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High-flux Virtual Screening of HIV-1 Intergrase Inhibitors from
TCMSP Based on Drug Target
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(1. Shaanxi University of Chinese Medicine, Xianyang 712046, China;
2. College of Life Sciences, Northwest University, Xi’an 710069, China)

[ Abstract | Objective; To search small molecule inhibitors for HIV-1 intergrase from traditional Chinese
medicine database platform ( TCMSP) by using the virtual screening technology. Method: The interacting site
between HIV-1 intergrase andcytokineLEDGF/P75 were taken as target. The molecular docking technology was
used for the first round of screening, then the ADME/T prediction was adopted for the second round of screening,
and finally the target point andthe interacting site were based for the third round of screening. Result: The free
binding energy of original ligand ( 4-[ ( 5-bromo-4-{[ 2, 4-dioxo-3-( 2-oxo-2-phenylethyl )-1, 3-thiazolidin-5-
ylidene ] methyl | -2-ethoxyphenoxy ) -methyl | -benzoic acid, D77) was be used as positive control to screen out two
natural micro-molecule compounds with good drug likeness. Thenatural micro-molecule compounds, HIV-1
intergraseandinteractive perssad showed a superioraffinity to D77 (a new-typeintergrase inhibitor). Their sources of
traditional Chinese medicine were determined. Conclusion: This study successfully established a high-throughput
virtual screening strategy for HIV-1 intergrase inhibitors, and provides an important reference and theoretical basis
for the extraction of anti-AIDS compounds from Chinese herbal medicine and the design of anti-AIDS drugs.
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H BT ,30 2Rt SE00 25 ) © 36 1 & A2y
Vg BLR (FDA) HiEdE ] Tl R, B i 7= A2 7 2 Fh 24
Ik 1T A 1 RO 0 5 SR HE IR YT (highly active
anti-retroviral therapy, HAART) J7 ¥, R4 HAART
T R REAR T SC R R TR H i T4
S ZR W HE BC AN IR Y J7 2%, DA K mT R 7 AR 0 ™ IR
FH B8 A I A S B 1Y 987 Bk 25 ) ) g 24 1 A
IF NS TP NN FERIE I IR B (L
SRV A M R L SR 25 ). HIV-L B S i
(HIV-1 intergrase ) 1 3% 3 1% %% 5 B¢ #5717 A9 DNA #%
B R AN AR AL A, 7R e R TR 2 o
Wy, 2 S0 e T Ak DR T R R — AR AT i /b B O
SR, O LR it AT 1 SR RS T 0 TE R AR T 3R
B IR YT 48 2, Ik HIV-1 intergrase ) B K #1
HIV-1 259 0 BLAEAE 5

Hare 25 #& 2010 4F i I ¢ #F 7 HIV-1
intergrase 5 75 40 ML K T LEDGF/p75 B 5 W =
o SR EE R A B F X HIV-1 intergrase BYAE FH 4%
Fe RZ5 W B 45 4 B 5 A BRI B T AR g
PR RGEEE LG THERGN R, A5
NI I3 B2 /o (= P~ S 1 O 5. 2 Ny 1 S g D
HIV-1 intergrase 5 LEDGF/p75 & & W) it 1 45 ¥4 A
SR AL 25 08T MO B e B rh 2
J26 v e R DL B /N o - e R OF 0 — PR R
LW 53 F 5 intergrase Z A 1Y 25 A B, LA
BT BB B BT S 0 25 TS0
1 BERS5HERE

B 0T A2 PR 245 e Ak 3 K 245 ) B B A Y R
Discovery Studio 2. 5 {4, 73 45 44 1) 2 il Je BE
AL ¥ ok | ChemBioOffice 2012 ¥ 441, 43 ¥
L5 178 R ] Pymol-v0. 99 k4, 32 K 5 TiE 1A ) A
HAE #9734 R A MOE2012 B4, 73 1 %) 422 5% H
AutoDock Vina ¥ ff. A 8 T VE ¥ £ HP-Z440
T ARG EiEAT .

L1 g imy /Ny FRAREN RS Lo
B 2 TCMSP™® (http://Isp. nwsuaf. edu. en/temsp.
php) W £ 12k A F (b [ 25 L) (2015 4F R —#F)
499 Tt B2 (1 4 oy BOHE WA 13 144 0 1 DA K
29 384 LG W, X L 4y 1 B A 2 A AT 9T 4H R A
283 BRI T B B GRS 0, 2 B B e R AR R
Mr 255 R PR — o ASBESE R ] TCMSP AR
T SEALRE PR e 14 T AR A, H R i Al 2 g3 T S
SO EAT TAL B, e el pdbat 4% 5.

