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XemMonHpopMaTUKa U BCe-BCe-BCe...
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[peactaBneHme CTPYKTYPblI MOJIEKY

MonekynapHbii rpad — CBA3HbIN HEOPUEHTUPOBAHHbLIM rpad, HaxoAAWMMNCA BO
B3aMMHO-OAHO3HAaYHOM COOTBETCTBMU CO CTPYKTYPHOMU POPMY/ION XMMUYECKOTO
coegnHeHNA Takum o00pa3om, 4YTO BeplnHaAM rpada COOTBETCTBYIHOT aTOMbI

MO/IEKY/bl, @ PEBpam rpada — XMMMUYECKUE CBA3U MeXKAY STUMM aTOMaMM.

Cnocobbl 3anucu:

JInHenHble HoTaumm (SMILES, SMARTS, SLN, InChl)

M aTpunua CMeXXHOCTH

CTpyKTypHble painbl (0bwme — MOL, SDF,... cneunanbHble - MOL2, HIN,...)

Chemical Markup Language



JINHEeNHble HOoTaLUMN.

SMILES (anrn. Simplified Molecular Input Line
Entry Specification, cneyugukayua ynpouseHHo20
npedcmassneHua MoseKys 8 CMmpoKe 8800Q) —
cuctema npasua (cneumduKauma) ogHO3HAYHOro
OMUCaAHMA COCTaBa WU CTPYKTYpPbl MOANEKYAbI
XMMMYECKOrO0 BeWecTBa C  MCMNO/Ab30BaHUEM
cTpoku cnmeonos ASCII.

Bopa O
3TaHoN CCO
Yrnekuncnoiu ras 0=C=0
CvHUNbHaA KMcnoTa CH#N
LiInknorekcaH Ci1CCCCC1
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SMILES

N OH
/ N\ )
HN N 0
) T 0
F

3

Q
B N 0
\4
N\ \2_\4‘&
1l / _2 o
F

3

. |
N40
/_\AQ\__E_‘
@
i .
1 y ©
E
D

N1CCN(CC1)C(C(F)=C2)=CC(=C2C4=0)N(C3CC3)C=C4C(=0)O
&=




JInHenHble HoTaumn. SMILES

HO
Ho. i 2.0 __o
\/\')(I OCC(0)C10C(=0)C(0)=C1(0)
HO OH
H

: H
Ho\/\ffo
OC=1C(OC(=0)C=10)[C@@H](0)CO
HO  OH
HO
: = O\ O
S R 0=C1C(0)=C(O)[C@H|(OIC@@HI(O)CO



JlnnenHble HoTaumn. InChl

InChl (International Chemical Identifier) — TekcToBbIN nAEHTUPUKATOP XMMUYECKOTO
coegnHeHnA ANna CTaHAapTU3aUuMM KOOMPOBAHUA MONEKYISAPHOU MHPOPMaUMK U

npeacrasieHuUA €€ B YUNnTaemMoMm Buge.

3TaHoON InChl=1/C2H60/c1-2-3/h3H,2H2,1H3

AckopbuHoBas
InChl=1/C6H806/c7-1-2(8)5-3(9)4(10)6(11)12-5/h2,5,7-10H,1H2/t2-,5+/m0/s1
KMcnoTa

1 2 3
CH;—CH,—OH




MaTpunua cMmeXHOCTHU
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MaTpunua cMmeXHOCTHU
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MaTpuua cMeXXHOCTHU
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benzene
ACD/Labs0812062058
6 6 0000 00O
1.9050 -0.7932
1.9050 -2.1232
0.7531 -0.1282
0.7531 -2.7882
0.3987 -0.7932
0.3987 -2.1232
21 1 0000
3120000
4 2 2 0 0 00
531 0000
641 00 0O
6 52 0000
M END

CtpyKTypHble ¢dannbl. MOL
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KOHTPO/1Ib nocewwaemocTu cerogHaA

3anonHuTb doopmy vyepes QR-koa

nMbo 3anucaTbcs B CMUCOK Ha nepepbise



[TpeackasaHme CBOUCTB COeANHEHUM

MOMCK KONMYECTBEHHbIX COOTHOLWEHWI CTPYKTYpa-CBOMCTBO —  npoueaypa
NOCTPOEHUA MOAEeNein, MNO3BONAKOWMX MO CTPYKTYPaM XMMUYECKUX COEAUHEHWN

npeackasbiBaTb MX Pa3HOOOpPa3Hble CBOMCTBA.
OCHOBHaA rMnoTe3a — CXoAHble COeANHEHUA UMEIOT CXOAHble CBOMCTBA.
QSAR - Quantitative Structure-Activity Relationship — buonornyeckme cBoncTea

