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ISR OMEEE @530 : Development of HCV replicon cells and HOV production systemusing HCV JFHL strain enabled
us to investigate the whole life cycle of HCV and the host factors essential for HCV production. In this study,
we aimed to clarify molecular mechanism of HCV production by investigating binding partners for HCV proteins.
We analyzed HCV core-binding proteins, hnR\NPHI/H2/F. Addition of HCV RNA inhibited the binding between the
core protein and hnR\Ps. RNase recovered this inhibition. These results suggest that RNA is required for the
interaction between the core protein and hnR\Ps. Our results suggest that these hnRNPH and hnR\NPF cooperatively
regulate HCV replication. We then identified HCV NSbA-binding proteins, ubiquitin ligase pl38, transcription
factor H\F-1a, and histone methyltransferase SMYD3. The pl138 protein bound NSbA protein, but not other HCV
proteins. Our data suggest that pl38 protein promotes ubiquitylation of NSBA protein and enhances its
proteasomal degradation, suggesting that pl38 regulates HCV replication. We analyzed the p138-binding domain
on the NSbA protein using a series of deletion mutants. Then we analyzed the ubiquitylation site on the NShA
protein using 13 point-mutants. These studies would contribute to the better understanding of HCV life cycles
as well as the viral pathogenesis.

AR TER (GEAHAL - 1)
RIS fr112eE 2 &t
2010 4FHE 1, 300, 000 390, 000 1, 690, 000
2011 4F 800, 000 240, 000 1, 040, 000
2012 4 600, 000 180, 000 780, 000
&t 2, 700, 000 810, 000 3,510, 000

WFFEOTEF « PR p
FHFF D3R - M E © NFSRERIREE S - THILERNEE
F—U— R T

1. WFIERRAA 4 W DT 5 | HCOV OAIRBRIZARI 22 53 % v o 725, HCV

Tt 2

E N H I




RNA LU 2 AR D BR%E ., JFH-1 AR A
Huh7 e oo HOV BEAE R OBEZEIZ X 0 HeV #
TOMAT NIRRT HES L=, 2 TH
JFH-1 BRI & % HCV BEAE R DBRZIZ L v | HCV
DEIERZFEMICFIETE D L IR,
HCV BEFHIZ WA 7215 IR - D ffAT<° HCV ki1
FE RS DTN ATRE & 7o T2,

2. WO HBY
HCV 7 A W APEAICEIG-T 286 £/ 1%
FE L. VA INAFEAICBIT DA ERS
25T T D,

3. WD Ik

BT KT T 4 =T 4 KERETCREE LB
HOV = 7 B FAS AR 10T BIHCV. NSHARE & K]
FIZ K DHCVHERE ik A HCV L " Y =2
JASPHCVee 7 A IV R FEA R 7 W TH T
T 5,

4. WFgEEk R

CHITR 2 7 B AEICHES T D 8HmE W
& L CThnRNPH1/H2/FZ [A]%E L . HCVEE AL 3 i
WZBITF BEENZ DUV THENT L7=, hnRNPH &
hnRNPFIX 7 2/ i L~V CT8% DRI 2
L. hnRNPH1 & H21Z7 2 / R L~ CI9% D AH
FME 2 A4 5, HOV=a 7% F'E | OhnRNPHI,
hnRNPF D& g5k % fiE#T 9~ 5 72 8 1ZGST-core
B HEKEZERERZ RIGE CTHRIL I,
GST-pull downiE THENT L7z, Wb a7 &
HE Daa 1-43I258< fEET 25 2 E B L
& 72 o 72, hnRNPHIS X UthnRNPFIZ U341 & RNA
AT F—T7EATARAESEHE TH D
Z LB, HCV RNA & OFE AAEF 2 AT LT,
EFF AL LZHCV RNAE A R AT EY
v B — X% - pul 1-downiENZ THEAT LT
& = 4. hnRNPH & hnRNPFU Y940 & HCV RNAOD
IRES III1d fEIGICHFRANTHEET 5 Z LavR
SNz, Huh7HIRE PN 0O PNFE M OhnRNPHL /H2/F
DEHEEAHK LZE Z A, HuhTHIlIZ R
VN ChnRNPHIH293TAHIAR & [A] L ~UL 388 L T
55, hnRNPFIF293THINEIZ lE T3 L < 3881
\BNME o T, I, UANVRPELRICEBIT S
BB 2B 5N T D 72012, HCV JFHIER A3 &
P U 7ZHUh TR L 7 A X R&E W T
hnRNPHE 77 1 ZhnRNPF 2 — @ MEIC R B S 6, &
FAOIC HIR N ZL OHCY RNABRS L OV a 7 & A
B & % qRT-PCRYE & ELISAVEIZ THIE L7,
hnRNPHZ — i@ P IZ R B S/ 5 LR B o
HOVIRYetohr PR BN ER LTZ, — 7,
hnRNPF % —i@PEIC Bl S/ 5 L 558 BIEHR O
HOVIEHG R T EEAEBME T Lz, 2 b Rk
H.758  hnRNPH & hnRNPFIZHCV = 7 & E 35 &
UMCYV RNASDFEAREZ I L C. HOVEEA DR

