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Abstract: In this study, the replication of rabies virus (RV) was inhibited by RNA interference in
vitro experimentally in order to accumulate essential data of the application of RNAI in the resear-
ches of RV genomic function and the post-exposure treatment of rabies. Targeting N gene of RV,
four shRNA expression plasmids were designed and constructed based on the vector pRNATU-
6. 3-Hygro which expresses fusion protein of green fluorescent protein as a report gene. Four cell
strains (BHK-N1, BHK-N2, BHK-N3, BHK-N4) expressing the short hairpin RNAs(shRNA)
were obtained after the plasmids were transfected into the BHK-21 cell line and screened under
the pressure of Hygromycin B (300 pg « mL™'). These cell strains in a 24-well tissue culture
cluster were infected by 100TCID;, rabies virus CVS-11 strain respectively, and 24, 48, 72, 96 h
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later, the virus replication were detected and evaluated by real-time RT-PCR, 50% tissue culture
infective dose (TCIDy, ), directed immunofluorescence assay (DFA) and Western blot. At the
48th hour post-infection, the results of the real-time RT-PCR indicated that four strains inhibited
RV replication in various degree, in which BHK-N2, BHK-N1 had resulted in a better inhibitory
effect(99%, 67. 72%) than BHK-N3, BHK-N4(38. 59%, 11. 33%). TCID., analysis showed
that the virus titer of the cell strains were reduced by 24, 96. 2, 2. 14, 1.1 folds respectively com-
pared with that of empty vector control. Inhibition ratios were 31%, 1%, 54% , 82% respective-
ly compared with empty vector control detected by DFA. The Western blot results showed that
the RV N protein bands were significantly weakened in BHK-N2, BHK-NI1 cell strains. These
findings suggested that the levels of replication of RV were dramatically decreased by BHK-N1
and BHK-N2 targeting the regions starting at positions 489 and 701 of rabies virus nucleoprotein

gene. This study provided an alternative to block the infection of RV and to research the func-

41 %

tions of RV genome.
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KRERFZERE AP NG5 R AN E R K
i s T AE K S K AE Rl e — > EE A
e, AR R R BB ORI X S A B,
O HEAT 70 10355 5 S 92 K B 10 A 1o FE RIS 1 1Y g
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1.1 FE. RS Ak

R FE CVS-11 ¥R A H [ 5 g 1B 42 1)
b FE O 107 TCIDs, » mL s 36 BUE 40 &
BHK-21 f1 A 52 50 % f& 47, siRNA & 35 2 {k pR-
NAT-U6. 3 Hygro W H GenScript 2\ ) .
1.2 EZEikFHs5(%

T4 DNA #% #7 . SYBR® Premix Ex Tag™ Iy
H TaKaRa 23 f] ; &5 1000 & ok R 5 1108 &
¥y B AXYGEN 24 w5 Jif B2 i 5% 9 1 57 & Lipo-
fectamine2000 #l DMEM g H Invitrogen 2\ &) ; i
% = B(Hygromycin-B) iy Sigma 7 i ; it 4 Ifil. 7 4
WA PAA 20w 7 s BT RV %8R BB o B B ik
I FITC 2 HFE A ic bt RV B8 8 e BE P IAR,
H A S 56 3 1) 4 5 Bractin By BEHT A HRP- 1L =471
AN TgG W T BB B8 20 w5 Ak 2E O IRR R
Amersham Biosciences 22 A 755 o

NRERIER Bactin 519y B IS 147
mi B /NS A . IR AN A B X R
B R SF T 50— X 5190 N-up: 5'-GCCAAAT-
AGGAACATACATCGTC-3'; N-low: 5-AT-
TCAAAGTCAATACTCAGCTGGTC-3", 1 2 %
JtE  RT-PCR #3451 .
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mD BT 4 XF 4% shRNA DNA A Bt L ERA Bk
N Z ORF Syttt , 8 AA B4 . FE] Jc 4 4>
PR EE  GC T HTE 40 % ~55% , &5 M Ll b
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SRR EEN N EH T -8 5FENHEE
FEH TG R YR R A Gl X R T IR EE T 4
ANFH . A6 5 T BamH T W Y) 7 & 78 3/ sk
i Hind T E§ V)07 8. B2 89 siRNA FHI 0L £ 1,
i TaKaRa 2\ &S 5.

