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L3 BT (5 87 25 FIEE R %5) W B Hyclone A .
UL 40 Mo Br | Fugene 6 ) H Roche & #l ,
Lipofectamine 2000 4 [ Invitrogen /A & , Opti-
MEM Il H Invitrogen 2 F]. ¢ 56 2 Bl 4 23 81 B H
A A St B 9O 35 I 4 I8 B4 pRL-TK 14 H
Promega 22 . $i myc F 5. v B P4k 9E10 1 H
Santa Cruz A w] . B A i 5 10 9 Bl f5 B¢ 11
Anti-Mouse 1gG, FITC f# I ff) Anti-Mouse 1gG F!
DAPI JiJ | Promega A 7.

1.1.2 SZEG T kL. pcDNA4/TO/myc-His B I [
Invitrogen /A W] . pCMVTat. pCMVRev. pHR’-
CMV-luc Fl pHR-luc [ #4) 2 26 7T A A 28k
PR L B0, DU 4 FOBORE e e R A e AR ) )
PRAE 5 BT R 22 W 90 03 FE 8 . pcDNA4-ZAP-myc-.
pcDNA4-NZAP-myc Al pcDNA4-CZAP-myc & 7 52
56 5 R S (1 TR,

1.2 REHE

1.2.1 JFORiAa .

a. Al A A RIEHAA M E. pcDNA4-ZAP
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23 0 T A 3L R 4 i T R A ZAP. NZAP Al
CZAP. NZAP 18 ZAP I N il fifk, &H42K
ZAP 1] 1~254 {2 518 CZAP 3R ZAP ) C ¥
AR, SHAK ZAP 1) 236~776 ML KM, N
AN = v e s O B {1 i NI = I ¢
pcDNA4-ZAP/NZAP-myc ' ZAP/NZAP [{] 4 fith J
FC wig dl N — BCOE B K g 65 7 B, AR
pcDNA4-ZAP/NZAPlinker-myc. %% 8 Ik & 23 M
HEWR, HAFRITFA N 5 GGT GGA GGC TCT GGG
GGA GGT ACA GGA GGT GGC TCA GGT GGG
GGC ACT GGT GGA GGC AGT GGA GGT GGC
3, G FE R 751 8 GGGSGGGTGGGSGGG-
TGGGSGGG. #& J5 LL pCMVTat 5 pCMVRev A 15
B (pCMVTat. pCMVRev (¥ #J £ UL SC R [8, 10])
PCR ¥ 1t Tar 5L Rev 4t /3 51 3 5| NBGUIAL AT,
A PCR P2 4)iE 25 pMDIS-T 7o #k ik, I+
1E# )5 ¥ B 0 BE W 38 B ) pcDNA4-ZAP/
NZAPlinker-myc H', Il )74 U ZAP/NZAP. linker
HI Tat B Rev W4 7 51 J& 5 47 - [A) — B2 A AE. %
5B E i 4y il A ZAP-Tat fl NZAP-Tat,
ZAP-Rev. [ £, 7£ pcDNA4-ZAP/CZAP-myc 1
ZAP/CZAP 19w 55 7 51 N ity 4 N\ — BO& $2 1 1 9
5, A% pcDNA4- linkerZAP/CZAP-myc. LA
pCMVTat Il p>CMVRev A A4, 735 PCR 473 th

Tat F1 Rev W 4mt5 7513 51 NBGVIAL s, K =D
PCR 7234 %5 pMDI8-T Sl sk 44k, I IEH Ji KF
(1) F BEE 3¢ 8 31 pcDNA4-linkerZAP/CZAP-myc
W, I FPIGAIEJE S ZAPINZAP. linker Al Tat/Rev 1]
i F AL T A e RIAME AR A
Tat-ZAP. Rev-ZAP. Tat-CZAP Fll Rev-CZAP.

