JNekuma 8. CBoncTBa INraHaoB. [locTpoeHmne
nvraHaos. QSAR. JOKUHI

Kypc: CTpykTypHaa BuonHdpopmaTtnka n MoaenmpoBaHme
nekapcts (BLLUD)

lonosuH A.B. !

IMrY um M.B. JlomoHocoBa, DakynbTeT BuonHxeHepun 1 BruonHbopmaTtunkm

MockBa, 2017



OnncaHne monekyn

* Molecular descriptors. MapameTpbl MOJIEKY/ 3TO HEKUE
CBOMCTBA B KOJINYECTBEHHOM OMNUCAHNKN, KOTOPbIE MOXHO JIETKO
PaCccuYNTaTh 3HaA TOIbKO GOPMYJTy MONEKY/IbI.

Mpumepsbl:
* MosiekynapHas macca
* Konnyectso atomoB
« PacnpepeneHune Boaa/oKTaH
* DNeKTpPOTONo0rnyeckme NHAEKChbI
* MonfsipHaa NoNApM3yeMOCTb
* Tononornyeckne gByrpaHHble Vbl
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Pacnpenenexve okTaHos/BoAa

 log P roe P cTeneHb pacnpeneneHns BewecTsa B cucteme
oKTaHoJN/BoAa.

+ 1N HEKOTOPbIX BELLECTB TPYAHO ONpeaennTb
3KCMepUMEHTA/IbHO.

* MO>XHO NCNoJIb30BaTb MeTo nepTypbaumm ceoboaHom
3Hepruun. EcTb pag HeyanobcTB.

* Ucnonb3ytoT pparmeHTapHbIn noaxoa. Pacnpeaenenuve ana
MOJ1eKyJ1bl PABHO CyMMe pacnpeneneHmsa KOMNOHEeHTOB C
Ko3ppurUneHTamum.
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Pasgen: CsoiicTBa nMraHaoBs

Peannzauunsa: CLOGP

* MNpeanoxeHo pa3buBaTb MosIeKy/y N0 OANHAPHbLIM CBA3AM Ha

dparMeHThbI.

Leach,1996

CHy
CH;
CH;—-( >
NH-amide fragment -1.510
2 aliphatic isolating carbons 0.390
Bromide fragment 0480 6 aromatic isolating carbons 0.780
1 aliphatic isolating carbon 0.195 10 hydrogens on isolati t 2270
6 aromatic isolating carbons 0.780 1 chain bond -0.120
7 hydrogens on isolating carbons  1.589 1 benzyl bond —0.150
1 chain bond -0.120 ortho substituent -0.760
Total : 2924 Total 0.900
fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA)

OceHb, 2017
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Pasgen: CsoiicTBa nMraHaoBs

MonsapHaa pedpakTUBHOCTb

MonsapHaa pedppakTMBHOCTb OTPAXKAET CNOCO6HOCTb rasa
NpesIoMAATb CBET, YTO Tak e OTPAXKAeT NoNAPMU3YyeMOCTb MOJIEKY/IbI.

(n?2 —1)MW

MR =
(n2+1)d
d 3TO NJIOTHOCTb

N 3TO HEKNIN NHAEKC He CUJTbHO U3MEHSIIOLLMNCA A9 OPraHNYeckmnx
coegnHEeHnN.

* Ha 0CHOBAaHMM 3TOro 3HaYeHMA YacTo CYAAT O pa3mepe
MOJ1EKY/Ibl U COBCTBEHHO MJIOTHOCTK BeLLLeCTBa

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA)
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Tononorn4yeckme nHAeKcCol.

* Xon v Knp npeanoXxXusin MHOXXeCTBO MHAEKCOB NO3BOIAOLLMX
CyAuTb O MOJIeKyJie B 0HOM undpe.
* OCHOBA 3TO Ae/1bTa 3HaYeHUA ANA TAXKEbIX aTOMOB
(SiZO'i—hi 5;):Z;)—hl

4 : KOJINYeCcTBO CUIrmMa 3J1eKTPOHOB Z . KOIMYEeCTBO BaJIEHTHbIX 3J1eKTPOHOB
Chi — MonekynsipHbie coeguHEHUs:

0. _ —1 /2 AN 3 2 1 488 2914 1707
X = E (1)
atoms /\r\ 5 4 1 0 492 2808 1922
0. v __ v\—1/2
X = E (Uz) / )\/\ 5 3 2 0 492 270 2183
atoms
1. —1/2 6 4 0 ) 5155 2643 2488
x= > (gi0)" " )Y
atoms
0 5207 2561 2914
1. v E v _vy—1/2 )V/ ! i ¢
= 0.0
X ( v J) Leach,1996
atoms
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dapmMakodOpHble NHAEKCbI

* Kak npaBunno

BblOENTAKOT TPU TOYKWN.

