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Paspen:

» 0CobeHOCTU 6eN0K-6eNKOBbIX KOHTAKTOB

MoBepxHOCTb MHTepelica 6onblas, 1000-2000 A2
Tonbko 5% OCTATKOB JAIOT KNOUYEBOW BKMaJ B CBA3bIBAHUE
JKCNEepPUMEHTA/NIbHbIW MOWUCK 3aTPYAHEH

*

*

*

*

LLinpokoe pasHoob6pasue
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» Cnocobbl npeackasaHns 6enoK-6enKoBbIX B3aUMOAENCTBUN

B3anmopencreyrowne 6€1Kn BO3MOXHO KO-3BOMOLMOHUPYIOT.
* DunoreHeTUYeCcKUn NnpodannmHr.

Mounck nap 6€eNKOBbIX CEMENCTB cpenu WKUPOKOro paga BuaoB. MoaBneHue u
ncyesHoBseHne nap CEMENCTB BO3MOXHO YKa3blBa€T Ha B3aI/IMO,EleI7ICTBI/Ie.

+ peackasaHue Ha 0CHoBe Noao6us hrunoreHeTMUYECKNX 1epeBbeB.
* MeTo/bl Ha OCHOBE Knaccugukaumm.
* TOUCK rOMOMOTMYHbIX MECT KOHTaKTa.

* ACCOLMATMBHbIE METOAbI. 3TO MOUCK XapaKTEPUCTUUECKNX
nocnenoBaTeNlbHOCTEN HA OCHOBe Npoduien n MOTUBOB.

fonosuH A.B. (MrY)



» Cnocobbl npeackasaHns 6enoK-6enKoBbIX B3aUMOAENCTBUN

* NOeHTnuKauns CTPYKTYpPHbIX NATTEPHOB HA OCHOBE U3BECTHbIX CTPYKTYPHbIX
AAHHbIX.
MocTpoeHne 6M6NNOTEKN U CKAHMPOBAHME MO HEW.

* MeToabl bareca Ans aHanu3a sKCnepuMeHTaNbHbIX Pe3yNbTaToB C 3HAUMMbIM
YPOBHEM LUyMa.

+x MeTofbl UCKTIOYEHNA JOMEHHbIX nap.

* MofenmpoBaHue CTPYKTYpbl KOMMN/IeKca Ha OCHOBE N3BECTHOMN CTPYKTYPbI 1
OLleHKa ero KauecrTsa.

* MaKpOMONEKYNSAPHbIN JOKUHT.

k8
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» ba3bl JaHHbIX

+ String - 6a3a JaHHbIX IKCMEPUMEHTANbHbIX U NPeACcKa3aHHbIX
B3aMMOAENCTBUIA; OTNUYHAA rpaduka; http:/ /string-db.org/

+ IntAct - 6a3a aHHbIX HA OCHOBE NUTePaTYPHbIX AAHHbIX UK NPAMas
nHhopmaums ot aBTopos. http://www.ebi.ac.uk/intact/

+ IHOP - NHhopmauua cnMHKoBaHas ¢ apyrumiu 6enkamu. MocrpoeHa Ha
OCHOBE NUTepaTypHbIX AaHHbIX. MpeacTaBneHne B BuAe KyCOUKOB TEKCTa.
http://www.ihop-net.org/

+ BIOGRID - VicToOuHuUKU: nuTepatypa u pesynbrtatbl high-throughput
3KcnepumeHToB; http://thebiogrid.org/

+ MIPS Mammalian Protein-Protein Interaction Database, He pa6oTaeT:).
http://mips.helmholtz-muenchen.de/proj/ppi
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MaKpoMoneKynspHbI AOKNHT

» Mounck HammeHbwero AG

* CyTb MeTOoda OCHOBbIBAe€TCA HAa NONCKe COOTBETCTBUA HOBerHOCTeVI ans
AOCTVKEHMA MaKCMMaNbHON MOBEPXHOCTUN KOHTAKTa.

* MNocne HaxoXAeHUs BO3MOXHbIX KOH(UTYpaLUi NPONCXOAUT PaHXUPOBaHue.

BOJa

g
e .
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MaKpoMoneKynspHbI AOKNHT

» BenkoBbIW AOKWUHT € ucnonb3oBaHuem FFT

e |

D= &

B [ Interior

H Fast Fourier
Transform

e
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MaKpoMoneKynspHbI AOKNHT

» OueHKa Npon3BOAUTENbHOCTH

+ Success Rate: ans AaHHOro KonuyecTBa npefackasanui (N,), 3To NpoueHT
CTPYKTYpP ANSA KOTOPbIX 6bIN1 HAWAEH KAaK MUHUMYM OAWUH YAAUHbIN pe3ynbTaT

« Hit Count: cpeaHee KONMUYECTBO XUTOB NPY AAHHOM 3HaYeHUN N,,.

fonosuH A.B. (MrY)
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MaKpoMoneKynspHbI AOKNHT

» 3aBUCMMOCTb Success Rate oT Wwara BpaleHus

10% Np=1000 Np=500  —— Np=200
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Np=10
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Paspen:  MakpoMONeKynspHbI AOKNHI

» 3aBucumoctb Hint count oT wara BpaleHuns

20
6°

15
8

]

10
~10°
12
5 =
Vel o m.

