Expression of X Gene Product of Woodchuck
Hepatitis Virus in Escherichia coli and In Vitro

System
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KIGERER A VEMBRIRR By FFr o 2
R AN XEETFEYDDORIR

BIRKEDS ATFRFTE PR (AT B SR %4%)
R’ + — AN
(IFAN634- 2 H 3 H324)

E N BREFLY 4 v A (hepatitis B virus, HBV) 2@ L& TB3AXFF 74 L AH
(hepadnaviridae) %* ./ A121%, #HEL T 4 DO open reading frames (ORFs) MEET 2. ZOHT X-
ORF it, ZDBEGFEVMOBERUVBEMILEA CHEPEIN TV “KMOER” TH5, HBV B
WU& DT BRR, IFREZ, SRR & v - 2 REFHELC 81 2 HBV OREIO S FEMFERH L LT
ORI, HBV ¥/ AOBERFIRUEAOER BRIV —DOENLTATH S, FTH X
BEFEDZ, W o»0Hl» 5, EELBEEREL TV I LRBENTH S, S, X &ETFE
YIOBEERBITD 72 DEBEFFTE LT, ~SFF 74 VAFIKEL, BLEBHEOEVT Yy FF vy
Fr# 4 LA (woodchuck hepatitis virus, WHV) @ X BEFEW S, in vitro BIRRAICBOLTEER
¥DZEHHLI, WHV © X-ORF # KIBERIE~ 2 ¥ —pKK?223-3 D fac 7 0 & — ¥ — K U Shine
Dalgarno (S.D.) EBFIOTHZIEABIZEAL 7S R 3 F pKX10 # KBENICEAL, T+ Lk
WL DHEEEEA, SDS-PAGE 2L D, TR S FEROD 17K, 11Kd @ 2 f@OEHE2REL 2. 7L —
LAY 7 VERRURBEESBALL 77 A FORBREHOREN» S, 17Kd ¥ X BEFEY, 11Kd &
CHENRRRAERBEATH 2 2 L 2P »IC LT, ERLEZSS- A F4 = EHXEHZ A,
WHV B v FF v v 7 MEORBEENRELITo/ L 22, AT X FilkeiH L. JERE
BRI XFUEERs o, £ X BHORBEDROM L L BREOHELO 2012, SP6RNA )Y
A5 —¥, THFERKRIMES 4 € — 2B 72 in vito BB - SRRRIC L D, IR X EROES
fTolc 23, BINETX EAMEoN. AR X EEAEAOMBOREFNRREZ{ToLE I3, K
BRERCHEN, IV ERELBEREEL,

Key words Woodchuck hepatitis virus, X protein, expression vector,
immunoprecipitation

t b BEIFZ 7 4 VA (hepatitis B virus, HBV)
B, T ULTMEE2NLCEEL, FARRESE?2
DNA 74 VATH3. HBV Bt & LTt b RIS
() 0B wizic, BEELEREFRSED S 2 L IdEF
RIS » ko TWnaY, LinL b FIFEORAER
FizBWT, HBV BSEEICwh R 2% E£2H->Tw
AZPRDOVTRIFLAERETH 2,

HBV 23U, Yy FF v v 799, #1) 29, Jhgl

TEALIREDS ZNFNIFRY A VANGEEINT
B, 2hoi3~ K+ 7 4L AF (hepadnaviridae
) ELTHEENTWE, ZheD v 4 )V ARFHIC
i, 3200 EENAROTKEETEHE DNA —53FifF
T3, ~SFFUA4VADNA Lk #Fhzhoy
ANAWHBEBL T4 DDopen reading frames
(ORFs) BWEELTHE D, K&, Mg, #Es
FiRELBEINTHS, Zhed ORFIZE4S. P

Abbreviations : bp, base pairs; DHBV, duck hepatitis B virus; GSHV, ground squirrel
hepatitis virus ; HBV, hepatitis B virus ; IgG, immunoglobulin G ; kbp, kilobase pairs; ORF,
open reading frame ; SDS-PAGE, sodium dodecylsufate-polyacrylamide gel electrophoresis;
SV 40, simian virus 40 ; WHYV, woodchuck hepatitis virus.
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X E LI T 59,

SHEBICIX 3 DOBIRMBEATG 2 N sh D, &
D) HEBOATG IR Y»HIZLED, #2207 3
JBEREOTV AN AR TRENKE SHFE) 22-—F
TEOMSEETTHS, CHEEIL, 71 LAKTFH
BICHEET 2 a7HREI—-F LT3, PHARRY
LD 3/ADRE R LB, S, X, COEMFES L #EH
BEFLLTEELTWS, ZOEBOI—FT27
BRI S MIEERRLEZ SN T3S,

X fHlEE, W07 3 VEBBEOERSI—-FLT
wa, BT > T HBV # + U v —OfFlEs L v
mEHT, X BEFEYELOBBESEESATL
279, ZOBEEZICOWTIRIELAE DN > TV
2N

EE SIS, "R FTALABOEPDOERD
TANAY L0 X FEBOBER VT & ) BES &
H# L, HBV BEMHE L, VAFRTA LR (Ty R
F vy 7BF& 7 4 VA, woodchuck hepatitis virus,
WHV; £#1) AFF & 7 4 L A, ground squirrel
hepatitis virus, GSHV) BITi3 X EHOERHEIC
ETOECYHZZLERBLLY. hid, D 32
DORFIZEASNEWRETHL, ~SFF 74 N
ARADE T A VAL, FEERIZCD L LIREE
WHEBICKE B AONE, ~RFT A4 VAR
BABTBFEL > TRV D, BBABVA VRS
J LD 4 DDESD DNA XIREHOHBEDERIC
BRT2EEZ20FERTHZ, PTHLHEERTO
X EHIFICHERED S o, ZOEREEDOEE
PREORIEIEBORETH 2. ,

i3, HBV OBRIFHEFLESH2 WHV O X
i E, KIBERE~7 ¥ —I1Z8AL, in vitro TIE
&R (non-fused) T full length @ X BIEFEYO
BEAEWCERINU T, SR L5382 74 =V EHR X EH
EFHOWTY Y FF vy 7 IMERNOM X FLEOFEE %
FELEACRE L2 23, WHV v~ — 4 —BHD
Mg ORFRCTH X Fidk 2l U, BEE Tt
g ol Eie, XEOOBEAEOM L LIE
DIEFELD T 8, SP6 KTFHRI~ 7 ¥ —WIZ X $8HE
RHAL, SP6 KD X7 —¥, 74 FHERFRMERS 4
Y—rEHEOT, S (cell free) BIIC X BH %2
FEBT,

