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Hepatitis C virus core protein inhibits RNA interference mediated by shRNA
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[ Abstract | Objective To identify the potent RNA interference suppressor encoded by hepatitis C vi-
rus (HCV). Methods The eukaryotic recombinant plasmids expressing various proteins encoded by HCV
genes were constructed by inserting the corresponding DNA sequences into pcDNA3. 1-3Flag, and the expres-
sion of the proteins in HepG2 cells were confirmed by immunofluorescence staining. The recombinant plasmids
and the RNA interference system targeting firefly luciferase were co-transferred into HepG2 cells. The luciferase
activity was assayed by dual luciferase assay system to identify the potent RNA interference suppressor, which
was further confirmed using a RNA interference system targeting intrinsic GFP. The suppressing effect was ob-
served in other two non-liver cell lines and the dose-dependent effect was studied. The effect of the potent sup-
pressor on siRNA-mediated RNA interference was studied using a RNA interference system targeting firefly lu-
ciferase. Results The eukaryotic recombinant plasmids expressing various proteins encoded by HCV genes
were constructed successfully. The core protein of HCV rescued both extrinsic luciferase activity and intrinsic
GFP that were silenced by shRNA in HepG2 cells (P <0.05), in a dose-dependent manner. Similar results
were observed in HEK293 and Hel.a cells. However, HCV core protein did not rescue the luciferase activity si-
lenced by siRNA (P >0.05). Conclusion HCV core protein can act as a potent suppressor of shRNA-
mediated RNA interference, but can not suppress siRNA-mediated RNA interference. This ability may contrib-

ute to the persistent infection and pathogenesis of HCV.
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RNA JLBR IS —Fty 2 1Y JE KPS e L,
DAFR AT 55 19 RNA, 201 RNA 55 2 S0 3 (R % %% i
5, R AEF A R IR Rk B AR T rh A
VERT o TEHZL S A B A e 15 2 I IR
RNA ( microRNA , miRNA ) (Y TELE , IR 7L R 75 B 4t 1+ F
R 2 T IR TR R /N T3 RNA (small interfering
RNA siRNA) ,iX 2E4{¢ 8 5553 .78 T RNA -4 (RNA
interference , RNAQ ) 75 W FL 3111 4H i A 75 7T R A2 B AE1 9
BERYEE ZEHLH . 0 BE AR 1 X RNAL VR A SRPTAE
L DR AR

N BT 4% 9% % (hepatitis C virus, HCV ) & —Fp B
JBIE B RNA 5 8, AT DL S 208 MR R, 6 4k S
AN Al ARk 3% A DGR HOY, Mg
it 80% WYL K Je R B PRI 48 o A e B FR AL IRk
FHEIR HOV AJ REAF 78 5= LE AL il ot 196 3k 240 it 1) 4 92
7, —28 HCV gfith™ AL (1 8 BT RE S 5 vt TR n9 4
FHo T RNAG 5 2 0 2L 3h W 40 1) — Fh e 25 HL
il , HCV il nl BERERE XX — MLl b T HeiikiX —
AR FRATTRIH B 2 257 1 RNAL (R R, X HCV 4 ft
fEE 1 BTAE RNAL g kAT 1 i ik, B 7E itk —
ST HOV i #EA% 088 19 1Y RNAT HLTHI B8 HeAi

1 #R5ETE

1.1 ##

L1 Jk: 5 20 i bk JEkL pcDNA3. 1-3Flag . pLuc-FR( [
H TN Z [ 235 FRL) pshRNA-GFP  pshRNA-Luc 14 fitg
Pk HepG2 \HEK293 4iljifd Sz HeLa 40/l th A 2= (177 . FaE Riksk
@FOEE M (GFP) B4tk (HepG2. GFP) A% [ A7 i 52 JF
Fefit. kL pSGSmP19 (pl9 S il R 2 19 2 T 2 11 , ik
i RNAL, FPEBAPEXS IR ) th 3 [ Charle ZURW41% . & HCV
La B4 L R 2H 1 Boks HEL 28 [ 5 JE 8 K% 1) Rice #(4%
£,

