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LU ZE TR )™ 0 2oie k. AR RV DL &
PR, RAVE M RV G W& 1 8 b iA Fr 70
S0 T YL A R IR 9T i ik i A AR, DA
ST 95 B 0

RNA 4t (RNAQ) J& 3 4F o & B (Y J B XU
RNA T 55 2% SHLBT H 5 %h mRNA B B4, % 0 4
TEAHRE N RN RSB MR ) 2 fe e 2
5T 5L I 2 g L R 96 9T L B e B R B R A T
H L FAT RNAG % AR 78 A 458 e B 6 2 (HIV) |
IR EE (HBV) | F 3 22 0% 35 (FMDV) 25 470 9 8 J8%
LTy TH B P22, Sl B R R T e B R e PR i T
BT RS

— SO B R BE R ST 45 A B b AN i 5% 1 2 A4
38 1 A7 AR A T 04 40 I P B 2R A 4, [R] B e
BB NS R N T oA e/ R i s e = W D AN 1 D 9 D
I A ER R 0 R AR T R 0 A R B X
S, 0 TR T KRR T T A A e
FIRT, 2 DS 1) 36 97 B8 25 0 455 1) F 98 4R 5 =2
— o [ AR FH T A R e AT TR A1 B 2R B R IX S
B Bt A B, ) PR A 8 TR E A ZLIR T A i, &
ARAF LD o HAERG BRI T 7, 40 BEAT
J7HRE . AR AR T SR B RV G OBE
B R DR SR R B 5 R X RN B DNA 25 5 25
S H GALA M ik & A B, RIXEH 5K
shRNA [ Jiobr 8 IR 25 &, B IE SE &2 & W1 BB A 2L
UG 40 Y, I 6 shRNA 27 A 4l g B 30 ] RV &
il , > RV 285 J5 # BGI7 25 ) 09 1 2 2906 B ailh o

1 MoRAe &

1.1
L 1.1 58 40M B AR : JF KK 3 ERA f& (TCID,,
=107>/0.1 mL) FL & BU'S 401 & BHK-21 . K%
FFIA BL21 (DE3 ) A 52 55 %8 {47
L1.2 Jik: K ZAK pET28a( + ) A 92 46 &
f£, JiKi PE40-GATA-T 7K % Ky #, 70 B 4% 1K
pMD18-T #i 44y [ TakaRa 2\ 7] .

Jii k. pRNATU6. 3-shRNA: & A 2 4~ 5luc HE
J¥ 5 FLEE XE RV G BE 2 shRNA 9 3£ ik 2 K
pRNATUG6. 3Hygro-shRNA ( pRNATU6. 3-shRNA )
ARERH (WA 1-A) IOk P g 5 A CMV S 3l
J5h U6 Ja 3 ¥, Ji 3 shRNA §% 5%, H J5 % il
CMV j53 3Rk H GFP, Y ML R &k (05 M,
AT W SR 5 A 4B M, JF B B T shRNA Ry 5%
Ko TEFUAR Hygro 3 H Ab4fi A 2 A~ Sluc J§ 41, 7]