BB 59 2 Al REME AN R S 4172, hnRNPHIZHCV
PEAE (R MEME 1 . hnRNPFIXHCVEE 4= Z il 12
HIME L TWDZ EDRBENT,

F 72, HCV NSBAEHE OFHM AR T & L
THANO 2 EXF U H—FEpl38, HEER
FHNF-la, b & ko X F Ll B3 SMYD3
70 &2 FE LT, pl38ITHCVDONS5ARE HE & #4
HERT A7, hoHCVERE & O EERIX
PR BT, NSBARRRMZFEA L B2 b
o DI38IINSHAZ = & & F LARAFMN T Ay il A 412
ML, AL AERAZHIET D 2 &R S
HU7~, NS5AZE [ L pl38DfEA AL A 45 % D
KREPEREKEER L C~ v B T 52T T,
WE OfE A I EE R EIR A [FE T 5 72D
. EICREERARZER L CREIC T3 2
VERH D, F7-. NSBAD = B X F AL
ZIRET D 7O 13FE D S BAR A VERL Ui
Hr 247\, & T O = B % F AVE % [
E LT, 25 OBFFEITHCY DA TEER & 95
OEBICERT 2 bDEEZ BT,

5. ERRBRWLE
(AR, PR R O 1
)

UdEssam ) (Bt 15 10)

1. Shoji, I. Roles of the two distinct
proteasome pathways in hepatitis C
virus infection. World Journal of
Virology, &aef, 1, 44-50, 2012.

2. Matsui, C., Shoji, I., Kaneda, S.,
Sianipar, IR., Deng, L., and Hotta, H.
Hepatitits C virus infection
suppresses GLUT2 gene expression via
down-regulation of hepatocyte
nuclear factor la. Journal of
Virology, ##ifa, 86 (23): 12903-11,
2012.

3. Nakashima, K., Takeuchi, K., Chihara,
K., Deng, L., Shoji, 1., Hotta, H.,
and Sada, K. HCV NSbA protein
containing potential ligands for both
Src homology 2 and 3 domains enhances
autophosphorylation of Src family
kinases Fyn in B cells., PLoS One, %
weAT, 7 (10):e46634, 2012.

4, Shoji, I., Deng L., and Hotta, H.
Molecular mechanism of hepatitis C
virus—induced glucose metabolic
disorders. Frontiers in Microbiology,
HHH, 2, Article 278, 1-5, 2012

5. Kamada, K., Shoji, I., Deng, L, Wakita,
T., and Hotta, H. Generation of a
recombinant reporter hepatitis C
virus useful for the analyses of virus



10

11.

entry, intra—cellular replication
and virion production. Microbes and
Infection, &HA, 14, 69-78, 2012
Sasayama, M., Shoji, I., Adianti M,
Jiang DP, Deng, L, Saito T, Watanabe
H, Kawata S, Aoki C, and Hotta, H. A
point mutation at Asn—534 that
disrupts a conserved N-glycosylation
motif of the E2 glycoprotein of
hepatitis C virus markedly enhances
the sensitivity to antibody
neutralization. Journal of Medical
Virology, #wif7, 84, 229-34, 2012.
El-Shamy, A., Ide, Y-H., Kim, SR.,
Sasase, N., Imoto, S., Deng, L., Shoji,
1., and Hotta, H. Polymorphisms of
hepatitis C virus NS5A and core
proteins and clinical outcome of
pegylated interferon/ribavirin
therapy. Intervirology, &#iH, 55
1-11, 2012.

El1-Shamy, A., Shoji, I., KimS-R., Ide,
Y-H., Imoto, S., Deng, L., Yoon, S.
Fujisawa, T., Tani, S., Yano, Y., Seo,
Y., Azuma, T., and Hotta, H. Sequence
heterogeneity in NSHA of hepatitis C
virus gentypes 2a and 2b and clinical
outcome of
pegylated-Interferon/Ribavirin
therapy., PLoS One, ##HifI, 2012, 7,

e30513, 1-10.

