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Pazpen:

» OcobeHOCTM 6enok-6e/IKOBbIX KOHTAKTOB

MosepxHOCTb NHTepdeiica 6onbLias, 1000-2000 A2
TobKo 5% OCTAaTKOB Aal0T KJIH0YEeBOM BKJ1a/[, B CBA3bIBaHME

*

*

*

JKCNepMMEHTaIbHbIV NMOWCK 3aTPYAHEH
LLinpokoe pa3zHoobpasne

*

ki
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» Cnocobbl npeackasaHna 6enok-6enKkoBbIX B3aMMOAENCTBUN

B3ammopencTaytoLme 6e1KM BO3MOXHO KO-3BOJIHOLMOHUPYIOT.

* PunoreHeTMYeCKUn NpodansINHI.
Mownck nap 6enKoBbIX CEMENCTB CpeAn LUMPOKOro paaa BuaoB. MNoasneHne n
nc4ye3HOBEHME Nap CEMENCTB BO3MOXKHO YKa3bIiBAET HA B3aMMOAENCTBME.

+ MNpeackasaHme Ha ocHoBe Noaobua puIoreHeTUYeCKNX AepPeBbEB.
% MeTo/bl Ha OCHOBE KJ1IacCMdUKALIUN.
« MONCK rOMOJIOMMYHbIX MECT KOHTaKTa.

* AccounaTuBHbIe METOAbI. DTO MONCK XapaKTePUCTNYECKNX
nocsieloBaTeIbHOCTEN Ha OCHOBE NpoduIen N MOTUBOB.

it
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» Cnocobbl npeackasaHna 6enok-6enKkoBbIX B3aMMOAENCTBUN

* MOeHTUPMKAUNSA CTPYKTYPHbIX MAaTTEPHOB Ha OCHOBE U3BECTHbIX CTPYKTYPHbIX
NaHHbIX.
MocTpoeHne 6MBNOTEKM U CKAHMPOBAHME MO HEMN.

* MeToabl baeca AN aHa/IM3a 3KCNepPMMEHTa/IbHbIX Pe3Y/IbTaTOB C 3HAYMMbIM
YPOBHEM LUyMa.

*x MeTofbl NCKIIOYEHUA AOMEHHbIX Nap.

* MoaenvpoBaHMe CTPYKTYPbl KOMMJIEKCA HA OCHOBE M3BECTHOWM CTPYKTYPbI U
OLeHKa ero Ka4yecTBa.

* MaKpOMOJIEKYNAPHbIN AOKMWHT.

b
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» Ba3bl AdHHbIX

+ String - 6a3a IaHHbIX 3KCMEePMMEHTa/IbHbIX U MpeAcKa3aHHbIX
B3aMMOJENCTBUI; OTINYHAA rpaduka; http://string-db.org/

+ IntAct - 6a3a aHHbIX HAa OCHOBE INTEPATYPHbIX AAHHbIX UV NPAMan
nHdopmMauma oT aBTopos. http://www.ebi.ac.uk/intact/

* IHOP - MHdOpMaUna C/IMHKOBAHAasA ¢ Apyrnmun 6enkamu. NocTpoeHa Ha

OCHOBeE JINTepaTypHbIX AdHHbIX. [IpeacTaB/ieHne B BUAe KYyCOYKOB TEKCTA.

http://www.ihop-net.org/

+ BioGRID - icTouHMKN: InTepaTtypa un pesynbtaTthl high-throughput
3kcnepumMeHToB; http://thebiogrid.org/

+ MIPS Mammalian Protein-Protein Interaction Database, He paboTaeT:).
http://mips.helmholtz-muenchen.de/proj/ppi
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MakpomoieKynsapHbIN JOKNHT

» Nonck HammeHbwero AG

«x CyTb METOZa OCHOBbIBAETCA HA MOMCKE COOTBETCTBMSA HOBerHOCTeVI Aana
OOCTVMXKEHMA MaKCMMaJIbHOM NOBEPXHOCTU KOHTAKTaA.

x [locsie HaXxoXXAeHNA BO3MOXKHbIX KOHd)VIFyDaLI,Mﬁ NPONCXoANT PAaH>XXMNPOBAHKeE.