b. HIV B BRI R 1R s, A 30 fil & 2

FI HIV M EIE T, BATPRE 7 A7 9% 6 25 Bl 4
KL (lue) 19 HIV B0 #5844 pHR -luc 347 T gt
HAKT V. B pHR -lue J5ikz b B4R (pHR-CM V-
luc F1 pHR-luc )44 g W SCHR[9]), 439 & A
RRE J741 1 BOESI N VAL £ BamH T, U7 1E
i J5 ¥ % /& pHR’-luc F1 PCR 77 #) Fl BamH 1 Al
Not I XUV, EHAGF| L pHR -luc /> T SA 47 £
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F Not 1 gD, 3445 fa W 56 UE Je N v BEJ7 17 1E i
5T, #3345 344 pHR-RRE-luc.
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~80%. e YL B O R IR I AR INPLAE ). B
BRI A ek ddk @ RSB - NS Ak
pRL-TK=100 : 10 : 1(Ji& k). pRL-TK i E 56
FREEER. #0458 h ¥, ] PBS G2 Pt —ix,
BB 7 5L (DMEM © FBS(JIG2F 1MLi%) © PS (%
LHEMEEEZE)=100: 10 : 1 (1kBILL)), 48 h 5k
RGN M. KI5 e ZE MRSk, 20 A 28 K e
F AN S (Renilla) 28062 B 2O GE. ' 586
I MEAERRAE NS, RS8R S
K PR BN RS S, RAAER—
YUK R RS N R IA B 10 . K P R
Pl AR Y D' 35 Tl 1 9 ' 1 L P A 9 3 2 B AU
— AL AR B, fF T — AR MR B . DL TR
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PBS % YE 3 K, UK 10 min, BN e €8 2% 3
(% 10% FBS, 0.1% il 1) PBS ¥ 9%) £ 4] 5 min,
PBS ¥t 1 K. I A3 iR —HU(OE10) 1) 4L (5
ZZMFEE 1 h, PBS B3 ¥k, AKX 10 min. JIIA
A IE UL FITC R 1) —Hi(Anti-Mouse IgG) %4
{2 P B 45 min, PBS ¥t 3 &, X 10 min.

N\ DAPI 444%, PBS ¥t 3 ¥, % 10 min. &7,
FEWO IR AL s P g st .
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Fig. 1 Western blot analysis of fusion proteins
(a) Schematic representation of the fusion proteins used in this report. (b) Expression of the fusion proteins. 293T cells were transiently

transfected with plasmids expressing the indicated proteins. 48 h later, cells were lysed and boiled in loading buffer for 5 min. The proteins
were resolved by SDS-PAGE and detected by Western blot using the 9E10 anti-myc antibody. /: Tat-ZAP; 2: Tat-CZAP; 3: ZAP-Tat; 4:

Rev-ZAP; 5: Rev-CZAP; 6: ZAP-Rev; 7: NZAP-Tat.

2.2 HIV BFEHREHKRALE

35 A pHR’-CMV-luc Fl1 pHR’-luc # L HIV

(055 DA 0 i ZRAA S T SR S AT HIV BRI 411
KB s (K 2). L fh: JHah¥ LTR, A

HIV [ KR 3 B P41 B35 5 SD FI SA(SD:
splicing donor; SA: splicing acceptor); Ga JT %],
NAGERE) Gag ufih X3k, F=E T — AR,
ANREMZEII%: RRE (Rev response element) /341, 4
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Rev & H ) 45 & A7 /s K B30 R (firefly
luciferase) ¢ & & K 4 4 P %), 4654 luc; HIV
RNA HItu3ef5 5, M5 ¥ &I, pHR-CMV-luc
(1) K TG ZE MR 15 B R A — > CMV JH 3))
¥. K24 pHR-CMV-luc 45 LTR fil CMV 2 4~ 3 3
T, FTLLE AT AL S A i 2 B mRNA. CMV 3 3
TR B K RO R ML AR, HR 3R i K
T LTR, Jir LLAE K F0 43 7 A 5 K e 5801 32 i (1) 4%
KT CMV R UG 7 s 1), X Bl G sk W 1)
mRNA A% 53 ) LTR A1 RRE 3251, H & 3"
ff) LTR 41, 5 —Fh LA LTR 154 5 85 1 1) mRNA
g /Ny, IX R mRNA &4 536 LTR, {H
JEWAH RRE 4. pHR -luc $55 AK 155 5% 7 I AE
MW AR BB RRE J¥ 4, 285 8 i Ja Ay
RRE J¥41. ¥ pHR-luc #4750, 2 625 SA {7
MO SA A7 S E RRE FA 207, PET 24
BT IR A5 2 AR pHR -luc(SA-) Al pHR-RRE-luc. i
5 AR B 5 77 45 1 mRNA #4545 RRE J¥ 41
(K1 2).

CMV luc
X
PHR-CMV-luc | LTRp Ga H RRE ;Z( LTR E
T SA
SD
Tuc
>
pHR-luc ‘ LTR Q Ga H RRE _{ LTR l]
T SA
SD
luc
L |
>
pHR-luc (SA-) ‘ LTR Ga H RRE % LTR l]
X
I
SD
luc

%>
pHR’-RRE-luc ’ LTR! H Ga }—ﬁ RRE H LTRI
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SD v

Fig. 2 Schematic structures of the reporter plasmids
Schematic representation of the reporters. LTR, the long terminal repeat
of HIV; SD and SA, splicing donor and acceptor, respectively; Ga, the
gag ORF disrupted by a frame shift; RRE, Rev response element; CMV,
hCMV immediate early promoter; luc, firefly luciferase; W, HIV-1
genomic RNA packaging signal.