HEE L UEE
I. 7523 F, "oF) 7R, BRESLURE
KBEDS 7 b —AARDyO—EEREE N 7
M7y vAROyO—ETEL I tec A R0 V0%
FOXBEHRBE N7 ¥ —, pKK223-3 (Pharmacia #t,

KE) %, WHV @ X BREFOARBERNTOFEIRIC

2, N7 FVA 77— SP6®D, SP6RNA RV X
7Y RBECRENLSPE TuE—S—% b DK
W7 ¥ —pSP65 (Amersham #, HE) % X #EF
DOEMEN R BBz henmA vz, pWHSL i, 50
EE S EBEFRIIERE L 27 0—> WHV, %,

pBR325 @ Eco RIMAIICHEA LSS AL FT, X
FHEEEUODNAWIF 2V HL TRBE S5 23 P %
FRIIOEAVL, 75X I FRTRCKBE
C600rm~ FEIZ THRRL 7.

Aw KBHE X, C600rm- (F-, thi-l, leuBS,
lacY,, tonA,,, supE., A-), JM105 (A lacpro, thi,
strA, endA, sbcB,s, hsdR4, F traD36, proAB, lac
19, Z A MI15), N17-9 (W3623, trp-, SMF®, recAq,
uvrA), SG12036 (C600, lon v Pst, sulA, ¥V gal,
thr=, lew ) D ATETH %, HIREH BamH [, EcoR],
Hind III, Nhe I, Pst I, Pvu I, Pvull, Sal I, Xba
[BXUT, DNAYA—YREEED >, HIREEE
Alu I, Nco I, Sma I ZFIEMIELS, HIREERE
Sph I i3 Boehringer Mannheim # (F6¥H) 55 2 h
ZHEA LT, pMSG 7°J X & ¥4 Pharmacia %,
L-¥S-2 F 4 = > (>1000 Ci/mmol), «-3?P-UTP
(>800 Ci/mmol) iZ, Amersham #2>%, Protein A
Sepharose ¥, Pharmacia #t0&@AL 72,

. o FVTOEE, vF2L0RME L UER

BEEORR

RKIBEFEHR 72 2 3 F pKX10 (M1) %2 XBHE,
N17-9 iz HAH, MICHEEMH 0ml (LY v
B_Fr ) vL6g VrEB—AYTASg HEEFH
U h05g BE7rE=vhlg B AV Y
2 2mmol, F|EANVS YA 0. 1mmol, LT —2X 2
g, casamino acids, Difco #, 2g 2 &%) WHEL,
3TCI TR E D Lz, 35klett unit ic £ THE
%, BWESMI T OV TRy y— L IZHRLENR
(20 uW/cm?) % 2 FHIBE L7, BHE, BEr 25
WITC W TR L DR EFI 1k, BLL, Wk
SELEEEMSEER (MICIEEEE» S
casamino acids 2wz b D)2ml wEEE L, 37°C
TIKFMISEL, W7 s /BriBsel. &k
& 10 uCi D 8- X F 4 = > BB, 1 BR%
FOW LD EEEEINL, ki 1/2M9 ¥ T 3 Ek
¥ 7:. SDS-PAGEWEM ¥ 2 %413, Laemmli
sample buffer*IZE L, —20°C THRE L 72, B0
BIERT 2581, ESCBAERERYL /..

. BEENBR .

—¥ & & Kay 5D FEICH > TiT-o72. BEINL
JeBSAF A =R F VRN BN T
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Fa—TWBL,25% R 70— %4t 50 mM Trise
ClpH 8.0 #B%E¥#% 0.45 ml B L /2%, 10 mg/ml Y
VF— Lk ST REEE 50 1] WML, kbT5 45
EHEL 72, Fi2 0.2mM EDTA pH 8.0 % 0.1 ml &
B, SkehT 5 HRIRER, 250mM p AFALANLT &
=n7ulF (PMSF) 2.4 ul, 1 mg/ml Leupeptin 6
u#l, I1mg/ml Antipain 6 ¢l 20U 5 SRIkE L,

EAEAD 707 7 - EEE2EE L, BE%IC lysis
buffer (50 mM Tris*Cl pH8.0; 25mM EDTA
0.2%Triton X-100) 0.5 ml % #5410, 30 532Kk, 4,000

P2

gITSAMELL TLEELRE, 5 —EELLTE
B o E RSB,

V. ®&eRkE

—Bf % Bk & Schwyzer D FEMIZRE - TITF- 72, 8
BEOEREORBEBEEImL b L < i lysis
buffer 0.2ml #/NZ 727 FHIRFKRMBKT 1 £—
10 gl 4, M¥E 10 pl 2002, 37°C T30 4%, # D 4°C
T—HEREL, AR-MAEeEsERs L, B
WiZH 5 Lo lysis buffer TEHELE ¥ THBL T
Protein A Sepharose 0.5 ml £i0%, FEiEZ T 2 BHR

EcoRI | Nco | partial digestion
e Yo vomme —
S1 nuclease |Klenow fragment = — s
Hind il +dNTPs — '
Hind Il Klenow fragment
+ dNTPs
— | Hindlll
'T4 Ligase T4 Ligase

b -35 -10
PKK223:3 o 1TTGACAATTAATCGGCTCOTATAATGTGTGGAAT
SD EcoRI
TGTGAGCGGATAACAATTTCACACAGGARACAGAATTC -3'

