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Benok-6enkoBbie B3aMMOJEHCTBUS SIBISIFOTCSI OCHOBOW MHOTHX OMOJIOTHYECKHX IMPOIECCOB.
BONBIIMHCTBO TakWX B3aUMOJECUCTBUM OMPENCISIOTCS TPEXMEPHOM CTPYKTYpOd W AMHAMHKON
00BekTOB. IIpu 3TOM B3aMMOJEHCTBUS MEXAy O€lIKaMH MOTYT OBITh KaK MOCTOSHHBIMH, TaK U
BPEMEHHBIMHU.

Jlyist onpenienieHust TOro, Kak MPOUCXOAT OEeIOK-O0eKOBBIE B3aUMOACHUCTBUS, UCTIONB3YIOTCS
AITOPUTMBI MOJICKYJISIPHOTO AOKHHTAa. OIHAaKO BO MHOTHUX QJITOpPUTMax HCIoJyb3yeTcs rigid-body
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MOJIX0JI, KOTOPBIM 3aKIII0YaeTcsl B TOM, YTO O€JKM paccMaTpuBaloTCsa Kak TBepable Tena. B aTom
cllydae MPOUCXOAUT TOJIHBINA nepedop BceX BO3MOXKHBIX KOH(PUTypaIiii BpallleHUid U TPaHCISIUN
O00BEKTOB JAPYr OTHOCUTENBHO JApyra. HemocTaTrkoM Takoro ajiroputma SIBISI€TCSl TO, YTO OH He
YUUTBHIBAET CTPYKTYpHBIE M3MEHEHMS, KOTOPbIE MOIYT IIPOMCXOJUTh B KOMILJIEKCE IOCIIE
B3aUMOJICHCTBUN MEXKIy OCIKaMH.

B TO e BpeMs anropuTmbl, B KOTOPBIX OENKHM pacCMaTpHUBAIOTCS KaK MOJBM)KHBIC Teja,
HMMEIOT CYHIECTBEHHO OOJIBIIYIO BBIUHUCIUTENBHYIO CIOXKHOCTh, YTO OTPAHUYUBACT UX MPUMEHEHUE
Ha OOJIBIINX MACCHUBAX JIAHHBIX.

Kommnpomuccom siBisieTcsi IpUMEHEHHUE MONyTMOKUX METOJIOB JOKHHIa, KOTOPBIEC JIUIICHBI
IIEPEUNCIIEHHBIX HEJOCTAaTKOB.

B pabote onucaHo HUCIIOJIIb30BAHUE UEH KOIBOIIOIUH, KOTOpas MPUMEHSIETCS] B HEMPOHHON
cetu AlphaFold2 nns mporo3upoBaHUs B3aUMOJEHCTBHS B JBYXKOMIIOHEHTHBIX CHUTHAJIBHBIX
oenkax. Jlims sToro ObUT B3SAT AITOPUTM ONMHMCAHHBIM B myOnuwkanuu [1], ¥ coBMemeH ¢
MonubunpoBannoii  monenvto  AlphaFold2, B  koTropoil  OBIJIO  yMEHBIIEHO  YHCIIO
rUIeprnapaMeTposB.

Jis TeCTUPOBAHMSI HTOTOBOTO aJITOPUTMAa UCIIOIB30BAJICS OOIIEAOCTYTHBIN HA0Op TaHHBIX U3
oenumapka Dockground 4 [2]. B Hem coxepkarcs 219 map OenkoB, Kakaas IeNOYKa KOTOPBIX
COJIEp)KUT MUHUMYM 50 aMHHOKHCIOTHBIX OCTaTKoB. Cpeau pacCMOTPEHHBIX KOMILIEKCOB 54 %
OTHOCSITCS K dyKapuoTHueckum Oenkam, 38 % — k 6akTepuaibHbIM U 8 % — 3TO KOMILIEKCHI U3 Hap,
B KOTOPBIX OJIUH OaKTepUaAIbHBINA OEJIOK B3aMMOICHCTBYET C 9YKapHOTHIECKUM.

[TommydyeHHble pe3ynbTaThl IOKA3bIBAIOT, YTO KCMOJb30BAaHUE MHJIEM KODBOJIOLUUU B
MOJIEKYJISIPHOM  JIOKMHI€ II03BOJISIET CYIIECTBEHHO YJIYUYIIUTb pPE3yJbTaThl BBIYUCICHUN U
peannu3oBaTh MOIyTUOKUNA JOKHHT.
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Protein-protein interactions are the basis of many biological processes. Most such interactions
are determined by the three-dimensional structure and dynamics of the objects. Moreover,
interactions between proteins can be either permanent or temporary.

Molecular docking algorithms are used to determine how protein-protein interactions occur.
However, many algorithms use a rigid-body approach, which involves treating proteins as rigid
bodies. In this case, all possible configurations of rotations and translations of objects relative to
each other are fully explored. The disadvantage of such an algorithm is that it does not take into
account structural changes that may occur in the complex after interactions between proteins.

At the same time, algorithms in which proteins are treated as flexible bodies have significantly
greater computational complexity, which limits their application to large datasets. A compromise is the
use of semi-flexible docking methods, which are free from the listed drawbacks.

This work describes the use of the co-evolution idea, which is applied in the AlphaFold2
neural network to predict interaction in two-component signaling proteins. To do this, the algorithm
described in the publication [1] was taken and combined with a modified AlphaFold2 model in
which the number of hyperparameters was reduced.

The publicly available dataset from the Dockground 4 benchmark [2] was used to test the
final algorithm. The subset contains 219 protein pairs, each chain of which contains a minimum of
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50 amino acid residues. Among the complexes considered, 54 % are eukaryotic proteins, 38 % are

bacterial, and 8 % are complexes of pairs in which one bacterial protein interacts with eukaryotic.
The results show that the use of the co-evolution idea in molecular docking allows for a

significant improvement in computational results and the implementation of semi-flexible docking.
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