23 RAEER ZAP-Tat 313k & Kk pHR’-CM V-
luc FTIERY K K RBGE G A RINFIIER

TR Tat B RLA B A AT H TAR JP
HI ) mRNA A7 [ M 5E0, K& AT Tat @4 KRS
A5 A k pHR-CMV-lue 1 4 2 it ki
pRL-TK 4% 293 4ifitd, 48 h J5 Wi S 41 A il 52
6 E WG M. LLZS BURE pcDNA4/TO/myc-HisB JL#%
YL PR KR e ZR IR B 5 21 5 L E 11
LA AR Ao B, A2 ) LA 22 Bz AE, B e
RS E, BT MEIRE £ = 25 poki L R Qe 4 Lt
B/ DhRe s A AL LA LA (1 3).
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Fig. 3 Inhibitory activities of the Tat-fusion proteins on
pHR’-CMV-luc

293 cells were transiently co-transfected with plasmids expressing the

indicated proteins, and pHR'-CMV-luc and pRL-TK reporters. 48 h

later, the cells were lysed and luciferase activities were measured. /:

pcDNA4; 2: ZAP; 3: NZAP; 4: CZAP; 5: TAT; 6: Tat-ZAP; 7:

Tat-CZAP; 8: NZAP-TAT; 9: ZAP-TAT.

& 3 A W, 7F pHR-CMV-luc 1F A1 15 244
FIR I R Girh, ZAP-Tat % pHR-CMV-luc #; {4 %
KPS EBIGTEAT 5 & 6 M rFmdIER, AL
FlLE3 2 11T 26 2 I I 05 M A T . ZAP.
NZAP F1 CZAP 1E %t e, 98 e = MG s
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[, FRATTE ARSI T 47 7 Tat (R 8 0
F 3R pHR -luc W52, S50 5% A E(E 4).
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2.5+
2.0F
1.5
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0
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Fig. 4 Inhibitory activities of the Tat-fusion proteins on
pHR’-luc

293 cells were transiently co-transfected with plasmids expressing the

indicated proteins, and pHR' -luc and pRL-TK reporters. 48 h later, the

cells were lysed and luciferase activities were measured. /: pcDNA4; 2:

ZAP; 3: CZAP; 4: Tat; 5: Tat-ZAP; 6: Tat-CZAP; 7: ZAP-Tat.
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Tat-ZAP Fl Tat-CZAP £ % 47 Lt Tat 5 5 (1) B0 1F
H, ZAP-Tat X} %'t 5% i i 11 5 A 1A Sk (1) 4761,
24 FhA ZE B ZAP-Rev ¥ 3Rk & & /& pHR’-luc
(SA-) #7 pHR’-RRE-luc RiZHTE A EZB TR K
SE 0 i1 A

TAT 2K T HIV RNA 4545 Rev T

Al B A, 1T Rev A7 U RRE JPHI, HCR
Jl mRNA FF7d 545 RRE 541 (4R 75 2 /& pHR'-
luc(SA-) Fll pHR’-RRE-luc. H1F i 4 4 44 pHR -luc
ek ) RNA 24745 RRE JPHIIK, FURRAER]
)5 RRE 7404 £, 1 ZAP Fl Rev #2455
REH, BafhsarsE A ma e Az ER T

Fold inhibition

1 2 3 4 5

Fig. 5 Inhibitory activities of the Rev-fusion proteins on
pHR’-luc (SA-) , pHR’-RRE-luc and pHR’-luc

293 cells were transiently co-transfected with plasmids expressing the

indicated proteins, pRL-TK and different reporter plasmids. 48 h after

transfection, the cells were lysed and luciferase activities were measured.

1: pcDNA4; 2: ZAP; 3: Rev; 4: Rev-ZAP; 5: ZAP-Rev. B: pHR’-luc

(SA-); [: pHR*-RRE-luc; [J: pHR’-luc.

ZAP-Tat

10.0 pm

10.0 pm

KRBT RNA, T CAFRATT R I R T 44 4%
& pHR-luc. B ORI 48 N 293 4 ffdrh, 48 h )5
WO 0 T T 58 e R B s 1 b (I S).

