Structural Properties of Repetitive Sequences
Near an Integration Site of Woodchuck Hepatitis
Virus(WHV) DNA in an Established Cell Line
Derived from a Woodchuck Primary
Hepatocellular Carcinoma
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7y FF 2w 7 e Bk s Emiatk (WH257GE10)
FIZHEAAENT 2Ty FF v v ZHERT7A LR
(WHV) DNA 354% 0 KAERHIZ DWW T

SRKFNFEE A (E RS {5809
=1 th FE
(BBFN624 3 H 2 A Zf)

b MRS (%) © DNA dz, S8EEw, © b BERFA 7 1 LA (hepatitis B virus, HBV)
DNA OfE&AADEIIHE N B B/EIL, HBYV ¥/ LDOMARAL EFEBA L OBEELRETILDEEL S
nTwa, HBV ICEBILZ 7 A L AEE (~/SFF 7 A LR, hepadnaviridae) B L, BLRESAENS
Wy RF vy ZRFE 7 4V 2 (woodchuck hepatitis virus, WHV) i & 2 FFEFR B O IL, HBV
kBt MPEREOHBITORFOEFALREZEZSNATWS, §E, WHV B#Y v N F v v 7 fFEH
RO LR R O WHV $4ASEL (region A) @ DNA O#EERIFIZL > T, WHV Dz
Y-S E S AR SN WHY DNAEFBICEED 2 BEORERFIAMTEET 5 2 LAHS s
®otz, TDDH, WHV DNA O ERICAIET 5 RKIEFES X, ACKIETHN. —A, THRICHET AR
HEFNIE, MEREH ST 3 RKEES LIRS WEFITH o1, 2Dk, 73— T)5
A=Y a2 BVLEFFI/O—2VRIZT, ERV Y RF v 7BEFIA 77D —0s ZORIER
Flereoy—%FD DNA RBHEL, 20— RIBELMBIT L. 20ORE, BoheHiLLWRERT 7 7
S -DORBELUT THo%, 1)ZD7 7 2 —BT 5 ERGIZ, #1450 EHENDOYA XTHY, IF
By FFry 70 LEEYE) 100@EESEET 2 LEZ OGNS, 2) ZORERSIOF R TIZ, DNA
BR-BEASERIZASNL5EEMNH Y, region A TiE, ZOHEB I ATRENEET 2. 3)I0OKIE
5l & MU0 KIS IA, b, =V R, 37, BREOEMSHAEY DNA L FET 223, B
DNA CEBEELRV, 4)2D7 7 3V —OREEFIZ, BAID short interspersed repetitive sequence
(SINE) Lt EWwhEwY—%2FRT, HF2 SINE £z Shie. -7, #Asizhiz WHV DNA IZ,
ZOWENZ, FVr - BY IVVBORLEFOBENLBELZ LT3 Z MMk, Th
5D RIFEFH, WHV DNA O AALEMIOBEER, %o CEBENR @ s LR 2R L Tu
BATREMSRB &z, X, FFEREDEO~/ K+ 74 L2 DNABADBE L 0BG T, Zhs> s
25, fIS»DOBEREHEL T2 AIEEMIRE I N,

Key words repetitive sequence, woodchuck hepatitis virus, hepatocellular
carcinoma

t b BEFFL 7 4 L R (hepatitis B virus, HBV) BE, BLUNEOHEBS, > DNA 2HH L, HBV
B L v bTHIRRE (BFER) 1, S ERSEE DNA OHilER TORARR 2 Ma T 2 %0 T 70
PETBEIEMNHOSNTWAY, b NHEDOFEBRE SNT&ER, b MHEOREE DNA 2 HBV DNA
B3 HBV O®%E % EEH+ 2 BT, @M 4, iF NEEICHAAENT VB LT 28EMNL S, HBV