/-
(1]

0 100 200 300 400 500 600 700 800 900 41000
Number of Predictions l

fonosuH A.B. (MIY) OceHb, 2023 1/ 42



MakpomoneKynspHbIi AOKUHT

» PeweTouyHas KOMNNeMeHTAaPHOCTb MOBEPXHOCTH
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» lNapHas

MakpomoneKynspHbIi AOKUHT

KOMNMNeMeHTAPHOCTb MOBEPXHOCTH
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»

MaKpoMoneKynspHbI AOKNHT

PSC vs. GSC u Success Rate

Success Rate

EEEEERERER

==

PSC vs. GSC for Unbound Docking

PSC
GSC
10 100
Number of Predictions
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Pasnen:  MaKpoOMONeKynspHbIi AOKUHF

» [louemy Tak?

SN NE

NMORBRORORBROE
* @) @) - D) -~ &) ~
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Paspen:  MakpoMONeKynspHbI AOKNHI

» CDyHKLI,I/IFl OLEeHKWN 3Heprmn cea3biBaHUA

AG = AE1VdW + AE‘el. + ACTYdesol + ACTYconst

*

AFEy gy - 3TO KOMNNEMEHTAPHOCTb NOBEPXHOCTY
AG gesor - 3TO rnapoobuka
AFE,; - 3TO 3NeKTpocTaTuka

*

*

AG onst - 3TO U3BMEHEHMEe BpalLaTenbHON U NPOYNX SHTPONUNA.

AGydesol — Z Z N’LJAG’U

? J

*

e
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MaKpoMoneKynspHbI AOKNHT

» BnmnaHue Ha Succes rate

100%

1 10 100 1000
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MaKpoMoneKynspHbI AOKNHT

» BnuaHume Ha Hit Count

7 — PSC+DE
PSC + Desolvation + Electrostafics

(1] 100 200 300 400 500 600

Number of Predictions
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Paspgen:  Rosetta

» Rosettadock Anroputm

EEmEETEEE 0

| LOKVHT C HU3KMM pa3pelieHmnem }—-

’,[I,OKI/IHF C BbICOK/M pa3pelleHnem }7

W

Knacrepusauus

fonosuH A.B. (MrY)
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Rosetta

» [MOUCK C HNU3KNM pa3pelleHnem

Ocob6eHHOCTN MeToAaa:
+ [lonck metogom MoHTe-Kapno.
* BpaweHune n cmeweHne 6enka Kak XecTkoro Tena.

x OCTaToK 6enKa NpeacTaBnAeTCa Kak aTOMbl OCTOBA U CPeAHUN LLeHTpoua,
npeacTaBnseT 60KOBOW pagukan.

+ Mpoueaypa cTapaeTcs BOCNpou3BecTy husnueckyto anddysuio.

o
o=<e

ki
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Rosetta

» YTOUHEeHue C BbICOKNM pa3pelleHnem

* 13 6nbnmotekn potamepoB A06aBAAIOTCA MOHOATOMHbIE 60KOBbIE LLenu
Vicnonb3yeTcsa NOMHOLLEHHAA OLEeHKA 3Hepruu (MM)

*

*

MoHTe-Kapno + ontumusaumsa reometTpum

Lnknunyeckoe ncnosb3oBaHe ONTUMU3ALLMN MOMOXEHNA KaK TBEPAOro Tena u
NMOMHOATOMHAs ONTUMM3ALNSA MONOXEHUA HOKOBbIX pagankanos

*

ki
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Paspgen:  Rosetta

» Rosettadock Anroputm

EEEEETETEE

| lOKVHT C HU3KMM paspelseHvem }—-

JLOKVHI C BbICOKUM pa3pewieHnem

-— Knactepusauus

fonosuH A.B. (MrY)
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Paspgen:  Rosetta

» [pnmep QOKNHIa nurHaga

a Docking MR3 in homology models of b Docking MR3 in homology models of (o} ~ .,// -
T4 lysozyme: top 5 clusters T4 lysozyme: top 10% binding poses '\
0 -5
@ Cluster 1 | N '\\/Q\ L\
[ o -6
g -2 ® Cluster2 S .
g uster g 3W 4 \
s Cluster 3 8 -71. (
S -4 Cluster 4 s
g oo g -8 ‘i @ Rosetta binding
] ] |
§ 6 O Elsiars E o poses for MR3
= @ Native binding pose of S -9 © @ Native binding pose
3 MR3 in T4 lysozyme of MR3 in T4 lysozyme
=y T T T 1 -10 + T T T T 1
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Ligand (MR3) RMSD Ligand (MR3) RMSD

