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TCTCTAGCAGT 3'; 2, 5’ACTGCTAGAGATTTT-

CCACAC 3'; 3, 5'TGCTAGTTCTAGCAGGCCC-
TTGGGCCGGCGCTTGCGCC 3.
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23 h Ak, A Ag fHiXF] 0.6~08. 1A
1 mol/L ] IPTG £ KN 1 mmol/L, 30C %%
#iA 5h. 6 000 r/min, 4°C Z.0r 15 min, WA R 1A,
B R R T P A (20 mmol/L Tris-HCI
pH 7.9, 0.5 mol/L NaCl, 10% H i, 2 mmol/L B-
A OB, FEIANZIKE ) 2 mmol/L PMSF,
0.2 g/L %1%/, 0.02 g/L DNase [ . 4°C¥K¥# 30 min
JE 8 AR 25 min. 15 000 r/min, 4°C &0 20 min,
& ST

BEUF Ni-NTA A, HZ Ml A P . Bk
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VeMi, WCEE S 200 mmol/L 1K MR B W WE I R 1 v
7, H 12% SDS-PAGE %2 45y I 4l 5. FH 22 il
B (20 mmol/L Tris-HCI pH 7.9, 0.5 mol/L NaCl,
10%H i, 1 mmol/L EDTA, 2 mmol/L DTT)i% #r
WA VER ), 4 CiENTIL A FHREHE TRk 4 &2
SRR 1/3 Ay Wl A B0 BE JF it 0.22 wm
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AT 1%BEfabl e dvk, VIS B ) =4, JF o
i T4 4% (20 mmol/L Tris-HC1 pH 7.4, 20 mmol/L
EDTA, 2 mol/L NaCl)H', DNA £ K[ 2 mg/L,
A 96 FLIR, 100 wl/ 4L, 37°CH4% 2 h, 5L
A CALIE . 44 DNA J& i1 2 4% HBE SR 1 IR i
VUSBR (5’ biotin-GTGTGGAAAATCTCTAGCAGT
3")fil VU5(5" ACTGCTAGAGATTTTCCACAC 3')
I T . K AL 4 11 96 FUAR T 2518 /K 3k 3 K,
2.5% BSA 37°CEf 4] 3 h, 0.1% PBST ¥t 3 ¥X. £F4L
& N OJE & % (20 mmol/L HEPES pH 7.5,
10 mmol/L MnCl,, 10 mmol/L MgCl,, 30 mmol/L
NaCl, 10 mmol/L DTT, 0.05% NP-40, 100 mg/L
BSA, 5 nmol/L VU5/VU5BR, 2.5~80 nmol/L A~[A]
WIEMFEG ) 100 wl; 37°CHFE 1 h. 0.1% PBST ¥t
3 BELIN 100 wl BESE A ZE brac I SR L A
(1 3000, 0.1% BSA 40.025% PBST #i %) %
W, 37CH#E 1h 0.1% PBST ¥t 3 X, /N TMB
100 wl/ fL, 37°CJ8E 20 ~30 min, il 50 wl/ 4L
2 mol/L H,SO,, 450 nm J% K AL ' .
1.2.3  HIEMR AR b 5 HE SR e 45 S I 2 K.
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4°CIET%. 5% BSA Ef 14 2 h, 0.1% TBST ¥t 6 ¥X. Ml
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H 2% -HCl pH 2.2 BEIRLZ5 A WA, S se i
7 min, 15 pl/ 4L 1 mol/L Tris-HCI pH 9.1 A1, 1k
RV B 1 Wl PE R, 10 £ R FE A RS T e
ER2738, ¥ & IPTG/Xgal ff) LB ~FH, I 3 JiZ
(output), ALY ER2738 #ATH 1, SEANF—
B0 I . RE RS R G ) BE R O BE A I s, (H
Tween-20 AN 0.5%. Wi 55145 E . el
WERGEE. ¥, MEE BN &1 4~5 Rk,
PREGE I IR 05 D e p =, A R B AR D, T
WF P e 2 e i

1.2.4 ] ELISA £l BH 1k ve B . €0 9 38 & il
100 pl/ L, 4°CIEH. 5% BSA =& 4 2 h, 0.1%
TBST YL 6 Ik, REAMER A TCRET 0.05% TBST &
MR, 100 pl/ L, =E LA 1 h (A A3 BSA
VERRTI, 2 PO IR I B AR, R, 0.1%
TBST VL% 6 Y%, fn HRP 4512 i $T M13 i 44
(125000 Fi%E) 100 wl/ L, =EiHMFHE 1h, TBST ¥t
BeJa N 100 wl TMB £, FRIEIAEE T ECE 30 min,
Jin 2 mol/L H,SO, #1121, 450 nm I A .
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HF AR T AR AR 2 W] 58 .

