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Molecular simulation study on the recognition between hydroxy isoindolin ke-

tone derivatives and HIV-1 integrase
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Abstract To discuss the conformational change and the recognition mechanism of hydroxy isoindol ketone deriv-
atives with HIV-1 integrase, fifty-eight hydroxy isoindol ketone derivatives were docked to the integrase using
AutoDock program. Molecular dynamics simulation with 16 ns was carried out for the two complex modes, respec-
tively, in which the corresponding small molecules exhibited strong inhibition ability. Main force acting on the as-
sociation of small molecules with integrase was explored based on the docking complex model. After analyzing the
hydrogen-bond and conformational changes, it was found that the hydrogen-bond between N155 and D64 was the
key factor maintaining the DDE motif stability. Furthermore, the hydrophobic interactions between the loop region
where Y143 located and the hydroxy isoindol ketone derivatives were found to play an important role for their rec-
ognition.
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Figure 1  Structure of 2-(3,4-two chloro benzyl)-6,7-two dihytroxy
isoindol-1-ketone ( HIK') and 2-(3, 4-two chloro benzyl )4, 5- two
dihytroxy isoindol-1,3-diketone (HID)
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Table 1 Molecular structure, binding energy and the ICs, value of the strand transfer (ST) reaction determined by the experiments

R, Rs
R, R,
OH
OH o R, Ho ORQRZ
HO\Cd R} N ,
N R,
(0]

No. R, R, R; Ry Rs ICs/(pmol/L) AG/(kcal/mol) || No. Ry R, Ry Ry Rs; ICs(pmol/L) AG(keal/mol)
1 H H H H H 12 -4.82 1 H H H H H 0.4 —4.44
2 H H F H H 10 -4.23 2 H H F H H 5 -4.11
3 H F H H H 21 —4.45 3 H F H H H 0.3 -4.90
4 F H H H H 25 -4.53 4 F H H H H 2 -4.87
5 H Cl H H H 4 -4.69 5 H Cl H H H 0.4 -4.96
6 H Br H H H 3 -4.69 6 H Br H H H 0.4 -5.16
7 H 1 H H H 4 -5.28 7 H 1 H H H 1 -5.39
8 H H F F H 0.9 —4.44 8 H H F F H 0.1 -4.24
9 H F H F H 0.3 -4.41 9 H F H F H 0.4 -4.53
10 F H H F H 27 -4.55 10 F H H F H 0.23 -4.85
11 F F H H H 0.7 -4.99 11 F F H H H 0.2 -4.60
12 F H F H H 0.5 -4.64 12 F H F H H 0.3 -4.64
13 F H H H F 20 -4.69 13 F H H H F 2 -4.78
14 H F H H 0.16 -4.62 14 H C F H H 0.17 -5.16
15 H B F H H 1 -4.60 15 H Br F H H 0.9 -5.20
16 H Me F H H 0.9 —4.47 16 H Me F H H 0.8 -4.61
17 H F Cl H H 6 -4.57 17 H F Cl H H 0.9 -4.64
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R, R
R, R 4 3
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N R,
0
No R, R, R, R, Ry ICsy/( pJ’l’lOl/L) AG/ (kcal/mol) No R, R, R; R, Ry 1Cs, ( pmol/L) AG(kcal/mol)
18 H € ¢ H H 0.1 -5.63 18 H Cc € H H 0.12 -5.22
199 ¢ H F H H 2.5 -5.06 199 ¢ H F H H 1.3 -4.78
20 H ¢ H H F 1.2 -4.59 20 H € H H F 0.31 -5.05
20 F € H H H 2 -4.86 20, F € H H H 2 -4.56
2 F H H H 18 -5.12 2 F H H H 3.5 -4.86
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%6 F F H H F 25 -4.98 %6 F F H H F 1.8 -4.70
27 ¢ F H H F 8.9 -5.23 27 ¢ F H H F 4 -5.10
26 H € F H F 4.4 -5.13 26 H € F H F 0.4 -5.16
29 F F F F F 8 -5.12 29 F F F F F 1.3 -5.02
A B
-4, —4.
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Figure 2 Relativity of binding free energy and tested IgICs, between all docking samples (A) and high activity inhibitors ( B)
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Figure 3

Binding modes of the molecular docking results of HIK and HID
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Table 2 Informations of PFV integrase containing substrates in Protein Data Bank and the contact residues of corresponding substrate