Abbreviations : bp, base pairs; DHBV, Duck hepatitis B virus; E-coli, Escherichia coli;
GSHYV, Ground squirrel hepatitis virus ; HBV, Hepatitis B virus ; kb, kilobase pairs ; LINE,
Long interspersed repetive sequence; m.o.., multiplicity of infection; PEG, Polyethylene
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DNA DO ARADFHEOFREEIIMS HEBEL&RE %
BLTLWAERESN TSI,

—H, WEBOREAD =X L 2EL—BL LT, B
WERE T VLROBEINENNTE. Lo L, HBV
DBEH, B b, FrNrd—FFFHFVLIIRS
Twaizw, BERAZELTHBVEED YA LR
rZDBEERAOCIWAESENRFERERD 2 LW
HFEaNTWHLBD,

1980 R E ¥, S, HBVELD Y A L ANEED
i & 0 BB N, AFRFREI D DNA B Y £ L X, ~o%
K+ 4 LA (hepadnaviridae) ¥ L THHEE L3I
ZhH, HBV, 7y FFr v 2F%£7 141 A (wood-
chuck hepatitis virus, WHV), 1) RFFE> 4 L R
(ground squirrel hepatitis virus, GSHV), 7tn B
BiF4£ 7 4 VA (duck hepatitis B virus, DHBV)
B, BEE TIZANRF 74 LRZHEEN T 5EY,
IhSDY A NLAZ, HBV LB THEBLL 72k i
#, L/ LBEEAEL, HRZEET 2 L8Moh
TWwhb, 2ORTH WHV I, 71 L AREG LR
HHMICED THRIIIESEE T2 ZevBsnt
D, "R FUANARTHRLEFEEEEFOL
Zzon®, HBV C L 3 FEOBIFORBET VR L
LTFRICFIBE s higo iz,

EESE, VR Fry 7 HFERAKHDNA GO
WHV DNA OFE#HXEMEL, BEDNA D
WHV DNA OfiAA s BB CHEsN2 L %
WELAD, 2LT, R0, SEESICL DB SN
oy B F vy 7HBRCROBHERERE, L0, M
MIEEMETR WH257 GEI0 B WTHARE AT
WHV DNA BZEHFIN T B Z e 2H L0
L, #AAZN T3 WHV DNA & ZDifEO#E
B« A 7Y 54 ¥ = a3 V& DRE
L, 3EHAMDOHEAAATIOGFEELRRE L. TD S
b, BF7U—= 2 FET LIREEZ BT L 2 AA
AN R &t AMEEBIZIR, WHV Y 2 Loz ony
Y —EFERNL & &A1, X, EEOE E DNA 2 RIER
NWOFEEERD -,
fH A A AEGLIEOTE : DNA #iE OfE, vq
VAT L AHAHBIEOM L HARAENT2 7 A 1
ADNA DFESANDREE R T2 L TERLE
Z, EBEOTEF DNA O RERTI OB 28 Z > 72
&2 %, AfEEO WHV DNA @ _Eifis & T,
LEEORIERSINELEL, BHEZ, S THRES
RT3 EORIEETNIC b BE 2 LHi LW RERSIT

HBHILERTETIHEREBLOT, TORBCEL
T, BTOEBLEML THRE T 5.
1. 8B L UFE

1. #AEEE & DNA o

vy R F oy 7 BRSO B M % WH257
GE10 43, BHoOAKIC-> T, RB L UBEL
7210, WHV £ZEHUR (woodchuck hepatitis virus
surface antigen, WHs Ag) BBy vy FF v v 2 LD
SHFET CIEERESEMLE L, DNAZHH L
#%, WHV DNA »BfeENicy, X, HsAaB L
LTHEEL TwiEWnI L 2HERL, ERFDNA &
L TEMEEERIC A 72, £ b DNA I3, BIRIERITES
L OB /. (F4HR DNA 8 LUV 7 FDNA
1, Boehringer » Mannheim (7 F 4 ) ORIRNIE
REx BV, B DNA X, Saccharomyces cerevisiae
X2180 HRéfAL s S FERIL 72,

