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General model building workflow

I 1. Finding information about known compounds I

f y f
I 2. Unification of techniques and activities clustering I
y
3. Formation of verified database
v
I 4. ldentification and validation of relevant biotargets I
y

I 5. Preparation of ligands and ensemble docking I
v
I 6. Calculation of QL descriptors and MO energies I
y

| /. Formation of training sets |

y

I 8. Training of neural networks and formation of ensembles I

v

I 9. Testing precision of consensus model and prediction I




Finding information about known compounds
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Unification of techniques and activities clustering

A Clustering Perc.stw*
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Formation of verified databases
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Identification of relevant biotargets

Context prediction
of target activity
using chemotypes
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Searching standard compounds
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Validation of 3D-models of biotargets

Docking of reference
substances and selection
of validated 3D-models

Formation
of initial sets | =
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Validated 3D-models of relevant biotargets
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RAGE-inhibition:
34 targets, 102 3D-models
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Status Reviq
Function’

Calcium-activated, pho!
differentiation, migrati
CSPG4, TNNT2/CTNT, ¢
the cell cycle. Can pro
which facilitates active
which is associated wit]
function in glioma cells|
phosphorylating BCL2.
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chemokine-induced CD4
(PubMed:28028151). Is}
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growth of neonatal car
heart failure and death
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Crystal structure of PKC alpha in complex with NVP-AEBO71 # 3iwd overview
Source organism: Homo sapiens Model geometry [ T s Citations

. . Fit model/data [ | ——
P"’“?‘”’ publication: o X . X . & structure analysis
0 Discovery of 3-{1H-indol-3-yl)-4-[2-(4-methylpiperazin- 1- yl)quinazolin-4-vllpyrrole-2,5-dione [ | ]

Released: 03 Nov 2009

(AEBO71), 2 potent and selective inhibitor of protein kinase C isotypes

Wagner J, von Matt P, Sedrani R, Albert R, Cooke N, Ehrhardt C, Geiser
Strauss A, Cowan-Jacob SW, Beerli C, Weckbecker G, Evenou P, Zenke]
J. Med. Chem. 52 6193-6 (2009)
PMID: 19827831

Function and Biology 51 Details

Reaction catalysed:

ATP + a protein = ADP + a phosphoprotein

Biochemical function: o not assigned

Biological process: © not assigned

Cellular component: > not assigned

Sequence domains:
o AGC-kinase, C-terminal
o Protein kinase domain
© Protein kinase, C-terminal
© Protein kinase, ATP binding site
@ Serine/threcnine-protein kinase, active site
o Classical Protein Kinase C alpha, catalytic domain
o Protein kinase-like domain superfamily

Hypoglycemic activity:
20 targets, 60 3D-models
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Preparation of ligands and ensemble docking

Each ligand
in each 3D-model 5 times
in 10 conformations

j = min(AEy,)

~138 000 000
docking energies

Molecular mechanics
10 conformers

uantum chemistry PM
Optimization and selection
of the best conformation

~1 300 000 conformers




Calculation of QL descriptors and MO energies
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Formation of training sets
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Training of neural networks and formation of ensembles

SANM - Results: MetWorks RAGE-MFKB v02 7| — ==
Active neural networks 3 aCtIVIty Ievels

Met .. Metname Traning.. Testp.. Algont. Erorfu.. Hidden .. Output

1 MLP 22-1.. 78wyl 565 805 @ 14 505 Lagistic
2 MLP 22-1. 89, 554Géﬁ1ﬁi E}Qnﬁmnc
3 MLP 22-1.. ?959153? 80.555.. EIFGSM Expunen Tanh
. e foreach @ﬁtﬂ"t‘ﬁ'“ evel
z MLP 22-3-2 1293 )

6 MLP22-1.. 78911565 BOESE.. EIFGS 9 505  Tanh Logistic

= 4000-trained neural networks
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automati(cal va S@IecmdglﬁEU ra I ne works
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Finizh

3 énsembles of..7 neural networks .
In every-ensemble s-

i Fredictions v Train
Test

>360 000 networks were trained




An example of aneural network architecture

RAGE-inhibition from docking energies for 34 biotargets
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5
RAC1 12
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7 Not
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10 1+e -
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PRKCQ |19
ROS1 20
PIK3CA |21
RAGE 22
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Accuracy of neural network ensembles