L2 g Mmks ibik  PDB H4E &

- 160 -

(http ://www. resh. org/ ) 3K B HIV-1 intergrase & H
BERSCAE o 9 B 5 1 R i AR 4 R R N g
NURRY P A 7Y Fe 20 %€ o 2B4J(PDB_ID 5) | K
LEDGF/p75 5 intergrase fy 3Lt ik, 478 A 45
AL : DI 52 FR B 7 5 BB IE , @A 76 B 2 5L R
BRAEATE N, Q7K 5 T WM BR , @TT A Akl 52 1) 1
B , @WK 5 F 4R B

L3 SPPXESEGLE Du %7 {E B4 0
T 7L 2l 4y A0 XA 52 A0 i P S S B0 3 B 7 R T
PR — R Y L8, KB OIFAE S T — A HIV-
intergrase il | F D77, H 5 15 3= 40 i [N + LEDGF/
p75 [ intergrase %5 4 45 #4 B 5% 4 M 45 & HIV-1
intergrase fi 6 B 0> 45 H Bk, B T, BE X D77 5
HIV-1 intergrase fi: 1A% .0 45 14 380 19 25 5 o o5 24T 0
e, 97 RGeS [, AN T i i e M e S . Bk
TAFSE : OEHOF intergrase {1 A% .0 45 Fy 380 5 FHE
BCAAR (D77) 57 4 42 @1t 505 e A A b o 5 T
TC A i 76 A A A7 5 (9 34 75 AR 22 (RMSD) ; @ RMSD
R BB E N 0. 2 nm, DL F T AutoDock 1424k
BEEEAH T Gridbox #5E l 24 x24 x 24,
DA BRI 1 -BC A S 5 rh G AA 43 1 1 AL s
23 30 Y RPN R, HOA RO B 19 1k,
RMSDmi“ﬁﬂq 0.079 nm,Z5 & Re KN - 7.3 kecal -
mol ' BJ{E N ~7. 0 keal-mol ", I3 11t $T 43 PR A
UE 7 X HE S HO & B, JF AT AR R i HIV-1 A
it 400 81 R 19 2%

L4 Mo rrEgRtETERmE M
AutoDockVina HEF7 24 e 4k 4 F X He il 551 o w4
SHORE DU B R 1 SRR B 0. 75 nm Sy A
b, HAG AL RUE R 1A N TR S5 8, HoAs &
K/ANEE R 24 nm x 24 nm x 24 nm, 75 P A0 K
N —14.685,4.189, —7.387 nm(«x,y,z), RS
YWy BN, iz 17 B 00 %k A Vitral
Scrcening. py 1§ intergrase fit B s 45 H 5 11 25
BT PERIL3 1444043 ¥ 38 — X He 1108 . 2 BAT 43 bR
B BT A o T T HEY R B4 G ReMR T 7.3
keal-mol "' 4> F

1.5 iz ADME/T il #4758 — 460t TCMSP
BE PR G T B TR 12 SR B RS
HE AR A5 , LT T 6 PR AL 5 1 B 0 8, AH O S H
IR B 5303 ] DN TCMSP B W) rp 4R 3, PR i A R
HE X FESE B AR R U] O 1 RE R
JHE (oral bioavailbility, OB) 2~ —4~ 0 AR FI 267 i
REAS 7 A= 255500 T 0 B, 2 A 25108 A 2



222 B 19 1)
2016 4 10 H

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 22, No. 19
Oct. ,2016

OB T3 il %k 2= 15 %1 —OBioabiavil _1. 1 3% Ff] 37 43 1) &
#L ( support vector machine, SVM ) Jre sy g
R B T 805 45 & S iy 2 W B H 2K 20 1,
XS 2R 25 7 TR A MR 2R 1 IR
B, 9F HARCES 1 259 0 4% 08 8 A 45 E B
kI ALE P OB, 232544 (drug-likeness, DL)
PEAG B HE H] T Tanimoto 24" WA 1,