HE 5 AL, 4 Rev (& 2 FI%T pHR -lue
(SA-)F1 pHR’-RRE-luc 1A [f17¢ )6 25 B 3G P 32 i)
LT R —FRER. C Sl 4 Rev L& 5 A
ZAP-Rev X pHR-luc(SA-)fl pHR-RRE-luc #iX 1]
RNEMIGIE A 3 2 4 510 HIER, Xt
pHR-luc K IA 1) 96 2 M MEAT 2~3 % (14
HI. N ¥l & Rev M@l A 2 1 Rev-ZAP 5 K@l &
Rev (M 1 ZAP AHLL, %58t 22 W 3G 1 5 o 3 A7
B AR . Rev A2 2 BgE P A Hom L 4.

YE X I, FRATEKL I T ZAP-Rev X} pHR’-
CMV-luc Ik K56 2 BEE R (15200 (K] 6).

pHR-CMV-luc

= 25
=]
= 20
)
E 1.5
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o
= 05
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pcDNA4 ZAP-Rev

Fig. 6 Inhibitory activities of the Rev-fusion proteins on
pHR’-CMV-luc

293 cells were transiently co-transfected with plasmids expressing the

indicated proteins, pHR'-CMV-luc and pRL-TK. 48 h after transfection,

the cells were lysed and luciferase activities were measured.

HPE 6 il W, ZAP-Rev X pHR-CMV-luc ik
()98 ' 3 IS 1 IR R ) 5 2% 1 48U A 22 AN K
2.5 ZAP-Tat 1 ZAP-Rev #ERL T ZRAR A

ZAP MR ED, /R T ENAE
0 5, AT AT AR S 40 15 P R AL R A )

ZAP-Rev

10.0 pm 10.0 pm

Fig. 7 The sub-cellular localization of ZAP-Tat and ZAP-Rev
293 cells were transfected with plasmids expressing the indicated proteins. Eight hours posttransfection, the cells

were replated on 24-well chamber multiwell slides. The cells were grown for an additional 12 h and then fixed with

4% paraformaldehyde,

permeabilized with Triton X-100,

and probed with 9E10 anti-myc antibody and

FITC-conjugated anti-mouse IgG, then stained with DAPI to mark the nuclei. The cells were visualized by confocal
microscopy. (a) The sub-cellular localization of ZAP-Tat. (b) The sub-cellular localization of ZAP-Rev.
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R AT mRNA REME. 84, flié T Tat Al
Rev [1] ZAP & /2 &4 e LR tee ? ¥
pcDNA4-ZAP-Tat-myc Al pcDNA4-ZAP-Rev-myc 4}
G 293 4. AL 4SS, H P mye 1) —Ht
9E10 FIAF 4T 9 e Ykl FITC () Pk IkILAL, Ra
R EME P, 7 A GEA
ZAP-Tat-myc fll ZAP-Rev-myc £ 293 4l ity 1 K ik
Ja B RBESCaAT L . B 7 i 9O B o 4
MIRZ A, S50 Wos & B E e AL, iH
K7l W, @ ZAP-Tat fil ZAP-Rev #f 5E A
Tan i, HoEhis ZAP 8 A e AL M ). X
Ui W] ZAP-Tat Ml ZAP-Rev 1} 1] ¢ #% 4 ZAP 4 &

RNA BRI A AR,
3 i it

A, FRATRE B AR e VERR R RNA D RER
ZAP 5 5 1] 45 4 HIV RNA [f) Tat #1 Rev & A 3
T T &MIERWELS, WOt R ETERN, S
FEN TR HIV B0 B 4 2R AG HAE FH i A
HAF: ZAP-Tat fll ZAP-Rev, Jf& Il ZAP-Tat
ZAP-Rev M ENL Y ZAP M [F, TERRASI &S e 4L+
0 5T N

FAIK T Tat-ZAP. Tat-CZAP. Rev-ZAP.
Rev-CZAP. ZAP-Tat. NZAP-Tat. ZAP-Rev % —
RYNEEGEE, BRI S & E AN AR 2
g ] LUR I, AR E ERs A, B
HAaKM) ZAP 11 C Hifl & RNA 456 & H (Tat 8¢
Rev) 1 —Jy 2 0] 7 A8 B AT 0 4 5 356 D] 2 R 11 il
G