PDB ID Resolution (A) Substrate Sequence Contact residues(4 A)
312u 3.15 ELV A:A10-H374;B.D116-F278 D128,D185,Y212,H213,P214,Q215,E221
312v 3.20 RLT A.A10-H374;B.D116-F278 D128,D185,0186,Y212,P214,Q215,E221
32w 3.20 ELV A:A10-H374;B.D116-F278 D128,D185,Y212,H213,P214,Q215,E221
3oya 2.65 RLT A:18-Q375;B:D116-R299 D128,D185,D186,Y212,P214,0Q215,E221
3oyb 2.54 77X A.18-Q375;B.D116-R299 D128,D185,G187,Y212,P214,Q215,E221
3oyc 2. 66 77IW A.18-Q375;B:D116-R299 D128,D185,Y212,P214,Q215,E221
3oyd 2.54 77N A:18-Q375;B:D116-R299 D128,D185,G187,Y212,H213,P214,Q215 ,E221
3oye 2.74 7YY A.18-Q375;B.D116-R299 D128,Y129,D185,Q186,Y212,H213,P214,0215,E221
3oyf 2.51 ZYP A.18-Q375;B.D116-R299 D128,D185,Y212,P214,Q215,E221
3oyg 2.56 7Y0 A.18-Q375;B:D116-R299 D128,D185,G187,Y212,P214,0Q215 ,E221
3oyh 2.74 ZYN A:18-Q375;B:D116-R299 D128,D185,Y212,P214,Q215,E221
3oyj 2. 68 77X A:18-Q375;B: D116-R299 DI128,DI185,G187,Y212,P214, Q215 , E221
3oyl 2.54 77X A.18-Q375;B:D116-R299 D128,D185,G187,Y212,P214,0Q215,E221
3oyn 2.68 77X A:18-Q375;B:D116-R299 D128,D185,G187,Y212,P214,0Q215 ,E221
33m 2.49 DLU A:18-0375;B.D116-R299 D128, D185,0186,G187,Y212,P214, 0215 ,E221,, R329
33n 2.49 DLU A:18-Q375;B: D116-R299 DI28,DI85,G187,Y212,P214, Q215 , E221, R329
3s30 2.55 DLU A.18-Q375;B:D116-R299 D128,D185,Y212,P214,Q215,E221,R329
4bdy 2.52 CIJ A:18-Q375;B:D116-R299 D128,D185,P214,Q215,E221
4bdz 2.85 19¢ A:18-0375;B:D116-R299 D128, D185, P214, Q215 , E221
4be0 2.68 BF3 A.18-Q375;B.D116-R299 D128,D185,P214,Q215,E221
4bel 2.71 Cl4 A.18-Q375;B:D116-R299 D128,D185,P214,0Q215,E221

BTSN T 58 M A PRI &

B, EATFE K B T %, DL R A (B RE i
SR, AR T 1 b 58 ANV T
RS R, 3 18a (HIK) 1 18b (HID ) 1) %} 42
ZE AR B Y AR, B — MO o
X, JE TR DL HIK A1 HID Sk 4 3 47 48 4 i) Ja] 1 32,
Tk MD LU, X bR [a) S TS o
2.2 5T A FEDKSEASK

K 4-A 251 7 IN-HID FI IN-HIK {k &1E4> T
FADL ) 2ok 2 A BB B I (B B A2 ARG &0 o Hh ] 4-A
A1, IN-HID A1 IN-HIK B4~ 5 9 3 BEAS 1L LT

—FE[ 452 - (2.07 x 10° +469.3) kJ/mol
-(2.08x 10° +474.1) kJ/mol |, Ik 3l i & N
2.2% M 2.3% , i1 TARR SR T B, BT DL
IR ERE, AR 7 TR B A T 4

J5 ¥ M A 22 (root mean square deviation,
RMSD) 7 B — It ZI 914 52 5 H b tly R i A i
T2 0T, R A R RO AR AR E Y BK
o B 4-B a5 YRR C 719 RMSD [ i
A . AR, IR £ ) RMSD 7£ 4 ns
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Figure 4 Energy (A) and RMSD of the C, atoms (B) in IN-HIK and IN-HID systems versus simulation time

A
15¢
——IN-HIK
IN-HID
12}
2 | ) A A AL ;
2 06 Aidf N\/
0.3 L ¥ )
0

80 120 160 200
Residue Number

1.2¢

0.9F

0.6f

RMSF/nm

03

00 0.3 0.6 0.9 1.2 1.5
RMSF/nm

Figure 5 RMSF distribution of the C, atoms (A) and the correlation (B) in the IN-HIK and IN-HID systems
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Figure 6  Hydrogen bonded network within the IN-HIK and IN-

HID systems
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Figure 8 Cluster analysis based on RMSD of the IN-HIK system (A) and IN-HID system (B)
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Figure 9 Align of the representative conformations in IN-HIK system (A) and the distribution of contact residues in IN-HIK system (B)
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