FIE GAL4 454G . Hrh shRNA J¥ 4124 RV G
HH ORF %5 937 iy shRNA (TR LR 43y 2L IR AR
J#%]):Gla:5' - GATCCGTCAGTGAGTTTCAGACGT
TTCAAGAGAACGTCTGAAACTCACTGACTTTTTTGG
AAA - 3'; Glb; 5" - AGCTTTTCCAAAAAATCA
GGTCTCAGGAGTTGACTCTCTTGAAGTCAACTCCTG
AGACCTGACG - 37,
L 1.3 F 2GR MACHS : Tag DNA 5 il | 4% Ff R
e P9 ) B R % B2 . DNA 4>+ Marker ,PrimeSTAR
HS DNA polymerase & TakaRa 2\ &) 7= &5 ; B¢ B i
& BORL /N A R & H Axygen AR HOR
(B ABRA A, 1 FEHT/h B TgG-HRP 1y A 1 1
TEAE W) T AR A PR A 40 6His b2 BT A b st
e PRI B AR AT BR 2> 7] 5 ST S B AT B Ah 7 R 2
P A % i 4 s HRP-TE 50 G [ b 5t ol B 2R WA BR
N BT & B # G His-Trap HP 1 ml I H
GE Healthcare 2y &) ; i FR £F 4 % 5 (NC &) Iy H
Amersham /A @), DMEM | JI§ Jii {& Lipofectamine 2000
W4 H Invitrogen 23w ; i3 248 175 0 B 3 A1) PAA 23 ]
7 il s 2 B A PRI AL & pl236 1 H Sigma 23 H
L1.4 51 WYY 8555 RV G 58 5t 1k
(scFv) [PE40-GALA #% 1 B2 1¥ 41 B i+ WX 51 1 47 18
H i /¥ 31, P1:5-CCATGGATATTGTGTTGACACA
GTCCTAT-3" & Ncol W VI i &, P2:5'-TTCATGTC
GGCGTTGGCCGC-3"; P3. 5'-CCGACATGAAGCTA
CTGTCTTCTATCGAACAAG-3', P4. 5'-AAGCTTCA
GTTCATCTTTCGATACAGTCAAGCAGC-3' & Hind Il
B VIO o 518 il TaKaRa 23 @) 58 i o
1.2 scFv(G)-ETA-GAL4 2 EEHEREMAE

i GenBank % 5t 5 (AY192962, AY172958 ) 3k
13 NIEAL seFv(G) R BEEHTIRBL A, 1 K 1% TaKaRa
N EEIFE A simple pMDI8-T i {A 3R 15 scFv
(G)-To H51% PIP2 971y, s Uk I InI Wi, K45 scFv
(G) W A Bt 51 Y P3P4 ik PE40-GALA-T
P HIARTG ETA-GALA J B, BTG Y seFv (G) il
ETA-GAL4 Jy # #x i P1P4 5| 4, PrimeSTAR HS
DNA polymerase § 15, 3515 scFv(G)-ETA-GATLA (4
K 1-B) , & W &2k T A8 4 98°C 3 min;95°C 40 s,
55°C 40 5,72°C 1 min 20 s, 3 30 EFF; 5 g Ja 3
{8 72°C 10 min; 1 A BB J5 % T simple pMD18-T %,
T U) % 5 IE 0 )5, 28 Neol | HindIIT XY fiff U] 4b FH
J5 T pET28a( + )l , 5 #E£7 PCR il 1) %
SE , B BURL 2% TaKaRa 23 ®] 0 5 W 5 45 5 1E
49 B P T 4 0k Al 44 ) pET28a-SEG,
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Fig. 1  Schematic map of recombinant plamid pRNATU6. 3 —
shRNA and SEG protein. (A)
plamid pRNATU6. 3 — shRNA. (B): Schematic representation of

. Schematic map of recombinant

chimeric multidomain carrier proteins SEG.

1.3 scFv(G)-ETA-GAL4 EQRIE 4k

¥ pET28a-SEG %44k 35 1 BL21 (DE3) , #k Bt
PRI T LB Br v 37°C i %, I H #% 1:100 %%
$, 3TCHiFE 2 0D fHik 0.6 - 0.8, i Ak i
1 mmol/L IPTG, 37C iS5 h; B0 WL R K, #%
WAL AT 12% SDS-PAGE , W85 [ 32 ik 45 5%,
XF 2R IE K/NIE A& 1,250 mL 97 K555, I
LR, S B 4 R B G U AT HisTrap HP 4R
FE S, SDS-PAGE ML 4% [nl it 2% 11 40 5, 3B b & 1,
PEG20000 ¥ 47 J5 315 B H . 4 Bradford 35
Walifb i SEG B
1.4 scFv(G)-ETA-GAL4 @it EH LT
1.4.1 Western blotting;: SDS-PAGE 43 & 5 , % H H#
FERSACE IEUE 32 mAL12.5 h W KR BERE
B e 3% B G R 41 4 R 1, 4% MR AR 0% &
M1, LBt His br 28 B 450 — B, HRP-E 41 R bt ik
ZPi,DAB A,
1.4.2 ELISA 3% SEG HHY5 RV 4554 5 1.
FER R 8 ERA BR4IME (TCID,, =10 77°/0. 1 mL)
5 {55 R 5 B FL 100 L A1k 96 FLAR ,4°C 31K 5 SEG
uli {7 14 0. 28 .2.8.28 70,280,700 ,2800 nmol/L
W AIMAAL T AR 6 NEE ARG —ht
FILA 200 A% B S B 4% e AT T AD 58 &R 2 50, —Hin
A 5000 57 B HRP-E4Hi 4 196G
1.5 scFv(G)-ETA-GAL4 5 & # pRNATUG. 3-
shRNA & £ 45 & Lk 6 7E

