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Virtual Screening and 3D-QSAR Study of TNNI3K Inhibitors

XU Wenxi,CAI Xiaoran ,ZHENG Xiaojiao ,LIU Genyan ,JU Xiulian®
School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: Three dimensional structure-activity relationships (3D-QSAR) models were constructed with a series

of Troponin I-interacting protein Kinase inhibitors benzyl sulfonamide derivatives to investigate the

structure-activity relationship. The cross-validate regress coefficients (¢*) of CoMFA and TopomerCoMFA were

0.622, 0.768, and the noncross-validate regress coefficients () were 0.952, 0.981, respectively. However, the

external validation coefficients (i) of CoMFA and TopomerCoMFA were 0.823, 0.754 respectively,

indicating that both models are favorable stable and predictable. Moreover, Topomer Search was utilized for

virtual screening in ZINC database, and 25 new molecules were obtained, which exhibited higher activity

compared with those template molecules. Finally, 11 molecules were screened by molecular docking as the

potential inhibitors of TNNI3K.

Keywords: troponin I-interacting protein kinase inhibitors; CoMFA; docking; virtual screening
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Tab.1

ZaN

Structure and biological activity data of compounds

Ry
I\I/[e
HN_
S NH

R,
G5 R, R, ICso / (nmol/L) pICs/ (mol/L.) CoMFA 1%Z% TopomerCoMFA  1%2%
N
1 H | N 80 7.10 7.02  0.07 7.19 -0.09
LA
H
X cl
2 H N 80 7.10 722  -0.13 7.01 0.09
L.
3% NHMe Nm\ N 6 300 5.20 594  -0.74 5.72 -0.52
N? E
4 NHELt Nm\ N 2 500 5.60 562  —0.02 5.68 -0.08
N? E
5% NHPr Nm\ N 2 500 5.60 595 -0.34 5.68 -0.08
N? E
N
6 Me l N 630 6.20 6.48 -0.28 6.22 -0.02
N? E
N
7 Ph l A\ 200 6.70 6.59  0.11 6.68 0.02
N? E
8* SMe Nm\ N 130 6.89 720 -0.31 6.56 0.33
N? E
N
9 F | N 250 6.60 6.64 -0.04 6.75 -0.15
LA
H
N
10 Cl A\ 20 7.70 731 039 7.07 0.63

z/:Z
N\
Tz
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HFR1
ETRE R, R. ICso/ (nmol/L) pICs,/ (mol/L) CoMFA #%2% TopomerCoMFA %2
11 OCF, Nl\ A\ 50 7.30 723 0.07 7.48 ~0.18
NZ N
H
Cl
N
12 NHMe i} /©/ 2500 5.60 6.08 -0.48 5.54 0.06
N/ N
H
SN Cl
13 NHE! Nl /©/ 3200 5.50 585  -0.36 5.50 0.00
N/ N
H
SN Cl
14 NHPr Nl /©/ 1 600 5.80 549 031 5.50 0.30
N/ N
H
SN Cl
15 NH, Nl /©/ 800 6.10 636 -0.26 6.03 0.07
N/ N
H
SN Cl
16 SMe Nl /©/ 400 6.40 598 042 6.38 0.02
N/ N
H
SN Cl
17 F Nl /©/ 200 6.70 6.85 -0.15 6.57 0.13
N/ N
H
SN Cl
18 cl Nl /©/ 130 6.89 6.95 -0.06 6.89 0.00
N/ N
H
SN Cl
19 OCF, Nl /©/ 32 7.50 755  -0.06 7.29 0.21
N/ N
H
20 OH Nl\ N\ 40 7.40 734 0.06 7.45 ~0.05
NZ N
H
21% OMe Nl\ N\ 100 7.00 6.52  0.48 7.50 ~0.50
NZ N
H
2 OEt Nl\ N\ 32 7.50 739 0.1 7.45 0.04
NZ N
H
23 OCH,CF; Nl\ N\ 16 7.80 773 0.07 7.81 ~0.01
NZ N
H
SN Cl
245 OH Nl /©/ 160 6.80 6.84 -0.04 727 ~0.47
N/ N
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gR1
i R, R, ICs / (nmol/L)) plCse/ (mol/L.) CoMFA 1%2% TopomerCoMFA  1%2%
= Cl
25 OMe I\i /©/ 50 7.30 7.01 0.29 7.32 -0.02
N* R
H
= Cl
26 OEt I\i /©/ 50 7.30 7.27 0.03 7.27 0.03
N* R
H
= Cl
27 OCH,CF; le /©/ 25 7.60 7.50 0.10 7.63 -0.03
N* R
H
28 —O NTIN 320 6.50 649 001 6.28 0.22
L _
N N
H
N
29 Q Nm\ A\ 130 6.89 7.03 -0.15 6.84 0.05
Me N? E
Me
30* —N Nm\ A\ 20 7.70 7.50 0.20 7.29 0.41
NZ N
Me H
E F
31 NI\ N 130 6.89 7.01 -0.12 6.87 0.02
N kN/ "
/
32 %N NN 32 7.50 778 -0.29 7.46 0.04
- k AN
N 5
/
33 N NTS 10 8.00 788 0.12 7.77 0.23
= Cl
34 —O le /©/ 1300 5.89 555 033 6.10 -0.21
N* R
H
- N Cl
35 m /©/ 250 6.60 6.59 0.01 6.66 -0.06
Me N/ H
Me
Cl
36 '—NQ I\i ks /©/ 80 7.10 7.19 -0.10 7.11 -0.01
N* R
Me H
Cl
N
37 I\i b /©/ 63 7.20 7.23 -0.03 7.20 0.00
~
F;C NN
. Cl
38 F /©/ 40 7.40 7.09 0.31 7.40 0.00
F