+ OnpenenaoT paccTOSHNA MeX Ay TOYKAMU A1 PA3HbIX
KOHdOpPMEpPOB.

Aromatic ring-
donor-
base

[Acceptor-
acceptor-
aromatic ring

[IITNDLITTRITTTRINT]

Aromatic ring-
donor- .
base

Acceptor-
acceptor-
aromatic ring

lfonosuH A.B.

(®BB MI'Y um M.B. JlToMOHOCOBA)

Leach,1996
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Co3paHune BblIboOpKM

+ [1nA noncka 3aroToBKuW A/18 IeKapCTBa BaXKHO CO34aTb XOPOLLYIO
CTapTOBY!O BbIGOPKY COEAMHEHMI.

* MIcnonb3yoT pacCUnTaHHble NapameTpbl MOJIEKY/T ANA OLEHKHN
KayecTBa BbI6OpKM.

* Hago ,EI,O6MTbCFI HOPMaJ1bHOro pacnpeaeneHnAa napamMmeTposB.

* M36eratoT BbICOKOI KOppenaunv ans nsbexxaHmsa nepe
npeacTaBNeHHOCTM BbI6OPKM.
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Pasgen: QSAR

QSAR, KO/IMYeCTBEeHHbIe COOTHOLLEHUA CTPYKTYpa/
dKTUBHOCTb
* QSAR — nocTpoeHne MmateMaTnyeckon Mmoaenn Aasa onmcaHua
COOTHOLLEHMN CTPYKTYPa-aKTMBHOCTb 33[a4a Npeackas3aTb

CBOWCTBA MOJIEKY/IbI iN Vivo B LilesiloM Takoe COOTHOLLEHNE
MOXKHO 3anmncaTb Kak:

v = f(p)
rae v: akKTMuBHOCTb, a p: CBOI;ICBa N3 CTPYKTYPbI

1
log <C> = kilogP — ky(logP)? + k3o + ka

P 1
m = log <PX> ; log <C’> = ki — kom? + k3o + ku
H

* Ha ceroaHaWHNN AeHb CyLecTByeT MHOXECTBO MoandmrKaLmin
3TOM NpocTon GOPMYJibl, KOTOPbIE YYNTbLIBAIOT MHOXECTBO
napaMeTpoB MOJ1IEKY/Ibl
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Pasgen: QSAR

QSAR, 3/1eKTPOHHbIN 3pdeKT

KoHCTaHTa 6 oTpakaeT BANAHME 3aMeCTUTENIA Ha CMeLLeHne
3JIEKTPOHHOW MJIOTHOCTM.
DddeKkT MOXHO YBUAETb NPY OTPbIBE MPOTOHA

X X
COzH p— co(? + H@
X=H [ |
PhCO5
K, = K, iss — 2
b Bdiss T TPRCOLH]
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QSAR, Bbl6Op coeNHEHN

+ 1nAa noncka Ko3ddULMEeHTOB HaZlo CMHTEe3MpoBaTb Habop
COeANHEHNI C pa3HbiMun P.

+ XenatesbHO paBHOMEpPHOE pacrnpenesieHme BblbpaHHbIX
coegnHeHnn B WwKane P.

+ BO3MOXHA Tak>e Bapnauma coegMHEeHNN Npun pasHbiX pH K
Temnepartype.
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[Mosy4yeHmne ypaBHeHMA

* MpocTenwnit noaxoA 3To onpeaeneHne 3aBMCMMOCTH
aKTUBHOCTM OT NapaMeTpa Kak JIMHeNHoW perpeccuu. Toraa
onpeaeneHne Ko3pPrLUMEHTOB 3TO NPOCTO METOA HAMMEHbLLMX
KBaApaToB.

* JInHenHana perpeccnsa pacluMpseTcs 40 MHOXECTBEHHOMN
JINHeHowm perpeccun, roe 6osee YeM oZIHa HE3aBUCMMaA
nepemMeHHas.

