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(FEE] a6 FiTERIBIEE N B A 5008 6% M (apolipoprotein E-enhanced green fluorescence protein, apoE-
EGFP) {941 R 2 15 RN RO 3 (HCV) BB Y413, & é& FIA shRNA JE R UTERE AR 857 apoE Fa s T i
#) Huh?7. 5. 1 ZHME & . SR )5 83 R TR R A1 40 M 3 v 8 2 A2 8 3235 apoE-EGFP @& 8 4 iiE R . HCV RNA %%
ek NS AE A0 ML (Huh?, 5. 1 200 W RBZH sh-IN'T 240 i Ci = 50 1) B9 26 TR A 0 B PR A shRNA R A 40 D)« apoE T i Y
Huh7. 5. 1 4i il (sh-apoE 40 Ll % F2ik apoE-EGEP il 4% 1149 sh-apoE 40l CapoE-EGFEP ZHI) . e 425056 75 7k 5 8 1o > 5
LIRS IR 2 (TCIDso ) J7 ki B 2] Huh?. 5. 1. sh-NT. sh-apoE fil apoE-EGFP 4 i3s3 i+ iy HCV 19 .
AP ARKIN apoE 5 HCV 1 E5H 8 11 E2 BAH AR, A 28 15 5T ER 320 B A I T B e e S FI M FLAG-gel 44k
HCV BRI K K 1) apoE-EGFP 33k, % apoE-EGFP il &5 8 F1#£ apoE-EGFP 4l ffl 7 v & 40 3R ik ; apoE-EGFP 2 ifi >k
JE HCV A et 5 Huh?. 5. 1.sh-NT 4iiffid kb 22 5 640 11 3 X 76 apoE-EGFP 4 s & ', apoE-EGFP fi & #1115 HCV
L5 B2 ARt E AL, IF T RUIFE HOV ORI E A 3 apoE-EGFP @ &1, #+#  apoE-EGFP fili & & 12 HCV
OB ZH 53 » apoE-EGFP 4l Jift 52 SR et HCV Bk 4%,
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Apolipoprotein E-EGFP-expressing cell lines supporting assembly of infectious hepatitis C virus particles

YANG Zai-li"?, ZHAO Fan-fan’*, WANG Gang', LONG Gang®*
1. College of Life Science, Shanghai University, Shanghai 201900, China
2. Institute Pasteur of Shanghai, Chinese Academy of Sciences, Shanghai 200031, China

[Abstract] Objective To investigate whether cell lines expressing apolipoprotein E-enhanced green fluorescence protein
(apoE-EGFP) can support assembly of infectious hepatitis C virus particles. Methods apoE stably down-regulated Huh?7. 5. 1
cell lines (sh-apoE cell lines) were established by shRNA gene silencing technique, and cell lines expressing apoE-EGFP fusion
protein (apoE-EGFP cell lines) were established. The culture supernatants of wild-type Huh?7. 5. 1 cells, control cells (sh-NT
cells), sh-spoE cells and apoE-EGFP cells transfected with HCV RNA were collected and the HCV titer of supernatants was
determined by TCID;,. The interaction of apoE with HCV structure protein E2 was examined by immunofluorescence and
confocal microscopy, and the expression of apoE-EGFP on the surface of HCV particles purified by FLAG-specific affinity gel
was analyzed by Western blotting analysis. Results The apoE-EGFP fusion protein was highly expressed in sh-apoE cell lines.
The infectivity of HCV from apoE-EGFP cell culture supernatant was not significantly different with those of HCV from
Huh7. 5.1 and sh-NT cells. apoE-EGFP infused protein had fluorescent co-location with HCV structural protein E2, and was
detected on the surface of HCV particles purified by FLLAG-specific affinity gel. Conclusion The apoE-EGFP fusion protein is
an important component of HCV particles and apoE-EGFP cell lines can support the assembly of HCV particles.
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A BT 975 % (hepatitis C virus, HCV) By 2
SR ERF 96 AR AL AR A R R 22— HAT,
SMFAERY 1L TG T HCVIY, RS HTE
B s TEXT HCV WA BT 259,. =
S BT B B B ] DA R B R T 24 Pk 5 A8 L HAth
B HCV $U% a5 259 ) HCV B A kAT 8k %
K", HCV R IEHE 1Y H4E RNA JG#, | T3
TEERE . HEER K BE R 2R 9 600 nt, Zifih— %
2 JIKEE - 22108 EAS By 2R A0 7 g 5 1) 22 24 R 4R
Il S A5 5 IR 220 P A= 25 R 1 core A AR 1
1(envelop protein 1, E1) . E2 fIE FEEEE p7,
JELERI AR T NS2.NS3 . NS4A /4B Fil NS5A /5B,