El-Shamy, A., Shoji, I., Saito, T.
Watanabe H., Ide, Y-H., Deng, L.,
Kawata, S., and Hotta, H. Sequence
heterogeneity of NSbA and core
proteins of hepatitis C virus and
virological responses to
Pegylated-Interferon/Ribavirin
combination therapy. Microbiology

and Immunology, ##iH, 55, 418-26,
2011.

Deng, L., Shoji, I., Oawa, W., Kaneda
S., Soga, T., Jiang, D. P., Ide, Y-H.,
and Hotta, H., Hepatitis C virus
infection promotes hepatic
gluconeogenesis through an
NSHA-mediated, Fox01-dependent
pathway. Journal of Virology, #&#itH,
85, 8556-68, 2011.

Inoue, Y., Aizaki, H., Hara, H.,
Matsuda, M., Ando, T., Shimoji, T.
Murakami, K., Masaki, T., Shoji, I.,
Homma, S., Matsuura, Y., Miyamura, T.,
Lai, MMC, Wakita, T., and Suzuki, T.
Chaperonin TRiC/CCT participates in
replication of hepatitis C virus
genome via interaction with the viral

12

13

14.

15

NS5B protein.
38—-47, 2011.
Hayashida K, Shoji, I., Deng, L., Ide,
Y-H., and Hotta, H. 17« -Estradiol
inhibits the production of infectious
particles of hepatitis C virus

Microbiology and Immunology, A,
54, 684-90, 2010.

Nasu, J., Murakami, K., Miyagawa, S.,
Yamashita, R., Ichimura, T., Wakita,
T., Hotta, H., Miyamura, T., Suzuki,
T., Satoh, T., and Shoji, I. E6AP
ubiquitin ligase mediates
ubiquitin—dependent degradation of
peroxiredoxin 1. Journal of Cellular

Virology, &ath, 410,

Biochemistry, #&@th, 111, 676-85
2010.
Moriishi K., Shoji, I., Mori, Y.,

Suzuki, R., Suzuki, T., Kataoka, C.,
and Matsuura, Y. Involvement of
PA28 vy in the propagation of
hepatitis C virus. Hepatology, @t
A, 52 411-420 2010.

Sanjo M., Saito, T., Ishii, R.
Nishise, Y., Haga, H., Okumoto, K.,
Ito, J., Watanabe, H., Saito, K.,
Togashi, H., Fukuda, K., Imai, Y.
El-Shamy, A., Deng, L., Shoji, I., Hak,
H., and Kawata, S. Secondary

structure of the amino—-terminal
region of HCV NS3 and virological
response to pegylated interferon plus
ribavirin therapy for chronic
hepatitis C. Journal of Medical
Virology, #w#ifT, 82, 1364-70, 2010.

(Fx¥&] (GH181)

1.

Shoji 1,
hepatitis C
metabolism disorder. The
single topic conference,
2012 4E 11 H 21-22 H, i
BREA. HFH. Deng Lin, 5 ALK, YHH
. C T 7 A L A NSBA & FVE DL
FEAKRTFE A b AF LR B RS

SMYD3 DI[FE & HEREMEAT. 5 60 [BIH AR
A IV AREEAAE S 2012 42 11 A 13-15

Molecular mechanism of

virus—induced glucose
10th JSH
A 75 i 8,

H, KBk

FAHFH T 5 —AF K, Deng Lin, i HI 12

CHRIFZ ™ A /L AT K D GLUT2 s 136 B
IR D53 FHERE. 60 EIH AT A LA
SRS, KPR 20124F 11 A 13-15 H.
Matsui C, Shoji I, Deng L, Hotta H. HCV
infection
degradation

factor 1o via interaction with HCV
NS5A

lysosomal
nuclear

induces
of hepatocyte
19th

protein. International



Symposium on Hepatitis C Virus and
Related Viruses. Venice, Italy,
October 5-9, 2012

Chen M, Gan X, Deng L, Shoji I, Hotta
H. Identification and characterization
of a novel NSHA-interacting protein,
SMYD3. 19th International Symposium on
Hepatitis C Virus and Related Viruses
Venice, Italy, October 5-9, 2012
Shoji I, Okada N, Gan X,
Miyagawa S, Makimoto M, Chieko M, Jang
DP, Deng L, Ide Y-H, andHotta H.
Identification of an E3 ubiquitin
ligase that mediates ubiquitylation of
hepatitis C virus NSHA protein. 5 34
Bl B A TR, 2011 4R 12 1 14
A, Rk

HAH. Lin Deng, BB, HHEWE, BB
AR, SH AT, C AR & A /L A NS5A D
B X NV ETHDEA N AT
JV ARSI SE SMYD3 D [RIE. 45 64 [0 B A
M = BATE SRR s, 2011 4 11 A 19
H, KiK.