* CynTtaeTcs, YTO AN1A CTAaTUCTNYECKM 3HAYMMOro onpeaeneHns
HeobxoaANMMO He MeHee 5 coeMHEHNI Ha KaXXAblA NapaMeTp.

+ CyLLeCTBYIOT reHeTUYyeckne asiropuTMbl A NOMCKa
ko3dPMLUNEeHTOB perpeccun.
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Pasgen: QSAR

Onarpamma Kpewura

+Q |10
+C T ® +0 +7T
CF.
£75 ot 0
NO,
° X g
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S0,NH, CH;SO, ® 150 CE
[ ] CH;CO
CONH;
: 25 ?CF’
COH T C.l ,: I
20 .16 -12 -8 -4 e 4 .8 12 1.6 2.0
L L 'l L L L L L
L] 1 L] h L] L] L] Ll L
-t CH,CONH +7T
< [ J [ ]
-.25 Me Et L]
tB utyl
° OCH; !
OH
ok 50
° [ ]
NM
NH, 757
-G U 110 -G +T
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Kpocc-Banngaums

PacnpocTpaHéHHbI cnocob npoBepkm 3TO BbIBOPOYHOE yaaneHne
JaHHbIX 13 BbIBOPKM 1 CpaBHEHWE pe3y/bTaToBs.

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017 14 /51



NMcnonb3oBaHne QSAR

* [NaBHaA 33/a4a 3TO NpeAcKa3aTb ONTUMAJIbHYIO CTPYKTYPY

* YacTo 6biBaeT, 4yTo QSAR xopowio paboTaeT Npy MHTEPNOAALNMY,
a He Npw 3KCTpanoaaummn.

* BbiBaeT HE06X0A4MMO NCMOJIb30BaTb HE IMHEHYIO 3aBUCMMOCTb,
NpUMeHsAT napabonnyeckyto.

« CyllecTBYeT BUNMHENHAsA MOAEb:
log(1/C) = kilogP — ka(log(BP + 1)) + ks

+ OTCyTCTBME KOppEeNALUNiA ANA NapameTpa ckopee BCero
03HAYaerT, YTO 3TOT NapaMeTp He 33/1eMCTBOBAH B MeXaHM3Me.
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JNOKWHr 6enok-nnraHa,

MeToz nouncka cnocoba cBA3bIBaHMA NMraHaa ¢ 6esikom

B pe3y/sibTaTe Mbl MOXXEM Yy3HaTb NOJIOXKEHME JINTaHAa B KOMIJIeKkce C
6enkoM u OLUEeHWNTb KOHCTA HTY CBA3bIBAaHNA

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017 16 /51



NNonoxxeHne B CanTe CBA3bIBAHUA

* CanT CBA3bIBAHNA — MECTO CBA3bIBAHMA JIMraHAA

+ FeomeTpunAa CBA3bIBAHNA — MECTO CBA3bIBAHNA, OPUEHTALNA U
KoHdopMaLuma MMraHaa

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017 17 /51



Ncnonb3oBaHMe AOKWMHIA

OCHOBHbIE LeNi1 AOKUHTa:
* BUPTYasbHbI NOWUCK INFaHAOB
« OnpeaenieHne reoMeTpmm CBA3bIBaHWNA IMraHaa
ECnu Mbl 3HaeM, KaK CBA3bIBAeTCA JIMFaHA, TO:
* Mbl MOXEM Y3HaTb, KaK1e YaCTV BaXKHbl A5 CBA3bIBaHNA

* MOXHO NpeasIoXNTb N3MEHEeHNA AN YIYUYLEeHNA KOHCTaHTbI
CBA3bIBaHUA

* MoxeM nsbexatb ownbok

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017



J1Ba OCHOBHbIX KOMMOHEHTa NporpamMm Ana LOKUHra

* ANropunTm nowncka

* YcTaHoBJ/1eHWe MeCTa CBA3bIBaHUA
* YcTaHOBJIeHMEe reoMeTpnK CBA3bIBAHMWA

* AZIrOPMTM PacY€Ta KOHCTaHTbI CBA3bIBaHMA 061acTen C HU3KOM
3Hepruemn.
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Pasgen: [JlokuHr

Peannsauunsa

CerogHa Cyw,ecTByeT MHOro NporpaMM Al AOKUHra

» AutoDock, DOCK, e-Hits, FlexX, FRED, Glide, GOLD, LigandFit,
QXP, Surflex-Dock...n T.4.

