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HEARMIER T, YY) R E D> 10 Fgh 4 28 1 (C.
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B ALHRIRURGE oM, BATTE I € s RAR 5 A8
F HARBHR, WEE T F oA SR N i
SHREERE O, IRt F R A R)e X
DVER H REHRI .

1 MR57E

1.1 KFISEE

QuikChange® LightningSite-Directed Mutagenesis
Kit 24 Stratagene 2 7 (3 E) ™ fs 7 N IERAC -3
BE1¥ (isopropyl B-D-1-thiogalactopyranoside, IPTG)+
5- ¥ -4- & -3- Wk -B-D- - FL B ¥ (5-bromo-4-
chloro-3-indolyl B-D-galactopyranoside, X-gal). NZ
(P B 1 R DL /K AR ) TR RS I 25 0 B 3t
A E A ARG R TEA 7] 14 ml BD Falcon 2R
PN s 7 ) L AR R A S G 1 % A BR A ]
HCV NS5A H.753 [# $1 44 9E10(Charles M. Rice #(#%
BIE); M-MLV S sl & T7 A AM e ol ) &
(RiboMAXTM Large Scale RNA Production System-T7)
J) B Promega A ] (3£ H); Jii I IfiLi . DMEM,
opti-MEM. Alex488 £HL 2t —Hi. FITC- 41
A 1gG+ Lipofectamine 2000 ¥4 H 3% [# Invitrogen
2Aw]; RNA il B Lk s e ) TR A A
RotorGene 3000 %% )t & & PCR X ) H Corbett
Research; Hi % fL 1X Gene Pulser Xcell JJ H Bio-
RAD(USA); PMDIST Ilj [ Takara A w]; EGFP-NI1
I H Promega /.
1.2 RAHE Sk

4 HCV2a JOJFH1 Hk 4> & Jk H 41 19 o ki
pFL-J6JFH1 K¢ H. 43 i Sk fa 1 pFL-J6JFH1 (GND) Hi
2% 7 E K2 HCV WFE A0 Charles M. Rice
A% G . J6JFH1/AF J2 LA pFL-J6JFH1 4 Hiti
RO A G B E U], M MR &I T
Shb5AR (nt406T-A, nt433T-A, nt472G-A, nt479 G-A/
481G-A, nt613C-A)P, X IE5AFFEAE 211 H AT iiE
&ML F REARRE, MAKE HCV 2 A%
J %1, J6JFHIm1 (nt406T-A), J6JFHIm2 (nt433T-A),
J6JFHIm3 (nt472G-A), J6JFHIm4 (nt479G-A/481G-A),
JOJFHImMS5(nt613C-A) 5 AN Ht— AR5 S A4 [R] A K
S SR R3RAE . Huh7.5.1 40 i vp [ B2 B
it EUTERI ST TR Sh R S A1t

EGFP-HCV 1% /0JE P il & R IE kL : 4 T 56
WE 5 AN RAR AT ML DR R Rk, 43l LLBTRE
pFL-J6JFH1 F1 pFL-J6JFHI/AF Ny #5#, i 514

J6C-F: 5" AAGCTTGCGAGCACAAATCCTAAAC 3’
FIRUE5 14 J6C-R: 5 GGATCCAGCGGAGACCGG-
GGTGGTG 3§ 1#i3k45 J6core M1 J6CAF, RMAHE />
I3 94 BamH T (_E3H)AT Hind TR 37 BV A7 55,
PCR 7= ) 3¢ & N pMD-18T 3k 74 J6C-18T Fi
J6CAF-18T Jf 3% W /37 56 iF . W /3 F 52 J5 K
J6C-18T #1 J6CAF-18T LA J¢ EGFP-N1 [A] I} LA
BamH 1 1 Hind WY&, 3715 EGFP fli& kil
FR) JTRL.

1.3 7% RNA ¥R ERYHI&

¥ % WL pFL-JOJFH1.  pFL-J6JFHI1/AF.
pFL-J6JFHIm1. pFL-J6JFHImM2. pFL-J6JFHIm3.
pFL-J6JFHIm4 F1 pFL-J6JFHImS5 £ 3 Xba 1 £ 1
G, H T7 A sl 7 5 6 RNA AR 0 5%
A, H Tris WRIZERY © S0 0 RIREEQRS 24 1)
g4t RNA, 1.5%350 IRHH 6 1 L Dk R ) L 5 4
afifg.