QSPR - Quantitative Structure-Property Relationship — ¢wusunyeckne u PpusmnKo-

XMMUYECKMEe CBOMCTBA

[Mpumepsbl:
TemnepaTypbl N/1aB/IEHUA U KUNEHUA
BA3KocTb
[laBneHue HacblWeHHbIX NapoB
[NNoTHOCTb
Xumunueckue casurun B cnektpax ‘*H AMP

PacTtBOpMMOCTb



[TpeackasaHme CBOUCTB COeANHEHUM

MoneKynapHble AeCKPUNTOpPbLI:
"The molecular descriptor is the final result of a logic and mathematical
procedure which transforms chemical information encoded within a symbolic
representation of a molecule into a useful number or the result of some
standardized experiment." (Todeschini and Consonni, 2000)

MoneKynapHble AeCKpUNITOpbI: Subgraph Examples

Path of order. ..
- TeOpeTVI‘-IECKI/Ie (‘-II/ICJ'IO KPaTHbIX CBFI3€|?I,
Ha1M4yne MONERYTAPHbBbIX d)paI'N\EHTOB,...)
2 3 4

- JKCnepuMmeHTanbHble (rmapodobHOCTD,

Cluster of
NONAPU3YEMOCTb, MOKa3aTe/lb arder...
npenomaeHus,...)
3 4

3

Path/Claster of
[eckpunTopbl MHBAPMAHTHbI, T.€. HE 3aBUCAT order
OT NOJIO}KEHMA MONEKYNbl B NPOCTPAHCTBE.
143 23 23




MoneKkynapHble AeCKPUNTOPbI

dparmeHTHble AeckpunTopbl — oOTpa)katoT GakT Haanuma PparmeHTa B
MmonekynapHom rpade (6BUHApPHbIE) WAN  UYNCNO  BXOXAEHUN  PparmeHTa

(uenoyucneHHsle)

dU3nKo-XMMHUYeckne p[ecKpunTopbl — COOTBETCTBYIOT U3MepAeMbiM  PU3-XUM
BenndynHam (nmnodunbHoctb (LogP), monapHasa pedpakumna (MR), monekynapHbIi
Bec (MW), moneKkynsapHbie 06bembl 1 NowWaam NoBepxHoOCTen,...)

KBaHTOBO-XxMMHyeckme AECKpUNTOpPbl — BEJ/IMYUHDLI, MNOZIyd4aeMble B pPe3y/ibraTe
KBAHTOBO-XMMUYHECKNX pPacCHeTOB (3HepI'I/II/1 rPaHUYHDbIX op6MTane|7|, YaCTUYHbIE
3apAgbl Ha aTOMaXx, MNOPALKU CBFI3€I71,...)

[decKkpunTopbl MONEKYAAPHbIX NONEeA — Be/IMUYNHbI, aNMPOKCMMUPYIOLLME 3HAYEHMUA
MOJIEKYNAPHBIX MOJIEN MNMYTEM BbIYMUC/EHUA 3SHEPIUM B3aMmomdencTensa npobHoro

aToMa, MOMELLLEHHOTrO B y3e/ PeLleTKM, C pacCMaTPUBAEMON MOJIEKY/ON



[TpeackasaHme CBOUCTB COeANHEHUM

B camomn obuient popme: 3Ha4YeHNE CBOMCTBA — 3TO HEKAA PYHKLUMA OT HEKOro Habopa

[eCKPUNTOPOB.

Llenb: HaMTK oNTMMaNbHYO QYHKLUMIO U ONTUMaNbHbIN Habop.

BbifsBNeHHaA CBA3b A0/1’KHA ObITb NpoOBEpPEHa =>

- CpaBHeHMEe Mogenm ¢ skcnepnmeHTom (KoadPuumeHT Koppenauumn)

- Obyuatowan BbIbOpKa, TecToBaa BbIbOPKa

- MepekpecTHasa npoBepKa (cross-validation) (ana maneHbKkux BbIOGOPOK)

- Panpgommzaumsa (ana 6onbwimnx BbIGOPOK)

Ycnex QSAR-moaenv 3aBUCUT OT TOYHOCTU UCXOAHbIX AaHHbIX, BbIbOpa noaxoasLmx
NECKPUNTOPOB U CTaTUCTUYECKNX METOA0B M MONHOLEHHOM NPOBEPKU MOAENN.



CpaBHeHNe moaenn C SKCNepuMeHTOM.