* Pa3Hble aJIrOPUTMbIl OLE€HKN ad)d)MHHOCTM M Pa3Hble a/ITOPUTMbI
Nnoncka

* Ba)kHO He nyTaTb NuraHa-6enok AoKNHT n 6enok-6enoK AOKUHr

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017 20/51



[MpakTnyeckme acneKkTbl

* YacTto PDB-cTpyKkTypa cooep>XXuUT MOJieKyJibl BOAbI, MOYTU BCerga
nXx Hapo ybpartb.

* Hago no6aBAsaTb NPOTOHbI K CTPYKTYPE; His?

* YacTto B PDB HeTOYHO onpeaeneHa opueHTaumna HeKOTOPbIX
rpynmn, YTo CKa3bIBaeTCA Ha NAaTTEPHE BOAOPOAHbIX CBSI3EN.

* NPOTOHMPOBAHME NNTaHAA U ero TayToOMepHble GopMbl.

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017 21/51



Rigid|Flexible gokunHr

* Rigid: nMraHg He MeeT BHYTPEHHUX cTeneHen ceoboapl, T.e.
BpaLLEeHMe BOKPYr CBA3EN 3anpeLLeHo.

* Flexible: npeanonaraeT y4éT BpallleHNA BOKPYr CBA3eN nnraHaa.
* YacTo 6e10K paccMaTpMBaEeTCa KaK XECTKOE Tesio

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017 22 /51



Paspgen: [JoKuHr

Human "Interactome”
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Pasgen: [JlokuHr

Cnocobbl NnpeackasaHna 6enok-6enKoBbIX
B3aMMOAEeNCTBUN

B3ammogencTaytoLme 6e1KM BO3MOXHO KO-3BOJIHOLMOHUPYIOT.

dunoreHeTUYECKU NPOGaANJINHT.

Mounck nap 6enKoBbIX CEMENCTB CPeAN LUMPOKOro pada BUAOB.
MonBneHne n NCHe3HOBEHMEe Nap CEMENCTB BO3MOXHO
yKa3bIBaeT Ha B3aMMoAeNCTBHE.

MpeackasaHue Ha ocHoBe noaobua punoreHeTNYeCKmX
[lepeBbeB.

MeToabl Ha OCHOBe KJ'IaCCMd)MKaUMM.
MONCK rOMOJIOrMYHbIX MECT KOHTaKTa.

AccounaTUBHbIE METOAbI. DTO NOMCK XapaKTEPUCTUYECKMX
nocsieloBaTeIbHOCTEN Ha OCHOBE Npoduien n MOTUBOB.
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Pasgen: [JlokuHr

Cnocobbl NnpeackasaHna 6enok-6enKoBbIX
B3aMMOAEeNCTBUN

* NaeHTMdUNKauma CTPYKTYPHbIX NAaTTEPHOB HAa OCHOBE N3BECTHbIX
CTPYKTYPHbIX AAHHbIX.
MocTpoeHne 6M6NMOTEKN N CKAHMPOBAHME MO HEW.

* MeToabl balleca g1 aHaNM3a 3KCNEPUMEHTAJIbHbIX Pe3y/1bTaToB
C 3HaYMMbIM YPOBHEM LLYMa.

* MeToAbl NCK/TIOYEHMA JOMEHHbIX Nap.

« MopennpoBaHmMe CTPYKTYpPbl KOMMJIeKCa Ha OCHOBE N3BECTHOW
CTPYKTYPbI M OLIEHKA ero KayecTsa.

* MaKpOMO/IeKY/IAPHbIA JOKWHT.
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Ba3bl AaHHbIX

+ String - 6a3a AaHHbIX 3KCNEPUMEHTAJIbHbIX U NPeACcKa3aHHbIX
B3aMMOJENCTBUIN; OTINYHAA rpadmka; http://string-db.org/

* IntAct - 6a3a faHHbIX Ha OCHOBE NINTEPATYPHbIX AAaHHbIX UK
npAMas nHdopmauma ot aBTopos. http://www.ebi.ac.uk/intact/

* iHOP - NHpopMaLma cAMHKOBaHasA ¢ Apyrummn 6enkamm.
MocTpoeHa Ha OCHOBE INTEPATYPHbIX AaHHbIX. [peacTaBieHne
B BUAe Kyco4ykoB TekcTa. http://www.ihop-net.org/

* BioGRID - UcTOYHUKW: nTepaTypa W pe3y/ibTaThl
high-throughput akcnepumenTos; http://thebiogrid.org/

« MIPS Mammalian Protein-Protein Interaction Database, He
paboTtaet:). http://mips.helmholtz-muenchen.de/proj/ppi
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dparMeHTapHOe NOCTPOEHMe INraHaa

+ CKaHMpoOBaHMe no 6a3am AaHHbIX yA06HO, Tak Kak No3BosiAeT
TYT XK€ NPOBEPUTb MOJIEKYY.