A-B
|[A]?+ |B|* -A-B

Hop, A 23 F DRAGON % 4 (http://www.
talete. mi. it/products/DRAGON _description. htm ) i}
B TR , B & DrugBank 04 2 (http . //www.
drugbank. ca/) " Br 45 25 ¥ (9 °F- 2 4§ & £F. DL >
0. 18 WAL S W HOA o B A B iy DL, BIE# &
0. 18 JE [Ny DrugBank %4 i i) 254 °F- 2 DL
0. 18, (Ifil i 5t & i %5 14 ( blood-brain barrier, BBB)
THUI A A R G R A X S T R R BE T 190 A4
oy 2% 5 B0 AN /) 5 16 9 Ak 45 1 K 3 /9 7 & BBB A
TR ek O AR /S R 3 A AT ik S T
A M A AL, Horh, 4k %) BBB < - 0.3
A R 3% 0 - AN BE % 3% 1Ll B R (BB BBB) , 1
BBB 4bF[ -0.3, +0. 3 ] X&) W gk oy BA — & 1Y

Sf(A,B) =

(1)

%1 ADME/T S¥#iFikiRE
Table 1 Suggested ADME/T parameter screening criteria

BiEME(BBB ) ,BBB >0. 3 ik y B A B B i
(BBB"),

FEH TR H Accelrys 23 &) HF & By Discovery
Studio 2. 5 BAFALH L A 4 TOPKAT ik, 48 48 5
PR A PR 1L S W B T (R RS A X
SCHR AR IE S35 ) #g SRR, F) ) 25 8] 2 A 1 4
PR SAEAYR 23 0 U 2 4 A0 A o e e/ —
e 2 (PLS) AR 45 Il 2 4 Al g A AY |, S %6 I 3 45 X LA
A B A AR HE AT VE A de A R B Y E 4
1@-% n )t % A ( quantity-structure-toxicity
relationship model, QSTR) , LAt X} & 25 A WL &
I8 I 2 PR REIE A8 PR S S M A A R
PESTHEAT S0, [8] B 34 7T LA 2% 1Ak % 34 5 2
(RS20, DR T 48 52 96 1 I ) A 4R A . AS BIF 5 38 B
TOPKAT #He vk Bl 11 IR LDy, (rat oral LD, ) , W i
zh ¥ 9 P (rodent carcinogenicity ) , 28 A P
( mutagenicity ), I % 4 ¥ W i 1 fE ( aerobic
biodegradability ) 45 J7 il Ji& JT Fi ) .

ZEERTR S AR 1 X161 Mk /Ny TGS
Wikt 254030 ) 2 2 8 L wE e S RO A e
i 3 o

S8 I o o ZH I o o
1AW A= 0 ) B2/ % =30 Ji S R B B i
H2HE =0.18 PR TE B P 0.00 ~0. 30(fIEHE %)
43 T Bt/ Da 180 ~ 480 0.30 ~0. 70 (145 A %)
LY 28134 <10 0.70 ~1. 00 ( FHE3R)
Doy T W 3 1l B/ m? < 1.6 10 7' (] 25 3 20 L ) i 7K o T2 7 % -0.4~5.6

1.6  JETHL 5 25 A0 B AR AL S 3047 58 =40 0
e SCHRARE , Du 25 F 2 T B LA Sybyl_
7.0 23 HrBE RN ®IF] D77 5 HIV-1 intergrase (1454
B, RIS ¥ 5 HIV-1 intergrase {if P i 5
1) AR )& i KA BAE L, 9 BAE B oK X & A4
VB OC B 2 B R 4% A Alal69 (A £ ) , Ala98 (B
BE) ,Thr174 (A %%) ,Leul02 (B 4%) ,GInl168 (A %) ,
Hisl171 (A #% ), Thrl25 (B %% ), Lys127 (B %£),
Alal28(B %%) , Trp131 (B %% ) & Alal29 (B %%) . AF
A X L R B 1 R 58 1E A% O B R Ak BE Glul70 (A
)5 GIn95 (B £ ) Wy JH Fl 34 o Gatekeeper i 5 1Y
SR B ELAL T 4 il X LEDGF/p75 ) % 4 B 45
B G AL BT A R L AR TE I AR B, B AT AR