BOJa
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lonoBuH A.B. (MIY)




MakpomonieKynsapHbIN JOKUHT

» BenkoBbI AOKUHI C UCMoJsib3oBaHneM FFT

e | B

D= =

H U Interior

H Fast Fourier
Transform
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MakpomonieKynsapHbIN JOKUHT

» OueHKa Npon3BoAnNTE/IbHOCTH

« Success Rate: 414 AaHHOro KoM4ecTBa NpeAckasaHnin (N,), 3To NpoLeHT
CTPYKTYP AJ19 KOTOPbIX 6bl1 HANAEH KaK MUHUMYM OJNH YAA34YHbIN pe3ynbTaT

+ Hit Count: cpeHee KoNMYeCcTBO XMTOB NMPU AAHHOM 3HaYeHNU Np.
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Success Rate

MakpomonieKynsapHbIN JOKUHT

» 3aBMCMMOCTb Success Rate oOT Wwara BpalleHuns
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Pazpen:  MakpOMOJIEKYISAPHbIA AOKUHT

» 3aBncMMocTb Hint count oT Wwara BpaweHuns
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MakpoMOoneKyNAPHbIA AOKUHT

» PelleTo4yHasa KOMMNJ1IeMEeHTAaPHOCTb MOBEPXHOCTH
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MakpoMOoneKyNAPHbIA AOKUHT

» [MapHaA KOMMNJIEMEHTAapPHOCTb MOBEPXHOCTH
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»

MakpomoieKynsapHbIN JOKNHT

PSC vs. GSC n Success Rate

Success Rate

N EEEERERERR

-

PSC vs. GSC for Unbound Docking
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Pazgen:  MakpoMosieKynspHbIN JOKUHT

» [loyemy Tak?
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Pazpen:  MakpOMOJIEKYISAPHbIA AOKUHT

» CDyHKLl,VIFI oueHKWn sHeprmn cBA3bliBaHUA

AG = AE?VdW + AEel. + ACTYdesol + ACTYconst

*

AEy g - 3T0 KOMM€MEeHTapHOCTb MOBEPXHOCTM
AG gesol - 3TO TAPOPO6UKA
AFE,; - 3TO 31€KTPOCTaTHKa

*

*

% AGeonst - 3TO U3BMEHEHME BPALLLATENIbHOW M MPOYMX SHTPOMUMNA.

ACTYdesol — Z Z NUAG’U

? J

ks ®
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MakpomoieKynsapHbIN JOKNHT

» BanaHune Ha Succes rate
100%
90% PSC

—#- PSC+Desolvaion
80% PSC + Desolvation + Electrostatics
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MakpomonieKynsapHbIN JOKUHT

» BnunaHune Ha Hit Count

— PSC+DE
PSC + Desolvation + Electrostaics

100 200 300 400 500 600
Number of Predictions
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Paspen:  Rosetta

» Rosettadock Anropntm

‘ JOKWHI C HU3KMM pa3peLlleHnem }—-

ki
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Rosetta

» MONCK C HN3KNUM pa3pelleHnemM

OcobeHHOCTM MeToAa:
x [lonck meTogom MoHTe-Kapo.
+ BpalleHne 1 cmelleHne 6eska Kak XXeCcTKoro Tesna.

x OCTaToK 6esika npeAcTaBAAeTCcA Kak aTOMbl OCTOBA M CPeAHNI LIeHTpou,
npeacTtasnnetT 60KOBOW pagmnKann.

+ Mpoueaypa cTapaeTca BOCNpoun3ssecTn pmnsndeckyro andoysuio.

o~
o=<e

b
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Paspen:  Rosetta

» Rosettadock Anropntm

‘ JOKVMHI C HA3KMM pa3peLleHnem }—-

ki

lonoBuH A.B. (MIY) OceHb, 2021 21/42



Rosetta

» YTOYHEeHMe C BbICOKMM pa3pelleHnem

N3 6ubnmotekmn poTamMepos Ao6aBnATCA NOIHOATOMHbIEe 60KOBbIE Lienu

*

Mcnonb3yeTca NoJIHOLEeHHAA oLeHKa 3Heprun (MM)

*

*

MoHTe-Kap1o + oNTMMKU3aLMA reoMeTpmmn

*

Linknnyeckoe ncnosb3oBaHMe ONTUMMU3ALMN NOJTIOXKEHNSA KAaK TBEpAOro Tesa
M NMNOJIHOATOMHAA ONTUMN3aLNA NOJIOKEHUNA 60KOBbIX paanKanoB

Al ]
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Paspen:  Rosetta

» Rosettadock Anroputm

[Cavsiiospaconoxerie|

Boxunr cnzwm pazpewenvev| [

e
o [Koacrepvzawna] (RN
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Rosetta

» [pnMep [OKWUHIa IMrHaaa

protoco

a Docking MR3 in homology models of Docking MR 3 in homology models of
T4 lysozyme: top 5 clusters T4 lysozyme: top 10% binding poses

o

® Cluster1
® Cluster2
Cluster 3
® Cluster4
" @ Rosetta binding
poses for MR3

@ Native binding pose of ® Native binding pose <
MR3in T4 lysozyme of MR3 in T4 lysozyme
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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 modes were clustered by RVSD using applications available in the bcl::Commons. The largest
ive clusters are shown, with the interface_delta score plotted against the RIVSD to the native ligand-binding mode (shown in black). Generally,

he largest clusters are also those with the lowest RVED to the native binding mode. (b) The RVED 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
he 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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Rosetta