. 5D X ORF .
pKX6  5- CACACAGGAAACAGAATGGCTE -3
pKXI0  5-CACACAGGANACAGAATTCRTAGCTG - 3

Fig.1. Construction of E. coli expression plasmids.
(a) Outline of the major steps in construction of E. coli expression plasmid, pKX6
and pKX10. (b) DNA sequences from #fac promoter to translation initiation codon
of X ORF. E, Eco RI; Sm, Sma l; B, Bam HI; S, SalI; P, PstI; H, Hin d Il ;
N, Nco I; Pl, Pvu I; P2, Pvu Il restriction enzyme sites.
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WL oL, EEEENRE s/, E— X% RIPA buffer
(50mM Tris-Cl pH7.5; 150mM NaCl; 0.1%
SDS; 1% Triton X-100; 0.5%Na-deoxycholate ;
ImM PMSF) 3ml T 3 Hl#ets, Eiz&hE—2
ZEULL, Laemmli sample buffer (62.5mM Tris
ClpH6.8; 2%SDS; 5%2-AnAF b2y /) —;
W% 7V xo—n; 0.1%70L7z/ —LTh—) 2
ml ZM%, BRTIOHMEES L, BEBOLEEHL
Foo BT E D LIEEE, 50% (w/v) b U 7o LB
0.2ml M2z, 4°C C—HEREL, BEH 2B/,
10,000 g T 10 43R&E.L L T ER, 7L b TH
HL 7z, #E#, Laemmli sample buffer 50 xl 123
at, FRET-20CICTHREL:.

V. SDS-PAGE ¢t ozxnor357 14—

BRHAEA %S 0BEWE ML Laemmli  sample
buffer 20 u1 %, 95°C TS5 2MmMEAL 7. Zh*% 15%
SDS- KU T ZVNT I RRAZTFNICOYE, &, 150
VT, 4~6HRIWKEIL . Bk, 2=o70 07
P 7U—ic LD EA R A%, ENSHANCE (New
England Nuclear#t, XE) kb 7ot w75
T4 —EATo, SRRk, BRA 7 ) — g
T, —80°C i T—AM, X7 4 v (Kodak #, #
E) Rt e,

V1. in vitro B8R & & U in vitro BERS

SP6 7uE—5—%EFLRETS X I F 20 ug %,
BAXBEFOTRL VA2 BBRT 2 EIRBERICT
BIZIL, 7x/——200RAVialE, =8/ —0
TR, 20 41 O TyE, (pH 7.5)fBHER I TSHE
L, 8 (571 —F) L7z ‘

##5 DNA 1 ug %,SP6 Y X5 —+¥ (Amarsham
#) 10U, 10 mM Tris + Cl pH 7.5, 10 mM MgCl,, 10
mM spermidine, 50 mM NaCl, ATP, GTP, CTP,
UTP&1mM, bt MEBYVRZ 7 v 7—¥4 vt
% — (Amersham 1) 30 U, 10 mM ¥ F 4 A1 A b —
NEZURIGIE S0 4l &, 40°C T2HMBEREBLL. K
6, 72/ —V—CIAA (Zuuohih . 4V73
NTNT=N=241 1 (V/V)IZT1EF>HE, =5
S =N, BREY I FAE O — KRR — b TR
U7 3RBIK 20 pl IWWSIRL, % T—20°C TIREL
B, BEEEYERXERT LIE8 1, RISRI 2P
UTP (10 xCh) 2L TRIG & & 7. KIS#, RNA
VFrFab 474> NCTERKEL, 8% X
B 4 VAR S CEES, FrybA—3— (B
Bt CS-900 &) iz k W EE L 7=, in vitro BIRKIGIZ,
FEREH X-mRNA 1 pug %, 79 FPRFMES A £ —
b 20 kl, 3¥S- X FF = > 10 uCi ®E L RS 40 ]
&, 30°C T 1HFRIMRIB & ¥ T{F- 7-. SDS-PAGE I

W3 I5E1k, Laemmli sample buffer ¥ & b KIS
BIiE L7, SRR AV 2BEIE, KA L TRIGE
1%, & T—20°C TIREL 72, 25, Mk X %
BRORERE & LT, WHY CBEF % pSP65 (28 A
LB 77 A 2 F pSPC #7219,

B ¥

L. XBERR TS X 2 F pKX6, pKX10 D85
WHV O X BEFE*RBERNTRRIE3-H0
FER7Z X 2 N pKX6, pKX10 I, KBEEHED tac
TOE—F -2 RFOEENY ¥ —pKK223-3DHEY Y
> BRI, WHV, O X 488 141 7 & / B
£TH#I-FT5DNAMKRBATE bzt D
BLT tac 7o ®—5—i3, KBEOD trp 70 %E—
F—D =35 lac UV5 FaEt—% —nD—10 25!
BRESCLNA TV v« PRE—F—T, BWOE
EEEEE TS, CnETO HBV O X BETFOKE
BATORRRIL, SV4I0 VP2 EA?, KBE 8-7 7
I M- CEEY, ABET VAT By vy —
FEHSO N RBHH L X BEH L OMASBEEOEE
RTHY, BB ATG I F YR X BEHO VO %A
WTEHY, XEHD N KFH»S 9~2 BE S KL
ZEDTHB., LHrl, EHEORTE, BREKaR
YidEWHV XBETFOEIMDATGC IR 2 #H
T2k, BELTWEY (non-fused), full-
length O X BEEMELESNBL LEZ SN,
1 pKX6, pKX10 OERIFIE%.7T. pWHS!
% Nco I TERSMHMLL, X BEFO N Fifid Neo 1
>S5 pBR3BD I/ OIS AT = a—LT X F N
F7YA7 25— (CnP)BETFD Neo 18z T
1.9kbp O DNAWT A 280D H L otk EEEAET
Klenow fragment iZ & D repair L, Hin d I T#H
1k, X BEFET2E 668bp O DNA ¥iH %1872,
I AN, R~ ¥ —pKK223-3 # Eco RI 141t
L7ctk, Zhe 220830, —ARXZLV7—¥S, 4
B, i 51 EEFET Klenow fragment i2 & D
repair L7:, @& % Hin dIIEEL, hweko
WHYV 668bp Wi 5% T,V #—¥ ik vHEA, BFARL
7z, N2 ¥ —d nuclease S, AL I3 repair LI IZ &
Y, ~7 % — Shine-Dalgamo E2¥| (AGGA)» 5 X
BIEFDO ATG 2 F £ TORR, 6bp & 10bp O =&
DT Z AL F pKX6, pKXL0 32z hZNn{Ef & h
fo. % B, BEREE, ARSI THD rreB T,T, 5 —
SA-F =N X hiThbh b,
II. %> wLEICE S WHY X REFEYOR
ki)
FIH7 7 2 3 F pKX6, pKX10 & ABHE JM105 i
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BALz. fac Ao vlE, IM105 D & 5 % lac 8 F
MNTiEiMNE| (repress) & TH Y, IPTG (isopropyl-
B-D-thiogalactoside) ¥Rz & ¥ Bidll (derepress)
ah 39, pKX6, pKX10 FFE iz JM105 %, IPTG &
T, FEETFTSS- AF =2 LD AEHR%E
Toledt, X BEFEACERTZEEL0h3 vy
FRFBD N2 » -7 (BRRS ). AREEETZ
KBERTHREs I L, REET 0T 7 —BiEHI
LhafEsh, RO LOoKBREMET T2 2 L 08
BanTs ', BEEEE IM105 N T, X #{EFED
BREALAYIFNROOMEWILOERELT, &
DEEEMEDE 2 Sh i,

