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3D-QSAR and Molecular Docking Model Study of Thiazole-pyrazoline Derivatives as EGFR Inhibitors

QIN Yue, YE Chunlin*(College of Biological and Chemical Engineering, Zhejiang University of Science and Technology,

Zhejiang Provincial Key Laboratory of Chemistry and Bioprocessing Technology for Agricultural Products, Hangzhou 310023,
China)

ABSTRACT: OBJECTIVE To establish a model of the relationship between the structure and activity of EGFR inhibitors, and to
design new inhibitor molecules and predict their activity based on the information obtained on important structural factors affecting
activity, so as to provide a basis for the design of inhibitor molecules. METHODS Discovery Studio 2019 software was used for
3D-QSAR research and partial least squares calculation. Autodock was used for molecular docking. Study two-dimensional

interactions by using LigPlot. RESULTS The model had a high ¢%(0.521), and (" yaining=0.993, 7s=0.916, 7p1ing=0.940),

indicated that the model had high predictive ability and fitting ability. CONCLUSION

The prediction results show that the newly

designed compounds have higher activity, providing reference for the design of EGFR inhibitor molecules.
KEYWORDS: inhibitor; simulation screening; cluster analysis; molecular docking
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Tab. 1 Chemical structure, inhibitory activity and
predictive activity
i R R Rs EXP.* PreBclI.)E QS?KIZS.C
N
e
" .
\\ N L
IS
4  342CH;  4F 4H 5762 5777 0015
5  342CH; 4Cl  4H 5627 5674  0.046
6  342CH; 4Br  4H 5735 5673 -0.062
7 342CH; 4-CH; 4H 5573 5515 —0.059
8  342CH; 4-OCH; 4-H 5511 5536  0.024
9  342CH; 4-OH 4H 5717 5703 -0.014
10 342CH; 4NO, 4-H 5415 5376  —0.039
11 342CH;  4F 4-Cl 7222 7237 0015
12 342CH; 4Cl  4Cl 6721 6720 —0.001
13 342CH; 4Br  4Cl 6432 6369 —0.063
147 342CH; 4-CH;  4-Cl 5983 5633 —0.350
15 342CH; 4-OCH; 4-Cl 6086 6112  0.026
16  342CH; 40H  4Cl 6013 6037  0.024
17 342CH; 4NO, 4-Cl 6201 6265  0.065
18 4-Br 4F 4H 4949 5046  0.097
19 4-Br 4-Cl  4H 5028 4974 —0.054
20 4-Br 4-Br  4-H 5048 5090  0.042
21 4Br  4CH; 4H 4707 4789  0.082
2 4Br  40OCH; 4H 4993 5031  0.039
23" 4Br 4-0H  4H 4651 4855 0204
24 4Br  4NO, 4H 4804 4840  0.036
25 4-Br 4F 4-Cl 4617 4620  0.003
26 4-Br 4-Cl  4Cl 4749 4771  0.022
27 4-Br 4-Br  4-Cl 4589 4633  0.044
28 4-Br  4CH;  4Cl 4550 4796 0246
29 4-Br  4-OCH; 4-Cl 4703 4732  0.029
30 4-Br 4-0H  4Cl 4667 4707  0.040
31 4-Br  4NO, 4-Cl 4613 5265  0.652
32 40CH;  4F 4-H 5243 5305  0.061
33  40CH; 4Cl  4H 5306 5151 —0.155
34  40CH; 4Br  4H 5255 5226 —0.029
35  4-0CH; 4-CH; 4H 5126 5114 0012
36  4-OCH; 4-0CH; 4-H 5160 5192  0.032
37  4-0CH; 4-0H  4H 5272 5312 0.041
38  4-OCH; 4NO, 4H 5064 5027 -0.037
39  4-0CH;  4F 4-Cl 5295 5205 —0.090
40  4-0CH;  4Cl  4Cl 5109 5201  0.092
41"  40OCH;  4Br  4Cl 5200 5436 0236
42 40CH; 4CH; 4Cl 5330 5313 -0017
43 4-0CH; 4-OCH; 4-Cl 5203 5142  —0.060
44  40CH; 4OH 4Cl 5116 5125  0.010
45  40CH; 4NO, 4Cl 5074 5098  0.023
Ry R
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>
o [T p/ ~ 6187 6001  —0.186
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Tab. 2 Five-fold cross validation results of the training set

3D-QSAR model

i SR R X 2 o o
FWAE }gﬂ(qz)ig BRI TSR
1 0.407 0.467 0.364
2 0.470 0.443 0.339
3 0.503 0.431 0.321
4 0.520 0.423 0.311
5 0.521 0.424 0.310
6 0.511 0.428 0.313
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Fig. 3 Predicted value of the training set fits the actual
value to the curve(A) and curve of the test set’s prediction
and actual values(B)
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Tab. 3 Five-fold cross validation results of blind set
3D-QSAR model
. R NRHEAE R . .
ERAME %@§£ BRIRE PR
1 0.391 0.461 0.341
2 0.478 0.426 0.306
3 0.524 0.409 0.209
4 0.547 0.400 0.286
5 0.525 0.409 0.290
6 0.525 0.409 0.291
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Fig. 4 Fitted curve of the predicted and actual values of the
blind set
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Fig. 5 Electrostatic field equipotential plot(A) and
stereoscopic field equipotential plot(B)

A-Red and blue regions indicated that the introduction of an
electron-absorbing group in this region could enhance or attenuate
activity, respectively. B—green and yellow regions indicated that the
introduction of large volumes of groups in this area could enhance or
attenuate compound activity, respectively.
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Tab. 4 Results of docking scoring kJ-mol™ Tab.5 Predicted activity values of new inhibitor molecules
ot B Lherie 57l R ik MRE lhidcs it Bl pIC50
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Fig. 6 Two-dimensional interaction of compound 11 with
EGFR kinase(PDB code: 1M17)
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EGFR kinase(PDB code: 1M17)
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