EobZ T, < AMEKRBYGLEE DR EMEDTH
452 ERHMEINTWVD (Bailey et al.
2008), #LTZ® MNoV 1 B, AR TORKK
W& ->T 14 OBFENRELLTNDEZ ERHRE
ENTEBY, BxOELOEHITA L TIER
W, A1, Vpl OA T2 < ORFLIZHA LN D
73 ) BEEOEE FEIEIZON TS,
b5 I TEME DES THIE SN TV D D 2MRES
THMLEND D,

E. #&m

MNoV 7 4> RAW264. 7 i@ ~D HEFEBIb. D 18
BT, 7/ L2BETFEINOEBA L, £ L
TEDEIT T B - T2 B TFES T — /LD
D HEBEDEI~DONREES bDOTHDLEE
Z bz, 122 OFLIEE = Mg N EETE I E
L7247 7 AEFIDEBIRSNTNWD Z LB —ET
HDHZEBRRBEEINT,

II. 5 PRV A —~ T A NV ADRKG
W RIERICD T e LR —F — VAT A
DEAZE

EA=L:Y

2007 SEBAEE 2011 EIZEAHE T, 571
DOF -2 bRV A=< T A NVARFERINT
Wb, b NEENA (ANVTIVRIRADA) 22D
i MCPyV, b kIR B o BB AUE 22 b 1T
Trichodysplasia spinulosa—associated
polyomavirus (TSPyV). FERZRIERBOBEND
WUPyV, KIPyV, f&% b hFZJEH D HPyVe, HPyV
7. FAEENEIEE B I HPYyVY 72 & B RD
Mol ZNBD T A L ADIFEMEZ DV TIE,
F DRI DIRFEIZOWZIENY Th b, TFED
WETITINOHRR ) F—< U A VAT
AHMEE ot b OEIEIE MCPYV T 60-90%.,
TSPyV T 70% (A A) JWUPyV, KIPyV C 80-90%.
HPyV9 T 47% 7 L @ESn TRy, Znby
ANVAPEFRTERVIEEBVWESTHEELT
WA ZERHALMICRo TS, LML, T
BOFHRY A —< T A )V ADIFIEICHLEATH
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2 YL PETE DS P RE 7R MBI AN H L TR,
Fox k. LITBI ¥ L 7= surrogate capsid

(psudovirion) system ZF|HLIN LD T A
AP K RGIETETE D MIAOREB AT -
T 5, REFE L, WUPYV, KIPyV @ psudovirion
ERIHLT, 2N DR FBIRIZEATE D
oAk 2\l E L., F 7= TSPyV @ psudovirion M
VERK & 3 T2,

B. WA

AHFFEE HSBRFE L 77 psudovirion system (2
LY. WUPyV, KIPyV DH 7 K& HD
psudovirion Z LA FDOHFIETIER LTz, 30D
75 A3 R, (1)pCAG WUV XJZ pCAG KIV &
(2)SV40 T HURZFEH S pCT Ts, (3)SV40
origin # & HAW Gaussia Vv 7 = T —1F
(Gluc) 2342 pCMV Gluc2, % 293T fHAEIZ
NI A7 273, 64-68 BRI ICHEIE
Z AN U7z, HHREHH W % Nuclease ZLEE L |
27-39% Optiprep (Beckman SW50, 45, 000rpm,
3. bhours, 10°C) DEfGEsE EAREILE, 77
73 a ISy E L, SV40 origin X —47 v b
L L7 PCRIZE Y pCMY Gluc2 &% < & T4y
ZREEL, BTS2 212X D% psudovirion
Z B U7z, Gluc {4 1d Biolux assay kit (New
England Biolab) TH#IE L. % psudovirion M
B FEAMERIELTZ, > 7 /L@ DNA 2
v —#%, SV40 origin ¥ —%7 v b & LTEE
BPCRICEVEE LT, . TSPyV @ Vpl,
Vp2, Vp3 & 2— N9 B % B ETEkE AL
AR L (Vpl fEIE, [ SRR RERF 78 BT 22 K K
FeAEXVE), pCAG 7T A I RIZHIIAS,
TSPyV @ Vpl, Vp2/3 % =1— K¢ % pCGA-TSV %
ERE L7,