INGY TR R R TG A8 S BRI =2 A, A TS T
PR DR IE R AR BE Glul70 (A BE) , Alal69 (A §E) 5
e & & A S A A B AE A, i NH-N 1 CO-HC
AEEEA, AL T M AR Y R AR
e Alal69 (A 4% ), Ala98 (B %£ ), GIn95 (B %f ),
Glul70 ( A %%), Thr174 ( A %), Leul02 ( B 4%),
GInl68 (A %% ), His171 (A %% ), Thrl25 (B %£),
Lys127 (B #%), Alal28 (B 4%), Trpl131 (B %% ) &
Alal29 (B 4 ) AT 1F by 25 0 T 10 30 050G it 2 5 1 5%
B, WIE T,

BT B AR B YEAM IR D77 5 HIV-1 intergrase
() AH B AR FHASE S, 0 55 %0 0 e 15 2 i 1k & W 4T
RO B, S R R A W DA ) S S g K A
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E 1 HIV-1 intergrase {iE 4 38
Fig.1 Active site of HIV-1 intergrase

AR R MOE2014 #4730 #1. A% % ) intergrase
0 R0 A G 2 D0 Sy D25 S M G B R AR AL, @A %

F2 MRENDFMMEFE S FIHERNLE R

Table 2 Prediction for docking of potential micro-molecule inhibitors

RERER, QM LG AKMEEHRE K, &L
B o B 59 5 8 A5 43 X 48 R T Pymol _
v0. 99 B 7R .

2 #ER5IHR

2.1 BHIGHE LS R IS AR A S
F - 8.0 keal-mol "' BN TAL S W, FEit 161 4, 3t
— 4> M1 ADME/T 2 %154 %] 55 4~ HIV-1 intergrase
WTER/ Nl . B e B TR 52 AE BAR
FHAE S AT 2 A TE A 5R) (7 R 422 F ) 25 2R
W3 2, ADME/T S50 i 24 5 0 2 3, H254% 8 12
ZHAE T 2580 F I S BUX A JF H L # M S5
5 BRE /NG 30650 D77 A — 5 B , R X
2 A A B HIV-1 intergrase §I1 ] 5] .

L] a5 e R . )
& § i 7K A7 H ) 2p gk
L&Y KW /keal-mol ! 1 F 9 2 i 7K AH AR F 6 3 A fb 45
p77" - -7.3 AlaA169(1), AlaB98, ThrA174, GInB95, LeuB102,
GluA170(1) GInA168, HisA171, ThrB125, LysB127,
AlaB128, TrpB131, AlaB129
BT 5 AT % -8.7 GluS170(1), GInB95, ThrB125, AlaB128, ThrA174,
(MOL007235) AlaA169(1), AlaB129 ,MetA178, LeuB102, TrpB132,
GInA168(2) TrpB131, HisA171
AR A 1 R A -8.0 HisA171(1), AlaA169, ThrA174, MetA178, GInA168,
(MOLO11588) GluA170(1), TrpB132,TrpB131, AlaB128, AlaB129,
GInB95(2) AlaB98, LeuB102,ThrB125

.V D77 H 4-[ (5-bromo-4-1[2,4-dioxo-3-(2-0x0-2-phenylethyl ) -1, 3-thiazolidin-5-ylidene ] methyl } 2-ethoxyphenoxy ) -methyl ] -benzoic acid( &

30D .

2.2 HIV-1 intergrase ‘5 f6¢ & # i 57 #9 45 & 4 20
Br AR X B 157 D77 5 HIV-1 intergrase 3 {&
TR 2 A SR, B R 2 A SR AH AR Y R AR R
AlaA169 1 GluA170, D77 43 5 5 %% & AlaB98,
ThrA174, GInB95, LeuB102, GInA168, HisA171,
ThrB125,LysB127, AlaB128 , TrpB131, AlaB129 4§ 11
MR ARG EAER . WK 2,

Z: 8 D77 5 HIV-1 intergrase Y %5 G 52, #E W
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H HIV-1 intergrase 1GPE A4S R B A 13 MR & 3L
2 ( AlaA169, GluA170, AlaB98, ThrA174, GInB95
LeuB102, GInA168, HisA171, ThrB125, LysB127,
AlaB128, TrpB131, AlaB129) . MOL007235 5 5% Ik
B AlaA169, GluA170 } GlnA168 %% I Wi 4 4~ &
52 10 S8R5 R AR KA BAE A, Hop
AlaA169, GluA170, GInA168, GInB95, ThrB125,
AlaB128, ThrA174, AlaB129, LeuB102, TrpB131,
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x3 FEMBFH ADME/T S5
Table 3 ADME/T parametersof potential inhibitors