Figure 5 | Docking MR3 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 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 mode (shown in black). Generally,

the 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 nodels by interface_delta score are shown here. Sub-angstrom binding modes are within
the top ten percent of models, but Rosetta also identifies an altemnative lower-energy binding mode within the site. (¢c) The lowest RVBED binding mode
(orange) is closer to the native binding mode (gray) compared with the lowest-energy binding mode of the largest cluster (magenta) and the lowest-energy

binding mode overall (cyan). ?
b
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Rosetta

» HADDOCK

{7
- "i’
b ()6 \.-\

mutagenesis

ADDOCK

High-Ambiguity Driven Docking
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ML nogxogbl K PPI

» UcTopus

+ lMepBble pa6oTbl B 2001 rogy

+ CyTb 3afauun: AnA ABYX AaHHbIX NOCNeA0BaTeNbHOCTEN NpeacKasaTb
B3aumopencTene

* Tunbl NpefCTaBNeHNIA: COCTAB, [JIOMEHHbIN COCTAB, MOTUBbI, NPpodnIn
rmapodo6HOCTH, FeHOMHble 0CO6eHOCTU, huioreHeTUYeCKne 0Co6eHOCTH

fonosuH A.B. (MrY)



ML nogxogbl K PPI

» Tunbl NOAXOA0B

x 06yueHue c yuutenem: NN, baeBckue metoabl, SVM, RF,

+x Knactepusauusa

*Habopbl NpeAcTaBneHNI, He MOTFYT NOMIHOCTbIO OXBATUTb ANHAMUYECKMNE U CNIOXHbIE IBNEHUS,
KOTOpbl€ MOTYT OAHO3HAYHO UAEHTUMULMPOBATb UCTUHHbIE |PP

fonosuH A.B. (MrY)



Paspgen: ML noaxogbl K PPI

» Mownck "hot spots”

Decision trees

/ Feature exiraction
Bayesian networks

e 54

Protein- protein
binding interface

e
Solvent accessible area

Nearest neighbor

Feature selection

Ensemble learning

Binding energyscores

Feature generation

10.3390/molecules23102535

Prediction models

i
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ML nogxogbl K PPI

» JloCTUXXeHunsa

* CyLLeCTBEHHbIN NpOrpecc, Ho ecTb ele "Bbl30BbI”
* ddG n3 akcnepMmMeHTOB He YHNULNPOBAHHO

* Manoe HanonHeHMe AAHHbIMU

* YacTo cnyyaeTtcs nepeobyyeHune

« MpepnkTopbl 'hot spots’ ncnonb3yoT NocnefoBaTeNbHOCTb U CTPYKTYPHYHO
NHopmauunto ana npeacrtaBneHuns, Ho 3D He MCNONb3yeTca NOMHOCTbIO

% *TepCneKTUBHbIM CUMTALTCA UHTErpaumnsa uUanyecknx metonos (qokuHr, M)
n ML

fonosuH A.B. (MrY)



Paspgen: ML noaxogbl K PPI

» D-SCRIPT

m

-
MGLTVSALFS. ..

Pretrained Embedding Model |
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10.1016/j.cels.2021.08.010
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Paspen:

ML nogxogbl K PPI

» D-SCRIPT, pe3ynbrat

| o ol
1
orral
ZE% ol | =
- -
cn;ax=-'1.;{E J | C,, =097

ground truth.

b

FfonosunH A.B.

(Mry)

|
(o]
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C

d

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

e
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Paspgen: ML noaxogbl K PPI

» MASIF

Approach, systematic
Protein molecular surface Interaction fingerprint extraction of patches

Hydrophobic
Electron donor
Pocket

Knob

Positive charge

 Patch center points
== Patch radius

MaSIF-site: knaccndukaTop, Ha BXoAe NOBepPXHOCTb 6eNKa, Ha BbIXoae
MPOrHO3Mpyemas OLEeHKa AN KaXA0W BEPLIMHbI MOBEPXHOCTN HA BEPOATHOCTb
yyactusa B PPI

i
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a

»

Input:
protein
surface

a
S (= o =
IS o o o

Frequency

=
)

Paspgen: ML noaxogbl K PPI

» MASIF, npeackasaHue y4acTkoB

MaSIF-site b

=

0 0.5 1.0
Interface prediction
score

I True interface points
B Non-interface points

0.4 0.6
Poedisted Anterfadersgore

180°

Ground truth — 1 conv. layer — 3 conv. layers \

)