LYk & g 4 nmol/L Jii kL pRNATU6. 3-shRNA 43

5155 80 40 20 8 nmol/L 11y SEG 4 B 1 £ 28 i
=R AE R 15 min, ¥ T 50 mmol/L Hepes pH7. 5,
50 mmol/L KCI,100 pmol/L ZnCl,,5 mmol/L MgCl,
Mg b o AT Pr-DNA 245,200 nmol/L £
R PR TR AL & (pL236) Z 18 m A ERIR A Wb,
R FFEI 1S min, BEBBH A R 50 WAL R

1.6 SEG EZ B 5 pRNATUG. 3-shRNA #HEE &
M mERLEAEIER

1.6.1 SEG # H#%; 12 pRNATU6. 3-shRNA Jii 7 gf
B R 4T AG T . BHK21 41 2 x 10°/FL4%E A
24 fLFH ,16 h J5 4 A 100 TCID,, RV ERA ££,8 h
J 20 3 T i T X HT DMEM ¥ 3 ¥ 4% 5.,10.20
50,100 .500,1000,1500 nmol/L Jii ki, UL i ki: SEG
HEH: PL236 4 1: 5: 50 EE/R LS SEG & H#%
LS P &Y, A AL rh ;35 h J5, 250
WML GFP KiK.

1.6.2 SEG/pRNATUS6. 3-shRNA & & ¥ 1 il 5 1%
SRR . A BRI, THERESS 48 h I B
G DRI 2 & Bk, B N  BR
YA TG FR AT, LA 80% PR B %5 % 2 IR [5] 72 30 min,
L B, A A2 10 min; LA PBS Fi BBt RV #%
HHABTOCPR, AL WS 0. 01% /G SCEVE
37°CIRTE 1 hJ5, Lk PBS ¥k 3 WK, 5¥K3 min; i
ARG v H I (LA pHY. O B B R £ 2% b i IC i
80% H AW ) I 2<O6 BB T W%, 200 x 58 Sh i
HPR AL BE B3 B 20 S OLEF  DABCR AR AL AT BE, 7E
Photoshop #PF4T B T iH4CA FOL e L py 4 i & H
PLAEAL 20 AL 5T 2 50 40 A f9 ~F 249 B0 0 7 1 58
B 5E BEAR AR, LA A 20 M0 55 0 25 X8 1R 400 D 2 't 40 Jif
B H B E 5 AR RNA T HERCR B € P 6 45,
R AL (- AW 20 0 G 25 B3R /903 5 X0 BR 4
ML FE LA ) x 100% 1 4 3Z 00 A S5 W) 40 i %) A
KA B A A R

2 ZRFHMN
2.1 scFv(G)-ETA-GAL4 B RIEFEHNHWES

FI PIP2 514 NEAR scFv (G)-T 474 i 776 bp
scFv(G) A Bt ; 1 P3P4 5|4 4 /& PE40-GAL4-T |-
PH4 ) ETA-GALA J Be o f — 3% A& BF PCR 1531145
SEG (1557 bp) . ¥ SEG i A pET28a J& , il U] % &
TEA , P J5 25 SRR 52 BORL T 4l AR BEA SEG /YR
I, AT SEG & H &KX E
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2.2 SEG FRi&7=4%) SDS-PAGE ¥7E