C. MR

WUPyV, KIPyV psudovirion MRIFHrE D X
0B IRAT BT O T2, BRI E REIE
B - BB L7z, pCMV-Gluc2 /3y 7r—U9 %
WUPyV. KIPyV psudovirion %#. ##L-C#l 15cm
F 4 v 20 B4y 293T MR HAERL L. 2
6 27-39% Optiprep ZEABIEILIC L > T



LSHEFERIL . % L T psudovirion #&de 7 T 7
3 % Amicon Ultra 15 (MWCO 100kDa,
Millipore) TigHE L7z, Z DV 7% 5-20%
@ SDS-PAGE TR L TERZEEZITV, Vpl(~
40Kd), Vp3(~30kDa), B X hv a7 & I '&
(~20kDa) DE|IEIZ NN RRRD SN, BE
DHHFIZL > CTHERTALERHAHD, K\
FORIEBBLZEOTHEIND DNA 2 v —4%
EWEIFELRWEERThH-T, F2,
psudovirion P L BATX Ml ZRET 5
7o, 293T, TC7, Vero MAMEIZXI L. M 7~
v 1, 10, 100, 1,000 = E*—DNA IZH 7= B SV40,
WUPyV. KIPyV psudovirion ZE A L. 48-60 K¢
MR M BB O Glue DIEMEZHE L, 293T,
TC7 ~DE A Tl SV40 psudovirion 21X i
WH DD, WUPyV, KIPyV W T OMEIZ b
Bz 7 a™—DNA EOEINIH > T 7o
WA Sz, —F. Vero Ml ~DE AT
IZ. WUPyV. KIPyV psudovirion {Z & &
pCMV-Gluc2 D E AL SV40 psudovirion 2k b
O LIRIEFEFRE D Glue FBEFENL S,
WUPyV, KIPyV IX Vero & TRy L < BT
= D ABEMEDS R X T,

pCAG-TSV #F|H L T TSPyV @ psudovirion {E
B AR AT D3, 3% 6 < pCAG-TSV 2>6 @D TSPyV
AT RE R EFBIZ XL D 293T Mg~
FMEMNE < | psudovirion DIERLIZNEE TH -
776

D. B%

A B ORFFETiX, WUPYV, KIPyV psudovirion
ZFERL Vpl, Vp3, ERX hrar7 g EE
HEZONHN REREETHERL, ZhE
THMDORI F—<TANVAH T FnBERKL
7z psudovirion D FEMTHE S & $A{EL L 7= SDS-PAGE
REGEBE LI, HEIKED DL ITEEST
72 ETCHERIIMATH DN, N FOREND
HEE T & % psudovirion & L T ORERLHIZ
Optiprep B AELEIL T bR S W EA{ LAY
e b FE L2V, @EDOMI TIX, virion
DERICBRENRECZHE, FlzIT@EE LY
HED Vp2, Vp3 CTHERL S ML TR T Tt & O ks

PEIZEFELETLTWE, L psudovirion @
MR AT LB & Be > T HEIZIE, £
DEANRFZFE LB ENTFHETES, L
L7223 645 Bl DOMFSE TIL, WUPyV, KIPyV
psudovirion IZ X - T Vero fifa~ZhR|ZE A
T&E7-% ., % psudovirion DEERLRLS LA
virion E REL AR LT 0WEEZD D
EHLTED, —JF. ZOFEEIT WUPyV, KIPyV
D EGLETEIZ Vero MIfRAMEH T& 2 AIREM %
RLTWD, 51X Vero i C WUPyV, KIPyV
DT ra—r% 70 AT 273 T
TOHEBEPHERTEDINLEVI R, TLT
WUPyV, KIPyV @ Vero fif@~m&E A|ZE8d 2
faflvtE 72— FIHINE= YA b—v
ABRBOREE L VST SBRROBETH D,

