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Three-Dimensional Quantitative Structure-Activity Relationship Studies
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Abstract ; In this study,a three-dimensional quantitative structure-activity relationship (3D-QSAR) model of GPR35 re-
ceptor agonists was established by comparative molecular field analysis (CoMFA) and comparative molecular similarity
indices analysis ( CoMSIA) ,the quantitative relationship between the structure of the agonists and its biological activi-
ties was determined. In the CoMFA model, which was employed to calculate the half effective concentration, the final
LOO ( Leave-one-out ) .¢ross-validation coefficient (q>) is 0. 559 the non-cross validation coefficient (r*) is 0. 887,
standard deviation (SE) i80. 382, and in the CoMSIA model , the final decision coefficient () is 0. 627 ,non-cross val-
idation coefficient (r*) is 0.915 ,and standard deviation (SE) is 0.365. In the CoMFA model, which was employed to
calculaté the half inhibitory concentration , the final LOO ( Leave-one-out) cross-validation coefficient () is 0. 600,
non-cross validation coefficient (7*) is 0. 903, standard deviation ( SE) is 0.375,and in the CoMSIA model, the final
decision coefficient(.q” ) is 0. 566, non-cross validation coefficient () is 0. 914, and standard deviation (SE) is
0. 378 One satisfactory 3D-QSAR model possessing predictive capability was obtained, ECy, and 1C,values which pre-
dicted-by 3D=QSAR model are almost same with experimental data. In this experiment, according to the predicted re-
sults, the structures of the ligand molecules were analyzed. The 3D-QSAR model can be applied to design new coumarin
derivatives potent GPR35 agonists.

Key words : GPR35 receptor ; coumarin compounds ; three-dimensional quantitative structure-activity relationship ; compa-

ring the molecular force field analysis ; comparative molecular similarity index analysis
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Fig. 1  Molecular structure of the mother nucleus
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Table 1  The molecular structures and biological activities of GPR35 agonists

W0 TG

Drug molecule R, R, R, Ry pECs, plCsg
number

1 H H COOH 4.035 4,000
2@ cl H H COOH 4.869 4.878
3 Br H COOH 4.968 4,947
4 cl H cl COOH 5.695 5.638
5 Br OH H COOH 5.363 5.425
6 Br H Br COOH 5.757 5.967
7¢ Br OH Br COOH 6.824 7.252
8 Br OMe Br COOH 6.051 6.125
9 Br H NO, COOH 5.370 5.426
10 Br OH NO; COOH 7.292 7.509
11 cl H H CN 4.669 4.669
12 Cl H Cl CN 5.065 5.065
13 Br H Br CN 4.752 4.828
14 Br OH H CN 5.033 5.030
15 Br OH Br CN 5.633 5.539
16 Br OMe Br CN 5.085 6.229
17 Br H NO, CN 6.155 6.187
18 Br OMe NO, CN 5.536 5.772
19 H H H 1 H-tetrazol -5 -yl 5.170 5.294
20¢ Br H Br 1 H-tetrazol-5-yl 6.032 6.420
21 Br OH Br 1 H-tetrazol-5-yl 7.167 7.638
22 Br OMe Br 1H-tetrazol -5 -yl 5.851 6.337
23 Br H NO, 1 H-tetrazol -5 -yl 6.481 6.481
24 Br OMe NO, 1 H-tetrazol -5 -yl 5.575 5.550
25¢ Br OMe H 1 H-tetrazol -5 -yl 4.831 4.850
26 Br OH H 1 H-tetrazol -5 -yl 6.149 6.316
27 Br OH NO, 1 H-tetrazol-5-yl 8.237 8.066
28 NO, H NO, 1 H-tetrazol -5 -yl 7.854 7.886

AR T (6 40T o
Note: @ Represents the test set molecule (6 molecules) .

BEHLEESE 22 A ECAT FAURINZRSE, AR 6 A ZEXIIE R KL o, Horlr: pECs, LRIy, CoMFA £k
Gy FAERIRAR AR O A o F IS B LA S UB{E (column filtering value, o) X # i 1. 0 keal -
AR (9 FE 3 I AR K 64T PLS 43T, i mol™, CoMSIA HEJEMEBEE 4 0.5 keal - mol™ ; plCy,
B — A2 UEGIE 75 (1eave-one-out , LOO ) Xif A2 A4 4 T {ERRALI | CoMFA #EJE{H ( column filtering value, o)
REJJHEATINIE . Zad iz 53 mT IAS B e AR 2H 73 B D) B BE N 0.0 keal - mol”, CoMSIA FEUEHIZE N 1.0
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Table 2 The CoMFA and CoMSIA model data for training sets ligand molecules

BN
Field attribution
ONC q SE ? F Ster Eletr Hydr Don Acc
pEC50 CoMFA 4 0.559 0.382 0.887 33.236 0.821 0.179
CoMSIA 7 0.627 0.365 0.915 21.501 0.051 0.151 0.317 0.190 0:290
pIC50 CoMFA 5 0.600 0.375 0.903 29.855 0.677 0.323
CoMSIA 7 0.566 0.378 0.914 21.314 0.057 0.138 0.319 0. 180 0.305

ONC: It A 73488

ONC ; optimal component number.

%3 CoMFA #n CoMSIA #Z BV iX S B 4 F UM E A LI E L B
Table 3  Comparison of experimental and predicted value of the test sets ligand molecules for the CoMFA and CoMSIA models

CoMFA CoMSIA CoMFA CoMSIA

Actual Predicted . Predicted . Actual Predicted . Predicted X

PECs PECsy Residual PECs Residual pICay pICE Residual pICs Residual
2 4.869 4.797 0.072 4.749 0.120 4:878 4.746 0.132 4.769 0.109
7 6.824 6.235 0.589 6.585 0.239 7.252 6.524 0.728 6.769 0.483
11 4.669 4.276 0.393 4.179 0.490 4. 669 4.056 0.613 4.128 0.541
16 5.085 5.074 0.011 4.945 0.140 6.229 5.137 1.092 5.037 1.192
20 6.032 6.262 0.230 6.308 0.276 6.420 6.614 0.19%4 6.584 0.164
25 4.831 5.876 -1.045 5.189 -0.358 4.850 5.899 -1.049 5.425 0.575
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Fig.2 Ligand molecules superimposed results
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Fig.3 the CoMFA model linear relationship of the pECs,
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