SDS-PAGE Hi Kk 45 5 & 7 , 7E 2 57 kDa 4b i 8
ek H WA KON S BB AH AT, 107 pET28a %5 2
AT BTG I AR S Pk 251 5 FIL ] Bandscan #4553 # H
MEANRBSRERE41% . THRETEEES
Pkt aifb 5, R 4l A i) B 1 (8] 2-A) , Bradford
PG a1k 3 H W 2. 8 mg/mL,

kDa kDa M, 3
94.0 — 66—
f60— . . 457kDa
<« 57kDa
45.0 — 30—
350 — 1
22—

250 —

A 15— .

B2 SEGEAXBHEHRRZEIRBEARGENITLEE

Fig. 2 Test of recombinant fusion protein SEG by SDS - PAGE(A)
and Western blot( B) analysis. 1. purified SEG; 2. Crude extract of
E. coli BL21(DE3) /pET28a( + ) - SEG; 3. Western blot analysis
of expression of SEG in BL21(DE3), a 57 KDa band of SEG; M, .

Protein molecular weight markers; M,. Pre — staind protein

2.3 scFv(G)-ETA-GAI4 @G EQHERHEETE
2.3.1 Western blot 53 . Western blot Z5 £ , %
ik SEG HHBE 54T 6His H L FEPUIARAE 57 kDa &b %
AFF SR AR (K 2-B) o

2.3.2 ELISA g5 5. ffi F§ ELISA ¥4 SEG K 4
SRS AW . AR EE SEG 235 A
2| 96 fLAR , i 5o A5 P 2 A5 S IS PR AN 3 s, 7R
SEG & H ¥k & 2.8 - 1000 nmol/L 35 Fl N, SEG 5
RV 454 mUEAM G, £ W] SEG EEH 5 RV A 45 245
“ e

08 r
0.7r
0.6
05
0.4
03}
02r
0.1

oD 492

028 28 28 70 280 700 2800
¢ (SEG)/(nmol/L)

3 ELISA KIg5# SEG 5ERXRFENHRUELES
Fig. 3 The SEG specific binding of RV analyzed in an ELISA

experiment.

2.4 SEG E A 5 R pRNATUG. 3-shRNA & £
bk 151 1 ZE 25 SR

JH B Jise BHL ¥4t 12 38 I 5 Joi kB pRNATUG. 3-shRNA
5 SEG AR ], A5 R an & 4,24 —F ) 1
20.1: 10.1: 5 B §E o8 4= BH ¥ kL # 3, (i Ak 7F
BERCMAESL 51 2 WA BORi B8 3h B B g b o BT
PIVE SR : SRR 10 5 BEJR o — 38 et ol

pRNATU6.3-shRNA +
(1nmol/L)

B4 HEBEFLBEMNMSER SEG 5 R K
PRNATUG.3 -siRNA Hi45s R MHE S

Fig.4 The ability of the SEG protein to bind to plasmid pRNATUG6.
3-siRNA used gel retardation analysis. M. DL15000 DNA Marker.
The band of plasmid pRNATU6.3 - siRNA is indicated as arrow.

2.5 SEG EH 5 R %I pRNATUG. 3-shRNA € &
MBNFSBLEBER

2.5.1 BHK-21 4iJifg o GFP W25 R 4 2.4 451,
YEL M BE R 5 nmol/L SEG & [1.1 nmol/L J&i ki
pRNATU6. 3-shRNA .50 nmol/L pL,, /F k= F & i
e = iR AE S i A 2% 4L 8 h J5 /Y BHK-21 24
M, 35 h 5, 9800 W5 T WA, RV L 41 i
LA (K 5-A) 5 AR 5 41 fL i A7 GFP (8] 5-
B) 5 g 55 iz R AE A BHE XS B GFP %35 (&
5-C), ¥LBH SEG-pRNATUG. 3-shRNA #g 15 51 95 7 J&%
¢ BHK-21 41 i, AT 3 B G 20 i .