KoadppunumeHT Koppenaumm

F g

P(X-X)(Y-Y)

R

Y4
r=+0 87
¥4 .
- . . .
* r=0
COVyy
EXy: = =
Ox Oy

VI X -XpE3 (Y- 0

OTCVTCTBMG Koppenaunnm o3Ha4aeT Hea4eKBaTHOCTb Bbl6paHHOl\/'I Mmoaenu
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HeoXnaaHHbIe Koppenaunm

1009

830 billion

US spending on science, space, and technology
correlates with

Suicides by hanging, strangulation and suffocation

2000 2001 2002 2003 2004 2005 2006 2007 2008 2000
10000 suicides

g :
2 $25 billion 8000 suicides &
™~ Q
S =3
o «Q
=1 v
=l E
£ $20 billion
)
w1
=]
$15 billion
1999 2000 2001 2002 2003 2004
-# Hanging suicides—+ US s} 2000 2001 2002 2003
1.95 per 1,000
2
£
Z. . o
=462 per 1,000
8
it
3
g»,zrl per 1,000
S
£
.
Japanese passenger cars sold in the US
correlates with
- . .
Suicides by crashing of motor vehicle
1000 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
140 suicides
1200 thousand cars
. w
= E
2 - a
:; 120 suicides E_
@ 1000 thousand cars v
o o
1] -
Ed o
2 S
@ 100 suicides @
£ 800 thousand cars E
—_ =]
B a
600 thousand cars 80 suicides
1009 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-8 Suicides by crashing#- Japanese cars sold

Divorce rate in Maine
correlates with

Per capita consumption of margarine

2004 2005 2006 2007 2008 2009

2004 2005 2006 2007 2008 2009

sumed-+- Divorce rate in Maine

8lbs

6lbs

4lbs

2lbs

pawnsuod suLehrejy

Hannuune Koppenauunnm He scerga 4to-toO O3HAYAET. Xota... ©
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Obyyatowasa u TectoBan BbIOOPKK

Acebutolol

ﬂ{&% %4 OO
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[epeKpecTHaa NpoBepKa U paHAOMU3aLUA

Xy Xy Ky Y training set test set

==SS

—

MepeKkpecTHas NPOBEPKA C OAHMUM
UCK/ItOYeHHbIM — leave-one-out cross-validation

[lna n3yyeHunsa CBOMUCTB AEPEBLEB
HeobA3aTe/IbHO paccmaTpuBaThb
Karkgoe AepeBo B Jiecy.

AHA/IOrMYHO B KJIMHNYECKUX
ncecnegoBaHUAX.
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Kakue cBOMCTBa MOXHO NpeacKa3biBaTb?

dunsnyeckne cBOMCTBA MHAUBUAYA/IbHBbIX HU3KOMONEKYNAPHbIX COEAUHEHUN
Temnepatypa kunexHua (BP)
BA3KocTb
[lnoTHOCTb
[loKkazaTenb NnpenomaeHua
Temnepatypa nnasneHuna (MP)
KoHCTaHTbl MOHU3AUMK (KUCNOTHOCTU MAN OCHOBHOCTM)

CneKTpOCKOMNMYeCcKne CBOIMCTBA

[MonokeHne oIMHHOBO/IHOBOM NOIOCHI NOMOWEHMA CUMMETPUYHDBIX LLUAHUHOBbIX Kpacutenemn
Xummyeckune casuru B cnektpax ‘H AMP

®dunsnyeckme cBomcTBa, 06YCNOBNEHHbIE MEKMONEKYIAPHBIMU B3aUMOLENCTBUAMU MOEKY/T
pa3Horo Tuna

PacTtBopumocTb B Boge (LogSw)
KoadduumeHT pacnpeneneHma n-oktraHon/soaa (LogP)

dusnyeckme n ¢M3MKO-XMMMH€CKME CBOWCTBA noanmepos
[NokasaTenb npenomineHna noaimmepos

KoadpPpurumeHT npoHMLaEMOCTM Yepe3 NONNSTUNEH HU3KOM NNOTHOCTHU



[lpeacKa3aHue TemnepaTtyp KMNneHuaA

AnKaHbl
500 ; . , . ; ——

450

I'Ipe,a,CKa3aHv1e TemnepaTtypbl 400
KUMNEeHUA JIMHEWHbIX a/IKAaHOB 350

300
CH3_(CH2)n_CH3 250

200
150

100

F —
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[lpeacKa3aHue TemnepaTtyp KMNneHuaA

AnKaHbl
2 A

450

I'Ipe,a,CKa3aHme TemnepaTtypbl 400
KUMNEeHUA JIMHEWHbIX a/IKAaHOB 350

300
CHB_(CHZ)n_CHB 250

200
150

T(n) =295-n°% —455 100
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[MpencKasaHune KoapdpuumeHTa ruapodobHocTum

(Ghose et al., 1988) logP,, = Z na, N. — yucno amomog munal
i o — 6KIA0 amoma muna i

Table I. Classification of atoms, and their contributions to octanol-water partition coefficient which is a measure
of hydrophobicity.