JEGLE HCOV J0RE (14 2H 2 5 18 T 4l H 1 5%
M, EE N5 & 1 Al (apolipoprotein Al,
apoAl1).C1.B fil E, REHHEFR apoB & HCV
URLA £ 43 o (H 2 B 22 (1) SE 58 UE 4% UE 32 apoE FI
apoCl et HCV Bk 4 . JLHE apoE™,
FUA R S/ T4 RNA (small interfering RNA,
siRNA) Nl Huh7. 5. 1 4ijifi s apoE 33k . Al i
FU D AN N RS I N 40 AR ) HCV KSEE 0, 3
H. apoE Fl apoC1 Ry AT A Al HCV ) J
PECT AR L ARt R B apoE iy HCV
OB AL 4T

aooR W 4% 4 9 Ot B [ (enhanced green
fluorescence protein, EGFP) & — F 1 55 V% 14 41 e
HEE AT B AR IC . BT apoE SRR Pk
HCV (455, B A4 apoE-EGFP HCV FHLAFSE
HCV A% L BA —E e etk 2870, HETIA
IH4E apoE-EGFP 401 il & J& 75 S £ et HCV 1)
HAe, AWFFE T A apoE-EGFP F1 Huh?. 5. 1
kIR HCV et GIESE T apoE-EGFP 4
2R SCHFREGEE HOV i 4138, T H. apoE-EGFP
AE RN ZH 2% B e HCV ki,

1 ##m7E

1.1 fmpadziafeiX 7  Huh7. 5.1 40004 & R
2E e b i B AR T el Sh i 5T B i , HEK293T
it i P R BE i TR A AT T R A R AT DR
T, Huh7. 5. 1 20 R W i 6 B4 sh-N'T 41 Jifg
(B T3 8 o) 57 A= 700 40 if 35 PR 1) shRINAL 5 114 41
Jii1) .apoE & % @i {1 Huh?. 5. 1 4iifg (sh-apoE 4
M) . 323k apoE-EGFP ) sh-apoE 4l (apoE-EGFP
D YA EM . YRS ESE 10%

Jitd 4 i ¥ (FBS, Gibco), 1% & % R4 % K
(penicillin-streptomycin, Gibco) .2 mmol/L JE
FFH:PR (non-essential amino acid, Gibco) [ DMEM
(Gibco) B5 5 %5 3% . pFK_Jcl_FlagE2, pAPM_
sh-apoE_Puro, psPAX2 Fl pMD2. G Ji ks A 1 [= iiF
fla % K2 Ralf Bartenschlager {254 . Goat anti-
human apoE (ab947, Merck Millipore) , rabbit anti-
GFP (sc8334, Santa-cruz) Fl mouse anti-tubulin
( 66031, anti-FLAG
(M20008L., Abmart), mouse anti-NSS5A (52552 H
i) s PCR 519y dy b 1640 18 A2 W) B AR A FR 2 7] 5 8
afifk, T7 polymerase HIA S50 % 4lifk