112 FZiEG PCR N N UIREE Bk HC AR &
HREFTAEY AT, BEFEA Lipofectamine 2000 g H Invitrogen
Nl WL BRI 4 Promega 24 &7 . RNA $2 1K
K7 &,DNAse 1 (RNA free) &z RT-PCR X5 & (—25) I H
Qiagen A Hl, Hed Flag HLfAIG [ Santa Cruz; 47T actin EHT
IgG Wy At st Il A P BOR 23 6, Al 3G = AR 4 16 1 A
HyClone A ], 12 % 5% 8 (4187 SuperSignal West Pico Chemi-
luminescent Substrate Kit ) § Pierce 2 7], H4yH# HR 74 H

A AFTRCH

1.1.3  PCR 5|4 K& siRNA 33 FT A 51 a8 in Nhe 1 A1
Hind M Y] 457 /5, Core 3514 :5'-GTAGCTAGCATGAGCAC-
GAATCCTAAA-3', F i 5| ¥ : 5'-GCTAAGCTTGGCTGAAGCGG-
GCACAGT-3";E1 L5 |49 :5"-GCCGCTAGCATGTACCAAGTGC-
GCAATTC-3', F#E Bl #: 5'-ATGAAGCTTCGCGTCGACGCCG-
GCAAA-3";E2NS1 5|4 :5'-GTCGCTAGCATGGAAACCCAC-
GTCACCG-3', F i8] #:5'-AGTAAGCTTTGCGTATGCCCGCTG-
AGG-3';NS3b/4a [ i8] ¥ 5 -ATAGCTAGCATGGCGCCCATC-
ACGGCGTA-3', F 78| 4 : 5'-AGTAAGCTTGCACTCTTCCATCT-
CATCG-3";NS5a 35149 :5'-AGAGCTAGCATGTCCGGTTCCT-
GGCTA-3", F 5| ¥ : 5'-AGTAAGCTTGCAGCACACGACATCT-
TC-3', &bt K M 9¢ ' 2 il 5 K ) siRNA )3 51| 24y . 5'-CACU-
UACGCUGAGUACUUCGA-3', i R#EFAW /A T A .

1.2 7k

1.2.1 HCV RRIEATERAFIEMME k8 3 15 Flag
FRASHY B 33K BB pcDNA3. 1-3Flag H 2k {4, )\ HFL ki |-
FIFE PCR J5 k3545 HCV AR 2 (A 4afid i DNA F B, FIFIAS
I %) D3 DD A 2844, A5 BIAH R I 2 Rk e e, va B ik il
V153471 & DNA J531 5387, i AE A 5 BLIE A

1.2.2 BSOS RF SN T E R E 4 HepG2
A 1 x 10°/FLEEFD T FE B A 24 FLANMES SR A5 5%, 15
A K 5 38 24 80% B, 4% 4 AU i e MG, Y At i 48 h
J&i W BFLARAS A4, PBS YU 5 min x 3 ¥k, 1 4% Z & H
F% 4 °C [ 72 60 min, PBS Y% 5 min x 3 1K ,3% H, 0, £ FA P9 514
i ALY, 10 min, PBS P 5 min x 3 ¥R, WS JE [FlK 4, H
0.25% Triton X-100 4 °CYEFH 20 min, PBS P4 5 min x 3 ¥, il
AIEE I M H AR, = 1 b, InA—$0 R N (4T Flag
PRI RERLIAR, A PBS 422 1: 100 # 8% ) ,37 °C 1 h,PBS PEi% 5 min x
3 WA ZYUR R (FITC ARic 2B % IeG, 1: 100 # %) |
37 °C 1 h,PBS P¥# 5 min x 3 ¥, ZHIZRE I, A e 3t A
PN AWEE T (P 568 ~ 574 nm) WELITFEAH