7y 7—¥RE (lon) ¥RTH 5 KEHE SG12036
iz, pKX6, pKX10 284 L, L ABEE%, £HE
H% IM105 DR L L 7248, X BIEFEDER
Wiy FERD oot (ERREY).Z20Z
Eds, WEMEZDF 7 —YIEMI & 3 HBOTTEEM:
BEES .

Wiz, =F e VEIZ L 28R RA 72, recA,
worA DFEFE N17-9 12, pKX6, pKX10 #EAL, &
B TES- A FF =2 & 2EHR 2T, BBEE
H#% SDS-PAGE > X DEATL 72 (K 2). pKX10 D
BE, 32DV IBEEENT, ZDIBbbokd
KEWAKIADNY R, g-5275<—+% (bla) 12k
% bHDT, pBR328 D bla BEFEYD /> N —&
T3, 17Kd D3> B id, X BETFEDO S FENZD
72/ BEFI S 15,195 LRI B b, X
BEAWI2bDEEZLNE, £z, 11IKAD/N P
i, CHEEFO N KIGHROEETH A ) L#HEASL
%, BB~ 5 —pKK223-3 Tit, bla BEAD 27TKd D
NYFDHBTHBZ Lo b, pKX10 Q% 2 KD
N R, IR REAWHY BESIBRTHE I EL S
DOBEfTT L% %, pKX6 DIFE, 17Kd D3> FiZFED
5hd, TDI E&H»5, Shine-Dalgarno B » 5
ATG 2 R v 2 TODE, 6bp TidE» T &, 10bp 2558
BTharIelHohkizol,

. pKXI0 RER TSR 3 PO REEH

D IRAT

pKX10 iz & VA & N7z 17Kd, 1IKd D 2 DEH
BXEARVCHEN RIGAHRERTH L Z &
ERET L0112, pKXIOKWO WHVTAE N IC 7
VAV 7 VERERUREERSEAL, EABRD
AR L 72,

£7, pKX10 @ Nco I 8 2BR L, EHELET
Klenow fragment & & D repair U7-#, T, VA —+¥
WX OERL, 7V —AY 7 7T R 3 F pKX10-N
2EBIL7: (K3), X BEFE, 1503 10 ATG 2 F

SO BERMHEE R, 1926 1D TAA 2 R iz
BHERMESE T4, UL, 1741470 Neo 1 8fizic+ 1
D7V—hy7 bEEATEE, 1802GLICFH 572102
TAA 2 RYRHBRL T ZTHRAELET S, 20
e, BEINZBEOIIH 0%ES 20, 72, AF
FZaARYH AnS INERIT B0, HETHEE
HELKEBRBY TS I8 FHEEINE, pKXI0-N
REVENKRI LY EAFEER, SDS-PAGE T
L7z Z? (F4), FHEED 17Kd Dy FHHEEL
7z,

Wiz, pKX10 @ Hin d IEAI#FZ L, repair #%
BABL pKX10-H 2#/EL7: (”3). ZDFF A3k
¥, pKX10 iZtbX Hin d HIEHE2S+ 1D 7 v —ay
7 REBILTWBEDT, pKXI10-N & FEHE2EE T,
CHEEBEFENZ I —LOBEHMDO 7 L —2DFTHI
&0, 1IKd DN FASHAT 23T THE, B4R
SB LI, FEED LIKd /5> Faslkl, kv
B FBICH I R ER L, B8, Z0OL—

Fig. 2. SDS-PAGE of expression plasmid-coded
proteins in maxi-cells. Twenty ul of cell lysate
are applied to each lane and electrophoresed in
15% (w/v) SDS-polyacrylamide gel. As shown
in lane “pKX10”, two bands were detected due to
the insertion of the WHV DNA fragment. The
numbers (Kd) on the left indicate the position of
size marker proteins.
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v, 17TKd /S R pKXI0 D b DI b b7
O—FiZR->Twap, ZOBBRETHETHS, 25
12, pKX10 # Bam HI, Nco 1 CTHEEL, repair %
BL T pKX10-BN #{F®IL 7z (K3), ZDFFA S
Fid, tac 7ue— 7 —HBLTERBL TV 270,
HL17Kd £ 1IKd D EB 2 WHV BT 2 & &R —
OmRNA 7S, BV R o=y 7 BB TEES
NTWw2%51E, 20 pKX10-BN Tif, % & 12l
(FT23TTHE., M4 WRTED, FEEYOER
niES T,

PLEDFERM S, 17Kd /3> i X BIETEY,
11Kd & CHiR N RiGHRERTH N, HHEF—D
mRNA &R YA bo=y 7 5BEBIcL VEEX
hadZeNBELhER T,

V. E# X Z8 2 Au-iEHH X HiisoRE

WHV 237 v FF v v 7 ic Bk, Egie X EO
FEEL TV &g, mMEPICH X kst ah
DHREMEA S B, v F VAR L VEE X ENEE
41, KIBH 28 L, WHs BiEBE, WHs b5
MEE, EEOY v FF vy 7 %202 SRR
L, Protein A Sepharose %\ THIFEHEEEE R
B L7z, o8, SHEEEEL U € pKK223-3 o E Rk