2.5.2  HEEREEVICHUAKIZE R Sy TR SEG
¥ shRNA i A 20 M5 shRNA i 55 25 52 41 1 410 41 ¢
R S 48 h, 2Ot hiik gL, m AR & W a (K
6-A) TGk B L B X IR 4L (1 6-B) B 2 yd 20
F NIRRT RV S il (4 3 41 2R, &5 5 3% B R [R] vk
EEAYX RV ERA BRi9 & #1334 TP /EH (E
7)), FEANA KL Sk 500 nmol/L & & 2500 nmol/L
B (R 2 Lu ol 125 B, %9 s il %k 76 %
KHKE AW RV AR BMEER, BE2 69T
KLY BE R 500 — 1500 nmol/L i}, B T4t /5 B 6 K
AN KR, BHMEXT REZH )G L& Lipofectamine 2000
55 500 nmol/L 5 bi & 4 4 % 95 B & il A 7 1l % I
=, 113k 89% |
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B 5 SEGZEREZEHERMHANBRLMEE GFP Y&
Fig. 5 GFP expression in RV infected BHK-21 cell after SEG fusion protein mediates transfer of plasmid. A; RV infected BHK - 21 cells.

B: none viral infection BHK - 21 cells. C: Lipofectamine 2000 + pRNATU6. 3-shRNA.

6 EH#ESEIOLHMEGE (DIF) &N RV EHE
Fig .6 Replication of RV detected by DIF. A: 500 nmol/L SEG + 100 nmol/L pRNATU6.3-shRNA. B: RV control. C: Lipofectamine

2000 + 100 nmol/L pRNATU6. 3-shRNA.
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B 7 AEiRERK pRNATUG6. 3 - shRNA 5 SEG &
B(1:5)E&8%x RV EHEMEER
Fig . 7 Inhibition of RV replication by plasmid pRNATUG6. 3-
shRNA and protein SEG ( 1: 5 ) complexes at different
concentrations. The inhibition rate percentage was determined by the

averages of triplicate results + standard deviations.

3 it

SIRNA AR A 1T 7 2000 ) 7 2 R 1 23
T I R S R YT 5 T 2 B B
WL B SRNA HE R 90 RV 2y 7

fE T T SIRNA PRSI R D A
DAL TS 240 A 77 AR AT 400 3 HO R T 2 2 )5
BN A BEIE 00 07, a0 Jm 300 o 22 40 e R iR T
o e — AR VR . B DU BIE S S R X AR R
JiEE G WEEE 1Y shRNA AE 58357, o 1 4f] Je
AMIN RV Bl

JSAE R B A M BCR B A i R A L HE
B0 R AR T AT 5 000 A 1) P A B AN 2 7 AR i B
B ) 1Y SRR A G RS AN BR ] #5747 DNA 235~ /h
A Fominayam] \Barati[m] ‘Uherek[l7]%u$$ﬁﬁﬁi
S VINER S, o3 i A0 P e e AT TR A0 RE R (B X R
C P00 3 28 45 1 g 2 R TR S o) 38 380 2K 1, 52 BB
[e] 68 A A0 B P 22 AN A A B s o AT L) SR A
A Sy TE A 5 98 0 20 L Bl 226 200 i 3 T S A2 A 22 1)
G560k SEBLBURL B B 5 T A Y 18 a B BE BT AR R
Y A0 i 3 T ZF 040 1 B D Y 25 G ok S B 1) AR
ARG 03 T R 1) PR AL 3 R AT ATRY . XS
Wen 25 [ fFFs 45 S — 5, 7 ANABE IS i B35 1
Fi RE R Iz 5 siRNA 78 iz 3% £ 3k shRNA | BT fr
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HEAGE ML, BT SR 5y T AR G, AT OR & AR AR,
SIRNA A I , DU Ay S 3 77 b Ak 28 7 B il