1.2.3  R[RER FHFA REEEEEF RNAL R 3 952 i 40 il
HepG2 45 24 FLAL, A4 = 90% fil A B A T3 22 , #2105
VLA BT, LA 2 pl, BB B & 2 pg o
pLuc-FR 0.2 pg,pshRNA-LUC 0. 8 pg, 2 ki 1 pg, =S
4K pcDNA3. 1-3Flag & pTZU6 + 1 fE R %t BE. 5L 6 h i
o SRR FXT SVA0 I 7 sh il ag kOl S E g A
FIRIE PR EA AT, %08 H 23K BTk pCORE-3FLAG (0,
0.2.0.4.0.6.0.8 pg) 5 pLuc-FR(0.2 pg) FL464e  FEL) 25 2k
pcDNA3. 1-3Flag SXf i, W48 7 K e 2¢ S 2R il S g 15 o S R il
T PE M AR A waE A b, Bk 3 £L, 00 3 I,
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1.2.4 HZOBEAXHNIEME GFP RNAL /K R 1 520 bl oans
OB IS BT RNAG AR F 0438 3k 1 B 22 i AR X Py il GFP
i) RNAI REHIRIIE, HepG2. GFP #:#h 6 FLAR , FR 40 90% Fil
BIEHG . FALIEBUA 10 wl, FORL S A 4 pg, Hrh pshRNA-
GFP 2 pg, pCORE-3Flag 2 pg, 43 3 L) 25 4 44 pCDNA3. 1-3Flag
B pTZU6 + 1 A% IR e 5 B H DO BT IR AH .
1.2.5 R[] 40 i & v i 4 H 3 590 2 FhOTF S8 A0 B pk
HepG2 \HEK293 4 il \HeLa 4} T 24 fLAR , % 1.2.3 5kt
e 20 B, WSO 200 M A VA I O 2 Rl IR A LA O R E
ARG ER . B8 3 KK,
1.2.6 FIEANXER  EFAME HepG2 T 6 LAk, 90%
AlE I AT Y o BALIR BT i 10 pl, BURLEEE 4 g, H
71 pLuc-FR 400 ng, pshRNA-Luc 1.6 pg,pCORE-3Flag £ % F &
A35150.0.0.5.1.0 2.0 pg, FHZs 84 pcDNA3. 1-3Flag -1
B E 4 pgo JH pLuc-FR 0.4 pg + pTZU6 1.6 pg + pcDNA
3. 1-3FlaglE A bR e 4, H T8 i br Al Lb 8, B 3 Rk
1.2.7  %F siRNA THRARRMMEN KO T siRNA 5]
AL RNAL FERIET, DL 12 FLARHEA T, 55 YR R0 siRNA 0. 1 pmol
pLuc-FR 0.3 g, BAFRBE TR A 2K 1.5 pg, SRR 4 plo
FEYLJ 48 h A AN DO C R TG R . A 3 RS
1.3 %it s o

B S AT LA B O G R BRE Y N S R ARk e
JEFE S B DGR BT PR FUARL, 5 0 IR AL T P LA 35 R
1S AR 5 1T EL A, 250805 DL SPSS 130 Siit4k
PR ¢ KB EA T GE 24 BT o

2 HR

2.1 Ao Eadd 4t & % k&8 RNAL 7E A

L K 2R T I BB K RNAL IR R, & A0
HEIREREAE I AR S B shRNA J k] ) 3 kU5 S 28 1l 2 PR 1
Fik(P<0.05) , Hr, BHPEXTREL] 4 (0.41 £0.03) , #%005E
F120(0.75 £0.06) 3 i A% 2 pl9 8 [11(0.86 +0.08) 55,
SCEG R HCOV () HA S 1 R TGSER (B 1) .