1.4 YHREIEFREESE

ARG F%: B Huh7.5.1 40048 5 10%06 4 1.
i [ DMEM £:728H, T 37C . 5% CO, HiF1iE
FEWI L IR M55, A 8 F2 30 h R I 2 mmol/L
L- A& B . 0.1 mmol/L NEAA. 100 g/ml %% %
H1100 U/ml 58 %.

RNA $ s g vk R AGATHE, 1000 g
20 5 min, 3 _L¥E, 10 ml DEPC-PBS ¥E % s
1000 g &> 5 min, 7 ¥, 10 ml opti-MEM ¥t
% B0FE LW, 2 mlopti-MEM &, 41004,
P2 1x107 A /ml; HX 400 wl % % 4 mm s
F1, JIA 10 pg HCV RNA #5364k, 4], 270 V.
960 F. 100 mQ M i —, WEEE £ 10 cm -1
B, 10 ml EREFERCT 37°C L 5% CO, MR
PREFRAR PR IR

JHORL % gL Tk SR Lipofectamine 2000, H
PRITIEAR UL 1.

1.5 KBfEZE PCR(FQ-PCR)

Wl HCV 5" JE 4 it X 1 4 S 1 5 140 (i 5|
¥ 5§ HCVNTR-F: 5 CTTCACGCAGAAAGCGT -
CTA 3'; FUi5% % HCVNTR-R: 5’ CAAGCAC-
CCTATCAGGCAGT 3'), Tili/=#) 245 bp®. WS
14 N GAPDH(GenBank /41 BC013310)4 1 5[4
(EW514: 5 TGGGCTACACTGAGCACCAG 3/,
N5 : 5 AAGTGGTCGTTGAGGGCAAT 3/,
TP~ 100 bp).
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B 72 h, R LA LS RNA B g gl
M E3 RNA, BEWLS 000 % 5% % cDNA J&, BAXY
Frve i 22 k0 4 b () HCV RNA #EAT 52 5. Kl
FrvfE b 25 14 HCVNTR-F 1 HCVNTR-R (1] 245 bp
PCR =) (Wi REBA 5 09 102~ 10"%), GAPDH [ kxifE
me A5 I PCR 7 H (FoBEBE 2R 1071~ 107).
VB AT ERRRE, e thlbritk k. #5555
HIRER I Co A S FRUERZRRTEE, TR I RE 5 1
WRE. NS GAPDH W3 —fkab# 5, Himp
T B YL 4i g P HCV RNA [RI7KF2,

JFURE J6core A1 J6CAF 15 =514 K, EiiE5]
¥ 5 AAGCTTATGAGCACAAATCC TAAAC 3'
W51 5" GGATCCGGGTATCGATGACCTTAC 3/;
WS EE% ] GAPDH, 514§ T ik
1.6 %JZ7 Y (immunoflourence assay, IFA)

Wi e e I AN B4 Bl 96 FLAN IR KGR, BT
5% CO, [ 37°C ¥s7iffitigs; 48h Jaz bif, &AL
TN 100 pl FEE, -20°C [ 4 20 min; PBS PE¥%
(5 min, 3 k), HEFLIIA 100 pl 0.1% Triton X-100,
HiRiBELL 30 min; PBS YE (5 min, 3 %), HESLIN
A 100 wl 3% BSA, =i 1 hy 77 E W,
LI NS5A Hi47 9E10(1 & 2 000)5k HCV H 2 il
(10 100), FEILWEH 2 h;  PBS PE (10 min, 3
W) BEALINA Alex-488 “£4T il 1gG 1k FITC- 24t
A 1gG(1 : 100), EEJEHFE 1h; PBS BE¥(3 min, 3

(a) (b) 5.00x10°

cmv
CoV

J6C-EGFPNI

4.00x10°
3.00x10°
2.00x10°
1.00x10°

J6CAF-EGFPN1

K), DAPI 44% 10 min, %6 U W52 - HEAH.
1.7 3R EIEREEE SN

WA e G J AN ) ] AR 4 B 359, 3 000 g
B90 10 min BA2E BT BRAE AR Al R B, Ar 3RS
{#474E-80°C . naive Huh-7.5.1 #% 1x10*4 / FLEFk
2] 96 LA MR TR, BT 5% CO, 1 37°C Ki g%
FEWEE . AP EE S ARG AR 4 g |
T, dkZEESFE 72 h, DL NSSA BTREBUIA N —
P, IFA KL HCV H 1 PH PR e 41 .