I A B B 2 B X RV G B H
1, S U B s B BT AR SO57 W] AE X Iy 41 i A7
N T A3 5] ,8057 B xf RV [tk M 1% 5k
BRI ARz 0 S AN IS R 2 A SR Ak B
P WL KRRV B scFv(G) 5 RV ¢ 745
G R TR I R AL RE ) . ARE Y
FHER AT T8 Ah 35 R 252 — 366 {3 24 5L 2 >k 58 3 5 for
iz AE T BTN AL 3k I A RPN S AR PR T
B35 4 o 5T vh s GALA 38 [ A 4 e U0 & Slue 1Y
DNA J7 41, 3 X H A7 & B2 2% Fi bk, 204K pRNATUG. 3-
shRNA &4 2 4> Sluc L 741, AL AE 5 GAL4 &
FZ5 G o A0 45 8 W/ T L34 A0 R Bk ok
T5ny 5 AR B e — i, B i & FE F i SEG,
R R % iz A 20 v, ] S A A A T —
A AR IEA S 4 H DI RE X AT R SR T =R
I DS ) B A B, AN 32 8 R DX e, A
M AREE A DIHE

SN ARG R T A B ) R R i SR e A
JFRER 2R3N shRNA 1Y Bk A% A B 240 it o4 1 2 1A, 55
IF A% 2R 3K, ELISA 55 iE W] scFv ( G)-ETA-GAL4
AR S RIE R R 4565 . BHK-21 20 Ml i 55
WEW] SEG fig¥s & shRNA 5Tk A% 33 #F A 40 L b, Jf:fig
B 30 H RV R 6. LS5 SRUE I Br R ik i A
A RIFAEY IS ENE SR RGN EERE T,
T A 7 A R L 1) 24 0 B & 25 7 Bt
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Targeted inhibition of Rabies Virus replication in vitro by
single chain antibody domain mediated vector expression
shRNA delivery
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Abstract ;[ Objective | Single chain antibody-mediated delivery is a novel approach for targeting shRNA to appropriate
cells. In this report, we studied whether this shRNA delivery strategy would be effective against rabies virus. [ Methods ]
Rabies virus scFv(G) gene and ETA-GAL4 gene were amplified by PCR from vector scFv (G)-T and PE, -GALA-T
respectively. Then, the chimeric gene scFv( G)-ETA-GAI4 was constructed by lapextension PCR and cloned into the
prokaryotic expression vector pET28a( + ). Recombinant expression plasmid of pET28a( + )-scFv(G)-ETA-GAL4 was
constructed and then transformed into the competent E. coli BL21 (DE3) cells for expression under the induction of IPTG.
scFv(G)-ETA-GAL4 protein was purified by Ni-NTA His Bind Resin affinity chromatograph and identified by SDS-PAGE
gel and Western blot assay. Binding of the fusion protein scFv(G)-ETA-GAI4 to rabies virus was determined by ELISA.
Complexes which formed spontaneously by the fusion protein scFv( G)-ETA-GAL4 with plasmid pRNATU6. 3-shRNA were
added to BHK-21 cells culture medium that infected with RV. Green fluorescent protein ( GFP) was observed after 35 h
and judged the transferring efficiency of the complexes. The inhibition of RV replication by shRNA was detected by direct
immune fluorescence test. [ Results ] A 1557 bp DNA encoding scFv ( G)-ETA-GAIL4 protein gene was cloned and
successfully expressed in inclusion body with approximate molecular weight of 57. 0 kDa, which could be recognized by
anti-His mAb. The scFv(G)-ETA-GAL4 proteins were purified by Ni-NTA column , and after renatured with the yield of
2.8 mg/mL. The ELISA results showed that when concentration of the scFv ( G)-ETA-GAL4 protein ranging from
2.8 nmol/L to 1000 nmol/L, binding affinity is directly related with RV. The GFP expressed in BHK-21 cell after
transfection with the complexes and effectively inhibited RV replication in BHK-21 cell. [ Conclusion ] scFv(G)-ETA-
GALA fusion protein could mediated plasmid pRNATUG6. 3-shRNA transferred into BHK-21 cell infected with RV, and
then inhibited RV replication.
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