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Publications  in  PubMed — Drug  Design

4 784 articles

("machine  learning”  OR  "artificial  neural  network“  OR  "artificial  intelligence”)  AND  

("drug  discovery”  OR  "drug  design”)



Any  continuous  functionAny  continuous  function

can  be  represented  ascan  be  represented  as

a  superposition  of  continuous  a  superposition  of  continuous  

functions  of  one  or  two  functions  of  one  or  two  

argumentsarguments

Andrei  Andrei  NikolaevichNikolaevich KolmogorovKolmogorov,  1957,  1957

Kolmogorov's theorem

3Kolmogorov A. N. Proceedings  of  the  USSR  Academy  of  Sciences, 1957; 114(5):953-956.



The Neural Network Zoo

4Leijnen  S.,  Van Veen  F.  Proceedings,  2020;   47(4): 9.



Multiple  docking
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● Active  concentration 10-10 M.

Avogadro's  number ~6·1023.

~6·1013 ligand molecules

interact  with  the  target  protein!

●● RAGE  volume  34 902 Ǻ3.

Ligand volume 1 578 Ǻ3.

The  ligand fits

into  the  receptor  space

at  least  22  times!

LigandsLigands interact  with  the protein  throughout  its  entire  volumeinteract  with  the protein  throughout  its  entire  volume

Vassiliev P. M., et al. Volgograd  Scientific  Medical  Journal,  2021;  3:57-61.
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Formation  of  spaces  for  multiple  docking

3·3·3
27  spaces

MSite

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



Multiple  ensemble  docking  to  relevant  biotargets

7Perfilev M. A.,  Vassiliev P. M.,  et al. Russian Chemical Bulletin,  2023;  72(4):1075-1082.

AutoDock Vina

Each  of  N  ligands
to  each  of  M  3D models

to  each  of  27  spaces
5  times  in  10  conformations

∆Elmi = min(∆Elmijk)

Total  processed
N · M · 27 · 5 · 10

~ 1350 · N · M
docking  energies
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Fully-connected  convolutional neural  network

Vassiliev P. M., et al. Journal  of  Ural  Medical  Academic  Science,  2025;  22(3):279-293.
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Modular  fully-connected  convolutional neural  network



Matrix  convolution
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L – number  of  compounds

Minimum  docking  energy  for  one  biotarget

Matrix  of  distances  between  docking  energies

Energy  of  fully-connected  neural  network
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Vassiliev P. M., et al. Volgograd  Scientific  Medical  Journal,  2024;  4:54-59.



Correlation convolution
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L – number  of  compounds;  M – number  of  biotargets

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

Minimum  docking  energy  for  one  biotarget

Energy  of  fully-connected  neural  network

Energy  of  modular  fully-connected  neural  network
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Anxiolytic activity
Matrix  convolutions  of  W on  27  multiple  docking  energies

Goodman-Kruskal correlation  coefficient Rγ = 0.164

Statistical  significance p < 5·10-7

Fully-connected  convolutional neural  networks
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Antimicrobial S. aureus activity
Matrix  convolutions  of  W on  27  multiple  docking  energies

Goodman-Kruskal correlation  coefficient Rγ = 0.226

Statistical  significance p < 5·10-7

Fully-connected  convolutional neural  networks



14

Anxiolytic activity
Correlation  convolutions  of  W on  27  multiple  docking  energies

Goodman-Kruskal correlation  coefficient Rγ = 0.302

Statistical  significance p < 5·10-7

Fully-connected  convolutional neural  networks
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Antimicrobial S. aureus activity
Correlation  convolutions  of  W on  27  multiple  docking  energies

Goodman-Kruskal correlation  coefficient Rγ = 0.590

Statistical  significance p < 5·10-7

Fully-connected  convolutional neural  networks
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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 Rγ = 0.632

Statistical  significance p = 2.8·10-12

Threshold W0 > 323
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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 Rγ = 0.805

Statistical  significance p = 1.4·10-9

Threshold V0 > 267
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Virtual screening

300 > V0 > 267

Antimicrobial S. aureus activity
71  quinazoline-4(3H)-one  derivatives

52  compounds  with  expressed  activity

Enrichment  coefficient EnrCoef = 1.37
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V0 ≥ 300

V0 > 267
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Research  Center  of  Innovative  Medicines
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Laboratory  for  Information  Technology  in  Pharmacology

and  Computer  Modeling  of  Drugs

~40 Tflops
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