Jlekuma 8. MonekynsipHbIN U
MaKPOMOJIEKYNIAPHbIN AOKWNHI

~

LIkn nekuun "MonekynsspHoe MoAeNMpoBaHe 6MOMONEKYN U

nx komnnekcos” (HTY Cupuyc)

lonosuH A.B."

IMrY um M.B. JlomoHocoBa, PakynbTeT BuonHxeHepun n BruonHdopmaTtmnkm

Cupnyc, 2020



Copep>xaHune

JOKMHI

MaKpOMOJIEKYNSAPHbI AOKWNHT

Rosetta

FonoBuH A.B.  (MIY) OceHb, 2020 2/33



JNOKWHr 6enok-nnraHa,

MeTop noncka cnocoba cBA3bIBAHWNA INFaHAA ¢ 6eKoM

B pe3y/sibTaTe Mbl MOXXEM Y3HaTb NOJIOXKEHMeE JINTaHAa B KOMIJIeKkce C
6enkomM u OUEeHWNTb KOHCTA HTY CBA3bIBAaHNA
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[NNonoxxeHne B CanTe CBA3bIBAHUA

e CanT CBA3bIBAHMA — MECTO CBA3bIBAHUSA JINraHAa

® [eoMeTpuA CBA3bIBAHNA — MECTO CBA3bIBAHWNSA, OPUEHTALMA U
KoHdopMaLuma NMraHaa
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Ncnonb3oBaHMe JOKMHIA

OCHOBHbIE LeNIn J,OKUHra:
® BupTyasibHbIV MOUCK IMraHA0B
e OnpeaeneHve reoMeTpun CBA3bIBaHMA INraHAa
ECnu Mbl 3HaeM, KaK CBA3bIBAeTCA JIMFaHA, TO:
® Mbl MOXEM Y3HaTb, KaKuMe YacTu BaXHbl /19 CBA3bIBAHMA

® MOXHO NpepioXnUTb N3MEHEHUA ANA YIyYLWEeHNA KOHCTaHThI
CBA3bIBaHUA

e MoxeM nsbexartb ownboK
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J1Ba OCHOBHbIX KOMMOHEHTa NporpamMm Anda LOKUHra

° AZIrTOPUTM Nomncka

® YcTaHOBJIEHMe MeCTa CBA3bIBaHMA
® YCTaHOBJIEHNE reOMeTPUN CBA3bIBAHUA

® ANTOPUTM pacyéTa KOHCTaHTbl CBA3bIBaHNA 06/1aCTel C HU3KOM
3Hepruen.
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Pazgen: [JlokuHr

Peannsaumnsa

CeropgHA Cyw,ecTrByeT MHOro NporpaMM A1l AOKUHra

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

® pAa3Hble aZITOPUTMbI OLLEeHKN ad)d)MHHOCTM 1 Pa3Hble a/ITOPUTMbI
Nnoncka

® BaXHO He NyTaTb NraHa-6enoK AOKMHT 1 6e10k-6e10K AOKUHT
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[MpakTnyeckme acneKkTbl

® YacTto PDB-cTpyKTypa cogep>XuUT MoeKkybl BOAbI, MOYTHU BCEraa
nX Hapo ybpartb.

e Hago no6aBnaTb NPOTOHbI K CTPYKTYpe; His?

® YacTto B PDB HeTO4YHO onpeaesieHa OpueHTauma HeKOTOPbIX
rpynmn, YTo CKa3bIBaeTCA Ha NAaTTEPHE BOAOPOAHbIX CBSI3EN.

® [POTOHMPOBAaHWeE JIMFaHAA N ero TayToMepHble GOpMbl.

FonoBuH A.B.  (MIY) OceHb, 2020 8/33



Rigid|Flexible gokunHr

e Rigid: nuraHg He MeeT BHYTPEHHWX CTeneHeln cBoboapl, T.e.
BpallleHMe BOKPYr CBA3€eN 3anpeLLeHo.

e Flexible: npegnonaraet y4éTt BpalleHMa BOKPYr CBA3eN NraHaa.
® YacTo 6enok paccMaTpMBAETCA Kak XXECTKOE Teno
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Paspen: [JoKuHr

Human "Interactome”
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Pazgen: [JlokuHr

Cnocobbl NnpeackasaHna 6enok-6enKoBbIX
B3aMMOENCTBUN

B3ammogencTaytoLme 6esKM BO3MOXHO KO-3BOJTHOLMOHUPYIOT.

dunoreHeTNYECKMU NpodaNJINHT.