A B HEsE 8 ;B NS3b/4a; C:NSSa; D : Core; E: E1;F: E2NSI
1 %EXEKRNAE HCV HEA BRI RNAI K1EA
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2.2 BOEGI SV BHFRFHEKREERE

Bl R K 0 % v

WA 00 T 1 3K TR 5 KRS8 B I O R
PR BOR A Yy 50k L, R e B K S T A
BASCE 2) B0 6 SVAO 15 8l T sh i ik A B
T RAE o DRIt A0 2R K A2 B RNAT T 981 19 482 J sl
FGHEH FIR ROV, A S 3 e A 4 S T SV40 IR 3 i B
f 3 R f e, T X T RNA B R EAE

. | E YOS
OB 9O R
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2.3 RPR@ie R et AE A

EANR) B4 40 2 A T S0 A B, A 2 1 1 s 200 O
HepG2 \HEK293 HeLa 4l ¥ REAE X T RNAT BT (181 3) .
TERTZ A TS A MR R TE G, T B AT s e DR H A 4%
VEFI AL R S 2 500 T RNAT 3242 v (i 35 26 8] 5 4%, i 3E
GG IR R P IR — N T

12 HepG2

[JHela
= 1OF EHEK293 7
@ o.i %
ik |

[P HE
3 ZOEBEAREMAERBIME RNAI FER

BEA FEHPAE X HE

2.4 FEHEX AR

HE—B AT T AW S0 B U e O R R
LR A% 0 B [ 238 ORI B2t 0 3% i 185 3, 410 ) RNAG (19
ORI RN C R o REE A0 A BRI, 58 K 25
FEREASTEE R 0.33; M0 A UKL Yt 0.5 g B, 4%
KA BEGEE A TE M R 0. 58, % RNAD & A B & b 41 4 £
F s M e R 5 1.0 pg F12. 0 pg B, 3 A S8 G 2 REAE R
PEESAIRE 2 0.73 F10.89, #.OEAMFEILEE S RNAI
AL I RO &R
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A M REZERA(RAIME) ;B HCRARERA(RAIZMAL) ;C. A REE R (R ZME) ;D MBS R G L (IM)E A
Eaat(IM); F:rak g (1LM)

B4 OEEMEsx AR GFP B RNAIEA  ( x20)

2.5 Bk IpHl 4t AR GFP ¢ RNAL 4E A

B D EAIAE XN RYE GFP 1) RNA Tk &2, %
I RIS GFP [Y3R3E , 40 I % 5 i 2 o) R B
ISR, RIBGROIOCHI I 2 (& 4) o e oy 5
RNAi (525 45 S ik — B 10 3F 7 #0028 3 Bt RNAL 19 1E
FH I ELUE B2 AR A EA 8 1
2.6 AU E G ARarH] siRNA 7] A2 a9 T HAF A

AT RO A RNAL &2 HLED, B O F A
SIRNA 45 fl9 RNAI JK 7 i1, % S0P 0 28 F1 % SIRNA 31 %
RNAi TTAEHU/E . AL 6 AR siRNA %% ok 58 R i
AERTIE R Z 0.35; 4 A pl9 BT, 5 J B 5% 6 22 B A %% 1
W ZE0.81, KB A G253 (P =0.02); 4mAZL
EHE, H#ORPOEE A XTI 0. 46, 55 H R LS
225 (P=0.13), HLE5RFWAZ O E FXT siRNA [ ) fig
sZma , A RNAL 45 & AR T siRNA JE B L3 , 7T RS 3d
L FZM siRNA BT B HE 1

3 itig

RNAi AR T2 A7 78 1 —Fh il 2 10 3 R K
- f G AL, A B R L 2
AR RS T XL RE ), 38 i A4 RNAG
PP ¥ (RNAQ suppressor ) , K4 RNAi B1EH], A
TR A B EAERE 1 o X 26 RNA 01 X 7[R i
A RS 3 5 ) 40 L OE 1 RNAG VR, 51 1 3 40

