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Depression and anxiety disorders
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Build classification consensus
ensemble model of dependence
of anxiolytic activity of chemical
compounds from their structural
QL descriptors using method of

convolution artificial neural
networks



e Formation of verified training set for known
anxiolytic substances

e Calculation of QL descriptor representation for
training set compounds

Line convolution of find structural parameters

e Training of neural networks and formation of
consensus ensemble model

e Prediction of anxiolytic activity for new
compounds



Finding information about known compounds

C chEMBL

EBI = Databases > Chemical Biclogy = ChEMBL Database > Search Results

Search Results
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Showing 1-24 out of 2,157,379 records
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Unification of techniques and activity clustering

A Clustering Perc.stw*
=3 Cluster Analysis (Data for Clustering CHEMBL25 Glycation v01)
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K-means clustering results dialog
Cluster Means (Data for Clustering CHEMBL25 Glycation
Euclidean Distances between Clusters (Data for Clusterir
Analysis of Variance (Data for Clustering CHEMBL25 Gly
[ Descriptive Statistics for Cluster 1 (Data for Clustering Cl
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Cluster Means (Data for Clustering CH] Euclidean Distances between Clusters
Cluster | Cluster | Cluster Distances below diagonal
Variable [ No. 1 No. 2 No. 3 Cluster [Squared distances above diagonal
Inhib [ 63.63278/ 93.15059 29.47273 Number [ No. 1 [ No.2 [ No.3
No. 1 0.00000  871.3011 1166.909
No. 2 29.51781  0.0000 4054.870
No. 3 3416005 63.6779 0.000
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Euclidean Distances between Clusters
Distances below diagonal

Cluster Means (Data for Clustering CHEMBL25 Glycation | [Variable : : 3 Cluster [Squared distances above diagonal
Euclidean Distances between Clusters (Data for Clusterin log(1/IC50) | 3 376441 4 259640 5064370 Number | No. 1 | No.2 No. 3
Analysis of Variance (Data for Clustering CHEMBL25 Gly¢ No. 1 0.000000| 0.780040) 2.849103
Descriptive Statistics for Cluster 1 (Data for Clustering CH NoZ2 0.5834291 B.000000[10.6.7590
B No. 3 1.687929 0.804730 0.000000
Variable Descriptive Statistics for Cluster 2 (Data for Clustering CH
Inhib 2 Descriptive Stafistics for Cluster 3 (Data for Clustering CH
Members of Cluster Number 1 (Data for Clustering CHEN
Members of Cluster Number 2 (Data for Clustering CHEM
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Analysis of Variance (Data for Clus| Descriptive Statistics for Cluster 1 (
Between df‘ Within | df | Fi Cluster contains 59 cases
Variable S8 SS ‘ Mean |Standard |Variance
log(1/IC50) | 75.30598 2 7.703372 174 8504 |[Variable | Deviation
log(1/IC50) | 3.376441 0.201177 0.040472
D¢
11y
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Inhib 9 -
Clustering by k-means method
- - escriptive Statistics for Cluster 2 ( Descriptive Statistics for Cluster 3 (
4 a Ct I VI C I a Se luster contains 71 cases Cluster contains 47 cases
Mean | Standard ‘\/ar(ance Mean |Standard |Variance
Variable Deviation Variable Deviation
- h log(1/1C50) ﬁ%ﬁlo 0.222052 0.0T log(1/IC50) 5.064370 0.203475 0.041402
High, Moderate, Low, Inactive
406.000000
387.000000
264.000000
389.000000
Members of Cluster Number Members of Cluster Number
and Distances from Respect and Distances from Respect
Cluster contains 59 cases Cluster contains 71 cases
Distance Distance
1361.000000 0.412706 348.000000 0.395968
192.000000 0.375586 108.000000 0.361599
388.000000 0.371192 144.000000 0.357083 7
377.000000 0.352345 52.000000 0.352970




Formation of verified databases

Anxiolytic Substances v11 - Corrected 24 January 2022
Structure Activity
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Elementary descriptors of QL language