/=7
A/
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gR1
TRz R; R, ICso / (nmol/L.) pICs/ (mol/.) CoMFA &% TopomerCoMFA 1%
/ Cl
39 N N|\ 63 7.20 751  -0.31 7.28 -0.08
kN/ N
H
/ Cl
40 %N\_ Nl\ /©/ 40 7.40 737 0.03 7.58 -0.18
CF; N/ N
H
NHMe
41 NMe, N7 50 7.30 735  -0.04 7.31 -0.01
Lz
NH,
42 NMe, N7 32 7.50 751  -0.01 7.51 -0.01
L
OMe
43 NMe, N7 79 7.10 7.17  -0.06 7.12 -0.02
L~
44 NMe, N7 200 6.70 6.60  0.10 6.71 -0.01
L~
Cl
45 NMe, N7 400 6.40 626 0.14 6.41 -0.01
L2
46 NMe, N 2500 5.60 550  0.11 5.61 -0.01
L~
OMe
47 NMe, N”\\ 25 7.60 779 -0.19 7.58 0.02
N/ OMe
48 NMe, N”\\ S/ 200 6.70 6.77 -0.07 6.69 0.01
N/
H
49 NMe, NN 25 7.60 734 0.26 6.98 0.62
lN/ Y,
50 NMe, N'k\ S 16 7.80 7.67  0.12 7.81 -0.01
~
N
N H
SN Cl
51% NMe, Nl /©/ 80 7.10 6.88  0.22 7.26 -0.16
~
N N
H
NN Cl
52 NMe, L L /©/ 10 8.00 7.60  0.41 7.99 0.01
~
N N
H
N/
53 NMe, N | 50 7.30 7.13  0.17 7.29 0.01
\N E

1 *#Test set
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Fig. 1 Superposition of molecules
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it i BIOPOLYMER #5& e X gt 47 4 % | 32 4%
AR it A0 A BE B R BT AR A L 48 T AR AR
E AMBER7-FFO9 (4 Ji ¥~ 28 1 45 38 1 i 46 T A% .
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IR FEHEAT CScore T . — MEIA i HH AR G2 114 6
¥T 43 PR AL Total Score K T 6 B #4 G2 9% HIl % hy %5 4f-
A A B o 2T 43 oK ORI A IO o 22 45 4T 4
PR 5 1736 2 BEOR B, CScore T 70 B SRR 5) 6
—MINK CScore g 5 MG BAT R AF A IEFEE

2 HRER

2.1 CoMFA

% 2, 24 73 BT #  CoMFA 7Y 1 58
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Tab. 2 Statistical parameters of CoMFA model

A ¢ n R,. r SEE F E S

CoMFA 0.622 6 0.823 0.952 0.211 62.931 0.070 0.930

*
=}

a @ Training set am .
: 75 ® Test set & 4o T
= Seo
S et .
= 7.0 s "
3

L °

= 6.5 o
T
Z60F o
?,;:’ -
Y s o"

5.5 6.0 6.5 7.0 7.5 8.0
Actual p/Cs, / (mol/L)

8.0
b = Training set [
75} ® Test set o a"
3 - o
70F = ®
6.5+ | e

6.0

55¢ °

Predicted pI/Cs, by Topomer CoMFA

5i5 6.I0 6.l5 7.(I) 7.5I 8.0
Actual pICsy / (mol/L)

B3 XM (a)CoMFA F(b)Topomer CoMFA #2115 2
R EFMMWIRE S F LI 5 U E R 24 E T E
Fig. 3 Linear regression between actual and predicted values
of training and test sets by (a) CoMFA model,

(b)Topomer CoMFA model
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Fig. 4 Contour map of CoMFA : (a)electrostatic, (h)steric fields
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Tab. 3 Structure predicted p/Cs, and surflex-dock scores of

new designed molecules
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