2 4 R
21 B%OEESIABNSAIRTAEZMiZOEBR
Rix

HCV J6 #% [ #% O X 51 N 5 A 55 %4
(nt406T-A. nt433T-A. nt472G-A. nt479 G-A/481G-A
Fl nt613C-A), 3K 3 F & 1 K& Gt 2k 1) J6CAF
SEA.

¥ J6 (R H% 0 KL J6CAF 5 A 43 5] 5 [ 5]
pEGFP-N1 # 4k L.(I& 1a), JE#64 293T 40, #%
YeJi 72 h, FHELYNAE S RNA, FQ-PCR i 4% 0>
FED 5 VUKL, 45 KW J6C-EGFPN1 Fl J6CAF &
WM ZE T (E 1b). TFA RIS G4 i P %00 B 1
PRI, ZHMEZOEARIE KB 5% 25
(H 1¢).

11

J6C-EGFPNI1 J6CAF-EGFPNI1

EGFPNI1

EGFPN1

| ---

Fig. 1 J6C-EGFPNI1 and J6CAF-EGFPN1 were constructed (a)
and RT-qPCR (b) and IFA (c) were carried out 100x
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2.2 J6JFHI/AF ¥ :0MpmSERFIZHERE
h, EERSHETRERR

221 KA S HCV RNA %58 . BRSNS 1
J6JFH1. J6JFHI1/AF 1 J6JFH1/GND [f] RNA #% 5%
AT 1.5%BE IRREEER Uk, S5RWT, ik
RNA ki B —, MR, v T 5 820 i g sk
(K 2).

222 FERAMAN HCV & A RE R, b
Sk RNA & fLVERE N Huh7.5.1 41, #5905
48 h, IFA Al 40 g N 3 85 d 1 NS5A Kk K,
K g Ban & 3 fron. JOJFHI/AF %5 L4 i 3 5
S ARIEK, SEAR J6JFHT AH L B W os /b,
FHPEXT B kR JOJFH1/GND B A6 I 2193 5 2 1 2Rk,

A

(2)

(b)
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Fig. 2 Agarose gel electrophoresis of HCV RNA
in vitro transcription
The genome RNA of three virus strains JOJFHI1 (lane 7), J6OJFH1/AF
(lane 2), J6JFH1/GND (lane 3) showed single and clear bands, which
illustrated the virus genome RNA was structural integrity, and able to be

used for subsequent cell transfection. M: Molecular mass marker.

... |

Fig. 3 The level of HCV proteins expressed in Huh7.5.1 cells were detected

by Immunofluorescence assay

Wild-type J6JFH1 showed high level of viral proteins expressed in Huh7.5.1 cells (4); JOJFH1/AF was significantly reduced in viral protein expression
compared with wild-type (B); J6)JFHI/GND ((), viral proteins were not detectable. (a) NS5A, (b) DAPI, (c) (a) & (b) merged. (200x)

223 HEYLAIHUN HCV RNA K284k, g )s
72 h, TR LR RNA, X} HCV RNA $E475E B0 H.
i RnE 4 Prox. F k58481 J6JFH1/AF 41 il iy
i BF RNA 5 5240 4 (7.39x10° + 2.54x10%) copies/ml,
L5741 (1.17x108 + 1.46x107) copies/ml #H £t T B4 24
95% (P < 0.001), 458 541N & A it K8 KT
—%.