E. &%

FRARY F—=< 11L&, WUPyV, KIPyV @
psudovirion Z1ERL L. Z 415 1% Vero M~
NRIZEATED ZEDNHLMNI oz, 20D
T LIk, WUPyV, KIPyV DJKYLtEE C X 5 i
& LT Vero MM FIACTX 2 A[EEMEEZ TR L C
W5,
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1. ¥Frits
72 L,
2. EMRFERBE
2L,
3. FOM
2L



B4 @R EmREmbhae il o7 o FEHE - BEEYVENT TR )
SRS E

(Ep% 23 4 5)

B RUAT I8 7 A JL A S HUE D 43 I ERE D RF 5T
FESERDOIEEIRE B U2k 7 F NIz X 5 E6AP [HEA| D ER %

SYEEE B

AT MF RF RS BRI R R 5 57 B

HEHIR

Kozak BB JE D EEEH OB DI ER
DEBERAOGNITHZD

RELZIHIT 5/
YIEE
WEFEAERE I (RaPID system)

FFoALzIHT L L ERLI,

WFFEEE  HBV O SHURDZIERBWIEBROMESLITY 7 F B L URERI
bD, AW TIL, HBY OFKELEFRO UBs FURZMRBE L EAETHHIELRET L0
(2. HBs FUR O WshE % BLE 3 5 BIZ T8Ik & 4T L7z, PreS2 OFERBMGRIZHIT D
D b, T OFEED S
WIZ 13 FEEOLERAET T AI REER L, S
R LT2 & 2 A, PreS2 M+6 M DERIZL Y S HFURD WL N 4. 2 (5
~+1LLDERTH S HURDZMWHK 4. 4 f51Z
FESEBIINAV R IV—TDE bR —< T AL AHPV) DEETHEEZ SN
%5, FESEREONRMNBFEOME%E B L, HPVI6E6/E6AP
YFORFEEIT -T2, 7 LI YA LEHVTZIEER
nRNA S5RUEIERIC RIS TF R4 77 ) — 2GRk T 28Il & 20
IZX Y. E6AP HECT domain &#EET DERIR N-A F L~
TFF R&1E72, L EGAP BIR N- A F /LT F K CM,~1 3 HPV1I6E6/EBAP |Z

ICBWTEET

PUR DI I L Oz
URD G306 &
TEH U, +7
CERTHERBRDOhoT,

2 L BEMEIE R T pb3 @
FV 7 r 53

LB pb3 D

A, BFFEEM
BREIFF4 & A L A (HBY) 1385 FREAT I &
SHEOBMLGTFHICHETEALIITRoT,

FASE D HBV YL, HE3E genotype C S HLT
HoTmis, W, F—na v IO genotype A 23

PEAZRRYE & L CRAAREN, FRICRETTEICE
Ay FERLTWD Z ERFEFEMITR S, KR
DEEFBITE E, ERZREE 2o TE T
Al

HBV @ S HiFIZ HBV U 7 F B LUK %
WZHWSNTWD S, HBV @ S HUR D WEE T
M#L%+nuﬁ%éhfwﬁwoit\ﬁﬁ
DEERTELO HBs PLURDENED LW FEEAR D
FESLE N, fff7 ELISA REBHE L, &&

43

fEFRI ORI RE, WATIRAE & AUREIC I T &
HEDITD, £, ETCOBBFRIZER

T FUNEHRMBICLRD ETFRINDTZD
SHUREAZHET HBIEFHEBKOBHZ BN
& LT, HBs HLUFR 5 WHEARE OfRA 2 3 72,
—J5, FESEBEO %I AV AZEOE b
NRem—= AL A HPV) Y LA LB B D
N, FBEROBTES AR RV, FE SO
FTRRIEDO R % HHE L. HPVI6E6G/E6AP (2 &
ZEIHNE ST pb3 DOARELEZIFIT 5/
FORBEBE LT,