Hydrophobic® No. of Frequency Molar
Type Description® Contribution Compounds of Use T-test Refraction®
Cin:
1 :CH3R, CH, -0.6037 360 548 100.00 2.3000
2 :CH:2R, -0.4295 216 454 100.00 2.3071
3 :CHR; -0.3426 45 50 100.00 2.4926
4 :CR4 —0.11565 24 24 74.32 2.3000
5 :CH3X ~1.0578 157 224 100.00 3.4006
6 :CH:RX —(0.8188 257 402 100.00 3.2624
7 :CH:X, -0.1540 5 5 51.00 3.6770
8 :CHR;X -0.5995 73 118 100.00 3.0137
9 :CHRX, 0.0095 27 27 7.85 3.225
10 :CHX; 0.5134 4 4 96.02 3.2401
11 :CR:X -0.4807 14 14 99.97 2.6140
12 :CR:X, 0.2853 2 2 58.14 3.1488
13 :CRX; 0.5335 34 36 100.00 2.3010
14 CX, 1.1114 6 6 100.00 3.3559
1R v LT —_N 18K 4 OR 21 a7 N1 2 ENnT71

http://www.vcclab.org/lab/alogps/
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JInHenHasa perpeccus

MeToa HaumeHbLnX KBagpaTos (faycc, 1795; lexkanap, 1805)

X={x}, 1=12,3..
> (v, — F(x))* > min

y. =a-+bx +cz

y. =a-+bx +cz. +dxz
y. =a+bx +cz, +bcx.z x

PyYyHKUMA MOXKET ObITb 060N, HO IMHENHOM NO KoadduumeHTam !!!



Kakne cBOMCTBA MOXXHO NpeacKa3biBaTb?

ADMET — Absorption, Distribution, Metabolism, Excretion, and Toxicity

A C:\Program Files\Scitegic45\public\users\rbrown\ADMET _report.html - Microsoft Internet Explorer provided by SciTegic

| Fle Edt View Favorites Tools Hebp I

O ©Q MRAG P Yoo @ 2-5 @ -JE B

ADMET Report for Library AB-123
Medium Non Inhibitor
Optimal
Goo Toxi
High
Low
Very Soluble  vepy Ll:: Very High
W Very Seluble W Good Optimal Low W Medium 1 High So)
W Good M Moderate Low 1 Very Low M Very High | | [ Mbon Inhibitor M Inhibitos | M Non Texic 1 Texio | | M <00% M>05% M>e0% |
Molecule Absorption Level ‘Solubility Blood Brain Barrier CYP450 2D6 Hepatotoxocity Binding
e "J\f Moo Good 0.285 -1.188 Non Inhibitor Non Toxic Less Than 90%
QW
ﬁ? Good -2.158 -0.313 Non Inhibitor Non Toxic Greater Than 95%
N
(0]
Good -1.097 -0.626 Non Inhibitor Non Toxic Less Than 90%
N
(o) \Bx
N T
N | o Good -1.034 0477 Non Inhibitor Toxic Greater Than 95%
v
QM ' My Computer




[MpencKkasaHne BMONOrMYeckom akTUBHOCTHU

«Mpasuno natm» (Lipinski, 1997) (Rule of thumb):

He 6onee 5 nOHOPOB BOAOPOAHbIX CBA3EN

He 6onee 10 akuenTopoB BOAOPOAHbIX CBA3EMN

OTHOCUTEeNbHAA monspHaa macca He 6onee 500

LogP He 6bonee 5

OCH3 HO . H
Bepanamun AcKkopbunHoBasa KNCI0Ta
Mw=454 LogP=3,79 Mw=176 LogP=-1,9



O mepax cxoacTBa BbIDOPOK

Koapduument akkapa («koadppumumneHT propmctmyeckom obuHOCTUY):

_ C [epBbl NpeanoXKeHHbIN KoapPMuUMeHT cxoacTsal
a+b_c (P. Jaccard, 1901)

K,

a — KO/IMYeCTBO BMAO0B Ha NepBon NPobHOM NnoLwaaKe,
b — Konn4yecTtBo BMAOB Ha BTOPOM NPOOBHOM naowagke,
C — KO/ZIM4ecTBO BMAOB, 0OLWWKMX Ansa 1-oM 1 2-oM NNOLLAA0K.

Rz
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O mepax cxoacTBa BbIDOPOK

KoapduumeHt TaHmmoro (ana 6utosbix cTpoK Xi u Yi) (1960):

Z(X| /\Yi) A 1/10(1(1]|0]1 |A| =4
S = B [1]1]o[1]ofo] |B|=3
Y (X VY
i i AAB |1]/0/0|1|0|0| |AAB|=2
i
AvB |[1]1|1|1|0]|1| |AVB|=5
N\ — nornyeckoe U Sr(A,B) = 2

V — nornyeckoe J1A
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O mepax cxoacTBa BbIDOPOK

Similarity Searching

A= Number of bits set in both=3
B = Number of bits set in {1), but not in {2)
C = Number of bits set in (2), but not in {1)

2
0

TANIMOTO COEFFICIENT =A{({A+B +C)
=3/(3+2+0)=0.6 or60%

30



O mepax cxoacTBa BbIDOPOK

Similarity Searching: Problem 1

./ \ H o cl

SN esesd

O .
1 —/ 2 ()

OIS0 OO A LS




MpeackasaHue 6MONOrMYecKom akTUBHOCTH

Better solutions for your research and development

online

ol @

Methods

Multilevel Meighborhoods of
Atoms  (MN&)  structure
descriptors of a molecule are
generated on the hasis of
connection table and table of
atoms types presented the
compound...