1.0

Geom Hbond Elec

P

Hpathy G+C

1.0

(s;uiod @depns |je)

JNny D0y

OceHb, 2023
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Paspgen: ML noaxogbl K PPI

» MASIF, cpaBHeHue

1.0
|S) ()
S_ 09 osg7 U >
2= ! <z 0.65 0.62

= 0.81 0.81

88 08 o8
T2 07 c2
C o~ . ;
S8 S8
= Oe 2

0.5

\;\\ & eé’ao D f-ﬁ(' <& <&
& e Ly 0 05 1.0 Ce & N
& & o WA K &
N © © Interface score 5

—— Ground truth

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

« SPIDER - SAS meTpuka + MSA,

o
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Paspgen: ML noaxogbl K PPI

» MASIF, npeackasaHue gna "HOBbIX 6e1KOB

Ground truth
complex

MaSIF SPPIDER PSIVER
Wild type Design Design Design

0 0.5 1.0
Interface score
— Ground truth
FFL_001

T

*MaSIF-site clearly labels the interfaces of the designs

HB36 influenza
inhibitors.

Self-assembling
cage proteins.

s

i
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Paspgen: ML noaxogbl K PPI

» Ultrafast scanning with MASIF

a
MaSIF- e
/@ -/ osern N > I ENEEIL e
) _ v Minimize
Inte[arc]tmg‘\ Binder @ Patch descriptor ) descriptor
patches Invert distance
}@ e QLT T T
~ Non Target @ \ Maximize
interacting Jdescriptor
SR 4 S T 1T TR
Random
b Interacting patches X 0.99 10
1.0 I Noninteracting patches
0.8
g 8
] 0.6 A
ROC AUC, 0.99
g 04 g
freg
0.2
0 1 2 3 4 5 6 7 8 GIF Geom Chem G+C
Descriptor distance MaSIF-search

MaSIF-search workflow

_>
scan

Target 1

Decoy Alignrgent
selection anc.
reranking

O Target site

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

exception of hydropathy.
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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 time (min)
complexes in the top complexes in the top
100 10 1 1,000 100 10
MaSIF-search decoys = 100 37 36 30 4 MaSIF-search decoys= 2,000 17 2 16
MaSIF-search decoys= 2,000 67 56 43 39 PatchDock n 1 560
PatchDock 43 32 21 2,743 ZDOCK 17 3 5 3,174
ZDock 58 36 18 134,934 ZDock+ZRank2 23 12 5 16,866
ZDock+ZRank2 77 63 45 159902 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.
oreover, d esSe metnoda OuLd pDene O cquence e ONd (adla 10
prove c pred e CadpPdb e




Paspen:

» Masif-seed

ML nogxogbl K PPI

a b
PPI structure DB § Surface features
3 3 Ve MaSIF-site
C . 4 prediction
OFingerprintpatch  Chemical  Shape -
@ Native interface B l Extract target
fingerprint
Interacting pairs Non-interacting pairs IIJII\ | ‘"
— ] v
§ Patch database
%‘: -gxq (402 million patches)
- 3 )
L |
v
/ ke Complementary d3
e o4] fingerprints
— &« fo —
. Dissimilar
R fingerprints
-
* Mim - memum

|
Vector
Il Hl,llll fingerprints
z

MaSIF-search
fingerprint space
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Paspgen: ML noaxogbl K PPI

» ColabFold

) L)
Pasitions Pasitions Positions

D - Monomer

@@%ﬁ%ﬁ%%
5.9, 23 B A o

10.1101/2021.08.15.456425v1.fu ll.pdf m
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ML nogxogbl K PPI

» AlphaFold-Multimer

* Moguukaunm pyHkumnm Lloss, UTobbl yuecTb CMUMMETPUIO NepecTaHOBOK ANA
NOEHTUYHbBIX Lenen

+ CoBMellLeHMe ABYX MSA ans NHAWBMAYANbHbIX LLenen Ana yTunusaum
reHeTUYecKo MHPOPMaALLUMN 06 KOHTAKTe

* HoBbIN cnoco6 BbiI6OpKM Habopa OCTaTKOB Ana obyyeHus

*x Pa3Hble menkue onTMmmsaLmm
10.1101/2021.10.04.463034v1
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ML nogxogbl K PPI

» AlphaFold-Multimer

Paspen:
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Paspgen: ML noaxogbl K PPI

» AlphaFold-Multimer

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

(c) Protein-peptide complex (d) A2B2 heteromer
TM-score = 96.0, DockQ = 0.948, TM-score = 98.3, Npes = 716, PDB ID = 6IWD
Nies = 385, PDB ID = 6JMT
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Paspgen: ML noaxogbl K PPI

» AlphaFold-Multimer
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