, 119121, Moscow, Russia

*CADD Group, Chemical Biology Laboratory, Center for Cancer Research, National Cancer Institute, National Institutes of Health,
DHHS, NCI-Frederick, 376 Boyles St, Fredenck, Maryland 21702, United States

© Supporting Information

ABSTRACT: Large-scale databases ae important sources of ﬁ;g:m QEAR

training sets for variows QSAR modeing approaches Generally, S © (3050 pred| ‘

these databases contain information extracted from different =
sources. This varlety of sources can produce inconsistency in the | ) mm
dats, defined as sometimes widely diverging activity results for v — 2., —— parformince
the same compound against the same target. Because such S~ ' -
inconsistency can reduce the accuracy of predictive models buih I TR i
from these data, we are addressing the question of how best to v )

use data from publicdy and commercially accessible databases to 170 s ot
aeate accurate and predictive QSAR models. We investigate the

suitability of commercially and publicly available databases to QSAR modeling of antiviral activity (HIV-1 reverse transciptase
. — (RT) inhibition). We present several methods for the creation of modeling (e, training and test) sets from two, either
commerdally or freely available, databases: Thomson Reuters Integrity and ChREMBL. We found that the typical predictivities of
QSAR models obtained using lhese different modeling set compilation methods differ significantly from each other. The best
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» Based on long-term projects in chemoinformatics (local
correspondence concept, PASS, PharmaExpert, GUSAR, etc.),
we have developed several web-services useful in computer-

aided drug discovery.

» These web-services are widely used by many researchers
from over 90 countries; more than 300 papers published with

citations of our web-resources.

» Further development of these resources requires integration,
curation of the information, improvement of functionality, etc.

» Active cooperation with the Way2Drug users will significantly
enhance our initiatives. B, way2drug. cbm
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We are open for collaboration; please, address your suggestions to:
vladimir.poroi ibmc.msk.ru; vvp1951@yandex.ru
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