X HCAHT AT Tat (1) flA 2 E 6 pHR-CMV-lue A
pHR-luc FRIA [5G Mg VE 2, v LU,
Tat 1 N ¥l & Tat (1) 85 F0 pHR -lue (130 1F H
1K F e A1) pHR-CMV-luc ({3035 75 . FeAiTik
H, IXSEA pHR -lue #5535 1] RNA W 5’ LTR,
BRI Tat k@4 2 1 Tat 7] BAZE A A )
TARJTS I, 0% RNA % 5%, 17 pHR-CMV-luc
e PR RNA 1, K ANy 5" LTR, Tat
HAEEE 4 e 3 LTR ) TAR [741, ANREWRGE
IXFl RNA %4 5%. ZAP-Tat %} pHR-CMV-luc #ik
()58 2R W PR AT B A EIPE A, Xy pHR -lue
FIE TR MG VERA W R 5 m, X A] g A
J ZAP-Tat 1] 45478 RNA 3'3if#) TAR 41, 3
mRNA [P B, AR R, e n] PLEs & 78 5 5 )
TAR J¥41, 0 RNA H# 5%, 7 pHR-luc 7R &1,

ZAP-Tat BRI Fe %, XA, 5 194E A
HH, RILHK ZAP-Tat X} pHR -luc £ IA )96
TG A B R, E pHR-CMV-luc 1A &
H, CMV 61 RNA 5 K#E8Sr, ZAP-Tat ] LAy
FEMPEME, AR CIIN 5 LTR &1H
) RNA H 5 —/Ni4Y, ZAP-Tat X 'e (M —J7
S s, — 7 SR, AN, %
BMAKKE, ZAP-Tat X} pHR-CMV-luc #% 1A% ik [
YPE N ZE MR P I A2 A B A I E .

s ZAP-Rev X pHR’-luc(SA-)F1 pHR-RRE-luc
Tk MR G F MG T 5 ZAP-Rev Xt
pHR-luc 54 HEAT X LG, 7 LRI ZAP-Rev Xt
pHR’-luc I HI A G T84 pHR -luc (SA-) Al
pHR*-RRE-luc [FIHI4E . FAT TN A X AT G2 K 4
pHR -luc ¥ 55 i ] RNA — #8538 ZAP-Rev 45 15,
i A% I tH ZAP-Rev N S, 55— RNA
AT IE R B8, A A E RRE JP 411 mRNA,
X5 RNA AN52 ZAP-Rev [F135¢200,  Fit LRI H 1)
0 ) 4% K& A% T pHR’-luc (SA-) 1 pHR’-RRE-luc.
Rev X pHR-CMV-luc (]3035 11 FH 55 7% pHR'-luc
(SA-). pHR’-RRE-luc Fl pHR’-luc, [A] ¥ A& K K
pHR’-CMV-luc H K] RNA J& i CMV i iH%: %
1), AT RRE J¥41.

ZAP XA HIV [PER B8R AT 1~2 £5 1)
HIER, 4K ZAP 76 N il & Tat B¢ Rev )7,
Rl 2 D6 R SR BRI S ZAP S AH R R
B A A L AT B S8 5. 40 Rev-ZAP Fi
ZAP %} pHR-luc (SA-). pHR’-RRE-luc f1 pHR’-luc
FEIK ) 9 3R Wl I 1k AT 29 2 A5 A A A
M Tat-ZAP T Tat [ ¥ 35 ¥ 5% o6&, Xt
pHR-CMV-luc 1A [ %' 25 il s Pk L 2258 1 99
(KBTS AE I . 24 Tat B¢ Rev £ T 42 K ZAP 1) C i
N, S AF N 5 A IR 1) 5 s 2R it M R T i
FAT W 88 0. 72 2R X — IR (1 R IR R AT TR AN
R, ALXNZ S & AR S AR PR Uk
AR A A 6. X I G T IR A T )
5T,

KXW R, ZAP v] LUl i fil A
HIV RNA &5 48 4 Tat 5% Rev {77 X5 HIV {5
Id HE B I R R R IA . BUR AR BT AL 5 2
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Fusing ZAP to HIV RNA Binding Proteins to Inhibit HIV*

LI Zhi-Qiang, LIU Li-Xin, LU Feng-Xiang, MA Jing, GAO Guang-Xia™
(Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China)

Abstract The zinc finger antiviral protein (ZAP) specifically inhibits the replication of Moloney murine

leukemia virus (MLV) and Sindbis virus (SIN), but has very modest inhibitory effect on HIV. Previous studies

suggest that ZAP directly binds to the viral RNA and recruit the RNA degradation machinery to degrade the target
RNA. The HIV-1 Tat and Rev are regulatory proteins which bind to HIV RNA. Tat and Rev were fused with ZAP

in various manners. Two fusion proteins, ZAP-Tat and ZAP-Rev were found to be able to inhibit the expression

HIV-1 vector.
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