» HADDOCK

High-Ambiquity Driven Docking
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ML noaxoppb! Kk PPI

» NctopuAa

+ MepBble paboTbl B 2001 roay

* CyTb 3a4auu: oS ABYX AAHHbIX MOC/1IeA0BATE/IbHOCTEN NpeackasaThb
B3aMMoencTeme

* Tvnbl NpeACTaBAEHUIA: COCTaB, JOMEHHbIN COCTaB, MOTUBbI, NpodUIN
rmapodobHOCTH, reHOMHble ocobeHoCTH, duoreHeTn4eckme ocobeHocTn
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ML noaxoppb! Kk PPI

» Tunbl nogxon0B

* ObyuyeHune c yuntenem: NN, baeBckne metoapl, SVM, RF,

x Ksactepusaums

*Habopbl NpeACcTaB/IEHNI, HE MOTYT MOJIHOCTbIO OXBATUTb AMHAMUNYECKME U CZIOXKHbIE ABIEHMS,
KOTOPble MOTYT 0JHO3HAYHO MAEHTUDULMPOBATb UCTUHHbIE |IPP
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Pazpgen: ML noaxogabi K PPl

» Mownck "hot spots”

o S Y
T Negure

Physcochemical features| |

1l

atures

Decsion trees

Evolution

| Feature extraction

Bayesian networks

o &3

Protein-protein
binding interface

Sl
Solvent accessible area Nearest neighbor

/ Feature selection

Ensembe learning

Binding energyscores
Feature generation

10.3390/molecules23102535 .L’[‘:'J'

Prediction models

lonoBuH A.B. (MIY) OceHb, 2021 28 /42



ML noaxoppb! Kk PPI

» JlocTnXxeHuA

* CyLLUEeCTBEHHbIN NPOrpecc, HO ecTb elle "BbI30Bbl”
% ddG 13 3KCcnepMMeHTOB He YHNDULIMPOBAHHO

* Manoe HanoJIHeHne AaHHbIMU

* YacTo cnyyaeTcs nepeobyyeHne

* MpeankTopbl 'hot spots’ MCcnosib3yT NOC/IeA0BATE/IbHOCTb M CTPYKTYPHYHO
nHdopMaLMio AN1A NpeacTaBieHuns, Ho 3D He CNoNb3yeTcsa NOJIHOCTbIO

% *MepCneKTUBHbIM CYNTAETCA MHTEerpauma dunsmyecknx meToaos (4okuHr, M)
n ML
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Pazpgen: ML noaxogabi K PPl

» D-SCRIPT

m
MGLTVSALFS. ..
Pretrained Embedding Model |
Linear _|! Linear _|! Conv :
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10.1016/j.cels.2021.08.010
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Pazpen:

ML noaxoppb! Kk PPI

» D-SCRIPT, pe3synbtaTt

r o
8
- - _
cn;x=-'1.;{E J | C,, =097

a

b

max

C

d

c =dab3

*When D-SCRIPT correctly predicts an interaction, its contact maps are significantly similar to the

ground truth.

lonosuH A.B.

(Mry)

OceHb, 2021

k@

31/42



Pazpgen: ML noaxogabi K PPl

» MASIF

5 . . Approach, systematic
Protein molecular surface Interaction fingerprint extraction of patches

Hydrophobic
E lectron donor
Pocket

« Patch center points
== Patch radius

MaSIF-site: knaccndunkaTop, Ha BXxoae NoBepXHOCTb 6e/1Ka, Ha BbixoAe
NPOrHO3MpyeMas OLEeHKA AJ151 KaXXKA0M BEPLUNHbI MOBEPXHOCTM HAa BEPOATHOCTb
yyactua B PPI

k@
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Input:
protein
surface

fa)
= = =
o © =}

Frequency

=
IS

0.2

Pazpgen: ML noaxogabi K PPl

» MASIF, npeacKasaHne y4yacTkoB

a

Mas IF-site b

ﬁ Ground truth — 1 conv. layer — 3 conv. layers \
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Interface prediction 180°
score S

)

=

- True interface points
B Non-interface points
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Pazpgen: ML noaxogabi K PPl

» MASIF, cpaBHeHMe

Median ROC AUC

1.0
1)
_ 09| 087 0.89 =
5 0.81 0.81 N 0.6 ez
g 0.8 8 °
o
= 07 53
z g8
0.6 2
0.5 5
S & S o, W T'm & & &
& I S 0 05 ) Fe O Q&
<& AN N Interface score X