» read more

Applications

PASS  predicts simutta-
neously 3678 kinds of activity
with mean accuracy of
prediction about 95% (leave-
one-out cross validation) on
the bhasis of the compound's
structural formula. ...

» read more

=D

Publications
Current and past
publications, including

statistical reports, surveys,
press releases, circulars and
legislation, are available in
electronic format from this
section.

» read more

€3

Downloads

You can download and use
locally PASS demo wversion,
which predicts 50 biological
activities, and test it on your
computer. t possible make a
hatch with several
compounds at the same time.

» Cclick for it
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MpencKkaszaHne bBUONOrMYeckom akTUBHOCTHU

Table 2. Representation of Phenol by MNA Descriptors of Zero,
First. and Second Levels (MNA/0. MNA/1. MNA/2)?

MNA — multilevel neighborhoods of atoms

(Filimonov , Poroikov et al., 1999)

atom MNA/O MNA/1 MNA/2

1 G C(CC-H) C(C(CC-H)C(CC-0)-H(C))
2 C C(CC-H) C(C(CC-H)C(CC-H)-H(C))
3 C C(CC-H) C(C(CC-H)C(CC-H)-H(C))
4 ¢ C(CC-H) C(C(CC-H)C(CC-H)-H(C))
5 C C(CC-H) C(C(CC-H)C(CC-0)-H(C))
6 C C(CC-0) C(C(CC-H)C(CC-H)-O(C-H))
7 -0 -O(C-H) -O(C(CC-0)-H(-0))
8 -H -H(-0) -H(-O(C-H))
9 -H -H(C) -H(C(CC-H))

10 -H -H(C) -H(C(CC-H))

11 -H -H(C) -H(C(CC-H))

12 -H -H(C) -H(C(CC-H))

13 -H -H(C) -H(C(CC-H))

@ Hyphen (-) is the chain marker for the atoms in the chains. 33




[MpencKkasaHne BMONOrMYeckom akTUBHOCTHU

Mepa cxoactBa — mogmnduLUMPOBaHHbIN KO3 PUUMeHT TaHMMOTO

Calculation of Similarity. We have modified the Tan-
imoto coefficient to take into account the different frequen-
cies of descriptors. The similarity between two molecules,
A and B, 1s given by

M
Zmin[A(i).. B(7)]
sim(A, B) =- — ()

M M M
D A@) + D B(i) — Y min[A(), B(7)]
i=1 i=1 i=1

where A(7) and B(i) are the counts of descriptor i in the
molecules A and B. respectively: M is the total number of
various descriptors in the dictionary.
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[MpencKkasaHne BMONOrMYeckom akTUBHOCTHU

OrpaHMyeHns NpeacKkasaTebHOM CNOCOOHOCTH

PASS cannot predict the activity spectrum for essentially new compound
if all its descriptors are new and so they don't occur in the training set. If a
compound has more then 2 new descriptors it is rather new and prediction
results may be considered as pilot.

In some cases PASS predicts both agonist's and antagonist's (blocker and
stimulator) actions simultaneously. Thus, only experiments can clarify the
biological activity of a compound, but it has an affinity to appropriate
receptor (enzyme).

PASS does not predict if the compound will become a drug, but helps to
select the most prospective leads.
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Ba3bl AaHHbIX XUMNYECKUX COeANHEHWNI

UGSE university of California, San Francisco | About UCSF | Search UCSF | UCSF Medical Center oo N d Ocl{ing,or_g{_

12 Not Authenticated — sign in

z I N c Active cart: Temporary Cart (0 items)
( About Search Subsets Help Social G+ (Quick Search Bar. . m)
4 N

Please consider switching to ZINCi5, which is superior Molecule of the Minute 8817205
to ZINC12 in most ways. If you prefer ZINCi2 after
trying ZINC15, we would like to know why
@chemgbiology so that we can get you to make the
switch.