B. ek
(DHBV 3B 77 A I FO/ER



HBV-Aeus, HBV-Cat £k (EZERERE L & —,
EEEy X —EbitE) & pSVFTAIR
Y7 ra—=r7 Lizb D%, Huh? fifgis b
FrA7x7 bL, MIENEXIOEEE BT~
® HBs FLRDIEBL, 35 L OV is % ELISA 15 THE
Mril7z,

(2)HBV-Aeus £k PreS2-S fEIELBAAEN 2y DEIF
1% (CTGTGACGAACATGG) Td % 2%, HBV-Cat #RDED
5] (CTGCACCGAACATGG) ~LA T DERZEALE
BETT A REERILE,

MT1 (CTGCAACGAACATGG)

MT2 (CTGTGCCGAACATGG)

MT3 (CTGTGACGAACATGG) , (TFHRASZEE B ERAL)
HBV-Cat H#k @  PreS1-PreS2 @ B %l
(ATCCTCAGGCCATGCAGTGGAAT) ~LL F D B % &
ALEERIKTT A FEERILE,

MT4 (ATCCTCAGGCCATGCAATGCAAC)

MT5 (ATCCTCAGGCCATGCCATGGAAC)

MT6 (ATCCTCAGGCCAGGCAATGGAAC)

MT7 (ATCCTCAGGCCAGGCCATGAACT)

MT8 (ATCCTATCCTCATGCAATGGAAC)

MT9 (ATCCTCAGGCCATGCAACTCCAC)

MT10 (ATCCTCAGGCCATGCAACGGAAC)

MT11 (ATCCTCAGGCCATGCAATTGAAC)

MT12 (ATCCTCAGGCCATGCAATGGCAC)

MT13 (ATCCTCAGGCCATGCAGTGGAAC)
INHDERKTTF X I Fit QuickChange
site-directed mutagenesis kit {2 T{ERL L 7=,
(3)Huh-7 M~ T v A7 =7 F LI=#%. LiE
F @ HBs H s L UNHIRRAN T HBs HLR D FH,
% ELISA L CTHEAT L. & OIS HBs HUR W
WCEETH D DEFRIT LI,

4) 7ZvxvHFA 22NV EBESY 7n s
7 I ke | mRNA S5RUKTFR I RIRMBR AR R
RIFRTA T TV —%ERT HENE D
ROV RaPID (the random non-standard
peptides integrated discovery)system C EBAP
D HECT R A A VHEET DHRBRAT T N GRIK

N-A F AT F ) B LTz CRRK SR,

B L DOLFETE),
GC)ELNTZHF BT F K& E6APHECT R A A
COREEEBEER ST AT LBHIEER
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(Biacore) |2 CHEMT LT,

(6) 15 B NIz FFER 7T K D E6AP PAEFE M %
Prxl1 BL W pb3 #FFIZ LT in vitro
FALT v A THRE LT,

(i ~DELE)
D% 5 4~ T DNA 3 L YRR AEY
WRE LTk dlZe £ CiA D L UL D B fE R
THY Hboiniz,

C. WFEsER

(DHBV ZR 7T A3 FO/ER

HBV-Aeus £k pSV-AAA, HBV-Cat # pSV-CCC 3 &
Ut PreS1, PreS2, S#EIkZ LFLO K O ITHHEML
TERMKT T A I K pSV CCC-MT1 75 pSV
CCC-MT13 & CTEfL L 7=,

(2)HBsAg @ EJEHF ~D 53U EIL pSV-AAA &tk
# LT pSV CCC-MT9, pSV CCC-MT13 &b &
fE L 729, day 4 TH 80ng/mL & pSV-AAA @ 2
f£. genotype C @ pSV-CCC DK 4 = F CTHb
RN ELE L TV,