BEZ A c—r2AVLES, BROZEHOLRIE
LMol WERRET), WHsHIR X IZ
WHs iiEBEomED > 5 5 T, HX ke 0E
BHEAIC LD X BAMENE N, 17Kd AR /Y
YRR ENR (B5Lv—>2, 3, 4). AR,
WHeHitRic kY ENRa Nz £ E L 5h 5 11Kd O
YFhépITRDeNI. KBES A £— T,
27Kd, 17Kd, 11IKd 2 & %O v FasE a3
(5L —>1)88%, MFLORELECLYEINE R
501 17Kd, 1IKd D& TH Y, LodHEEoEINE
HIMFIC LD BB Ehs, ZORETRBITIER
KiebDTHdEZONSB, 7, HBe FiEBM,
HBs HUEM, RUCEEO L Mm#EEMEWT, FER
RERER G 2To% (B5). 20#E, HBILE
—A—BECLDT, 3HH2HIRT 17K D8
Yot h, EEMBCIRALS 17Kd Doy K
Dok, IOk}, XEBRECERIC,
WHV & HBV O T&2 £BHEMSH 3 - £ %5
3

wiz, WHV BEME~ —» —OFE L # X Filko
REBEOBFRERLICE LD, 0B Ens5
iz, B & 0 FHRRE 2 R e BEO b D TH 5,

pKX10
BamHiI ) Ncol & Hindu
Pac i){ B X :/ — C HSS|rrnBT1T2;\
Nco | Hind i BamHI Nco |
Klenow fragment | Klenow fragment | Klenow fragment
+ dNTPs + dNTPs + dNTPs
T4 Ligase T4 Ligase Ta Ligase
pKX10-N pKX10-H pKX10-BN
pKX10-N
EIS +1 Frame‘Shift H
b | 1 — >
pKX10-H
B N +1Frame Shift
—T ) B S I R S—
pKX10-BN
H
Deletion > s I S—

Fig.3. Construction of frame-shifted plasmids, pKX10-N and pKX10-H, and deletion
plasmid, pKX10-BN. The starting material was plasmid pKX10. The frame-
shifted sites are indicated as the vertical thick-lines.
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cz

:: o3
SN

—JX Product'

ZTruncated
C Product

Fig. 4. SDS-PAGE of proteins produced in maxi-
cells harboring frame-shifted or deletion
plasmids. Samples were electrophoresed as Fig.
2. 17Kd or 11Kd band was disappeared by the
frame-shifting at the Nco I or the Hin d III site,
respectively. From this result. 17kd and 11kd
proteins were deduced to X protein and truncated
C protein, respectively.

i 1 3 .4 B

Fig.5. Detection of anti-X antibody by immunoprecipitation using **S-methionine
labeled maxi-cell lysates. Twenty xl of sample was applied to each lane and
electrophoresed in 15% (w/v) SDS-polyacrylamide gel. The position of X protein
and truncated C protein are indicated on the left. .

STURRBMED b D TIE 8B 4 B, SHEBHED Lo
TR2FIFLIFCRT X itk e L7, ZodT,
AFHE B & F8E L 72 (B S b T3 5 ek 4 T
X ikt Ui, £72, CHifke X HiikoREEME
DL T, CHABME S filrh 4 T X Hitks, #ic X
FUABTE 5 Gl 4 T CHifkE MM L7z, —5, WHV
B~ — 7 —2 TRHED b DT, 26T X Hilkiz
Rilshzrotz, WHY B ~—7—BiEomnsg
#5, WHV B0 BEFRFAKROEHERD, ¥
DUBCHZD0BTH/EDT, il EosEmrE
METEZVY, LEORERL» S X BEFEY 2
WHV B oy R F 29 7100 T, BESATHS S
EHES DT o T,

REE X EREERIIZIDLSIE, 9y R Fvv 2
MBORFECERIRE 2 TEE L7208, X BHOER
E%8, BREFNLME2EHET 51013, S6108
WETED X-BRENLEERNLEL 23, 22T
Iz, SP6-in vitro KB T+ 7 ¥ FHHRRIERS 1 & —
b in vitro BIRFZ 2RV X BEHDOEA 2R A 12,

V. SP6 KHFMRIE TS5 23 FOMHeL

XBETFREMBEEARRRCLVEEL ¥
BOFIESZ A L ¥ pSPX-1, pSPX-2 ix, SP6 7 n
TS — %L DHEBERI I —pSPEDEY Y v Hh—
ERfLic WHV, © X 2T 2387 % DNA WK %
BATBI L LB L7, SP6 RNA KY x5 —
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¥, SP6 7o ®— ¥ — 2 BIRINICEM L (B 21T
5.SP6 7’0t —¥ —THICXFEREEAT S Z LI
LD, SP6 RNAKRKY A S—VYEHALTHE—Z X
mRNA 2BINETE, It vy FERKLERS 4
- FERRERSRREAVCTEHRs ¥ 2 LIC &

h, XEANEEEh I LEZ NI,

X 6 12 pSPX-1, pSPX-2 DIERIFIRE =T, %7,
WHV, DNA #, Nco I#%##{t, Hind II#HLL,
XHEEE T2 8T 668bp W 2%, ZMN % repair L
fz. 2R EEBNC, WHV, DNA % Alu 1 #L X 48
HEa&t508bp Wi A 21872, 2o 2 DD &L
Sma I #1tpMSG 75 R 3 Niz#A L, MMTV
LTR Yo —% —cntL X sEEMsIE A S
Twbr7o—r#8IRL7%, 2% Nhel. Sal 12T
Wik, X#ElE S 2EINE, Fo Xba I - Sal
IHEL THB W pSPE5 2 T, V M — ¥z X D A,
BB L7z, ik, SP6 7uE—¥ —THIZ X $8
ERIEARCEAINRLFER S A 3 ¥ pSPX-1,
pSPX-2 &L &1z,