1.2.6 & BB Ik (1) 58 4 90 ] ELISA SE 56 .
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I B A SE G 2 A BB I EE A . 75 R 1.2.4 H
ELISA il BHVE ve P s, U 455 BV el i —
(147 W T A7 2 Ay T T A 5 KT I JPR ) AS T 9 B8 VR 5
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% A % (20 mmol/L HEPES pH 7.5, 10 mmol/L
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37C 4e ¥ & 20 min, FF 0 A 500 pmol/L
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VUS/VUSBR, 100 pl/ 4L, 37°C )MV 1 h. H42 0 3%
WL 1.2.2 BEAER 5.

TE LA TEVEIEI S5, 5% 38-mer (1) 5E
¥ 1 " 4% (5 TGCTAGTTCTAGCAGGCCCTT-
GGGCCGGCGCTTGCGCC 3') A 5B KB il — A
WYY SE R, AT S NTR S AN R R BE )
JIK5E A0 320 nmol/L %4 i 71 < 3 20 min, FF A
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20% (1) A AR P 28 N I I B 58 Jee W ok HEAT 20 12 4R 4R
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Fig. 1 The integrase activity curve
The integrase activity was assayed using HIV-1 integrase (2.5 ~
80 nmol/L) and 5 nmol/L biotin-labeled donor DNA substrate
(VU5/VUS5BR). Incubation was done in 37°C for 1 h using the indicated
of three

amount of integrase. [Each point represents (x + s)

measurements.

Table 1 Recovery rate of phage clones during panning

Round Phage titer(input) Phage titer(output) Rate(output/input)
1 2.0x 107 2.0x 10° 1.0 x 107
2 1.4 x 10" 1.6 x 10° 1.1 x10°
3 6.0 x 10" 9.0 x 10° 1.5x10°
4 4.0 x 10" 1.0 x 10° 2.5 x 107
5 1.0 x 10" 7.0 x 10° 7.0 x 10°

8 9 10 11 12 13 14

Fig. 2 Assaying selected peptides for target binding by ELISA

1~13: Numbers of positive colony; /4: Blank control. Every sample is measured three times, every A in the figure

is the average. l: Coated with IN; [J: Coated with BSA.
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23 MEFEER

HE 95k R 13 A SO BE fh 4 1) DNA % Fifg 2k
TAMEAR LAWY, 1337 4745 )\ DNA 7
GIHE SRR IR 7 4. o 2 5 A1 6 5 Ik IfET
3G E, 4 5T SR 1L 2 FI5 4 Aa
FER 5 JFH 7 &REsI, K S A A
1%, X%, MEIRMLEIR Gk 2).

Table 2 Amino acid
heptamer peptide

sequences of phage-displayed

Peptide Ammino acid Colony Screening rate
number sequence number /%

1 KKMKRRK 1 7.69

2 TPSHSSR 24 15.38

3 HPERATL 3,5,6,7,13 38.46

4 SHLGPRR 8 7.69

5 PVRPFAL 9,11 15.38

6 TPSAWTQ 10 7.69

7 SHSGWSE 12 7.69

24 % ELISA REHER

MW7 &ZIRP®EER 2, 35 2 %60k %
0, 1625, 32.5, 65, 130, 260, 520 pmol/L Al
W i) TPSHSSR: 0, 15, 30, 60, 120, 240,
480 wmol/L AN [ FE ¥ HPERATL 55— 5 i £ (1 &8
AN KRR B RIS, SO R S I e 4 25
G B IO -CRRI G0, W B AR IR 25 5 ZR B
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Fig. 3 Competitive ELISA assay

Competitive ELISA was performed as a usual ELISA assay expect that
the selected phage was preincubated with the corresponding synthetic
peptide before addition to the IN-coated wells. Increasing concentrations
of peptides were used as indicated in the figure. Competition assay with
the TPSHSSR-displaying clone and HPERATL-displaying clone.
A—A : TPSHSSR-displaying clone; @—@® : HPERATL-displaying
clone.

2.5 BEBEMEMNGIKE

AT T AR R B AT A R 23845 2 i
YEF. AE5 47 500 pmol/L VUS/VUSBR, 320 nmol/L
() AR & i N 0, 4, 1625, 32.5, 65,
130 wmol/L ARl £ ¥ TPSHSSR F1 0, 7.5, 15,
30, 60, 120 pmol/L A[A¥k 5 ff) HPERATL, 43 #f7
GO B i A A TR P I (] 4). &
SPSS Gt #AF 5, £33 IC(TPSHSSR) = (54.56+
5.18) wmol/L, ICs(HPERATL)=(28.29+1.32) wmol/L.