. > NS 75 i) . .
e MXT Bkl a#ft 22 ke WK K wihor PR AR KEHM LDy s Wit sy
TR REC WECE RN RREe T T /et Skl WeMREERE BRI
nm-+s
n77" 535.42 4.7 2 8 - - 1.38x10°% 11 0.006 10 1..000 0
MOL007235  526.58 0.77 3 10 77.08 -0.98 0.27 1.57x10°"® 0 0. 000 9.8 0. 000 0.224
MOLO11588  424.44 -0.12 3 10 44.84 -1.59 0.74 1.49x10 718 1 0. 000 4.2 1. 000 0
Leu\‘
4
P
®
O polar sidechain acceptor O solvent residue ©© arene-arene
O acidic + sidechain donor metal complex ©H arene-H
basic == backbone acceptor - solvent contact + arene-cation
O greasy = backbone donor metal/ion contact
proximity . ligand [~ receptor
contour exposure - exposure

B2 HIV-1 255Ny FHHF D77 W EER
Fig. 2
inhibitorD77

Docking of HIV-1 intergrase and micro-molecule

HisA171 34 HIV-1 intergrase 7§ ¥4 1 4% {7 & 4 % 5F
B 5L ; MOLO11588 5 22 {K [ HisA171, GluA170,
GInB95 5% BLIE 1 4 A~ &8, [ AE 5 32 K0y 11 > 3%
Bk A K A HAE R, Horh AlaA169, ThrA174,
GInA168, TrpB131, AlaB128, AlaB129, AlaB9S,
LeuB102, ThrB125 & HIV-1 intergrase 7% ¥£ 1 4% {if
Bk SF Bk (R 2, Bl 3,4), 3 F HIV-
intergrase {if P F 42 B9 {2 57 20 5 /R 43 #7 , A D) 4 Wy
e e A A AL S 10 A4S DL b /9 ) <7 20 2 R 5% 2
kA A B K& omok fE M, M H MOL007235,
MOLO11588 if 5 41 3L ik 7% 3L MetA178 , TrpB132
RAGKAHEAER

PE—2L 0 & B 3% HIV-1 intergrase I %l 5
MOL007235 ,MOLO11588 4 5 i 11 [T 4% & Jk iR ok Sk
PR 2 SR AR ], R A A AR Y A
10 /> 5 T8 pliasi K AH B ) FE AT, BT[] 5 intergrase
PR RUE B EAEHT, JF B 5 D77 & intergrase [
oA A —E WA B HER D77 5
intergrase Z AR ) 256 77 59 F 33X A4 15 308 4100 15 551 , fig&
MR A S GREMR, REEEY X5
AutoDock Vina 43 XF # 1 5 (%) #8522 7K B 7K 2 (8]
MHLSEE G RESS MW A (R 2) .

B3 HIV-l1 &5 MOL007235 4y Ft #EEE A
Fig. 3  Molecular docking interaction between HIV-1 intergrase

andMOL007235

B4 HIV-1 #&F5 MOL011588 iy 4 Ft #iEEE A
Fig. 4  Molecular docking interaction between HIV-1 intergrase

andMOL011588

3 &g

AT 5T R A% 58 v 24 508 128 T i s B v 2 Ak S
AT AR AR, L S A 13 144N AL E Y
BB AR, DL HIV-1 intergrase A U )5 , i F 4 F Xt
PR BT E R, AR5 12 1] ADME/T $5i i £ 17
O RSO L, A SRk TR RS 25 W A AR AL S
Fro =5t ik, 418 2 2 4> DL R B9 KR /Ny
T EY , 15 intergrase 3£ Tl 7 Ko AH T AE I 5 41
¥t F D77, JF H 8 & 7 A AT 89 20k R,
AutoDock X 4% 115 45 U6 0H L 2 /> fige 35 700 ] 551 5 48
#HIV-L intergrase f A6 A% .0 45 1 380X ] e Az 4505
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1ty S S KR AR T, %S By e 0 N HE T
CIART B HIV-1 8 5 il 00 HE A0 A% 0 25 0 380 C 12
518 FAML A 5 LEDGF/p75 ) 25 & 25 1 Sl 1E ' &5
G,k — 2B I s 8] A BH &K, 5 BT s O
HIV-1 intergrase STV, ABFE4 BT M o 24 b
BEUR P b R W, Bt LA K SE g A T Y HIV-1
intergrase /N34 ) A A R SR AT 25 5%
[&& k]
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