(3)Ae PreS2 Tl ATGCAGTGGAAT (MQWN), CAT
PreS2 T 1T ATGCAATGGAAC  (MQWN), CAT
PreS2-MT9 C % ATGCAACTCCAC (MQLH), CAT
PreS2-MT13 Tl ATGCAGTGGAAC (MQWN) & ™9 E2
FNZ7e>TERY | FREBEE TS 0WRNRICEN
HDHZEDG, Bltha N EREOEEES DY
WEhZICB -3 2 FIREME SR S U7,

(4) RaPID system {Z X ¥ . E6AP HECT domain
LIEATAERN-AF AT F R HFESET-,
(5) ¥ ~7"F K & E6AP HECT KA A » DfEH
FRAT OFER, Kd 1 OM;;—1 T 0.602 nM, LM;~1
T 180nM, CP,,—-1 T>1000 nM & 720 . BIRTN
AFALERNT OM,-1 D EbRE RS %
BT DI EBRENT, BEHEIR IM,;-1 PN A F
AL ER TR CP -1 TS N1 -
76

(6) CM,~1 1% E6AP DEE Prxl D= FF Ak
ENEREE L, £7-. HPVI6E6/EGAP |
L2 pb3 D FF ALBIBEIT DI LR
ST,



D. &2

HBV genotype A @ HBV-Aeus £KiZ genotype C
@ HBV-Cat ARIZH~ HBs HUR 3 LN B (2
B, DWHERNRELRD /- OF A TRE
TEER L, HBs FURSWHRLHE L2 E Z
%, preSl-preS2 fEIKIZ & S FLIR 55 W % HilE-4
LHEHINIFET D AN R SN, £ 2T,
FICHEMICHRT T 5720 13 EOER TS
A REVER L, HBs HURD W R E ELEHR Y
L7,

ZDFER, preS2 OEMLTELFIDEWNT S i
RO EIE~DDWERE L BT 5T &34
77 ,MT9 (ATCCTCAGGCCATGCAACTCCAC) Tid preS2
DBt Ko D FTRO+T-+10 L ICZE RN EA
ENnTEY, ZOERIZLY pSV-CCC &L EhE L
TH 4.4 FEETHOWENRMELE, £,
MT13 (ATCCTCAGGCCATGCAGTGGAAC) Ti&+6 fL~®D
O ODRIEEBBR DR THUWNERNL 4.2 fFI1C
mbLl, ZO-BEOEREZMEAEGOED &
FIZHE ET A0 E D DEICHRFTIE., &%
DU FRE RN T & D AR RS NT,

RaPID system {2 & ¥ . E6AP HECT domain & #&
EHTHBBIRN-AFNATF NEHE, XTFFR
& EGAP HECT R A A OFEEMATORE, BIR
TN AF L E T O -1 23 b IRE 22 A T
PHTHIENREINT, EHER LM,-1 N A
FAALE TR CP, -1 TS S12359 >
72 OM,—1 1% E6AP DHE Prxl OB X F 1k
ZEhER B BLE L7z, F£7-. HPVI6E6/E6AP IT X
% pb3 DX F ALBIMIT L LIRS
7o ZHHDOFERD S RaPID system TERIR N-
AFN_TF REAERT HEMIL E3 UV AT—F
FLEAZ ER 2 DI A RN L 2 d 2 L3
RS,

E. 5@

HBV @ preS1-preS2-S fEIk D iE s FEIF % Lh
i L7= & 2 A, Middle S OFIRBAMESIZERIT D
Kozak BCANZZ@EN RO BV, T D preS2 O
BLTFESHIO S FURFBLE L OB ERA~DE
A ST AT 13 EEOERIKT
A REMER L, BRESFAINCLY S
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FROSWEEENT LIz Z A, PreS2 O+6
DERED 1 >OERIZ XY SHIROSWEEN
4. 215 EH LT, £/, tT~+10 DERTH
SHURDZWHHI 4. AFIZ LR T HEE N RS
Mo T
FESHEORENRREOCRELHIE L.
HPV16E6/EBAP I L 2 EHIHIEIS T pb3 DAE
b &8+ 2 /Ny F DOBE% &21T o 7=, RaPID
system {2 & ¥ . E6AP HECT domain &#EAT 5
BAR N-A F AT F R M, -1 2872, HT E6AP
BRAR N- 2 F )17 F K CM;~1 %3 HPV16E6/E6AP
\2k D ps3 D EXF UALEMEIT LI L&
R~ LT,

F. WEEEMERRIE &®
BRIZ7a L
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Background: HCV causes ER stress in the infected cells.