224 B L3 B HCV RNA KIS 19 745 5
LGRS I . 20 i 2 G J5 AN ]I ) e SR 4t i L
W, M L RNA H5%F HCV RNA 3E 1T 58 & .

on

> L4ox10°%

&< 1.20x10%

£ Z 1.00x10%}

S E goox107}

> ;i 6.00x107}

2 £ 4.00x107

S 200x107}

= 0 i

J6JFH1  J6JFHI/AF  GND Blank

Fig. 4 The mean RNA level in transfected cells
J6JFHI/AF was 7.39 x10° copies per pg total cellular RNA, while its
corresponding was 1.17x10® copies per pg total cellular RNA. It means
that J6JFH1/AF decreased greatly in replication ((7.39x10°+2.54x10%) ys
(1.17x10%:1.46x107), P < 0.001).
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JOJFHI RNA, 24 h FF45Th &, 48 h ik 3 % &
(5.40x10® copies/ml), ZJ& ¥4 FF%: 1 JOJFHI/AF
WA AT T, AR TAT TSI PR 45 1 (1)
RUE B AR AR LG A 2 R B (] Sa), B AU
5.26x107 copies/ml. IFA %% L 40 fg I35 b (7] 8¢
YePR sk, 45 Sb Fos, BPER 48 h b
TR R RO T4 2 R 2, 72 h ik B sl 2.3x
10¥ml, 52 A0, J6JEHI/AF % 4% ity 41 i 135 h
TR G PR B RORE S 2 D, d e N A 53/ml,
JOJFH1/GND WA g A2 & GV Joq 2ERIURL.
2.3 RNA ZREHSR

K 2 25 8 5 B A RNADraw1.0 X J6 £
2o BEDR B 25 SRR — A IEAT 4 AT, 45
K 6 fion. 5N B—[f5848(J6JFHIm1 \ J6JFHIm2.
JOJFHIm3. J6JFHIm4. J6JFHImS) K% 0 8K 2%
SERIIEAAAR, HEFAERL J6 M0 A —ELL
M FEIEAE 5 DNRAZH F §8 J6JFHI/AF k%00
A R AR R, K385k 5 B A 1Y J6
I AR KA.

(©) o '((.{}
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TR J &
=N \L\ o
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Fig. 5 HCV RNA level and viral titres in cell supernatant
J6JFH1 RNA began to increase from 24 h, and reached the maximum at
48 h post transfection. While JOJFH1/AF also had a slight upward trend,
but was significantly lower than wild type at each time point in our
experiment (a). JOJFH1/AF was also lower in viral titers than wild
type (b). ¢—o:J6JFH1; m—m : J6JFH1/AF; A—A : GND.

s
613, C-A &
A

- &
¥ o~
4

P o

AT

Fig. 6 HCYV J6 core gene secondary structure, mutations have been out in the diagram

Five single mutant strains is consistent with the wild-type core gene secondary structure; F deletion J6CAF secondary structure has undergone great

change. (a) J6 core. (b) J6CAF. (c) mut1(nt406U-A). (d) mut2(nt433U-A). () mut3(ntd72G-A). (f) mutd(ntd79C-A/nt481C-A). (g) mutS(nt613C-A).
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24 B—RTHEEHRNEHIFIRELMAMLES
REEEKELHERT
241 ARSI S RNA %08, Mgt —5e4r
f& J6JFHImI (nt406T-A). J6JFHIm2 (nt433T-A).
JOJFHImM3(nt472G-A)~ J6JFH1m4(nt479/481G-A, G-A)
A1 J6JFHImS (nt613C-A), RANESE, 1.5%5 g K
e LUK AT (B 7).
242 FERAMHN HCV HEEARIE. R & poe
A4 RNA F AR 57 LI P Huh7.5.1 400, %54
Jii 48 h IFA Kyl 40 i )y HCV NS5A 15 [ [ &5 1
HL(EL8). 5 AN —RARMR FE /L4 N HCV B
TP GE AT —3, 1 JOJFHI/AF 557 4E
TR R B — 5 TR A L B i 1 208 D B St gk 2>

@) (b)

1 2 3 4 5 M 6 bp

Fig. 7 HCV RNA ir vitro transcription

1, 2, 3, 4, 5 were respectively J6OJFHIm1, J6JFHIm2, J6JFHIm3,
J6JFHIm4, J6JFHImS, 6 was the linearized plasmid template. M was

RNA maker 10 000 bp. The two electrophoretic bands were respectively
linearized plasmids (a), in vitro transcript RNA (b).