Welcome to ZINC, a free database of commercially-available compounds for virtual
screening. ZINC contains over 35 million purchasable compounds in ready-to-dock, 3D
formats. ZINC is provided by the Irwin and Shoichet Laboratories in the Department of
Pharmaceutical Chemistry at the University of California, San Franciseo (UCSF). To cite
ZINC, please reference: Irwin, Sterling, Mysinger, Bolstad and Coleman,

J. Chem. Inf. Model. 2012 DOI: 10.1021/ei3001277. The original publication is Irwin and
Shoichet, J. Chem. Inf. Model. 2005;.45(1):177-82 PDF, DOI. We thank NIGMS for
financial support (GM718g6).

(ZINC ID, Drug Name, SMILES, Catalog, Vendor Code, Target & | (2D
Structure/Draw Physical Properties Catalogs & Vendors ZINCIDS Targets Rings Combination
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BUpTYyanbHbIA CKPUHUHT

Virtual Screening (VS)

Ligand-based Virtual

Screening—LBVS Screening —SBVS

Based on bindingof
ligandsto activesites of
thetarget protein

Based on the similarity
of known ligands

Structure-based Virtual
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BupTyanbHbIN CKPUHWUHT

dapmakodOpHbIN NOUCK

NH,

b

/ ) NHZ
N
7 -
HO

MoneKkynapHbIA AOKUHT
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OTbop No popmanbHbiM NPU3HaKam. SwissSimilarity

-

Library screened ZincDrugLike
Screening method Combined
Date

Fri Mov 10 11:13:52 2017

Maodel, 2016, 35(8), 1399-1404

If you publish these results, please, cite the following paper: Zoete, V., Daina, A, Bovigny, C., & Michielin
0. SwissSimilarity: A YWeb Tool for Low to Ultra High Throughput Ligand-Based Virtual Screening., J. Chem. Inf
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dapmaKodopHbIN NOUCK

Pharmacophore — “proposed receptor pattern” (Kier, 1971)

®apmakopop — Habop NPOCTPAHCTBEHHbIX W  3NEKTPOHHbIX MPU3HAKOB,
HeobxoaMMbIX ansa obecneyeHus ONTMMaANbHbIX CYNPaMO/IEKYNAPHbIX
B3aMMOAENCTBMN CO cneymnduyeckon H6MONOrMYeckom MULLEHbHO, KOTOPbIE MOTYT

BbI3bIiBaTb (MM 61OKMpPOBaTh) ee Buonornyeckuin oteset (UKOMAK).

4 5362
c‘f - N :N:._._.:tHllm RN
A bty IO o
ij- I "o ¥e e . ., {
e ? 4 I| I B //J
-.'T.p_- i 1 I{;' -, .]__.?._'il __:‘Hm Foan4
" G "'T_':.'-:___ o “-M
P SR Y 3
o .

Pharmacophore model for B2-adrenoreceptor agonists generated by HipHop.
Features are portrayed as mashed spheres, color-coded as follows: green, hydrogen-
bond acceptor, magenta, hydrogen-bond donor, orange, aromatic ring, red, positive

ionizable feature.
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dapmakoPopHbI NoncK. Pharmlt

interactive exploration of chemical space

I

virtual screening in your browser submit your own chemical libraries
enter pharmit search log in to manage libraries
email:
start from PDB:
password:
binding site waters: ignore v .
login
register new account
examples log in as guest
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dapmakoPopHbIn Nonck. Pharmlt

Search PubChem v < > Pharmacophore Results (%]

Name RMSD * Mass  RBnds
Pharmacophore Search -> Shape Filter e ey 7 5
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Load Session... Save Session... Minimize Save..43



MoneKkynsapHbiN AOKUHT
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MoneKynapHble NOBEPXHOCTU

Van der Waals surface Molecular surface

reentrant surface

A=l TeII=s.
~ /

—_——

(Corey & Pauling, 1953) (Richards, 1977)

Solute atom contact surface

Water probe

-----------

Solvent accessible surface

Frederic Richards

Linus Pauling
(1901 - 1994) (1925 - 2009)



MoneKynapHble NOBEPXHOCTU

CTpyKTypa agKuTokcmHa (pdb-Kog 1agt) B 1IEHTOMHOM U CTEPXKHEBOM NPEACTaBAEHUN,
B BUAe cdep BaH-Aep-Baanbca, a TaKKe ee MONEKYNAPHAA NOBEPXHOCTb U
NOBEPXHOCTb, AOCTYNHaA pacTBoputento (SAS) 46



Ob6Lan nocTaHOBKa 3a4a4u

docking solution —
pelweHne (3a4a4mn) AOKUHTA

® —> JIOKUHI —>

peuenTop % KOMMAeKc
INTaHA,

oLeHOoYHas PyHKUMA:
8000pPOO0HbIe c843U, 2u0podobHbIe 83aumoodelicmaus,

cm3KUHe-33aumodeUcm3u,q,
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B3anmopgencreus