Table 1 N siRNA sequence designed
— -
fir 4 i GC% J¥ %1 Sequence
Name Target
N1 189-509 429 5'-GATCCACATTGCAGACAGGATAGAttcaagagaTCTATCCTGTCTGCAATGTTTTTTTGGAAA-3’
O "7 5-AGCTTTTCCAAAAAAACATTGCAGACAGGATAGAtctettgaaTCTATCCTGTCTGCAATGTG-3
N 701-721 129 5'-GATCCGACTGTTCAGGACTGGTATttcaagagaATACCAGTCCTGAACAGTCTTTTTTGGAAA-3'
’ 5'-AGCTTTTCCAAAAAAGACTGTTCAGGACTGGTATtctettgaaATACCAGTCCTGAACAGTCG-3'
N3 1094-1 114 17,6 5'-GATCCCTTCAAGAATACGAGGCGGttcaagagalCCGCCTCGTATTCTTGAAGTTTTTTGGAAA-3'
’ ’ 5'- AGCTTTTCCAAAAAAACAAGAATACGAGGCGGtetettgaaCCGCCTCGTATTCTTGAGAGG -3’
E _CATCCCTCOTO > "GAGG T N STAGTCCTCGTCGTC SAGTTTTTTGG ,\’
N4 1162-1 182 52,4 5 -GATCCCTCTGACGACGAGGACTACttcaagagaGTAGTCCTCGTCGTCAGAGTTTTTTGGAAA-3

5'- AGCTTTTCCAAAAAACTCTGACGACGAGGACTACtctcttgaaGTAGTCCTCGTCGTCAGAGG-3'
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K 5 min, ZEEREFR)G, —20 CHARH.
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I/ 90 05 e 1m0 s 5] 6 e e 3B RS 1 R4k
DNA F B v b 2B V) /5 1 pPRNATUSG. 3-Hygro #%
R AL A KT DHSo 2 B4 . 7R
R R ek 0 S N RN AR i i AN
S EcoR | V)% % Bk pRNATUSG. 3-Hygro #l
2 FORL W) A0 % IE i J5 % K% TaKaRa £ T
A E T .
1.4.2  HZ BB R 2405 P v g i &R A g ar
FH Axyen K42 ik i ) & 48 BCE 41 B M B R AN
pRNATUSG. 3-Hygro %5 Jiv ki » HI 43 606 B 110 2 #%
g 4l JF 5 & &, # 8 i & Lipofectamine 2000 i Hf
P e 24 LB B 3% 20~24 h 1y BHK-21 41 Jfd .
BPAEfL 1 pg AR AT 2 wL Lipofectamine 2000, #%
PJ5 48 h il 300 mg « L™ Hygromycin-B §f %, 11
d Ze 4308 1840 i v B Pk BB A e B AR Hygromy-
cin-B ) Y KB FR L I T IR R AT .
L5 HmEHmRPERBERIEER (GFP)RIEMUE
ki pRNATUSG. 3-Hygro Hi 58 K CMV )

758 U6 J33h 7. )8 3 shRNA B 5, H 5 %
i CMV Ji 8hF %3k i GFP, i DL AT 0L %% 5] 4% £, 7¢
JGHE ] 90 K B OB A A IR B B T
shRNA 9% 5%,

1.6 XUAR#E 2 10 X E B AR HF 7 1% siRNA ]
#l RV & #l By 5 &

1.6, 1 Ar i b 19 45 WA RNA $& POl 7 &
YA N ERA R 20 i 75 B K b SR IBCE RNAL H]
oligo dT Fil Primer [ % i, cDNA, 2 W 1A & A AR 5
pL.5XRT Buffer 4 nL,dNTP(10 mmol « L ') 2 uL,
RNase inhibitor 0. 5 pL, Primer 2. 0 puL, oligo dT
2.0 uL \AMV #5304 2 L, DEPC /K 4.5 uL,F
42 °C,1 h, 3 5% N-up.N-low #" 3 —E 198 bp
DNA, 5e 5] pMDI18-T Kk | . ¥4k DHSo KA HF
TR RS2 25 20 4 BBUSTORE ) 25 G D) 8 I L R )
Y B T R R IO Al Ak BH v Ok, B 43 66 B
TH0 R 2 B Rk BE . DA Oy BE Al 10 A% 3 1 AR R
VE AR it AR 5

1.6.2 Real-time RT-PCR {4 F 100TCID;,
B 24.48.72.96 h 43 | B — 8% FE AR 8 4 i
J2 2R 2 U B M b A AL BT A AR K B I
o HUH A 300 L 4 g Bk . H Trizol 42 UAX 1R
JH Primer.oligo dT JZ# 5% 315 cDNA, B ¢cDNA
FEY) 1.0 pl AR ,SYBR® Premix Ex Taq™ Jif§i#