Fig. 8 The level of HCV proteins expressed in Huh7.5.1 cells were detected

by Immunofluorescence assay
Single mutation viral strains JOJFHIm1 (c), J6OJFHIm2 (d), JOJFHIm3 (e), J6JFHIm4 (f), and JOJFHImS5(g) did not significantly decrease in NS5A
expression compared with wild-type J6JFH1(a). JOJFH1/AF (b) showed lower level NSSA than any other one. 200x

243 4Mu N HCV RNA K K b3 6 2530 15 K
M. 5EpAER J6JFHL AHLE, JOJFHI/AF 40/ 22 RNA
H1t HCV RNA 7Kk 2 PR (J6JFH1:(7.38x 10°1.79x
10°) copies/ml vs. JOJFH1/AF:(2.16x10°+0.35x10°) copies/ml

(a) 0 1.20x10°F
8< 1.00x10°}
%E .00x10
2 8.00x10°}
o c
SE
<% 6.00x10°
Z ©
&F 4.00x10°}
> g
2 200x10%}

0

HCV mutants

P=0.033). J6JFHI/AF 5 H A % 4 AH LU 3 2 2% P
Zere, AR P=0.02. M7t J6JFH1 1 J6JFH1mI1
JOJFHIm2. J6JFHIm3. J6JFHIm4. J6JFHImS5 %
HREEZER, P=0.119(1K 9a). L&KW

(b)
600}

N W A W

[ R = =

S O O O
T T T

HCV viral titers(ffu/ml)
S
(=)

(=)

48 h 72 h
Hours post transfection(hours)

Fig. 9 HCYV RNA level in transfected cells (a) and viral titers in cell supernatant (b)

HCV RNA levels in transfected were consistent with NS5A expression (a), and result in low infectious virus particles titration (b). 7: JOJFHI; 2:
J6JFHI1/AF; 3: J6JFH1mI; 4: JOJFHIm2; 5: JOJFHImM3; 6: J6JFHIm4; 7: J6JFHImS5; 8: GND. [: J6JFH1; [ : J6JFHI/AF; B : J6JFHIm1; B : J6JFHIm2;

H : J6JFHIm3; B : J6JFHIm4; I : J6JFH1mS5; E : GND.
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HCV A EIE T RNA 3R — 501,

A RIAH G, JOJFH1/AF B3 3G % 15 0
b 90%LL L (& 9b), J6JFHI/AF 5 HAh - 40 AH L 3
AN ) A I A Gt e R, A ER P<
0.001, HoAth 5520 21 1) 22 AR KT /N

3 it it

F 8 (152 HCV A% X g 17 51 (1 4% 1) G i =
Y, Gatth F AR I RO S S i A% O B 1 T
YIS, FIH+1 B g al+1 SAGHE b 11 N J5 B
PREIAAL A2, A HCV-1a B, ZERLO T A1)
FEMT 8 B 11 A E S A M IX kAR, A
— 5O E A BAMFR N 3575 5
17 ku [R5 8 F (pl1 7)) HCV-1b 1 I 1S k A:
TERZ D IERN 1) 42 AR Ab, FHAEZ 1 144 4b
FEAE -1 BB, T ARl N i R C g R A% O
FARA. R XA FEARIIKSREEAE
2O 26 A A A N B PR AR AR A R0,
Core+1/S & HAT KINM BB F iR H, X—HEH
JRP= A B 1 i X ¥ 85~ 87 {7, /& F &M
PR LA R0 R B e, R HACh L, D
it X R ILIAAS DR (1 2 DL XS g at, (HX)
T F R AT RE 4 A ik LA AR 2,

kST F A DIRE, IR TR B
90 1 R YLt I Rg e, FRATE e T F
A B 52 A8 4k J6JFHI/AF, 5 374 71 J6JFHI
AHEL, JOJFHI/AF RNA 53 44 G 41 fu P £ 11 i
FakKOF B3 BRAK, 9 EE RNA KPR % T
95%, BRI EiE b s 2ERORE B k>, b
T B ORI O B AR 0.5%. R TN S
ANFARAE FIRSEIER, 20k 5 AN RARRL R
51 N J6JFH1 I, JE E J6JFHIm1. J6JFHIm2.
J6JFHIm3. J6JFH1m4 1 J6JFHImS Hi— 534514
XSGR AR O B N2 R 7 41, R
Core+1 [EASHE LG NEILZ 7. 22 f7 %451
AR (mut1/nt406) 2% 11 FHAZ OIS 1 8 2 11 (L FE 1Y
(1) F S B 31 47 %1 1 58 A8 (mut2/nt433) 2%
1526 7 N IEE RS R I F R A HRE; %
44(mut3/ntd72) M 46(mutd/ntd79+nt481) 1) 5L 43 5l
Sl 42 S TR AR F AR IR, DAY
H LA A FRAKBE. Mutd 1 H 02 1ER
—/NAh7, DURAER B EIIE Y F R A A
1. BeJE, 90 £ % 15348 (mut5/nt613) 24 11 85
B¢ 87 WIRELAT F B, LRI Hif a3l

(1) F 25 R PE.