Results: HCV-induced ER stress leads to increased expression of certain proteins that in turn enhance the degradation of HCV

glycoproteins and decrease production of virus particles.

Conclusion: HCV infection activates the ERAD pathway, leading to modulation of virus production.

Significance: ERAD plays a crucial role in the viral life cycle.

Viral infections frequently cause endoplasmic reticulum (ER)
stress in host cells leading to stimulation of the ER-associated
degradation (ERAD) pathway, which subsequently targets unas-
sembled glycoproteins for ubiquitylation and proteasomal deg-
radation. However, the role of the ERAD pathway in the viral life
cycle is poorly defined. In this paper, we demonstrate that hep-
atitis C virus (HCV) infection activates the ERAD pathway,
which in turn controls the fate of viral glycoproteins and modu-
lates virus production. ERAD proteins, such as EDEM1 and
EDEM3, were found to increase ubiquitylation of HCV envelope
proteins via direct physical interaction. Knocking down of
EDEM1 and EDEM3 increased the half-life of HCV E2, as well as
virus production, whereas exogenous expression of these pro-
teins reduced the production of infectious virus particles. Fur-
ther investigation revealed that only EDEM1 and EDEMS3 bind
with SEL1L, an ER membrane adaptor protein involved in trans-
location of ERAD substrates from the ER to the cytoplasm.
When HCV-infected cells were treated with kifunensine, a
potent inhibitor of the ERAD pathway, the half-life of HCV E2
increased and so did virus production. Kifunensine inhibited
the binding of EDEM1 and EDEM3 with SEL1L, thus blocking
the ubiquitylation of HCV E2 protein. Chemical inhibition of
the ERAD pathway neither affected production of the Japanese
encephalitis virus (JEV) nor stability of the JEV envelope pro-
tein. A co-immunoprecipitation assay showed that EDEM
orthologs do not bind with JEV envelope protein. These findings
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highlight the crucial role of the ERAD pathway in the life cycle of
specific viruses.

Quality control of proteins, such as the elimination of mis-
folded proteins, is largely connected with the endoplasmic
reticulum (ER),% which is an organelle responsible for the fold-
ing and distribution of secretory proteins to their sites of action.
This pathway is termed ER-associated degradation (ERAD) and
is triggered by ER stress. It results in retrotranslocation of mis-
folded proteins into the cytosol, followed by polyubiquitylation
and proteasomal degradation (1). Several viral infections have
been reported to trigger the ERAD pathway (2— 4); however, the
role of this pathway in the life cycle of viruses remains poorly
defined.

Initiation of the ERAD pathway occurs from the oligomeri-
zation and autophosphorylation of IRE1, an ER stress sensor.
The activated IRE1 removes an intron from X-box-binding
protein 1 (XBP1) mRNA, which then encodes a potent tran-
scription factor for activation of genes, for example, ER degra-
dation-enhancing «-mannosidase-like protein (EDEM).
EDEM1 (5), along with its two homologs EDEM2 (6) and
EDEMS3 (7), as well as ER mannosidase I (ER Manl), belong to
the glycoside hydrolase 47 family. EDEMs are thought to func-
tion as lectins that deliver misfolded glycoproteins to the ERAD
pathway. However, the precise mechanism by which they assist
in glycoprotein quality control remains unclear.