Shoji I, Okada N, Gan X, Miyagawa S,
Makimoto M, E1-Shamy A, Deng L, Jang DP,
Ide Y-H, and Hotta H. Identification of
an E3 ubiquitin ligase that mediates
ubiquitylation of hepatitis C virus
NS5A protein. International Union of
Microbiological Societies 2011
Congress, 20114E9 A 16 H, FLIE.
Shoji I, Okada N, Gan X, Miyagawa S,
MakimotoM, E1-Shamy A, Deng L, Jang DP,
IdeY-H, and Hotta H. Identification of
an E3 ubiquitin ligase that targets
hepatitis C virus NSHA protein
for ubiquitylation. 18" International
symposium on hepatitis C virus and
related viruses., Sep, 10, 2011.
Seattle, USA.

10. B —ABK. Ahmed El-Shamy, ##H{#H. C

11.

12.

MFRTANADA B —T -]
NEY ARFICENEHET D VA LA
MR, ARG, 562 Em TR A
SV AR SS, 2011 4E 7 H 22 H,
.

Shoji I. Role of the proteasome
pathways in the hepatitis C virus life
cycle. ¥RfFi#E, RCC-ERI Seminar, Aug
8, 2010, National Institute of Health,
Bankok, Thailand.

Shoji I, Kaneda S, Deng L, Ide Y-H,H
otta H. Molecular mechanism of HCV-
induced suppression of glucose trans
porter (GLUT) 2 expression. 17thIntern
ational Meeting on hepatitis C viru

s and related viruses., Sep 10-14, 2

13.

14.

15.

16.

17.

18.

010, Yokohama, Kanagawa.

Deng L, Ide YH, Shoji I, Hotta H. HC
V-induced generation of reactive oxy
gen species leads to Bax—mediated
apoptosis through activation of the
c—Jun NH,~terminal kinase signaling
pathway. 17th International Meeting
on hepatitis C virus and related vir
uses., September 10-14, 2010, Yokoha
ma, Kanagawa.

Shoji I, Nasu J, Murakami K, Miyagaw
a S, Yamashita R, IchimuraT, Wakita
T, Ide Y-H, Hotta H, Miyamura T, Suz
uki T, Satoh T. EG6AP uibiquitin ligas
e mediatesubiquitin—dependent degrad
ation of
peroxiredoxin 1. #33[EHADFAW
AL, 20104E12H7-10H, 7.

] I~ B AR, H A, Deng L, 3%
KRG, HH R, HEME TR Y AL
ANSBAIZHE BT D FF L U H—ED
[FE., H33EHAD FAEMHRFER, 2
010412 H7-10H, #fi).

[ —AB K. Deng L, SHEHE. HCVIC X 2 ¥
R E O 5 FH 7 EE58[E H AR 7 A /L A
SRR S, 20104E11HT7T-9H, fEE.
Deng L, HIZME, FHHRM, BALK,
Ui T OB KT CRIF R T A v
A DB OE D5y FHT OfEMT. 558
Bl H AT A VA FEFES, 20104711
HT-9H, 5.

PR, B, BB CRiTR Y
A VA EGL IR AR Z T L, BER
FIEICB G5, #5460m] H ARl
£ 20104E5H27-28H, L.

(M=) G 3

L. WS AR, et | CRUF R IRIR I D D>
7-. NS5A-TRRDR Z£ ¥44k. 83-87, 2012, 2
Wr & yaet, [ ERCEE, U,

2. BETABR. TN, 24T-252,
2011, SR[EMR, /NREE T JRmE  fRE,
FEVLEL, B

3. BETHR. IZUODO—HDA T A MK
YUSE - A, 79-82, 2011, AH
WA W, FIrh, B

(Z Dfth)

R AR—

http://www. med. kobe—u. ac. jp/micro/1. htm

6.

AT FeAH

(1) WFFEfEA

W5 —

A< (SHOJI IKUO)



PR « REBRIEZAFICEL - HEHdZ
WrgeE 25 : 40356241

(2) Wrge sz

HH B (Ide Yoshihiro)
MR « REFTIESSFITER - Bh2K
W7e& %5« 70258606

(3) EEEHF TR
« )

WEE S