Ground truth

+ PSIVER - Naive Bayes classifier (NBC) and a kernel density estimation method
(KDE)

« SPIDER - SAS meTpuKka + MSA,

ki
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Pazpgen: ML noaxogabi K PPl

» MASIF, npeacka3saHne ana "HoBbIX"6enKkoB

Ground truth
complex

uén

MaSIF SPPIDER PSIVER
Wild type PE:] Design Design

V’ O 0.5 1 0
Interface score
— Ground truth

HB35 mﬁuenza
inhibitors

Self-assembling
cage proteins

Fere

FFL_001
epitope-scaffold

*MaSIF-site clearly labels the interfaces of the designs

ki
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Pazpgen: ML noaxogabi K PPl

» Ultrafast scanning with MASIF

MaSIF-
search

Traini
Rl JUNLI T T N

Interactingl/ Binder Patch descriptor ™\ Minimize

s \\ | descriptor
Invert distance
> i > ImnE
_ Non‘ [ Target Maxlmlze
interacting |descriptor
patches - - > IEn- e
Random
b Interacting patches ) 0.99 10
1.0 I Noninteracting patches .
> 0.8 »
3 06 ]
= ROC AUC, 0.99 >
g 04 s
fre
0.2
0.
0 1 2 3 4 5 6 7 8 GIF Geom Chem G+C
Descriptor distance MaSIF-search

*MaSIF-search inverts the numerical features of one protein partner (multiplied by -1), with the

exception of hydropathy.
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MaSIF-search workflow
Fingerprint Decoy Alignment
scan ™| selection and

reranking

S
Target 1 ){ii;\:} Binder 1

Target2 v
P ;.7 Ss =
Target N '?i ==< -

O Target site

Binder N
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Table 1 | Results for large-scale docking benchmark benchmark
for PatchDock, MaSIF-search (with multiple numbers
of decoys), ZDock and ZDock+ ZRank2 on bound ( holo)

Table 2 |Results for large-scale docking benchmark benchmark
for PatchDock, MaSIF-search (with multiple numbers of
decoys), ZDock and ZDock+ ZRank2 on unbound (apo)

complexes complexes
Method Number of solved t ime (min) Method Number of solved t ime (min)
complexes in the top complexes in the top
100 10 1 1000 100 10
MaSIF-search decoys= 100 37 36 30 4 MaSIF-search decoys= 2,000 17 7 2 16
MaSIF-search decoys= 2,000 67 56 43 39 PatchDock 1 1 560
PatchDock 43 32 21 2,743 ZDOCK 17 13 5 13,174
ZDock 58 3 1B 134,934 ZDock+ZRank2 23 2 5 16,866
ZDock+ZRank2 77 63 45 159,902 decoys= 80,000

decoys= 200,000

No. of solved complexes in the top, number of target-binder complexes within 5A iRMSD found in
the top 100, top ten or top one (for holo cases) or top 1,000, top 100 and top ten (for apo cases).
Time (min), CPU time in minutes for each program, which excludes precomputation time for
MaSIF-search.




Pazpgen: ML noaxogabi K PPl

» ColabFold

10.1101/2021.08.15.456425v1.full.pdf A‘.@.
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ML noaxoppb! Kk PPI

» AlphaFold-Multimer

* Mogudukaunm byHkunm loss, 4Tobbl y4ecTb CUMMETPUIO MEPECTAHOBOK A8
MOEHTUYHbIX Llenen

+ CoBMelleHMe AByX MSA ans nHanBmnayasbHbIX Lenen ana yTmamsaum
reHeTnyeckon nHdopmaumm o6 KoHTakTe

* HoBbI cnocob BbIbopkK Habopa 0CTaTKOB A5 06y4YeHuA

* Pa3Hble MeJsiIkne onTMmMmnsaumm
10.1101/2021.10.04.463034v1
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ML noaxoppb! Kk PPI

» AlphaFold-Multimer

Pazpen:
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Pazpgen: ML noaxogabi K PPl

» AlphaFold-Multimer

(a) A2B2C2 heteromer (b) A3B3 heteromer
TM-score = 98.0, Nyes = 1,246, PDB ID = 6E3K TM-score = 89.3, Nres = 795, PDB ID = 7KHD
y 0 §

(© Protein-peptide complex (d) A2B2 heteromer
TM:-score = 96.0, DockQ = 0.948, TM-score = 98.3, Nyes = 716, PDB ID = 6IWD
Nees = 385, PDB ID = 6JMT
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Pazpgen: ML noaxogabi K PPl

» AlphaFold-Multimer
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