« CKaHMpOBaHWe He NpenosiaraeT co3faHne iraHaa de novo.

* CyTb GparMeHTapHOro NOCTPOEHMA INFaHAA COCTOUT B MOMCKE
MeCT B aKTMBHOM LieHTpe 6e/iKa, rae cBA3bIBalOTCA Heboiblune
dparMeHTbl MoNEeKYN

* CoegnHsasa (I)paFMeHTbI CBA3AMMU Npn COXPpaHEHNN MeCTa
CBA3bIBaAHNA, ,CI,O6VIBa}OTCFI BbICOKNX KOHCTAHT.
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Pazpgen: poarmeHTapHoe NocCTpoeHne nnraHaa

dparmeHTapHoe NoCTpoeHne NnMraHaa

1 Position fragments in empty site

/Ni{u o5=C

lConm fragments with skeletons

N--H
o O e
lcremc ‘real molecules” from skeletons l
NA-H QH
NHy# 05=C
0]

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017
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dparMeHTapHOEe NOCTPOEHMeE INraHaa, peannsaums

* GRID aHanor gokuHra.

* MCSS canT HanoHAeTCcS dparMeHTaMm 1 € NomoLlbio EM
BblusieHAETCS MecTo rae dparmeHT Hambonee NpeanoYTUTENEH.
B3aumozencTema mexay doparMeHTaMn He YyYnUTbIBAKOTCA.

* LUDI ucnonb3yet nudopmaumnto n3 6aHka PDB ansa 3anaHna
$dparmeHTOB 06pa3yIOLIMX BOAOPOAHbIE CBA3M U T.4,

* HeobnazaTenbHO BCE MOAENMPOBATb, MOXHO McNosib3oBaTb PCA
n AMP ons onpeaesieHNa MecTa cBA3biBaHWUS dparMeHTa.
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Pazpgen: poarmeHTapHoe NocCTpoeHne nnraHaa

Peann3saumsa KOBaJIEHTHOrO CBSI3bIBaHMA
dparMeHTOB

- Ecnny Bac ectb ABa 1 6onee pparMeHTa, TO MOXHO MCKaTb
crnocob nx coegnHeHma no 6a3am AaHHbIX.

* PeannsosaHo B CAVEAT.

* MOXHO CTPOMTb aBTOMATMYECKN CTPOMUTb CKeJeTbl. [N1aBHbI
KPUTEPUI1 3TO COXPaHEHNE B3aMMHOIO NOJI0XKeHMA GParMeHTOB.

* [lepexon OT cKeJsieTa K MoJieKyJie CJIOXKeH, TaK Kak Hafo
peasin30BaTb BO3MOXXHOCTb CMHTE3ad MOJ1EKYJIbI.
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Pasgen: MaKpoMosieKyAPHbIN JOKWNHT

Monck HammMmeHbLwero AG

* CyTb MeTOa OCHOBbLIBAETCSA Ha NOMCKE COOTBETCTBMA
HOBEDXHOCTEﬁ AN AOCTUXEHMS MaKCUMAbHOM noBepXHOCTH
KOHTAKTa.

* Mocne HaxoXAEeHNS BO3MOXHbIX KOHPUIypaLumn NnpomcxoanT
paHXupoBaHue.