318 BOMOB OB ¥ M 1%
17 Real-time RT-PCR, [RIB} #E4T Sactin bpifE & A

FOROSEDR bR e it 9 88 S WUARVE T 6. OSSR 2 45 B

MAXR . F= AR ME/THEANS R 2.1 SAFHSBE0LEEMEESERBEYGE
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XEEEUE . BRI 3 IKEE
1.7 REBEEANNE(TCIDs )

THFEIT 48 h X% 24 fLMR S A Rl 2 U #5 A
AL A K B — A 1.5 mL o B0
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1.8 EHESBRXERNFRMYE siRNA 1§ RV
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JBERE T AL SIRNA F2 2 35 40 bk . £ A 24 £L
Be,37 C 5% CO, B M 20 h, LN A
100TCID;, CVS-11, 4258 )5 48 h BUH 5 954, B 3%
Yo DG 0I5 9 WAEE T WLEE . 200 X 5L S BB
AR ALBEHLE B 20 AW EF L LUK AR BLAA IR 7
Photoshop 84 5f B T i1 %A 2¢O 34 6 19 20 i %2
H o LAEEAL 20 /S0 BT 5 't 41 B 18 ~F- X 5004 hy i 2 1
B 1Y) S B R AR » LA A 200 M Bk 55 2 2804 0 1 400 L ok
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1.9 Western blot #&ill RV N & AR IE

FEREfG 48 h FH TV A 20 A7 (50 mmol « 1!
Tris-HCI pHS8. 0,150 mmol « L.-' NaCl,100 mg « L'
PMSF,1%NP-40, EH MM A 1 F » 10 mL ")
S LR AR, LR g 2 SDS-B N I Bt i B
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T B 1 h ARYI A BT R 5 N & H 8o
FEHLIA (1 : 100 #i#E,37 °C 1.5 h), HRP #ric Ayl
BRI/ IgG(1 2 2 000 fiBE,37 °C 1.5 h), #7140
FEENI A o HO IR S A W AL 22 KOG
o, [ FH BT Bractin f5A B R ST AR I L TR 4 Oy
NZHR,

L10 SFitFFHiE

I A5 504 SR ) SPSS13. 0 B4 3 #r - B8l 73 931)
M3 WCH S AR AT H ] LE B One-way ANO-
VA #4707 22537, P<<0.05 2R #E .,

B RV N JER R 4 DEA TR EcoR 1 i
B1,0. 820 Byt g W 66 Jie R Uk 43 BT 1 W 8 ) B0 U E A
INTCIR J5 » 4% kL L Lipofectamine 4y 5 43 Jll §% 44
BHK 4iififd . 2 G418 BV i 1 i % G 20 i 5 % B8 2
ML 11 d 22 A5 T8 AR A8 1Y B B L A7 3 9 BH PE 5
e 4 it B2 5 22350 i F R e e A i . A5 R4
Jf1 43 Wl 44 9 BHK-N1,BHK-N2 ,BHK-N3,BHK-
N4 F123 ik ki i BHK-pUS. 3,

2.2 HREBEFWIAMEEMMMKLLBERER

7 1 1 B PR A B Y Al . 2 9 R R 3R ) L A i
KK EGFP SEH Rk Fa e, 2o B A R IR R
o A A AR R B R4 (B D)

2.3 WHEEPCRIXWER

2.3.1 PR & e W 5 B BURL RV N-
T 384, e T E H OD )5 . #5053k
FEFE DUER, 1 s 10 36 19 6 B i 6 S8 B2 L 15 2 5 1
M4k, 2 ABI 7000 SDS 4% 87 # {48 43 B 3 R* {8 ik
F) 0. 99, WA I 4 H A AR i i AR Gk

2.3.2  FESHYTHG SRS I &5 R J TR RV
N B PRe 5 siRNA T 400 7 8508 A i 32 A
RNA J5 , [ 56 5% Ja #5147 9¢ Ot E 7t PCR. K25 20 i ik
HAE ) mRNA 28 factin B IF )5 - 525 8AKAH L
I E g A (K 2. SR BOR.EFHE 48 h,
BHK-N2 ) i %5 8 20 % & & o 99%: H ik
BHK-N1, i i % % Ky 67. 72 % s BHK-N3 1] i 3 Wy
38.59% ;BHK-N4 N 11.33% ., % 4b. % fa @ £k
shRNA ) BHK-N1,BHK-N2, BHK-N3, BHK-N4
YN, #E A 100TCID:, %5 % J5 - 24.48.72.96 h Xt 45
BE A0 OB B A LRI