120
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80r

60+

Inlubition ratio/%

40

20

20 40 60 80 100 120 140
c(peptide)/(umol+L™")

Fig. 4 Effect of selected peptides on in vitro integrase
activities

Integrase assay were done in the presence of synthetic heptamer peptide
using 320 nmol/L integrase, 500 pmol/L Dbiotin-labeled substrate
(VU5/VU5BR) and incubated in 37°C for 1 h. The percentage of
inhibition was calculated as: (A —B)/A x100% , where A and B are the
absorbance readings in the absence and presence of heptamer peptide
(TPSHSSR or HPERATL), respectively. A—A : TPSHSSR; @—@ :
HPERATL.

TE L FES NG ESEI T, 1 wmol/L W2 7Y
JEP 5 320 nmol/L BEE BTSN 5, 7345 1.3,
2.6 mmol/L TPSHSSR #I 1.2. 24 mmol/L
HPERATL W (K 5). tHIE 5 v L. Bl & soikik

1 2 3 4 5 6 7 8

S Integrase TPSHSSR HPERATL

] o1 ]
R T
NP 3 - )
Fig. 5 Effect of selected peptides on disintegration activity
of IN
Lane / (S) corresponds to the substrate only. Lane 2 ~4: Reaction
“ dumbbell”  substrate and
80 nmol/L, 320 nmol/L and 640 nmol/L IN respectively, without
peptides. Lane 5~8: Reaction mixture contained 320 mmol/L IN and
1.3 mmol/L, 2.6 mmol/L TPSHSSR and 1.2 mmol/L, 2.4 mmol/L

HPERATL, respectively. After preincubating at 37°C for 20 min,
1 pmol/L of the “dumbbell” substrate was added. Products were

mixture contained 1 pmol/L of the

separated on a 20% polyacrylamide gel and followed by processing
silver-stained reaction.



2007; 34 (9)

BEEE:. AKRERIAFS HIV-1) BSEEINEIFHiER HEENE

*969-

JEEFRIRE N, A8 il D7) PO I % 20 JE P il 2> .t gl ot
BT IR 25 B A TR AT

3 it 1t

HEA TN I A NS H 0 T 500 69T
[ —2Br 201, R H e B X o8 it vt b
W, AfEEECAH 2 B2 Wik T Ik K5
HIV-1DNA [3EA1EHIPLHIP, 5 E 1 45 fy -
e 274 FH AT e s USES A7 0] B8 A 4 5 WE AT
(R . E T Tl A 00 2 oo 0 B 1 S R A i
SHEVERT, RIS FE N 240 M b SOBAT A AL Th e B
F, HAmHIF T e AR A s H 0, Bkny
B2 O BRAR M NAR VI 290, AR AT K
AT 5.

ARSI R W TR A SR R R, R R e i i
20t 5 R E L, NEME-CIkERfmEs T 7
e SHAME AR RESMZIK. Hhf 2 4b
JEM AT 3 N SERR A TPS, H 2 &Lk
1, 2 FIEE 4 AN KERY ) SH A G. fEix 8-k
KB oA HE R, WER, MERMN2AR,
Hf 5 KR ETHMEAR, SHHER. IR
2RI I 4 5%

P A TPS 1 1 4 2 IR v e R R
WE &2, BTSSR BiX 2 &2 kS
JEIRFHN IR B AR A, Se 9 85 By
Bl BEAE NN IR B B R B (R 38 o, e o 4 11
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Screening and Identification of Inhibitors on HIV-1 Integrase’

70U Yuan, ZHAN Jin-Biao™
(Department of Biochemistry and Genetics, School of Medicine, Zhejiang University, Hangzhou 310058, China)

Abstract Integration is a critical step in the retroviral life cycle. HIV-1 integrase is involved in the integration of
HIV DNA into host chromosomal DNA and appears to have no functionally equivalent in human cells. It has
become an attractive and rational target for selective anti-AIDS therapy. A random linear heptapeptides phage
display library was panned on the recombinant HIV-1 integrase protein. After five rounds of panning, 13 positive
phage clones were selected and sequenced. Two consensus peptides (TPSHSSR and HPERATL) were chemically
synthesized. The non-radioactive ELISA-based HIV-1 integrase assay showed that the synthetic peptides
TPSHSSR and HPERATL were able to inhibit the 3'cleavage or strand transfer activity of HIV-1 integrase to some
extent (/Cs=(54.56+5.18) pwmol/L, IC5=(28.29+1.32) wmol/L, respectively). These heptapeptides could be used for
developing new anti-HIV drug candidates, as well as for structural studies of the three-dimensional structure of the
entire integrase molecule.

Key words human immunity deficiency virus (HIV-1) integrase, inhibitors, heptapeptides, phage display
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