Arglaos
Hs
_ phelgoa M=yt
Cys143A ;H’ ® r&
r -
lle394 yrlE1A :_,* o H
i:-:'""
/_@ )
T
H, HCm M
] 0=
NH2 N e N | @ ______ Phel8DA
= AN Phe193A
Leul28A
PhelB0A Phe289A Valll7A
Arg22A valll4a
Leul35A Phe290A
GlylEZA
oH
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I'Ipe,u,CTaBneHme 6enkos u nnMradHaons

[MbKoCTb benka:

- BbICTpble ABUXKEHMA MANOTO
maclTaba — aAsmxKeHne 6OKOBbIX
Lenenm n netenb

- MeANeHHble ABUXKEHUSA
KpynHoOro macwrtaba — oBuxKeHune
JOMEHOB

- peHaTypaumsa YaCcTUYHO
pPa3BepPHYTbIX benKkos

[MOKOCTb MraHaa
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Anroputmbl. MocnepnoBaTtenbHaa cbopkKa

; N
A
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Anroputmbl. CbopKa U3 pparmeHTOB

®

Ligands are divided
into rigid fragments
and connecting 572 N
flexible chains THNL

NHy Rigid dock:
- Each fragment is docked
%2’ independently everywhere
in the receptor

®
Pose match:

A fast graph-matching
algorithm finds

all matching solutions
to reconstruct

the original molecules

@
Local energy optimization:

The structure is optimized
in the receptor

®

Ranking:

Structures are ranked based
on scoring functions

Nature Reviews | Microbiology 51



ANroputmbl. [eHeTUYECKNN aNropuTm

generation =

next
generation

0 Create a population
of chromosomes

\

Determine
——> the fithess of
each individual

i >100 generations
\’
Select next
ti
generation Display
‘L Results

Perform reproduction
using crossover

y

Perform
mutation

http://www.edc.ncl.ac.uk/highlight/rhjanuary2007.php
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ANroputmbl. [eHeTUYECKNN aNropuTm

selection
point

Weakest individual

the roulette wheel
$ = has smallest share of
the roulette wheel
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ANroputmbl. [eHeTUYECKNN aNropuTm

random cut, =7

random cut, =3

1 2 3 4 5 6 7 8 9 10 Fitness value

parent 1 IOODBONGOEE - oo
EIC Pl 11/0[o/o/ojof1/0|1 8.48

gene pattern within
l the slice is swapped
chitd 1 EEIE EIGIGIE CIETEY 5.06
child 2 ENENE] ENESCIEY EACIEN 6.9 random, random,

A2 4 5 6 7 9 10 Fitness value

before FHENESCIERCIEICICICY 2.57

selected bits
are swapped

g 1110011100100
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Pacuert dHEepPrnn CBA3blBAHUA

TepmoanHaMMYeCcKoe NHTErPUPOBaHUE

a Annihilation Perturbation
A=D A=l
AGyy (L)
I.Vﬂl‘ @M
AGpng (L) Y T
1 AG.(L)
. —_——

(wh)

AGpng (L) = AG ¢ (L)-AGy; (L)

v e )

AGY=[{——] dA

Modification Perturbation

/=0

Anl

AGy; (L)) [—
L

AAG it = AG g (L) ~AG pines (L) = AG o (L)=AG s (L)

He ncnonb3yeTtca B MeToaax MOJIEKYNAPHOro JAOKMHra
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Pacuert dHEepPrnn CBA3blBAHUA

[MloTeHuman cpeaHen cunbl

periplasm

 WdN 43S

aueiquaLww
uoi1Bas uondLSuUo

cytoplasm N

free energy

He ncnonb3yeTtca B MeToaax MOJIEKYNAPHOro JAOKMHra
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OueHoYHble YHKLNM

— Forcefield-based

* Based on terms from molecular mechanics
forcefields

* GoldScore, DOCK, AutoDock
— Empirical
* Parameterised against experimental binding
affinities
* ChemScore, PLP, Glide SP/XP
— Knowledge-based potentials

* Based on statistical analysis of observed pairwise
distributions

* PMF, DrugScore, ASP
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[lporpammbl ANA AOKUHTa

. YUCCA, 5
[ Other Alternatives SYSDOC, 18 | 1ADAM, 49

2252 SFDOCK, 46 SgOFTD%DCC’tI n2g9"l<\
SANDOCK, 2—6\

B AutoDock Q-Dock, 16 -\

3980 PSO@AUTODOCK\M-\

PSI-DOCK, 20

" ProPose, 17 =7
= axp
W PRO_LEADS, 182

322
= LUDI
234 -\
B LigandFit PRODOCK, 52

250 W PLANTS, 27
= PhDOCK, 52
i ParDOCK, 12
® GOLD = MS-DOCK, 17
2280 B DOCK
1447 B MolDock, 183

/— B AutoDock Vina, 159

W DARWIN, 72_— m pivaLl, 22

/

Y W DockVision, 55
___—— W EADock, 30
W eHiTS, 47

W Surflex
289

W EUDOC, 68

W FDS, 46

= FLIPDock, 36

H FLOG, 98

W FRED, 157

" MDock, 67 W GEMDOCK, 75

. W FlexX
m Glide - B MCDOCK, 69 W Hammerhead, 130
1178 exE 1425 = '\"'L\[m'\'"\"l'-5 LGIN, 80 B CM-Dock , 128
®FTDOCK 276 B Lead finder, 16 '