L2 FaAkamief e pWPI_apoE-eGFP i
ARG A o NIEYE apoE 5 EGFP H: A 435
i@t PCR §7 34, {# ] TTIANgel Midi Purification
Kit RARARHE daD A RA A 144615 3] apoE
MEGEP FEPIR) PCR 75771y, SR)5 i 9>k
Bl B i #1& PCR % 4, 15 B Bl A 1Y apoE-
EGEFP 3N, )5 N @EE BamH 1 #1 Spe |
PR B LD 0z s 4 A pWPLBLR A, 4545 pWPL
apoE_EGFP_BLR Jfihi, £ L4 Y ARH IR
ARS8 HINTC IR . ¥ 1 apoE"EGEP R 5
BN GIY: apoE ElF51H R 5'-AGA GGA
TCC ATG AAG GTT CTG TGG-3'; apoE Hl
EGFP R 5920 5'-TCC TCC TCT TCC TCC
TGA GTG ATT GTC GCT GGG-3'; apoE Hl
EGFP 3% Eii 519 8 5'-CAG GAG GAA GAG
GAG GAG TGA GCA AGG GCG AG-3";EGFP F
Weg|#k 5'-TCT ACT AGT TTA CTT GAC AGC
TCG-3", ¥ psPAX2.pMD2. G, pWPI_apoE-EGFP
_BLR. pAPM _ sh-apoE _ Puro #1 pAPM_sh-NT _
Puro G HEZH) UKL #e e i A HEK293T 2 Jfd o . il
£ apoE-EGFP, sh-apoE #ll sh-NT 845 8; (sh-apoE
RNA #[f] apoE mRNA ) 3" A4S X)) . SR ¥
sh-NT #1 sh-apoE 1 ¥ 7% 43 7 ¥ S 37 A H /) 40 ity
Huh7. 5.1 #1,48 h J5iIn AAHRL A 514 R #E1 T %
At sh-apoE AU R 5, 4% apoE-EGFP 18 #: 5%
FHEA sh-apoE il &b inpiE Rk, ff5. R
FHZE A R ED 5 5 4 5E apoE siRNA X #E4H il 4 apoE
HHAFRBN NRAER . PO R MBS apoE-EGFP
IR

1.3 RSP 4 F A HCV i B #g 4 o pFK_
HCV-Jcl _ FLAGE2 DNA fifi /| TIANquick Midi

Proteintech ), mouse
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Purification Kit[ KARAALBHE (Jb 5D £ R 7] J4l
fbJ5 » ¥% B8 Bartenschlager 5256 %8 %) 4 4) §% 5% 7
FEU AL G i HCV DNA 56 5% Jili48 RNA, i@
ALK HCV Jel-E2FLAG RNA J3 515 e i3t
A Huh7. 5. 1,sh-NT, sh-apoE F1 apoE-EGFP #i ity
% 96 h WSROI B 1 FH 2 B4 40 R R
Ye ) 5 (TCIDso) Jy A HCV [ e .
1.4 HCV #y#ie W HE HCV RNA #5254
Jc1-E2FLAG RNA, Hi7E HCV %5 #4511 E2 ) N-
FKIHIMA T FLAG #3255, ¥ HCV Hi 5 ke 45 60
15)5 s 2 I FLAG-specific affinity gel (Sigma) #24/F
fRI4lifk HCV ik, £ J5 F 100 pg/mL FLAG
JRT BB - A5 2 2l Ak 5 P9 B
L5 ZRERRALSH L4 Huh?. 5.1 HATK
Brunh A 24 FLbk . 24 h S F40M IS IR A
HCV S 37 CIEE 4 h, FREEl . IR ERSE
IR (PBSYYE 3 W, A B 15 571, 37 CFF 72 h,
FRAMEE R, T2 R B E 20 min, BRREH
FIiE, PBS ¥ 3 ¥k, A1 0. 1% Triton X-100 &b #f
15 min; PBS ¥E 3 ¥, fin A 5% FCS #f 4] 20 min,
PBS ¥k 3 K IA—#H1. EHBFE 1 h; PBS ¥ 3 1%,
IMAZSL, FiRPEFE 1 h; PBS ¥ 3 K, ddH, O ¥ 1
W BB YN 5535 R 07 408% 7 b A8
T E 255 R LR RO BRI A