VI, EH0RE X ZEERBRORISEFOBRE

pSPX-1 2f\y in vitro BEER R UBIRRD KIS

Table 1. Detection of anti-X antibody in sera
from woodchucks

Woodchuck sAg sAb cAb xAb

No. 5

No. 11

No. 13

W47
WC-HCC-Py
A-5-99
CW569
A-4-73

J33

J34 — +
No. 21 — —
J22 - - - -
WC-Lar - - - -
WC-A — — — -
WC-F — - — —
P2 - - - -

P |
I+ H o+ + +
W+

+ o+ o+t
|

|
|
|

|
+
+

|

sAg, sAb, and cAb were detected by HBsAg-
RIA, HBsAb-RIA and maxi-cell lysate immuno-
precipitation method, respectively. Detection me-
thod of xAb was referred to “Materials and Me-
thods”. No. 5, No. 11, No. 13, W47 and WC-HCC-
P1 were individuals carrying hepatocellular carci-
noma. +, positive; =, pseudopositive; —, neg-
ative.

HEHE L (F7). pSPX-1 % Hind Lz & b
BEBRL, 8 x L7, 2P-UTP »EHEHL L, it
DEBBEXREYE AL IS (E7-2), 0.5mM
HEELZD, X-RNADADE—D mRNA D EE
D SN, Fcap BEOFEREECHELS5 2
oz,

DEIHREGOREELLE2A-L 22 (BTb
), RIGHIBE < &b 75 503, RS
BIL THEITL, S-cap BEOHFERIBRRISICHL T
YREEEZ ok, LT, LEIX mRNA 2 5
cap Bl AN LWL I L& LT,

7 4 FHRFRMMER S 1 € — RSB TR, BHOE
ERIEIZ K, Mg** RU'mRNA BEZ K& {KFEL
TWBIELBHGENATVWE, ZORTIEIAE— Mg
B 40% (v/v) DUETRFNEHERROERNES
NEWIEEEBLT, SEOREREEERE L
EZ3 (®7-c,d e)[K]=8mM, [Mg*]=15mM,

[X-mRNA]=0.017 pg/ml N EHBETH 2 2 L
Hohizol, BHEFHCBVLWIEEIN: XEBH
lx, SDS-PAGE TEELHE—D N Y2527 (K
8), TDRTOHSAFA=VDXEHNDED T

SPB
promoter

1 2
Neo ! partial
Hind il Alul l
x> e
1N N

H
e Hpsext
A
2% Aoesex2

SP6
promoter

Expression
Plasmid

Fig. 6. Outline of the major steps in the construc-
tion of SP6-directed expression plasmid, pSPX-1
and pSPX-2. The actual starting material of
WHYV, is pWHB8], which is indicated in Fig. 1.
Further details are in “Results”. H, Hin dIII;
A, Alul; N,Ncol; E, EcoRI; Sp, Sph I and P.
Pvu II.
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AER, KBEEERICHEREELY )~y UL
ERULL Cokdi, B X BERERCLD,
FRADVBICETRIRN 2 X BEHOES S EEE L &
D, XBEEHDE& 5 WCELBAINTIEE L 2 o 72, 5B,
pPSPX.2 TH R BERENBONT.
VI RERRBARCINELESA-ERX BEHE
AuvmiE+H X ko
FHRAERREELESS AF A -V ERXELO4EE
W RKBEEEROERER C AR FECT, 7y
RFrv o7 MBEFOMXAEOKRE 23470 (F
9). B, XWEPEL LT WHV-CEBEF% pSP65 1z

BAL, BMEARR L VEES S CHEYHL
P RIG S FRIZ4T - 72,
EARAERREE X EGrA0EE, KBEE:
XEQERAOEHEGCH~N (@5v—2>2, 3:H
9), FVLEBOEBMAMOHEAICE D, 132 58
Wg/x> M eE 2, WHV SERBBRIIE T, X &G
DN FRBEHS M Z» o BRELT). 45, ”
IDETDV—>T, 7°YTVIYT Y T L~Tlh
BEn3IgCOH#E L —83 2488z, 29
DN FSEHHND 8, IR R &
5HDTH3,

a TRANSCRIPTION b  TRANSLATION
3t Capped,‘ 4
o
c /" Uncapped
o 2r T
& iy
<L // |
L 1
o 30 60 90
Reaction Time (min)
LAT I ON
T 300 e T
K'=85mm K *=85mM
Mg?=1.5mM
- zm,. -
£
(0]
o
a8
5 100F 4 100F 4 100} .
O 1 200 O L O 1 02
Mg2“2(mM)

100
K¥ cmM)

0.1
X RNA(ng/mi>

Fig.7. Effect of concentration of reaction components on in vitro transcription and

in vitro translation.

(a) Effect of concentration of nucleotide triphosphates on i vitro transcription.
The results were plotted against NTPs concentrations. Vertical axis is indicated
in an arbitrary scale. O, in the absence of capping analogue ; ® ,in the presence of

capping analogue.

(b) Time course of in witro translation.

Vertical axis is

indicated in optimal scale. © and ® are same to (a). (c)-(e) Effect of concentration
of K*, Mg**, and X-mRNA on ix vitro translation. Production of X-mRNA or X
protein during transcription or translation were measured by a densitometer after

radioautography.
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L3z, BEREoR EICES T, mEFOH
XL RV D EHK B LA EE L SN 3,

% %=

HBV »it MBS, RMETR, B5FL, FEE
FREZE, 25RO RE & B2 BENE
PHLTWS ZEIE, BFRNCHS M LR >TWREY,
L Lads, HBV ORBRESFEORE IR TE—
FRFEF OO EN L YEIRIEEIL > Tw
b, SFEDFHL ANV BLTIZA 58S »
AN T, HBVIR Ih E TOWE,LS AR
EFEREO>TOLRLIEBHALS A ER2TE DY, o
ABETFOEE DNA AOFAIZ & 2 FBOAREM T
BT ES NS, 200z, HBY & FESEORE
HWEMRAT 2101, ZhLUANOEE 2 - BIEOTTEE
MR T LENHD, TOHEER B0, HBV
TANZYT ) LOEERIIEB L U2 —F 35 BEF
EMOL OBEENEEOTRTHS L EL 5,

HBV O#H@EOR L, 6L L 72RO 7 4 L A B

[y g Nvu
ko o 4 b
B a. B
s E T 49
92 - -
68~ -
43 - -
25~ -
wa
18- L = -
12~ -

Fig. 8. Production of X protein by iz vitro transla-
tion with the cell-free expression system using
rabbit reticulocyte lysates. Two ul of reaction
mixtures were applied to each lanes and electro-
phoresed in 15% (w/v) SDS-polyacrylamide gel.
The numbers (Kd) on the left inidcate the
position of size marker proteins. Shown is an
autoradiogram of proteins translated i vitro.