Structural descriptors

>N— N< heteroatomic
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Composite descriptors of QL

language
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Calculation of QL descriptors
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Linear convolution

Correlation of one seqguence

with the reversed second

y(n) = Y  h(n—m)z(m)

8686 QL descriptors ——p 66 convolution variables
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Example of QL descriptor convolution

SD -NH2 >NH -N< -N= #N >N+= -OH >0 =0
0 0 2 3 0 0 1 0 0
BD ...0 ..l .nl a0 al A0 Al p.0 p.1l
12 30 0 10 23 15 30 0 0
Initial data
SD -NH2 >NH -N< -N= #N >N+= -OH >0 =0
0 0 2 3 0 0 1 0 0
BD p.1 p.0O A1 A0 @1 a0 .n1 .1 .0
0 0 30 15 23 10 0 30 12

Data for convolution

SDeBD = (0*0) + (0*0) + (2*30) + (3*15) + (0*23) + (0*10) +
(1*0) + (0*30) + (0*12)=0+0+60+45+0+0+0+0+0
= 105
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Formation of training set

Mol_ID

[ o0 2 B N T I (S T (N 1 SR G P S [PV ORI ) PR OF S G [PV ROEK. 4 PP O JP. 3
RN SO0 waar kiSO XN O EWIN

W o W W W N NN N NN
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Code
CHEMBL 101045
CHEMBL 101304

CHEMBL 13662
CHEMBL 153823
CHEMBL 154328
CHEMBL 154380
CHEMBL 155270
CHEMBL157522

CHEMBL18782 2:3
CHEMBL 1883

CHEMBL 189061
CHEMBL190772
CHEMBLZ20042
CHEMBL204240
CHEMBL2263292
CHEMBL2263293
CHEMBL2263296
CHEMBL239259
CHEMBL260870
CHEMBL260872
CHEMBL260994
CHEMBL289742
CHEMBL290906
CHEMBL307116
CHEMBL3084529
CHEMBL314608
CHEMBL319178
CHEMBL319966
CHEMBL323519
CHEMBL3246317
CHEMBL3251778
CHEMBL3277537
CHEMBL3277538
CHEMBL3277539
CHEMBL3277542
CHEMBL3277543
CHEMBL3277544

LevHM SD_1-1 SD_1-2 SD_1-3 SD_1-4 SD_1-5 SD_1-6 SD_1-7 SD_1-8 SD_1-9 SD_1-10 SD_1-11 SD_2-2 SD_2-3

hm
hm
hm
hm
hm
hm

hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm
hm

1089 3003 3003 6006 3003 6006 3003 3003 6006 3003 3003 8281
676 2418 2418 4836 2418 4836 2418 2418 4836 2418 = 2418 8649
520 3266 537 653 3065 6532 3266 3266 20164
361 16155{% ?230 ABK‘]Q} 0 1615 1615 = 7225
2601 1045 0910 !! 0 10455 10455 42025
2601 10455 10455 20910 10455 20910 10455 10455 20910 10455 10455 42025
361 1843 1843 3686 1843 3686 1843 1843 3686 1843 1843 0409
484 3036 3036 6072 3036 6072 3036 3036 _6072 3036 _ 3036 _ 19044
with: pronounced:activity:
625 p 6 6 gooa I 0 00
7056 7056 7056 14112 7056 7056 14112 7056 7056 504

729 7101 7101 14202 7101 14202 7101 7101 14202 7101 7101 69169
00g 3000 3000 6000 3000 3000 6000 3000 3000 14400