354

Global Other Alternatives in detail
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[Mporpammbl ana AokunHra. LeadFinder

PPAR-y inhibitor complex

a (Stroganov, Chilov et al., 2008)

o N AGexp = -12.65 kcal/mol
(""" AGealc = -12.71 kcal/mol
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[Mporpammbl AnAa AgokmnHra. SwissDock

=

SwissDock

Swiss Institute of Molecular

Bioinformatics Modelling Group
Home T Target Database T Submit Docking T Command Line Access Help Forum Contact
Target selection Help
Search for targets: Search for a ligand
| | Search | A success rate >80% can be achieved with drug-like ligand with less than

15 free dihedral angles.

ie. PDE code, protein name, sequence, or URL You can search for ligands using a ZINC accession number (AC), its name, or

or upload file (max 5ME) its category.
FINC AC and names will be looked for in the ZINC database.

Ligand selection Names and categories (scaffolds or sidechains) will be searched for in our
database of 58 compounds consisting of 27 scaffolds and 31 sidechains. See
Search for ligands: here and here for further details.
| | Search | Load a ligand from a URL

ie. ZINC AC, ligand name or category (like scaffolds or sidechains), or URL R

« 8 MOL2 file with all hydrogens and 3D coordinates. Check atom
chirality, and adjust protonation states according to your needs (e.g.
carboxylate groups are usually deprotonated at physiclogical pH), and

a—w make sure that it has a correct topology (we recommand UCSF

Description Chimera, OpenBabel, MarvinSketch, XDrawChem, ChemDraw).

or upload file {max 5MEBE)

Job name (required): « 3 ZIF file containing files in the CHARMM format (FDE/RTF/PAR).

| | Before moving on, make sure that the protonation states are reasonable, since
they have a big impact on the docking outcome. 60




(MapodobHble B3aMmMoaencTsna B OBMOMONEKYNIAPHbIX
cMcTemax

Komnnekc AT® — Ca-ATdas3a
(Toyoshima et al., 2004)

m - rnapodobHbIN

B - TnapPoPUNbHbLIN

Komnnekc nentuaa pAntp c bucnoem DOPS
(Polyansky et al., 2009)




Protein-Ligand ATtractions Investigation NUMerically

Results http://model.nmr.ru/platinum/

Raceptor name: 1VEFP_prtmol2
Feference igand: IVEFP_atp pdb.

Ligand name rmsd IFp  #Hbonds SpZ SwH  Shuied Swral  Match' Mateh® #Stack. #Stack. Gua—n
1WFP_atp H Q 0. 00 1 L.38 0.95% 248.23 2800.00 31%.688 0.7794 0.0424 1,933 0]
gold_sol_atp_m1 2 [ @ 1.94 0.714 5.55 5.25 248.80 289.11 322.97 0.7866 0,208 0. 804 0
gold_soh_ap_m1 5 [ @ 8.16 0,208 2.04 0,00 234.87 287.97 3235.25 0.7006 O 0 0,121
gold_soh_ap_mi 4 [ @ 1.19 0,632 4.27 0,25 244.18 280.62 313.54 0.7796 0.0128 1.89l 0
gold_soh_ap_mi 1 [ @ 1.21 0,684 4.16 0,06 242.53 279,18 3209.37 0.7842 0.0034 1.742 0
gold_sol_atp_m1 3 [ @ 3.89 0.55 1.87 1.77 229.30 252.5% 311.52 0.7418 0.1083 1.650 0

peuenrop

HIPLATINUM

Bo,qp O O (Pyrkov, Efremov et al., 2009)
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Obyyatowme Habopbl

[lonoxeHne NMraHao0B U KOHCTAHTbl CBA3bIBAHUA yKe N3BEeCTHbI

(A)

Figure 4. (A) Redocking and (B) crossdocking results. Both
crystallographic ligands are shown in gray and the docked ligands are in
green (D32) and yellow (L41), respectively. See online for color image.
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AHHOTaUMA PYHKLUUMK

N

AKTUBHbIN LEHTP Ha NOBEPXHOCTU MOIEKY/bl XONMUHACTEepPasbl (pdb-koa 1EVE) ¢
PACcnosIOKEHHOW B HEM MOJIEKY/IOM apucenTa.
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HOKUHI MaKpOMOIeKyn
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