2.4 REBENVNEER

¥ 100TCID;, %5 B 4 A 2 € &35 shRNA Y
BHK 41 i, 48 h J5 4 I 25 4> 4 g #k TCIDs, » & W]
BHK-N1, BHK-N2, BHK-N3, BHK-N4, BHK-
pU6. 3 [ 41 i kk TCIDs, S YR 43 51 4 2. 39 X 10*,
5.86 X 10°,2. 63 X 10°,5. 11 X 10°, 5. 64 X 10°
TCID;, » mL ™", 28 # 4k BHK-pUS6. 3 #3540 i bk
M BIE 24,96, 2.2. 14 F1 1.1 /5 (& 3), &t
M 7 2487, BHK-N1,BHK-N2 41 5 25 # {&
PR Z 18] 9K 1 RE 25 SR 3 (P << 0. 01D,
BHK-N3 . BHK-N4 4 5 75 £ {4k 3 ik 41 Z 8] 75 75 %
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B S 2 (P<C0. 05), % B BHK-N1,BHK-N2,
BHK-N3 .BHK-N4 41 jfg #k X+ RV & il 4B 58 = 4= )
HIVEFE L 1 BHK-N1,BHK-N2 1] ] 25 5 54

A. BHK #iffi s GFP (933K B. Ja2: BHss T 41

A. GFP stably expressed in BHK cell;B. Cell at light microscope

B 1 PAMREEARY ABEFEHRELERER 40X

Fig. 1 Fluorescence results of culturing largely clone cells for
recombinant plasmids 40X
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2 SRR )
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Inoculation BHK cell with R V at different times

Bl 2 Real-time RT-PCR i 18 45 R it & 15 B g0 4 B 30 &K
Fig. 2 The efficiency of inhibition based on the results of real-
time RT-PCR
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FITEREE TCID, /mL

1 2 3 4 5 6
MMk Cell strains

573 AR AN R B2 AR ROR 22 R B (P<10. 05),
FoR2EFM B E(P<0.0D), 1. BHK-N1 4 i #k ;2. BHK-
N2 40 %5 3. BHK-N3 40 g #k s 4. BHK-N4 4f J{g #%; 5.
BHK 7 28 (4 240 i bk 5 6. 9 75 % iR

*. P<C0.05, **. P<C0.01, compared with BHK-pUS6. 3
empty vector control group. 1. BHK-NI cell strain; 2.
BHK-N2 cell strain; 3. BHK-N3 cell strain; 4. BHK-N4
cell strain; 5. BHK-pUS6. 3 empty vector control; 6. RV in-
fected cell control

B 3 shRNA 3 BHK #HfE £ RV SMH200

Fig. 3 Inhibition effect of sShRNA on the titre of RV on BHK cells

2.5 EHHERBEXE(DFA)KEER
ek g Rk shRNA 1 240 i bk 1% A 24 fL 40 i

REFE M, W H 82 A 100TCIDs, A K 5 9 7 CVS-11
PR ARZERR I  fE R FEJS 48 h kAT DFA K. 45
7% .RV £ BHK-pUS6. 3 75 # k4 ffg FIR YL ) . &
PEOGHUAR Y A TE B 268 H R B AL B3 1 850
A 210 P AR 70 % . A% Fe o B Ul 4 Ak
LT ¢ 6 40 i o BHK-pUSG. 3 4 il i) 1% ~
8204, Hovhig 7 34 A9 /K PR 1 S BHK-N2 (1%) fl
BHK-N1(31%); ifii BHK-N3 (54%) #l BHK-N4
(8296 (I 4) X 9 5 A4 il /K P-4 55

A. BHK-NI1; B. BHK-N2; C. BHK-N3; D. BHK-N4; E.

BHK-pU6. 3; F. 4ii g% IR

A. BHK-N1; B. BHK-N2; C. BHK-N3; D. BHK-N4; E.

BHK-pUS6. 3; F. Cell control

4 BEEGREREHKEN shRNA MEIERKHRESEH 40X

Fig. 4 Replication of RV in cell strains stably expressing siR-
NA (detected by DFA,40X)

