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Kolmogorov's theorem

Any continuous function
can be represented as

a superposition of continuous

functions of one or two

’72/"‘” 47’ arguments

Andrei Nikolaevich Kolmogorov, 1957

Kolmogorov A. N. Proceedings of the USSR Academy of Sciences, 1957; 114(5):953-956.



The Neural Network Zoo
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Deep Convolutional Network (DCN)
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Leijnen S., Van Veen F. Proceedings, 2020; 47(4): 9.
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MATEMATHKA

Aragemun A. H, KOJMOTOPOR

0 TMPEJCTABJEHHH HENPEPBIBHBIX ¢®VHKLUHA HECKOJIBKHX
NMEPEMEHHBIX B BHJIE CYNEPNO3HIUKA HENPEPBIBHBIX ®¥HKLLHA
OJHOTO NEPEMEHHOIO H CIIOXEHHA

Lleasio 3aMeTKH ABJARETCA KPaThoe H3J0eHHe J0Ka3aTesiTRa E‘.'I'\?."[‘r-"KﬁLIlL'IIi
TeOpeMEL:

Teopema. Mpu awbom yeaom n> 2 cyuecmeyrom maxue onpedeicnnme
wa edununos ompeake E'= [0, 1] wenpepsenee deficmaumentrse ymsyun
$Pi(x), wno Kawdas onpedeeHHaR RA N-MEPHOM SOUHUSNOM h‘{{éu' E" nenpe-

putaran dedcmaumessnad dynsgua flx, ..., X)) npedcmasuma & sude
Flhiossonddm B tz.wm] (n
a=1

ede gynrnguu ¥, (W) dedcmeumensnst i Henpe ;mwrfm.
Tpy n = 3, NoJOKHB

2o by xe) = P900) + 99 () Ay xa) = gl -+ ¥ (),

noay gaesM H3 (1)

Flxy, xa, Xa} = E by lpg (21, Xa,), Xal, (2)

o=t

qT0 ABIAETCA HeGOABWHM yenaenues peayastata B. M. Apmoaspa (|), koro-
puii mokaszan, urto mobam HENpPEpLIBHAR (YHKUMA TpeX NepeMeHHbIX Tpea-
CTAEHMA B BHJIe CYMMB JEBSTH CAaraeMolX TOrO e BHJA, Kak caaraemue,
pxofAmEe B popmyay (2) B unene ceMm . Peayawtarw moeli  aasmetiu (°)
HE BhITEKAIOT H3 coobligesoll cefiuac MOBCH TecpeMibl B HX TOUHBIX OpMY-
JHPOBKAX, WO NPHHOHNHAALHOE HX COAEPHAHHE (B CMBHCIE BOIMOMHOCTH
NpefcTaBnentn GYHKUHA HeCKOAbKHX NepeMeibiX CyneproInLHAME gy HKLHA
MEHBIIETD YHCAA TEPEMEHHHX H HX HPUOIHMEHHA CYNEPNOSHUHAMH (QHKCH-
PE}H'rllnill(il‘lJ BHAA H3 MHOMOYWIEHOB OT OfHOIO Ill'pk‘HL‘HHHl'U H l‘.'JllH'(L'”Hil}lJ‘-h_"'
BHHBM  O0pasoM COJEepMHTCH B Hopo#  Tecpeme. MeToj JoKasaTenbCTBa
HOBOIl TeopeMul siemenTapuee Metogoes pafor (1,f), cBoasch K NPAMEM  KOH-
CTPVKUMAM W nojcveram, He 13, B YACTHOCTH, HeoODXOQHMOCTE YNoTpet.
HHs JIEPEBLEB H3 KOMNOHEHT JHHHA ypoeHs. PakTHUeCKH, 0IHAKO, Kou-
CTPVKUWH, VvrnoTpefnennme B 3T0fi aamerke, Guny naiiiens nyTem anaausa
KOHCTPYKUKE, ynoTpeSanpumxcs B (L), W crOpachpanda B HEX Jetanedl, Ha-
JHIUHHX LA NOAYHEHHA KOHEHHOrD P JbTaTa.