Hepatitis C virus (HCV) infection is a major cause of chronic
liver disease. The RNA genome of HCV, a member of the Fla-

2The abbreviations used are: ER, endoplasmic reticulum; CHX, cyclohexi-
mide; EDEM, ER degradation-enhancing a-mannosidase-like protein;
ERAD, ER-associated degradation; HCV, hepatitis C virus; JEV, Japanese
encephalitis virus; KIF, kifunensine; Manl, mannosidase I; m.o.i., multiplicity
of infection; TM, tunicamycin; XBP1, X-box-binding protein 1; IRE, inositol-
requiring enzyme.
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viviridae family, encodes the viral structural proteins Core, E1,
E2, and p7, as well as six nonstructural proteins (8, 9). Two
N-glycosylated envelope proteins E1 and E2 are exposed on the
surface of the virus and are necessary for viral entry.

The aim of this study was to investigate whether the ERAD
pathway is activated upon HCV infection and whether this
affects the quality control of virus glycoproteins and virion pro-
duction. We show that HCV infection triggers the ERAD path-
way, possibly through IRE1-mediated splicing of XBP1. More-
over, EDEM1 and EDEMS3, but not EDEM2, interact with HCV
glycoproteins, resulting in increased ubiquitylation. EDEM1
knockdown and chemical inhibition of the ERAD pathway
increases glycoprotein stability, as well as production of infec-
tious virus particles, whereas overexpression of EDEMI1
decreases virion production. These results provide insight into
the mechanism by which HCV triggers the ERAD pathway and
subsequently affects the quality control of virus glycoproteins
and virus particle production.

EXPERIMENTAL PROCEDURES

Cell Culture and Chemicals—Human hepatoma cells HuH-7
and HuH-7.5.1 (a gift from Dr. F. V. Chisari (The Scripps
Research Institute) (10) and human embryonic kidney cells
293T were cultured at 37 °C and 5% CO,, in DMEM containing
10% EBS, 10 mm HEPES, 1 mm sodium pyruvate, nonessential
minimum amino acids, 100 units/ml penicillin, and 100 pg/ml
streptomycin. Tunicamycin (TM) was purchased from Sigma-
Aldrich, and kifunensine (KIF) was purchased from Toronto
Research Chemicals (Ontario, Canada).

Preparation of Virus Stock—HCV JFH-1 was generated by
introducing in vitro transcribed RNA into HuH-7.5.1 cells by
electroporation, and virus stocks were prepared by infecting at
a multiplicity of infection (m.0.i.) of 0.01, as described previ-
ously (10). Infected cells were grown in culture medium con-
taining 2% FBS, and supernatants were collected after multiple
passages to get high titer virus. The supernatants were concen-
trated using a 500-kDa hollow fiber module (GE Healthcare)
resulting in ~90% recovery of the virus. Focus-forming units
were measured with an anti-HCV core antibody to determine
virus titration (2H9, described below). Virus stocks containing
1 X 107 focus-forming units/ml were divided into small ali-
quots and stored at —80 °C until use. rAT strain of Japanese
encephalitis virus (JEV) (11) was used to generate virus stock.