BOJa

Q)
v 3
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Pasgen: MaKpoMosieKyAPHbIN JOKWNHT

BenkoBbIv JOKUHT C UCMoJsib30oBaHMeM FFT

Discretize

9 p==

B Interior

Fast Fourier
Transform
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Pasgen: MaKpoMosieKyAPHbIN JOKWNHT

OueHKa Npon3BOANTENIbHOCTU

* Success Rate: ans JaHHOro KOAMYeCTBa npeackasanni (N,), 3to
NPOLIEHT CTPYKTYP A8 KOTOPbIX 6blJ1 HAMAEH KaK MUHUMYM
OAMVH YOA4YHbIN pe3y/bTaT

* Hit Count: cpeaHee KOMYECTBO XMTOB NPU AAHHOM 3Ha4YeHNn
N,
pe
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3aBMCMMOCTb Success Rate oT Lwara BpaLleHus

Success Rate
§ §

10% ——Np=1000 - Np=500 Np=200
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0% T T T T T T |
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Rotational Sampling Interval A( °)
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3aBncmmocTb Hint count oT wara sBpaweHuns
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Pasgen: MaKpoMosieKyAPHbIN JOKWNHT

PelleTo4YHaA KOMMNJIEMEHTAapPHOCTb NOBEPXHOCTU

I S BN S R
1 1

1 1 11
1 @1 1
1 (1/1 1
1 1 1Lt
1 1
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Pasgen: MaKpoMosieKyAPHbIN JOKWNHT

[MapHaA KOMNJ1eMeHTAapPHOCTb MOBEPXHOCTH
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PSC vs. GSC 1 Success Rate

PSC vs. GSC for Unbound Docking

Number of Predictions
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Pasgen: MaKpoMosieKyAPHbIN JOKWNHT

MoyeMy Tak?
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(DyHKLI,VIFI oueHKN sHeprnn cBA3bliBaHNA

AG = AEVdW + AE@L + AGdesol + AGconst

* AEyqw - 3TO KOMMIEMEHTapHOCTb MOBEPXHOCTM

© AGyesor - 3TO TMApodO6MKa

 AE,, - 3TO 371eKTPOCTaTHKa

* AGoonst - 3TO U3MEHEHWE BPALLATENIbHOM M MPOYNX SHTPOMUIA.

AG'desol = Z Z NZJAGU
(2]
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BanaHue Ha Succes rate

--PSC
PSC+Desolvation
80% —+— PSC + Desolvation + Electrostatics

sm"/r
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1 10 100 1000
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BanaHue Ha Hit Count

—PSC
PSC+DE
— PSC + Desolvation + Electrostatics

Hit Count
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1] 100 200 300 400 500 600 700 800 900 1000
Number of Predictions
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Pasgen: Rosetta

Rosettadock Anroputm

CnyqaﬁHoe pacnoJioXXeHune

‘,U,OKMHF C HA3KMM pa3peLleHnem }—{ DunbTpbI ‘

H Knacrepusaums }—{ Pe3yanaT‘
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Pasgen: Rosetta

Rosettadock Anroputm

‘ CnyyanHoe pacnosioXkeHue }—

JOKWHT C HN3KMM pa3peLlleHnem —{ OunbTpbI ‘

H Knacrepusaums }—{ Pe3yanaT‘
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[MONCK C HN3KWNM pa3peLleHnem

OcobeHHOCTN MeToAa:
* Monck metogomM MoHTe-Kapo.
* BpalueHue n cMelleHne 6enKa Kak XXeCcTKoro Tena.

+ OcTaToK 6enka NpeAcTaBAAETCA Kak aTOMbl OCTOBA U CpeHUM
LeHTpounA npeacTaBnsaeT 60KOBON paanKar.

* MNpoueaypa cTapaeTca Bocnpounssectn dpusmnyeckyto andaoysuio.

o
0=
HoO
Il
N C. OH
HaN (\j ITI Il
o) H O
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Pasgen: Rosetta

Rosettadock Anroputm

‘ Cny4YarHoe pacnoioxeHue }—

‘,D,OKVIHF C HA3KUM pa3peLleHnem }—{ DOunbTpbI ‘

H Knactepusauyms }—{ Pe3yanaT‘

fonosuH A.B. (®BB MIY nm M.B. J=TomoHOCOBA) OceHb, 2017 47 /51



YTO4YHeHMe C BbICOKMM pa3pellueHnem

* N3 6ubnmoTtekn potamepoB A06aBNAKOTCA NOJIHOATOMHbIE
6okoBble uenu

* Mcnonb3yeTca NoSIHOLEHHAA OLleHKA 3Hepruun (MM)
* MoHTe-KapJsio + ONTUMKM3aUNA reoMeTpun

* Liuknnyeckoe Ncrnosib30BaHMe ONTUMU3ALINN MOJIOXKEHNA KaK
TBEpP/AOro Tesa 1 NoJIHOAaTOMHAA ONTUMM3ALMA MNOJIOXKEHNA
60KOBbIX paMKanoB
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Pasgen: Rosetta