Mounck nap 6enKoBbIX CEMENCTB CPeAN LUMPOKOro paZa BUAOB.
MonBneHne n NCHe3HOBEHME Nap CEMENCTB BO3MOXHO
yKa3bIBaeT Ha B3aMMoAenNcTBHe.

MpeackasaHue Ha 0cHoBe noaobua punoreHeTNYeCKmX
[lepeBbeB.

MeToabl Ha OCHOBe KJ1laccMdurKaLmm.
MoNCK roMoJIOMMYHbIX MECT KOHTAKTA.

AccounaTUBHbIE METOAbI. DTO NOMCK XapaKTePUCTUYECKMX
nocsieloBaTeIbHOCTEN Ha OCHOBE Npoduien n MOTUBOB.
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Pazgen: [JlokuHr

Cnocobbl NnpeackasaHna 6enok-6enKoBbIX
B3aMMOENCTBUN

* NaeHTNdMKALMA CTPYKTYPHbIX MAaTTEPHOB Ha OCHOBE M3BECTHbIX
CTPYKTYPHbIX AAHHbIX.
MocTpoeHne 6M6NMOTEKN N CKAHUPOBAHME MO HEW.

* MeToabl bavieca ANs aHaNM3a 3KCNepUMEHTa/IbHbIX pe3y/ibTaToB
C 3HaYMMbIM YPOBHEM LLYMa.

°* MeTo/[bl NCKJTIIOYEHUA AOMEHHbIX Nap.

* MogennpoBaHue CTPYKTYPbl KOMM/IEKCA Ha OCHOBE M3BECTHOM
CTPYKTYPbI M OLIEHKA ero KayecTsa.

® MaKpOMOJIEKYNAPHbIA AOKMHT.
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Ba3bl AaHHbIX

e String - 6a3a aHHbIX KCMEPMMEHTA/IbHbIX U MpeAcKa3aHHbIX
B3aMMOJENCTBUIN; OTINYHAA rpaduka; http://string-db.org/

¢ IntAct - 6a3a AaHHbIX Ha OCHOBE NIMTEPATYPHbIX AAHHbIX NN
npAMas nHdopmauma ot aBTopos. http://www.ebi.ac.uk/intact/

e iHOP - VIHdOpMaLMA C/IMHKOBAHAaA C ApyrnMn benkamu.
MNMocTpoeHa Ha OCHOBE INTepPaTypPHbIX AaHHbIX. [peacTaBieHme
B BUAe KycoykoB TekcTa. http://www.ihop-net.org/

e BioGRID - NIcTOYHMKN: InTepaTypa 1 pe3ynbTaThl
high-throughput akcnepumenTos; http://thebiogrid.org/

e MIPS Mammalian Protein-Protein Interaction Database, He
paboTtaet:). http://mips.helmholtz-muenchen.de/proj/ppi
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Pasgen: MaKpoMosieKyNAPHbIN JOKWUHT

Monck HammMmeHbLwero AG

e CyTb METOAA OCHOBbLIBAETCA HA MOMCKE COOTBETCTBMSA
I'IOBeDXHOCTeﬁ AN AOCTUXEHMS MaKCUMAIbHOM noBepxXHOCTH
KOHTAKTa.

e [locsie HaXOXAEeHNSA BO3MOXHbIX KOHOUIypaLum nponcxoanT
paHXupoBaHue.