Plasmids—cDNAs of mouse EDEM1-HA, EDEM2, and
EDEM3-HA, having 92, 93, and 91% amino acid homology with
their human orthologs, respectively, were a kind gift from Drs.
N. Hosokawa (Kyoto University) and K. Nagata (Kyoto Sangyo
University). A HA tag was attached to the C terminus of
EDEM2 by PCR, and sequencing analysis was performed to
confirm the sequence. To generate pJFH/E1dTM-myc and
pJFH/E2dTM-myc, HCV E1 encoding amino acids 170-352
and HCV E2 encoding amino acids 340 -714 of JFH-1 polypro-
tein were amplified by PCR with forward primer and reverse
primer containing Notl and Xbal restriction sites, respectively,
and cloned into a Notl/Xbal site of the pEF1/Myc-His plasmid
(Invitrogen). The pCAGC105E plasmid carrying PrM and E
proteins of the rAT strain of JEV has been described (12). Plas-
mids carrying the firefly luciferase reporter gene under control
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of the intact promoter of GRP78 and GRP94 or the defective
promoter lacking ERSE elements have been described (13) and
were a kind gift from Dr. K. Mori (Kyoto University).
Antibodies—Rabbit polyclonal antibodies included anti-HA
(Sigma-Aldrich), anti-HCV NS5A (14), anti-SEL1L (Sigma-Al-
drich), anti-ubiquitin (MBL, Nagoya, Japan), and anti-JEV E
antibodies. The mouse monoclonal antibodies were anti-HA
(clone 16B12; Covance, Emeryville, CA), anti-HCV E2 (clone
8D10-3),® anti-B-actin (clone AC15; Sigma-Aldrich), anti-HCV
core {clone 2H9) (15), and anti-Myc (clone 9E10; Santa Cruz
Biotechnology, Santa Cruz, CA) antibodies. Anti-JEV antibod-
ies have been described (16) and were a kind gift from Drs. C. K.
Lim and T. Takasaki (National Institute of Infectious Diseases).
Analysis of XBP1 Splicing—Total RNA was extracted from
cells using Isogen (Nippon Gene, Tokyo, Japan) following the
manufacturer’s protocol, and 2 ug of RNA was subjected to
c¢DNA synthesis using oligo(dT) and Superscript III (Invitro-
gen). PCR was carried out using specific primers 5'-AAACAG-
AGTAGCAGCTCAGACTGC-3' and 5'-GTATCTCTAAGA-
CTAGGGGCTTGGTA-3' for XBP1 and 5'-TCCTGTGGCA-
TCCACGAAACT-3' and 5-GAAGCATTTGCGGTGGAC-
GAT-3' for B-actin to generate PCR fragments of 598 bp for

- unspliced XBP1, 572 bp for spliced XBP1, and 315 bp for B-ac-
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tin. The following cycling conditions were used to amplify the
genes: 1 cycle of 98 °C for 3 min, followed by 30 cycles of 98 °C
for 20 s, 55 °C for 30 s, and 72 °C for 1 min, followed by a final
extension of 72 °C for 10 min. The PCR product of XBP1 was
further digested with PstI enzyme (New England Biolabs) and
resolved on a 2% agarose gel prepared in TAE buffer. Unspliced
XBP1 yielded two smaller fragments of 291 and 307 bp whereas
spliced XBP1 stayed intact due to loss of the restriction site after
splicing.

Gene Microarray Analysis—For microarray analysis, RNA
was extracted from HuH-7.5.1 cells at 48 and 72 h after JFH-1
infection. Cells treated for 12 h with 5 pug/ml TM served as a
positive control. Hybridization was performed on a 3D-Gene
(see 3D-Gene web site) Human Oligonucleotide chip 25k
(Toray Industries Inc., Tokyo, Japan). For efficient hybridiza-
tion, this microarray chip has three dimensions and is con-
structed with a well between the probes and cylinder stems with
70-mer oligonucleotide probes on the top. Total RNA was
labeled with Cy3 or Cy5 using the Amino Allyl Message AMP 11
aRNA Amplification kit (Applied Biosystems). The Cy3- or
Cy5-labeled aRNA pools were subjected to hybridization for
16 h using the supplier’s protocol. Hybridization signals were
scanned using a ScanArray Express Scanner (PerkinElmer Life
Sciences) and processed by GenePixPro version 5.0 (Molecular
Devices, Sunnyvale, CA). Detected signals for each gene were
normalized using a global normalization method (Cy3/Cy5
ratio median = 1). Genes with Cy3/Cy5 normalized ratios
>log, 1.0 or <log, _1.0 were defined, respectively, as signifi-
cantly up- or down-regulated genes.

Quantification of Cellular Gene Expression—Gene expres-
sion levels were measured using predesigned assay-on-demand
(Applied Biosystems). RT-PCR amplification was performed

3 D. Akazawa, N. Nakamura, and T. Wakita, unpublished data.
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