§ 1. Moctpoenue pyuruni W™, Hugekcw p, g,k poofy janee
NpoGeranT UeaLe IHAYeHHN

]

l<psn, 1<qg<2n+]l, k=1,2,..., I<igm=(900+1.
i'l]m CYMMHPOBAHHH H NepeMHOMeHHH B STHX Npejenax nopejeas He o=
IHAMAIOTCA.
253




Multiple docking

Ligands interact with the protein throughout its entire volume

e Active concentration 10-10 M.
Avogadro's number ~6-1023,
~6-1013 ligand molecules
interact with the target protein!

e RAGE volume 34 902 As.
Ligand volume 1578 A3,
The ligand fits

into the receptor space
at least 22 times!

Vassiliev P. M., et al. Volgograd Scientific Medical Journal, 2021; 3:57-61.



Formation of spaces for multiple docking

27 spaces
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Vassiliev P. M., etal. Journal of Volgograd State Medical University, 2022; 19(4):88-93.




Multiple ensemble docking to relevant biotargets
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Perfilev M. A., Vassiliev P. M., et al.
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Fully-connected convolutional neural network
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Vassiliev P. M., et al. Journal of Ural Medical Academic Science, 2025; 22(3):279-8293.



Modular fully-connected convolutional neural network




Matrix convolution

Minimum docking energy for one biotarget

5 10
AEy =min (min (4Ey; ), [=1..L, i=1..27
j=1 k=1

Matrix of distances between docking energies

Dl={DIU}={|AEh-AEZJ }, i,j=1...27, l'ij, [=1..L

Energy of fully-connected neural network

Wy=detDy, [=1..L
L — number of compounds

Vassiliev P. M., et al. Volgograd Scientific Medical Journal, 2024; 4:54-59. 1o



Correlation convolution

Minimum docking energy for one biotarget

5 10
AE},; —mm(mm(AElmUk)) [=1.L m=1.M,i=1.27
k_
Energy of fully-connected neural network
27
1 1 3
W, _2.271.]:1le] AEp,; - AElmj [=1..L, m=1..M
i 7j
Energy of modular fully-connected neural network
11 f‘é ,
i,j=1
i 7j

L — number of compounds; M — number of biotargets

Vassiliev P. M., et al. Journal of Volgograd State Medical University, 2024; 21(4):136-142.



Fully-connected convolutional neural networks

Anxiolytic activity
Matrix convolutions of W on 27 multiple docking energies
Goodman-Kruskal correlation coefficient R, = 0.164
Statistical significance p <5-107
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Fully-connected convolutional neural networks

Antimicrobial S. aureus activity
Matrix convolutions of W on 27 multiple docking energies
Goodman-Kruskal correlation coefficient R, = 0.226
Statistical significance p <5-107
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Fully-connected convolutional neural networks

Anxiolytic activity
Correlation convolutions of W on 27 multiple docking energies
Goodman-Kruskal correlation coefficient R, = 0.302
Statistical significance p <5-107
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Fully-connected convolutional neural networks

Antimicrobial S. aureus activity
Correlation convolutions of W on 27 multiple docking energies
Goodman-Kruskal correlation coefficient R, = 0.590
Statistical significance p <5-107
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Fully-connected convolutional neural network

Antimicrobial S. aureus activity — def biotarget
Correlation convolutions of W on 27 multiple docking energies
Goodman-Kruskal correlation coefficient R, =0.632
Statistical significance p =2.8-10-12

. Threshold W, > 323

ROC
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Modular fully-connected convolutional neural network

Antimicrobial S. aureus activity
Correlation convolution of V on 10 energies W of neural networks
Goodman-Kruskal correlation coefficient R, = 0.805
Statistical significance p=1.4-10"°

Threshold V, > 267
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Virtual screening

Antimicrobial S. aureus activity
71 quinazoline-4(3H)-one derivatives
52 compounds with expressed activity
Enrichment coefficient EnrCoef = 1.37

LoCR A P

o — 300> V,>267
52

Active
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Conclusions

A novel architecture of modular
multi-target fully-connected
convolutional neural network based
on various types of convolution of
energy spectra of multiple docking
was developed.

The effectiveness of this new
machine learning method to in silico
search for biological active
compounds was demonstrated.
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