(NSFFTANR)BFEELTED, BROY A LA
BEXE#RICT200MA, REZHEEC LEEL
BEREBTHIESMONT S, ~SRF 74 LR
B ¥ % HBV, WHV, GSHV, DHBV (duck
hepatitis B virus) D& Tik, WHV i HBV &b
LEOLREBMEEE LM, BEvy FF v v 7k, B
B2~3ETHEEERTICIERRET 2 Z L34
S T3, —F, GSHV i, WHV L8 TRED
VANRATHIZ bbb T, BURKBHEEETS
W Ehpn® s 31, ANRF Y4 LR 4T
97 u—rOEERS, 73 BEHNEERN B
L, VANVARZI—FR&h3 4 DDBEFOEHE
BELZBRLZY, X BEFOULEESRELFENI L%
s LY, i, X BEFORCHEESS, HBV
R E Y RAFFE Y4 LA (WHV, GSHV) &%
LZEENH B I L ERWIELEY, X BEFREE
HOELEREERL 226, 0RFDF /) AL TOE
MEAIE, STH, BHO—-IEE0RANEEL Y
BEREINTEY, 202 LR X BEFH YA
ADRBR, HED 2 EFFRBOREREBO R TH S
LOEELHEERBEL TR I LORMTHS S &
Fzl, 2L ed s, HBY L FREOMEY %
BREET 3 ET, O “REOBET" OMEOMERR
BEETh2EZOND, EEO, TOLDDE—
B LT, XBETELED in vitro TOFEBRRDOH
FE BRIz, HF DNA I, %8B0 & 5 BEBHD DL
ML HBV OBIEX AN EHRR L A2 Ty

Fig. 9. Detection of anti-X antibody by immuno-
precipitation using 3*S-methionine labeled X
protein synthesized by the cell-free expression
system.

Further details are in “Materials and Methods”.
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FF vy 27-WHV £5 WHYV DNA 2B/,

KBERESI R I ML, REXZI—HO tac 7
OE—-¥ —DE Tz WHY X BEFAEROBIRE
BATG 2 R di< 3 & 95 ICREEE L, non-fused O full
length @ X BEFELEZRBERDI LI L. I
FTHEI N X BAEERIE, FLALBKBEE
Bk L DORAZEN (fused protein) THH, X A
DN KFEHTERE, Z0ORbVICKBE -7 2
by —XOY FURSZ VBT Y —EY, ompF
EEMHDL\ZSVL VP2 EHE R EFON XKikxH
LTw3, Z0LIIZEAD N REHA2HO0EAT
BEML 58, EANOSES 2 OEWEE LE
FanzeLty, BEAY, [9FIeLTRELTY
LHENEMLLTLES WEEREZ 6B, Zhid
e “REOER” OMEORBE B LW TRFCER
TRELFEZOND, LH L, non-fused T full length
DEAOSHE, IOFRMERERES LS,

XEHEERET lac MBEERAYV, PTG HEMZ
& DERHI%] (derepress) &3 Z L2 X DITFo7208,
+akEEREOR LMo, Kay 5 b lac Z-HBx
MEBEHOEELZ2RABERRTIT>T W32, lambda
CIREFORTHREZIN TR IIRELVDHE
BRIl ZORRELTE, i) X#
BFERBED 2 ¥ ERBEESANRIBIGES 120
BReBRBTERY, i) BEEshic X BB
BOREE 7077 —VERC L 2 3fEsnTLE>
gz eond, X BRETFLABE I P HERERE
537 (Ogasawara FME) DL 2 {To7- 2 2%, X i@
EFRICEECHET 27 S JBa P OWREE
5, KBETREVWE COBREBBONL, BED
LA BRI ETIHEEEF> Tuirwnkw, =
DUEEMRBEELTED TELh o7, BEXZOVLT
i3, lon BEBREPACTXEBEATELSES, ER
ESEML & » o 70 TEE & Lz, Chisaka 51913,
ArpoHBHTHBXxONKIZI 7 S VB2 KB&E
tE BADO N RIFTEBRL tBESEHE2RAVWTBY
INGDERNPEZELDRREDBVORR LT
WaIENEZOND,

BER recA. uwrA BREL, = F v ELEEHVR
EIAXEHDEEFEREN, ZOHFER, o
E-HOEWTIRAIFa—F a2 BHDELER
BHTH2, vF VLN ER LIV EESLERXE
BEEWT, Yy RFvv 27800t MIEROH X
FHRORBETol & 2 3, METH X FikmgH s
iz, HBV & WHV T3, X BEHOEF 072 D&
SR eH»LET, ZOLIRTXRGENLED S
hazZrid, B2D X EAOHFENEECEEZER