2.6 Western blot &R

FHPUIE R 8 N 2 H B BE DR AT West-
ern blot 23 #7 . iiF B} BHK-N2 Fi1 BHK-N1 41 Jifd £ fig
fff RV N 2 (18 898 />, BHK-N3 ffi N & (13 53
/>, BHK-N4 #54fi] RV N & [/ (B 5,
VL] BHK-N2 #1 BHK-N1 #1115 25 1 Fl 3% , BHK-
N3 I BHK-N4 il £ FH 55 . X 5 B 2 % 5 286 F
Pt it PCR 251 — 80, [ #AI B-actin (1) ik
TERN S

RV-N protein

1 2 3 4 5 6
1. BHK-pUS. 3 28 #ARXT i s 2. 40Xt B85 3. BHK-NI1; 4.
BHK-N2; 5. BHK-N3; 6. BHK-N4
1. BHK-pUS6. 3 empty vector control; 2. BHK cells control;
3. BHK-N1; 4. BHK-N2; 5. BHK-N3; 6. BHK-N4
5  Western blot # il ShARNA Xt RV N & B R iZ 50 &l
Fig. 5 Inhibition of RV N protein expression by shRNA ex-

pressing cassettes detected by Western blot
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RNAL £ A W] T A R0 il 55 e 5L H 3Rk i
T siRNA 43 F /I BEHE 5 45 6 0F V) 8% 7% mR-
NA RFSEAE s ] o B 7 00 2 1k e O i J 3
TE RS AR SR sh R N B4 sIRNA
A R HREN T L SIRNA A N
BT RV SRR (4 25 9 . X A 5 I G R ) A
S SIRNA A RE#E A AR B & R G T 5 2
il s SR R 14 v S AR T A ok BE O

RV & —FPAS 7315 Boi) % RNA 75, L IE A
41 RNA R HEAE 0 B M B0 12 26 1 5, 0 201 0 5 & A
mRNA A G #H AT E B TS M. — KWL TRV
RNA J A A PN R 9 RNA AR, H AU
BN R AR A AR 52 RNA, RV N 2 [ 7Efl
RNA FE 41z 32 P20 A 72 4k 1 3 o ke 1 22 4
R B 7T B 55 5 S A 22 R A T DS A0 DG T AT
K. B RV N B mRNA #3119 RNA T3k
B B RHL SR TG RAF I T ACR

HATHE R siRNA BF 58 OIS T —  if .,
JsF e Y A XF RV GONLVL R, & i/ T3k
RNALIRAF 2 A 30 2035 1 siRNA, K — 4
JEERXE N SEH 19 £ siRNA; H YK, 2007 4 & 7Y
Brandao ZM &% RV N RS X A AL siRNA,
A %L YLk 5 Lipofectamine 2000 BB %% 4 BHK 2
ifL 5 95 7 T B EE G BROR 9 RRAK T 5 A%

B F siIRNA 57 i K H B i e Y 20 R 1) 52 i 1)
Rt Z HAE T A5 E 817 T siRNA 2 &
B S AN ZR ) AL A DU LX) RV Y 1) T e A%
H DA% A 20 siIRNA JF5 . AU —Fh 7 ik
s o & B AR Ak S5 SR T RE S O iR AR B B
A T AN AT Sl B 1 — 2 D PR 7 AR R 2 L BT LA AR 48
27 B L R T L $% € 96 )t L Real-time PCR,
TCID;, . Western blot # i J5 3% %t & . 5 2 mRNA
B R AR AL DT 42 1 E B G B 2 RNA
TP ROR . 4 Mk I &5 R — B SR W] BHK-N2,
BHK-N1 7E05 8 8L 48 h 5 ¥ IR T 847 40 il £
M.

AWFFEE X RV N L1t 4 X7 shRNA, H
Hr BHK-N2 X} 55 2 410 il 850 % fe oy » #2885 48 h,
TCIDs, HE X BREEAR 96. 2 £%, W 1 B 4 il 4 1 5
HK, BHK-NT eoxf B AR 24 £%, ™ BHK-N3,
BHK-N4 X 55 2 19 4 %1 /5 A W1 5. i W] B 9 mR-

NA {87751 B e fir kb 47 8 AR 6] T 5 8OR A
MR 265 . A RE JG A [R) B[] (0 A 0 45 SRk B L 4%
FooE IR MR 7E 32 5 J5 96 h PN X9 7 10 o 3SR
AEARL 7 St B (i) 52 P 41 o 205 R 50 B S R AR

BT RV FEAH M FAS 7 A 05 48 6 T 48 Bl 1 19
FER 8 B » fic k0 A0 ] PR DA AT 19 7 9 2 T g%
POt B L) FITC FRid B —Hi et i T
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