Q
@Q)@

& Q)&
TS

apoE-EGFP
A

— tapoE

sh-NT

apoE

Antibody

S -2poE-EGFP
A

EGFP

L6 ZGRepidkaod WO NI s0s &
loading buffer Z4bFH, KV 30 min, SDS-PAGE 435
EHE B EA%BE PVDE B, A 5% 0BG
AERCE A 1 by A — Bt (520 WG 25 W v TR
B EEIFHE 1 h; PBST ¥k 3 W A 4T (10 i
PSR B . EMFE 1 ho PBST ¥k 3 s
H ECL 2O 25

1.7 %it$a® R GraghPad Prism 5. 0 47
BARALEE S 43 M1, 4 18] FL 3R i Student”s ¢ K5
R 7K HE () 24 0. 05,

2 & X

2.1 apoE-EGFP fmje % e4#33%  FIH] shRNA 3
R Bk 5 AR M 8 sheapoE 40 il & , i 4 5 3
apoE-EGFP 1£ sh-apoE i R E £k, HH
JR BRI 1 40 #r 4% B (&l 1A) 7R, sh-apoE 41 Jifg
apoE [/ 3K 135 7KF-F I, ULHH sh-apoE 4l il 44
R Wb apoE-EGFP 8 H7E apoE-EGFP 4 Jifs
KRB, YOLENE B M as R (& 1B &
7 » £E apoE-EGFP 41 fifg i) 41 fifd 5 E WL 2% 51| EGFP %¢
36, i 7E sh-NT 20 fil sh-apoE 41 g H L5 AS 5] 45
5256, 32 W] apoE-EGFP ZiiJfi & f* apoE-EGFP #J

apoE-EGFP

sh-apoE

B 1 3RiX apoE-EGFP )2 R HH052
Fig 1 Establishment of apoE-EGFP-expressing cell line

apoE-EGFP in apoE-EGFP cell lines was analyzed by Western blotting analysis (A) and fluorescence microscope (B). 4. Non-specific band.

apoE: Apolipoprotein E; EGFP: Enhanced green fluorescence protein. Original magnification: X40 (B)

2.2 apoE-EGFP 4% & £ ik 3 HCV & M
#rm HCV BRI 2SR (B 2) Bon, 5 B4
Huh7.5. 1 40fdAH L, T 8 apoE (& IK 5, 4 it ™
A HCV AREYE T B2 10 455 T 7E sh-apoE 4
Mirp 33k apoE-EGFP J5, == 4 1) HCV iy de
iKF T sh-NT 4y K-F-.

2.3 apoE-EGFP @4%& 8 5 & M HCV & X

%  HCV4 3R Huh?7. 5. 1 4}t fl apoE-EGFP
YU, SR AR 1 5 B 3R 325 4G I 455 25 9 » 45 S (&
3) K7 S FEFT A A AR o B R P SR B T Y
LR 1 core, 3 HAE apoE-EGFP 4 it S# J5 (1) 95 75
etk iy HCV ks L, AT 2] apoE-EGFP #h
A ER 1 T T B2 A A 3], 2 W apoE-EGEP
A B PR HCV 44y
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B2 ApoE-EGFP 4iffl R 37 # R 1E HCV BitiA %
Fig 2 ApoE-EGFP cell line supports assembly
of infectious HCV particles

HCV Jel-E2FLAG RNA was electroporated into Huh7. 5. 1, sh-NT, sh-
apoE and apoE-EGFP cell lines. The titers of these viruses were
determined by TCIDs after culturing with free-serum media for 96 h.
apoE: Apolipoprotein E; EGFP; Enhanced green fluorescence protein;
HCV: Hepatitis C virus. * P<C0.05. n=3, 7%