HENH B L ERBT A, EESII%Ew, WHV ¢
HBVO XEBHDOT & VBEFB LU/ A Fass
Y—eTuy b REEKL, WESL, BAFREE N X
IRERSH IR OB O IR 2D B L Y, L D2hD
BEDHELMER LI L s (BREST), 20z
EB—EHT B, VY FF v v TOMX FERRO&E
RE, OMEF WHV v~ —H — L BT 2 &, SH
R ETE 8 Bl 4 BIT, S HUERBE 2 Bk 1 i, =
foEREMEAE (2608 FURBME) T 5HId 4Bl
T, XREEOBEL5E w7z, WHV BRgOMmE
R—h—BHO L OB TRML 720 » B TEEOD 72
&, Bl AT 8T & %2\ 08, Moriarty 57, Kay &9,
Meyers 5925, HBV IZBRE L 72 & - MA@
HBx Fifk#MBLIHER L BT 2 L, 2L L T
O X PIEBHMERE, Yy FFr v 701E> BEN
fExmR U7z, &7, HEEEOBERE, Moriarty 5
DOHMITEREDE (72.7%) £ YU ETH -7,
IDZ e, FFRY A VA BYE S IE 2 TRITT 2
ERTy FFrvZ7DESHE PEDELI L E, i
SOOBEMENH 2 AR 2 RBT 5, 272, HEE
EEIEBECOBRMEE L B EEFRT 2 i1,
REREBTOX BEADFESEN 20DV A VATHT
WAEZEDRBMEDNS LR, LHrLahs,
Moriarty &5 X BEHO—HIZHIET 3 FF~L 7+ R
WXL CHS L L PUmE £ By T, HBV BB ER
B oMH L7 28Kd DEHIZ, oWREzL-T
FERE s RnRY, R BBV EET 5
B, LM EEDILENH S,

> HB v —# — & HBx & OBBEE, ¥ X Hiikr
1 HBe, i IciE Lo 2Bl S Vi~ — A — & 13
HEYVHERZVLEWIHEDS, XFAFEOERIC
PAEORBLHEBLTW S Ln S mE R L HERT 5
HENDD, BIEOL 22K LR nwn, &8
S DFER T, CHiE L X JUEDORBIZMEEIZ 80% 0D
WRTEEIRED O, BELOFELMEETL:.
TEVENMECIDEELLXEACI VU ED
EIRVL DODEEKRD ZHRBB NI, FOE
483 X EHOEOMLERN - BEREENEE OO
Tediizdnd &, LRIMEBEREOXVICEDTE
FEHOEELEREDLENALNARNH D, BIEIE
¥z EDRBIH - 7z, FEFEOBE THRETL 72 SP6-
T FEIRFRMERS 4 v — bR EH WY in vitro B4
Fid, ThoDREADEHL 2TWRLI:. THET, K
BEEL X BEETT > REFENEN % in vitro &
EBATRAEL, IV ERETRFLEREZB T3,
B, X EHOMIEARERER & L ToREcHM
THHRMBEBONDDH D929, 7 X BEFEHA
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BETOREREM 2 RET2HELTREHTY
5, 5%, X BEFELOEA L L TOEENTED
I, LVEBXRLS BN, in vio BERE
Buk X EHOMRRZOWTELMESRET 3 &
BEbhs,

#® B

WHV @ X BEF%, invitro BEERIZ L DHREA
¥, EFRLEXEBEEE2ROTREENAEIZLD,
WHV B#w v FF vy 7 MERIZH X AL RE
L, UTokwmEE:.

1. WHV O X BEFE£TE2E 0 DNAKAE 2K
BEREN7 ¥ —pKK223-3 i2fAL, RS 5R 3
F pKX10 % {ESL 72,

2. pKXI0WCa—FaANZ2EBEHEEF Y LA
I DRE2¢, HADNAWABENL 17Kd, 11Kd
DEOEBEHERRZELL, 7V —L4y7 VEE, Xif
TEZpKXIOWIZEATAZ LIE D 17TKAWR X E
B, 11Kd & CHIE N RIGHSHROMAEATH 5
ZEEBESMIZLT,

3. ERULEBSAFF =V ERXBEOYS DL
Fy e VEHERER L RELEBICL Y, WHV R
vy FF vy 2MEL DX FEEEE L.

4. X BEHARBRBEROR L L BRIEOHMELD T ®,
SP6-fkTFEFEIR 7 5 2 3 N pSPX-1 R Uf pSPX-2 %
TR 7.

5. pSPX-1 % SP6 RNA # Y % 5 — ¥ TiEEHE,
DY FRBRRMER S 1 £ — M ic & b SRR BIsR &
%, XEA2BNETL»bBFEICEES ¢, B4
L XEHICLD, MXPB2KBEEERICEN
BRETHHE L., pSPX-2 TH AL ER B,

E:f i

e Z B ICHA, HEE, HREE B - - RE X A8
CEEOHEERLE T, £, EBEOHEER VLWL
KRR EEEMECFEESERE, SRKESAHE
PRI LB Lo S BB L g 7,
BT, BEROFITCEBL, FROEEE, BB EIBY
LI EIRREL AT R B FT o 38 S 2 5 12 B
WL Ed,

2B, FRXOET, 60 EANELELAS (1987
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Abstract

All members of viruses in hepadnaviridae which includes human hepatitis B virus (HBV), have
well conserved structure of virus genomes. Among the 4 open reading frames (ORFs) in the
genomes, X ORF is unknown in its functions and localization. Sequence comparisons and

"circumstantial evidence have been accumulating to suggest that X gene product has some
important functions for pathological processes related to the HBV infection. Basic approaches of
expression or production of X protein are important to understand the biological function of X
gene. With this aim, I succeeded in establishing expression systems of X protein of woodchuck
hepatitis virus (WHV), which has been known as the most oncogenic one among hepadnaviridae.
An expression plasmid, pKX-10, was constructed by insertion of WHV X ORF in the downstream
of tac promoter and the ribosome-binding sequence of an expression vector, pKK223-3, in F. coli.
Plasmid coded proteins were expressed by the maxi-cell method. The two bands, 17Kd and
11Kd, were detected by the SDS-PAGE due to the insertion of the DNA. From the products
analysis of frame-shifted and deletion plasmids derived from pKX-10, it was concluded that 17Kd
protein is X gene product and 11Kd protein is the protein containing the N-terminal region of C
gene. The presence of anti-X-antibodies in sera from WHV-infected woodchucks could be
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detected by the immunoprecipitation method using 33S-methionine labeled lysates, although it was
not detected in those from WHV-uninfected woodchucks. In witro transcription-translation
system was applied to obtain X protein in a larger amount and higher specific activity. The SP6-
directed expression plasmids, pSPX-1 and pSPX-2, were constructed and transcribed 7% vitro by
SP6 RNA polymerase. X protein was specifically produced from these in translation system x
vitro by rabbit reticulocyte lysates. Immunochemical analysis using the in vitro product gave
higher sensitivity than that using the expression system in E. cols.