WA 5 ANFARIA RNA #6s1A%86 4% Huh7.5.1
S, ASTINGH M N RE AT R, A L IS
B RNA DLEOO) B3 2 BE e, A 5 A5k
SR RFIE AR 2 (WA W R, BB
(1) 58] g HCV A% L3 R X RNA (1) — g 45 1)
FIEAS A, A% /0 5E R X 0 &5 14 1R X402 T RE 52
HCV RNA S HIFRIE, AT =8/ o itk
RNADraw1.0 %} J6 #RAZ /O Jk PR X — 2] 45 # HEAT 43
B, 5 AN SRR 0 R A R R A AN,
MFES1 5 NRARK) J6JFHI/AF A0 [ R &
PR AR KA, ZEIR S50 5 B AT J6 A% 0 8 1
FIKRAE. g5G L5/t R, J6JFHI/AF
o4 B3R S TR 1F A S % P 1 SR PR 92D 1 EAS
Je T F BB IE T, TAeA% O SRR X g 2
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Effect of Hepatitis C F Protein and Core Secondary
Structure on Viral Replication and Infection”

WANG Wen-Bo, XU Gang, WANG Yan, TAO Qing-Yuan, REN Hao™, QI Zhong-Tian™
(Department of Microbiology, The Second Military Medical University, Key Laboratory of Biodetection and Biodefense of PLA,
Shanghai Key Laboratory of Medical Biodefense, Shanghai 200433, China)

Abstract Hepatitis C virus (HCV) F protein has been identified for more than ten years, but its functions remain
unclear. In order to understand its roles in viral replication and infection, in this study 5 stop codons (nt406T-A,
nt433T-A, nt472G-A, nt479/481G-A, G-A, nt613C-A) were introduced in plasmid J6JFHI to construct JoOJFH1/AF
which interrupt F protein expression, and then monitor the viral RNA replication and viral protein expression. Our
data showed that the five mutations did not affect core gene replication and expression. The virus strain JoOJFH1/AF
significantly reduced in the expression of viral proteins in transfected cells compared with wild-type J6JFHI,
and viral RNA levels dropped by nearly 95% (J6JFH1/AF (7.39x10°+2.54x10%) vs wild type (1.17x10%+1.46x107),
P < 0.001). The infectivity of virus released into the supernatant significantly reduced similarly. Further study
found that these five mutations changed secondary structure of HCV core gene. In order to further explore the
underlying reasons for the weakening of JOJFH1/A F virus replication and infection, we constructed five separate
mutant viruses based on J6JFHI, respectively, and form J6JFHIm1 nt406T-A, J6JFHIm2 nt433T-A, J6JFHIm3
nt472G-A, J6JFHIm4 ntd479/481G-A, G-A, JOJFHImMS nt613C-A. These 5 virus mutants do not influence the
secondary structure of the core region, while J6JFHImI, J6JFHIm2, J6JFHIm3, J6JFHIm4, J6JFHImS5
respectively stopped F protein expression shifting from nt374-383, nt417-419, nt436-445, nt474-477, nt597-605, in
which J6JFH1mS5 stopped all reported forms of F protein. By in vitro transcription and transfection into Huh7.5.1
cells, 48 hours post-transfection, the detection of intracellular viral protein NS5A expression levels, viral RNA in
transfected cells, and virus titers in supernatant were carried out. The results showed that no significant differences
were found among groups five separate mutants and wild type. These results indicated that the lack of F protein
itself did not affect HCV viral replication and virion assembly and infectivity. All the results were seemed to result
from the secondary structure of the core gene, but the mechanism was yet to be further studied. We concluded that
HCYV F protein deficiency did not affect translation of viral replication and packaging and release of virus particles,
the core gene secondary structure changes had a great impact on viral replication and protein expression.
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