FLUE R P TR A
3RS sl ch

55 TR TE IR RNA TP 0 ] A 2 0 7T
1 Z109% 2 (tobacco etch potyvirus, TEV) 415 [y HC-
pro'” , Kasschau %5 £ fF 55 45 ) b W0 B A (7] 955 25 B
FIEUR BRI, & B TEV HC-pro RESEXS BT RNA 41
B, BEZVF 2 HAW R 7 2 5 1) RNA T il 55
AHARR K IR, 3k e o] PR 355 o JICAE s 2 119 2b
B EANEIREE R pl9 S RN L —
Sy o ) G i 2 AL 0 ERL T, An gk R 92 i
(1) B2 51 PR R 83 K W FE Y E3L
WG NS1 & 7 HIV-1 f) TAT & (1" fl—Fhk
IF HIV ()35 %% 5% 5 7 ( primate foamy virus type 1,
PFV-1) () TAS Z gt 00 &

HCV J&—F B E 55 RNA 5% , 75 41 i 9 B 4%
b3k £ 4 SR 7 AR TE B RNA, 763X &2 il i rh ] fig
P dsRNA AR ] oM 1 [R]I TF B al 2 f e  EL
A B A A5 I AT LATE BE 8 X SOE 2R PR 454
1T dsRNA FIZEFRIR RNA 5 7] LAY Dicer 4b B =
sIRNA, HEDTE HCV B F2 A £ X HCV 1Y siRNA
(B OT X HCV RNA KR GIE . BARTE HCV
S ARG B sIRNA {HAE HCV &2 i 715
YR E T #F X HCV 5" 3R B3 X A1 NS5b J¥51] #)

M5, T S B Z B R
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siRNA, 22 W& 240 a8 AT REF) T RNAT HLAH ke %)
Pt HCV e,

HCV 758 5 B vh 2030 T4 2 = I 918 Ho %k
BRI E— N FaE MK, T HCV 435 [ E1 NSSa
TR LR AR RE R T IR AR . AR BksE
W, B0 TR FTIRBERS X BT RNAL BLHT . FRo AT 7E R[]
1) RNAi 7 2 ot .0 8 LS B RNAL 597E AT T
BOAIE , % B2 1 B B 10 A ) S5 P A RINA,
HLAE R BT X A TR R g RNA, 75 A 5] 64 200 g 2 H2 4%
FEAEILAE T, T HLBE 2 400 8 i i B, A i 80
LT, 2 B S RN 5 R T3 i e sk
RAFRIFIEE , B IR O E N i 25 89 3802 RNAL i)
VR R T o B4, A0 T 4 2 4% 45 L2 4 1) 5 4
MM E R ARA R, (B %0 E I RE M H
siRNA 5| &9 RNA T4, FWIRZ0H A X siRNA (193
RER K LR R, TR AR T siRNA JE % 19 L3, 7] fiE
M3 S Dicer S RE T S BUMHIVEH] . Wang 21
A T AT — 45U B 2 R SE B A 0 2 A R RS
1 RNAL fERT, FRA 10045 5 5 2 M4

BE% RNAI DFSERIR A, & PSS — ML miRNA
TEANML R & BB K e B BRI . 124,78
AN B 28 % 1 200 2 Fh miRNA , 250 214145
SRR B I AREF S . miRNA S Bk /N RNA, K Ji
5 siRNA FHRL, U5 T 20 M P dicer 1150 P 95 % bk
RNA , 75238 i #E A RNA 35 53708k & 4 & (RISC)
RYEVEA™ . T miRNA e % 7 K AR f b
AR A P, 4R RO & A AR AR, 4R P 1 8 2
PINBERR 22 BN R BN . AT LU, fn SR — o
FIREAS 540 RNAL, & 09K %1 miRNA B9IIE. Kass-
chau 257 JES2 T LA RNAG 450 K7 7] LS i miRNA
(KT o 2 0] PR R DR B R A AL v s e i ik e 4
R FE A B T W S R T S . AR
(1 miRNA % % S RE RS IR 45 A & B ST, L S
KRG AACIES HEE miRNA (5% 0] B85 R
3 W AT . 12 e R e TN BT 4 o S BT 8
% 4D HCV By NSSa NS3 FZ .0 3R A N 2 AT
SR A T AR A R AT I A 0 2R 1 I i 5
T B M miRNA ) 7P 3 T 5 | g % A AR g 9
TR
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