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WHO ‒  Anxiety  disorders 

301  million  people 
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To  construct  a  multi-target  model  
of  the  dependence  of  the  

anxiolytic  activity  of  chemical  
compounds  on  their  multiple  

docking  energies  using  
correlation  convolution  and  

artificial  neural  networks 

Purpose 
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Tasks 

● Construction  of  optimized  3D models  of  
ligands 

● Selection  and  validation  of  relevant  biotargets 
● Formation  of  spaces  for  multiple  docking 
● Performing  multiple  ensemble  docking  to  

relevant  biotargets 
● Correlation  convolution  of  multiple  docking  

energy  spectra 
● Formation  of  training  set 
● Training  of  neural  networks  and  selection  of  

the  best  model 
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537  verified  structures 
of  anxiolytic  substances: 
273  pronounced  activity 
264  low  activity 

Verified  database  of  anxiolytic  substances 
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Construction  of  optimized  3D models  of  ligands 

7 Vassiliev  P. M.,  et al.  Biochem.  (Mosc.)  Suppl.  B:  Biomed.  Chem.,  2019;  13(3):256-263. 

Molecular  mechanics  10  conformers 

Quantum  chemistry  PM7 

MarvinSketch 

MOPAC 



Selection  and  validation  of  relevant  biotargets 
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Analysis  of  signaling  pathways 

Prediction  of  target 
activity  of  chemotypes 

Selection  of  similar 
inactive  compounds 

Selection  of  references 

Set  of  validated  3D models 

Docking  of  standard  compounds 
and  selection of  valid  3D models 

22  relevant  biotargets 
22  valid  3D models 

Vassiliev  P. M.,  et al. Pharmaceuticals,  2023;  16(5):731. 



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! 

Ligands  interact  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 

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

3·3·3 = 27  spaces 

MSite 



Multiple  ensemble  docking  to  relevant  biotargets 

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

AutoDock  Vina 

Each  of  537  ligands 
to  each  of  22  3D models 

to  each  of  27  spaces 
5  times  in  10  conformations 

∆Eijkl = min(∆Eijklm) 

Total  processed 
537 · 22 · 27 · 5 · 10 

~ 16 000 000 
docking  energies 



Correlation  convolution 

2970  docking  energies                 22  convolution  variables 
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K = 22,  number  of  biotargets 

M = 27,  number  of  docking  spaces 

L = 5,  number  of  docking  energies  for  space  i 

N = 537,  number  of  substances 



Formation  of  training  set 

537  Anxiolytics 

273  with  pronounced  activity 

264  with  low  activity 

22  neurons 

7  samplings 
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Neural  network  with  bottle-neck 
Input  neurons,  I 

Hidden layer,  H 

Output  neurons,  O 
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f1(x) 

f2(x) 



7  sampling  options 

4000  trained  neural  networks 
for  each  sampling  option 

50 automatically  selected  neural  networks 
for  each  sampling  option 

 
1  best  neural  network 

~30 000  networks  were  trained 

Training  of  neural  networks 
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Accuracy  of  the  best  neural  network 

Accuracy  F0 = 90.7% 

Sensitivity Fa = 90.9% 

Specificity Fn = 90.5% 

AUCROC = 91.5% 
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MLP  22-14-2  (tanh,  softmax) 
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~40 Tflops 
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