BOJA

13
v
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Pasgen: MaKpoMosieKyNAPHbIN JOKWUHT

BenkoBbIv JOKUHT C UCMoJsib30oBaHMeM FFT

Discretize

Fast Fourier
Transform

Complex
Cor%‘l'l)gahe

Correlation function ®—

9 D=

Fast Fourier

Transform

B Interior
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Pasgen: MaKpoMosieKyNAPHbIN JOKWUHT

OueHKa Npon3BOANTEIBHOCTU

* Success Rate: Ana AaHHOro KoMyecTBa Npeackasanni (IV,), 3To
NPOLEHT CTPYKTYP A8 KOTOPbIX 6bl/1 HAMAEH KaK MUHUMYM
OAMVH YOQ4YHbIN pe3y/bTaT

e Hit Count: cpeaHee KONMYECTBO XMTOB NPWU AAHHOM 3HAa4YeHNN
N,.
p
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3aBMCMMOCTb Success Rate oT Lara BpaLleHus
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Pasgen: MaKpoMosieKyNAPHbIN JOKWUHT

3aBncMmMocTb Hint count oT wara BpaweHns

Hit Count
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Pasgen: MaKpoMosieKyNAPHbIN JOKWUHT

PelleTo4YHaA KOMMJIEMEHTApPHOCTb NOBEPXHOCTU
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Pasgen: MaKpoMosieKyNAPHbIN JOKWUHT

[MapHaA KOMNJ1IeMeHTAapPHOCTb 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: MaKpoMosieKyNAPHbIN JOKWUHT

MoyeMmy Tak?
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(DyHKLI,MFI oueHKWNn sHeprnn cBA3bliBaHNA

AG = AEVdW + AEell + AGdesol + AGeonst

AEy g - 3TO KOMMNJIEMEHTapHOCTb MOBEPXHOCTH
AG gesor - 3TO TMAPOGODBMKaA
AE,;, - 3TO 3/1IeKTPOCTaTMNKaA

AG const - 3TO UISMEHEHMe BPaLlaTe/IbHOM M NPOYNX SHTPOMUN.

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

—PSC
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— PSC + Desolvation + Electrostafics
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Pasgen: Rosetta

Rosettadock Anropntm

Cnyl-laﬁHoe pacnojsioXXeHune

‘,U,OKMHF C HA3KUM pa3speLleHnem }—{ DunbTpbl ‘

H Knacrepusaums }—{ Pe3yanaT‘
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Pasgen: Rosetta

Rosettadock Anropntm

‘ Cny4anHoe pacnoJsioXxeHue }—

JOKWHI C HN3KMM pa3peLlleHnem —{ OunbTPLI ‘

H Knacrepusaums }—{ Pe3yanaT‘
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[MONCK C HN3KMNM pa3peLleHnem

OcobeHHOCTN MeToAa:
* [lonck metogom MoHTe-Kapo.
e BpauleHne n cMelleHne beska Kak XecTKoro Tena.

OcTaTok 6eska NnpeAcTaBAseTca Kak aTOMbl OCTOBA U CPeAHMM
LeHTpounA npeacTaBsfgeT 60KOBON paanKar.

Mpoueaypa cTapaeTca Bocnponssecty dpusnyeckyro audbaoysuto.

o
O =
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Pasgen: Rosetta

Rosettadock Anropntm

‘ Cny4yarHoe pacnosioxeHue }—

‘,D,OKVIHF C HU3KUM pa3peLleHnem }—{ DOunbTpbl ‘

H Knactepusauyms }—{ Pe3yanaT‘
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YTO4YHeHMe C BbICOKMM pa3pellueHnem

N3 6nbnmoTekn potaMepoB A06aBAAKOTCA NOJIHOATOMHbIE
6okoBble uenu

Mcnonb3yeTca NoJIHOLEHHAaA oLleHKa 3Hepruun (MM)

MoHTe-Kaps1o + ontMmmnsauma reomeTpmu

® LIMKNnYeckoe MCnosib30BaHNe oNTUMM3aLMM NOIOXKEHMA KakK
TBEpAOro Tesa 1 NoJIHOAaTOMHAA ONTUMM3aLMA NOJIOXKEHNA
60KOBbIX paZiKanoB
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Pasgen: Rosetta

Rosettadock Anropntm

‘ Cny4yanHoe pacnoJsioXkeHune }—

‘ JOKWHT C HU3KMM pa3peLleHnem }7 OunbTpbI

H Knactepusauusa }—{ Pesynbrat
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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
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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 nodes 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
nmode (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

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

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
asan 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
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