Rosettadock Anroputm

‘ Cny4yanHoe pacnosioXkeHue }—

‘ JOKWHT C HU3KMM pa3pelleHnem }7 DOunbTpbI

H Knactepusaums }—{ Pe3ynbtat
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Pasgen: Rosetta

MpMep AOKWHIA INTHAAA

protocol
a Docking MR3 in homology models of b Docking MR 3 in homology models of
T4 lysozyme: top 5 clusters T4 lysozyme: top 10% binding poses
0 -5
® Cluster 1
@ @ -6
s -2 ® Cluster2 S
E Cluster 3 5 74
] ]
T4 ® Cluster4 © .
2 8- 2§ e Rosetta binding
T ¢ ® Clusters % " poses for MR3
& ® Native binding pose of S -9 @ Native binding pose
lo MR3 in T4 lysozyme of MR3 in T4 lysozyme
-8 T T T 1 -10+ T T T T J
0 2 4 6 8 0 2 4 6 8 10
Ligand (MR3) RMSD Ligand (MR3) RMSD

Figure 5 | Docking VR3 into comparative models of T4 lysozyme. The MR3 ligand was docked into the ten lowest-energy comparative models of T4 lysozyme,
as detailed in Steps 17-22 of the protocol. (a) 10,000 binding nmodes were clustered by RVED using applications available in the bcl::Commons. The largest
five clusters are shown, with the interface_delta score plotted against the RVBD to the native ligand-binding nmode (shown in black). Generally,

the largest clusters are also those with the lowest RVSD to the native binding node. (b) The RVBD between 10,000 binding modes and the native binding
mode (shown in red) was computed. The top ten percent of models by interface_delta score are shown here. Sub-angstrom binding modes are within
the top ten percent of models, but Rosetta also identifies an alternative lower-energy binding mode within the site. (c) The lowest RVED binding mode
(orange) is closer to the native binding mode (gray) compared with the lowest-energy binding mode of the largest cluster (megenta) and the lowest-energy
binding mode overall (cyan).
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Beware!

TIPS-1196: No. of Pages 18

Pazpgen Rosetta

Beware of docking!

Yu-Chian Chen™%3

Cell

THuman Genetic Center, Department of Medical Research, China Medical University Hospital, Taichung, Taiwan
2Research Center for Chinese Medicine and Acupuncture, China Medical University, Taichung 40402, Taiwan
jDep:-)rtmem of Biomedical Informatics, Asia University, Taichung, 41354, Taiwan

Docking is now routine in virtual screening or lead
optimization for drug screening and design. The number
of papers related to docking has dramatically increased
over the past decade. However, there are many issues to
consider when undertaking a docking study. Frequent
problems or issues arise, such as the wrong binding site
of the target protein, screening using an unsuitable
small-molecule database, the choice of docking pose,
high dock score but failed in molecular dynamics (MD)
simulation, and lack of clarity over whether the com-
pound is an inhibitor or agonist. These problems should
be cause for caution and concern before performing
docking. Some papers show comprehensive biochemis-
try experiments but only a simple docking figure. This
review presents some evidence to show that the docking
might be questionable, despite a high score. In some
cases, the accuracy of docking can even change from 0%
to 92.66%. Thus, please beware of docking!

Docking for structure-based drug design

BB MY um M.B. JlToMOHOCOBa)

is low (it even works well on a personal computer), docking-
related papers have sharply increased over the past decade
(Figure 1). However, can we or should we trust the results of
these docking studies? In this paper I provide a critical
survey of the field, pointing out the strengths and weak-
nesses of the current family of docking protocols.

Careful evaluation shows that accuracy is a major prob-
lem with docking studies, because if the docking is not
approached with precision then these papers will be of little
value [6-8]. Questionable docking results can be found, even
in high-profile journals. There are frequent problems such
as an inaccurate binding site of the target protein, screening
using an unsuitable small-molecule database, the choice of
docking pose, high dock score (binding affinity) but failed in
MD simulation, lack of clarity over whether the compound is
an inhibitor or agonist, or the docking results are inconsis-
tent with bioassays. The worst case is often found in some
very high profile journals, which show an excellent bioassay
but only with a simple docking figure. These problems in the
interpretation of docking should be cause for caution and

OceHb, 2017
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