2.4 apoE-EGFP &% &5 HCV & #% 4 E2 #5948
IR REETOCI T EE R (K 4) BIR . apoE-
EGFP 400 4 i) apoE-EGFP 5 HCV Z5#)# H E2
LTEAT

DAPI apoE-EGFP

HCV

HCV ™"

4 apoE-EGFP 5 HCV #£#EH E2 HHE/EH
Fig 4 apoE-EGFP interacts with HCV structural protein E2

apoE-EGFP
2 A
= N apoE
Q
=
Al apoE-EGFP
s
)
i)

Core

B3 FZBHRENESHR apoE-EGFP 2 B34 HCV A S
Fig 3 apoE-EGFP is a component of HCV
particles by Western blotting analysis
HCV Jcl-E2FLLAG RNA was electroporated into Huh7. 5. 1 and
apoE-EGFP cell lines. apoE-EGFP and core proteins on the surface
of HCV particles purified by FLAG-specific affinity gel were
determined by Western blotting analysis. Eluates: Purified HCV;
Input: Unpurified HCV. apoE. Apolipoprotein E; EGFP. Enhanced

green fluorescence protein; HCV: Hepatitis C virus

E2-FLAG Merge

apoE-EGFP cells were infected with HCV Jcl-E2FLAG viruses. Co-localization of apoE-EGFP and E2 was analyzed by immunofluorescence

assay and confocal microscope. E2-FLAG was tested by anti-FLLAG antibody. apoE: Apolipoprotein E; EGFP: Enhanced green fluorescence

protein; HCV: Hepatitis C virus. Original magnification; X200

3 it i

NJE apoE AR —REE NG . X IE2E 0
EHREAEEMEM . PRI apoE 5.0 BB |
Bl IR DGR B VI AH O A B R iR R BT
REFZ I HCV AL, 1458, HCV i apoE
H5EEMBRERENRROBETFRENSE SN T
HCV (B . HR, 41 M 1) apoE 5 HCV 1)

L5 5 1 NSSA A B AE A, B B HCV i
RIS e Bt HOV BRI T 40
Jf N apoE Hy43im-

ABFFEHE shRNA /5 apoE T Huh?. 5. 1
YA R AR IS T apoE-EGFP GG 8 1. 45 /A
M apoE-EGFP #iiJfd & v = A= 1) HCV Juiki iy Jak e
P55 B A= BUAH b 7= AR ) HCV BURL B J8% e P A
M, BeAh, o HCV RNA JE R 41 %% Gy ik A apoE-
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EGFP 41}l & J& . 76 W55 19 s B W 24k 13 ok 1Y
HCV ik b R A I 2] K 5 19 apoE-EGFP fili 45 &
Fi. Lee 8 HFGEIESE apoE 540 bk & (1 E2 £
A AR AR 15 B HCV 21255 H s s i 6 73 9
b ABFFEH HCV B apoE-EGFP 4fi s 5 , i i
FOCIL R A SLI W ] T apoE-EGFP 1 E2 (1)
MEAEM. XL ] KN, apoE-EGFP 4 il & 3 +F
Bt HCV BRI 41 %e. Bbsh. 58F EGFP By
S 20 B B A T R R R S apoE-EGEFP 4fi
FWAT TR EE HCV ki 2 4 ) sh 850 /2

I FH AN R 9 6 HE 1 B 25w 10 T A 248 L PN )
el = I R R ST - = W I s R D R S Y G S
Moradpour 215 ¥% GFP 4 A HCV JE454 & A
NS5A 1, 5280 T % HCV RNA & il & A (4 i a] 71
1. ABFFEHGE DU e R AR 2 brid HCV 25
FEEH core, A] J&7R core TEANAEH 1Y 418 M H 578
T Z R A BOC RN SR 2 Ak kiR
WA HCOV Uk s i A s i . A
WA EE ) apoE-EGFP HCV kL iy Jlk e 5 5 4=
A HCV MY A2 TR A M5 HCV 14
TG5O HOV BE BB 67 SR
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