% 64 12W 276 gwg Ey 1276 3364
0 X oo 044 W Wy 2044 5329

784 | 2044 2044 4088 2044 4088 2044 2044 4088 2044 2044 5329
784 2604 2604 5208 2604 5208 2604 2604 5208 2604 2604 8649
1089 3960 3960 3060 7920 3960 3960 7920 3960 3960 14400
1225 5845 584 é neu rnms 11690 5845 5845 27889
1089 4224 422 8448 4224 4224 16384
961 3255 3255 6510 3255 6510 3255 3255 6510 3255 = 3255 11025
784 | 5348 5348 10696 5348 10696 5348 5348 10696 5348 = 5348 36481
784 5264  52Gem 10528 5264 10523 g @264 5264 10528 5264 5264 35344
576 | 3552 35? §am9 I ';3 g§ 7104 3552 3552 21904
1444 7562 7568 151 15124 7562 7562 39601
720 3186 3186 6372 3186 6372 3186 3186 6372 3186 = 3186 13924
1024 3488 3488 6976 3488 6976 3488 3488 6976 3488 = 3488 11881
625 2450 2450 4000 2450 4000 2450 2450 4900 2450 2450 9604
1296 3492 3492 6984 3492 6984 3492 3492 6984 3492 3492 9409
720 3213 3213 6426 3213 6426 3213 3213 6426 3213 3213 14161
841 3712 3712 7424 3712 7424 3712 3712 7424 3712 3712 16384
784 3080 3080 6160 3080 6160 3080 3080 6160 3080 3080 12100
961 = 3627 3627 7254 3627 7254 3627 3627 7254 3627 = 3627 13689
1024 4320 4320 8640 4320 8640 4320 4320 8640 4320 4320 18225
1024 3036 3936 7872 3936 7872 3036 3936 7872 3936 = 3936 15129
720 | 2943 2043 5886 2943 5886 2043 2943 5886 2943 = 2043 11881
784 3108 3108 6216 3108 6216 3108 3108 6216 3108 = 3108 12321

8281
8649
20164
7225
42025
42025
9409
19044
13924
32400
63504
69169
14400
3364
5329
5329
8649
14400
27889
16384
11025
36481
35344
21904
39601
13924
11881
9604
9409
14161
16384
12100
13689
18225
15129
11881
12321

SD_2-4
16562
17298
40328
14450
84050
84050
18818
38088
27848
64800
127008
138338
28800
6728
10658
10658
17298
28800
55778
30768
22050
72962
70688
43808
79202
27848
23762
19208
18818
28322
30768
24200
27378
36450
30258
23762

144642




Neural network with bottle-neck

Input neurons, I
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Training of neural networks and formation of ensemble

SAMM - Results: MetWorks RAGE-MFER w02 “r

Active neural networks 7 S am p I I n g O ptl O n S

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

1 MLP[i_b“E” 1565 80565 éFGS 14 05 Tanh Logistic

2 WP Oretrainedneural=networks
3 MLF 221, 79.581837 80565, EBFGZ14 Exponen...

4 kALF 22-1 115 gis i

: Mmfd reach sam Eﬁﬁlng?m.b ptﬂ@h

G PMLF 221, 78911565 80555, BFGZ9 S03 Tanh Logistic

50° automatically-*selected neuralnetworks

Fre
Building network 145 (MLP 22-16-2, exp, logistic) T Cancel

wadmnsemble of 7 neural networks

Classification rate: Train=85.034%, Test=75 ——

U rrors racdH o 1 ja ) & __ _ _ ,:
Meural network training in progress |:|

LIT=ETITITE

arks -

Seieg () @T’F@“b'EnetV\?@Li*ks WEFE" trained ™"

ﬂrﬂ Sample
(i Fredictions v Train
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Accuracy of neural network ensemble