100 RAGE-nhibitors
90 -
80 - Activity Accuracy, %
70 - level Train | Test | Val | ROC
60 - RAGE-inhibitory activity
w | High ] 988 | 853 [ 7651 899
30 - High or Moderate | 96.5 i 80.9 ES?_?___QZ__O__
20 - Active 99.8 | 88.5 1 84.7 ! 94.4
10 -
0
Train Test Val ROC
100 \
90
Activity Accuracy, % 80
level Train | Test | Val | ROC | 70
Anxiolytic activity 60
High 99.8 | 80.6 | 8L5 | 893 f{ﬁ
High or Moderate | 98.1 : 83.8 1 _653_(_’)___9_%_3__ 30
Active 98.9 1 91.2 187.91 946 | 20
10
0 .
Train Test Val ROC




Accuracy of neural network ensembles

100 Yl ; \
90 -
80 - Activity Accuracy, %
70 - level Train | Test | Val | ROC
60 - Hypoglycemic activity
Zg: High 95.7 | 78.9 | 745} 916
30 4 High or Moderate | 90.9 : 77. 7_ _753_(_)___8_9}__
20 - Active 98.3 1 93.1 1 94.7 1 92.0
10 -
0 . ; .
Train Test Val ROC
PS-inhibitors
100 -
90 -
Activity Accuracy, % 80 -
level Train | Test | Val | ROC | 70 -
Decreased LPS-intoxication 60 -
High 923 | 8.0 866} 926 | °
High or Moderate | 88.9 - 78 6 77 1 92.4 30 -
Active 96.3 | 96.1 | 960 836 | 20 -
10 -
0 . . .
Train Test Val ROC




ROC analysis of aconsensus neural network model
RAGE-inhibitors
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100-Specificity




Consensus prediction of RAGE-Inhibitory activity

First level consensus — simple vote
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Consensus prediction of RAGE-Inhibitory activity

Second level consensus — noncontradiction check

Code High HighMod HighModLow High Full Consensus Moderate Full Consensus
Cons>=4|Cons>=5 Cons>=6| Cons=7 Cons>=4|Cons>=5|Cons>=6| Cons=7 Cons>=4|Cons>=5|Cons>=G| Cons=7 Cons>=4|Cons>=5 Cons>=6| Cons=7 Cons>=4|Cons>=5|Cons>=G| Cons=7
14080 hm hm hml hml hml hml 1 i
14091 hm hml hml hml hml 1
14102 hm hm hm hm hml hml hml hml 1 1 1 g
23 hm hm hml hml hml hml 1 1
26 hm hrml hml hml 1
35 hm hm hml hml hml 1 1
38 hm hrml 1
5 h hm hmil hmi hmi 1
AZH-0143 h h h hm hml hml hml 1
K-215 hm hm hm hm hml hml 1 1
SUM-0018 hm hm hm hml hml hml 1 1 1
SUM-0026 hm hml 1
TONS-0462 h hm hm hml hml 1 1
Osha01 hm hm hrl hml 1 1
Osha02 hm hm hm hml hml hml 1 1 1
Oshal3 hm hm hm hrl hrl hml 1 1 1
Osha04 hrm hrm hrm hml hml hml = 1 1 1
0sha07 h h h hm hm hm hml hmi hml hmi 1 1 il
Oshall hm hrm hr hrm hml | 1
h h h hm hm hm hm hml hml hml hml 1 =0 1 1
Osha12 hm hrml hml 1
Osha21 hm hm hm hm hml hml hml 1 1 1
Osha22 h hm hml hml 1
Osha26 hm hrml hml 1
0shio9 h hm hm hml hml hml 1 i 1
0shil0 h h h hm hm hm hm hml hml hml 1 1 1
Oshit1 h hm hm hml hmi hml 1 1
0shi12 hm hm hml hml hml hml 1 1
Oshi21 hm hm hml hml hml 1 1
oshisz_ | _ | hm hm__ | hm | hmi___ | bt | bm | per b [ [ 1 .
1sha30 h h hm hm hml hmi hml 1 1
1sha3s hm hm hml 1
1s5ha36 hm hml hml hml 1
1shad4 hm hm hm hml hml hml hml 1 1 1
1s5hads hm hm hml hml 1 1
1shadé hm hm hml hml hml 1 1
1sha53 h h h h hm hm hm hml hml hml hml 1 1 a8
1shadro1 h hm hm hml hml hml hml 1 1

high = h&hm&a incorrect h&nhm&a
moderate = nh& hm & a incorrect h & nhm & na
low = nh & nhm & a incorrect = nh & hm & na
inactive = nh & nhm & na ... et cetera
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