1 Code MeTtka Sampll Sampl2 Sampl3 Sampld Sampl5 Samplé Sampl7 Ind1 Ind2 Ind3 Ind4 Ind5 Ind6é Ind7 Cons>=4 Cons>=5 Cons>=6 Cons=7 GenCons Correct
2 | CHEMBL100144  hm hm hm hm hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
3 | CHEMBL101045  hm hm hm hm hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
4  CHEMBL101304  hm hm hm hm nhm hm hm hm 1 1 1 1 1 1 hm hm hm hm 1
5 CHEMBL1059 hm hm hm hm nhm nhm hm hm 1 1 1 1 1 hm hm hm 1
6 CHEMBL1112 hm hm hm alaeat afeal ateal el ] | ] 1 1 | afeal hm hm hm 1
7 = CHEMBL13662 hm hm hm nhm nhm hm hm hm 1 1 1 1 q hm hm hm 1
¢ | CHEMBL153823  hm hm hm hm nhm nhm hm 1 1 1 hm hm hm 1
9 | CHEMBL153953  hm nhm hm hm Arp CM r.a y ﬁ ] | — 78% hm hm hm 1
10 | CHEMBL154043  hm hm hm hm h 1 g O 4 1 hm hm hm hm 1
11 CHEMBL154328  hm hm hm hm 1 1 1 1 1 1 hm hm hm hm hm 1
12  CHEMBL154380  hm hm hm hm 1 1 1 1 1 d hm hm hm hm hm 1
12 | CHEMBL154754  hm hm hm him 1h 1 1 hm hm hm hm 1
14 | CHEMBL155270  hm nhm hm hm Sé n % I fnl Vni-ty 1F1 Z 8 | % hm hm hm 1
15 CHEMBL157522  hm hm hm nhm 1 a 1 | hm hm 1
16 | CHEMBL1836783  hm hm hm hm hm nhm 1 1 1 1 1 hm hm hm hm 1
17 | CHEMBL187827  hm nhm nhm nhm nhm nh nhm nhm nhm

12 CHEMBL188138  hm nhm  nhm]  nhm S|:p ec I f] CT[ F — 70% nhm

19 | CHEMBL188280  hm nhm hm nhm y n = nhm

20 CHEMBL188335  hm hm hm hm 1 | 1 1 1 d hm hm hm hm hm 1
21 CHEMBL189061 hm hm hm T T T T R ! ' ] ! ] T hm hm hm 1
22 CHEMBL190772  hm hm hm hm hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
23 | CHEMBL1949963  hm hm hm hm hm hm nhm hm 1 1 1 1 1 1 hm hm hm hm 1
24 | CHEMBL20042 hm nhm nhm nhm nhm nhm nhm nhm nhm

25 | CHEMBL204040  hm nhm nhm nhm nhm nhm nhm nhm nhm

26 | CHEMBL204081  hm nhm nhm nhm nhm hm nhm nhm 1 nhm

27 | CHEMBL204240  hm nhm nhm nhm nhm nhm nhm nhm nhm

28| CHEMBL204755  hm nhm nhm nhm nhm nhm nhm nhm nhm

29 | CHEMBL207493  hm hm hm hm nhm nhm hm hm 1 1 1 1 1 hm hm hm 1
30 | CHEMBL207517  hm hm hm hm hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
21 CHEMBL207678  hm hm hm him hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
32 | CHEMBL2263292  hm nhm hm hm hm hm hm nhm 1 1 1 1 1 hm hm hm 1
33 | CHEMBL2263293  hm nhm hm hm hm hm hm nhm 1 1 1 1 1 hm hm hm 1
34 | CHEMBL2263284  hm hm hm hm hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
35 | CHEMBL2263295 hm hm hm hm hm hm hm hm 1 1 1 1 1 1 4 hm hm hm hm hm 1
36 | CHEMBL2263296  hm hm hm him hm hm hm hm 1 i 1 1 1 1 i hm hm hm hm hm 1
37 | CHEMBL2263297  hm hm hm hm hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
38 | CHEMBL2263298  hm hm hm hm hm hm hm hm 1 1 1 1 1 1 1 hm hm hm hm hm 1
29 | CHEMBL231825  hm hm hm nhm hm hm nhm hm 1 1 1 1 1 hm hm hm 1
40 CHEMBL232188  hm hm hm nhm nhm hm hm hm 1 1 1 1 1 hm hm hm 17 1




Prediction results

Y o oo

Diazepinobenzimidazole Benzoimidazopyrazine Quinoxaline
\ .
(o
N

) :
N\N
Triazolobenzodiazepine Mercaptobenzimidazole

97 new compounds — 53 active
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