M50 DNA ofiHiE, S5EEOY Ly LR
H# (50mM Tris- HCI (pH 8.0), 10mM EDTA,
2% Na-Fna v ) BB LIERS ¢, SEOEHE
B (7= /=N zoafsiA=1:1) 2MAE
BiRA%, KBESEMEL, =5/ —LILROKRIC
P 3 v VEERICEM L, RNase A (100 yg/ml)
(Boehringer*Mannheim, 7 F A4 V) 4% 37°C, 1
BB gy, wnT, Pu+—+¥E 2mg/ml) (B
TaUER) LB A 37°C, 4~5MMB I, HUER
BEWC L 2MmE2BERIRL, KEHT LD
DNA #x % ./ — LB TREL /2. DNA R 0¥
WY A XL, 7O -ABRKEIC THERELEZS
# 50~100 ¥ wiEE% (kilobase pairs, kb) TH o
AR

FHif %, 5 DNA Ot iz, wEREELH %
R, /AWIR L, SEBROT L v VRENRIZT
BB L TRES A XL, ML S LRRRO G
12T DNA %2EB% L 7z,

n. #EF73477—

Lambda Charon 4A #~X7 ¥ —¥t L 7z WH257
GEl0 OBEZFIA4A 79V —, BEIL, vy N Fr w7
THEHOEEFIA TV -, &T0HRE L
bOEREWVE, vy NFey 7 EEFOMI13mpll
77— DNA 27— LEBREFIAT7Y—
i¥, IEWAT DNA @ Hind NI5E2MLER L4887 v
AN T AART 7 —¥ (FEE)LEZLD 5 KO
B R AR F L /- Hind IH{E M 13mp 11 DNA & %

glycol ; SDS, Sodium dodecyl sulfate; SINE, Short interspersed repetitive sequence;
WHsAg, Woodchuck hepatitis virus surface antigen; WHV, Woodchuck hepatitis virus.
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T4V A—¥ (EEE)ICI OB SE, 7L e w2l
HRBBE (Escherichia coli, E. coli) JM105iZ b 5 >
A7z ariBEICTEAL THELW,

M. 77—22n—vh 50 DNA OREE

ZLY T 7—YHD DNA OB, HEEL 727
T7—7D7 7—Y% E. coli LE392 tRIZRGEx &, #
i1 & 10mM Mg Cl, #1 Lederberg Broth (LBmg)
ER7V — MCEBEIC T confluent =745 L3I0
&, 77— r7HEE2~3ml O SM#E (50 mM Tris
+ HCl (pH7.6), 150mM NaCl, 10mM MgCl,,
0.05%¥TF ) BICED 77—V EBEHSH, 7
CORLAERMA7 7—Y A by 7 2B LE. KE
R, 0.4% <0 b—A%&EE LBmg BHI TR
WEREHACR R AE L 22 LE392 12, BB EE (multi-
plicity of infection, m.o.i.) 0.1~0.07 T7 7 — Y %
B s €, ZOHL0MHHHAL 37°C, 8 ~10 FEfRHE
EELL BERC7ooRALEY BN 2E,
DNase (10 gg/ml) (Fi#E&) RNase A (10 gg/ml)
WEE B IR, EERRECTHRL, 10% poly-
ethylen-glycol 6000 (PEG6000) & 1 M NaCl«z &b
77— YRFRRESIL, CsCl AEE LT 7 7 —

CaEESEGER Lz, D%, RNase A (10 ug/
ml), 7u74+—¥K (100 xug/ml 2 &, 37°C,
0L, FRBEEAKRCCDNAME 282
ol

MI377—YDNADFAEE, 7 o—-1bL 12
7 7—Y% mod 0.1 TX2YT ##1(0.16% b7 b
v, 0.1%BF =+ A, 0.05% NaCl, pH 7.5) Tx#
EREHACR R BEAE U 72 B, coli TMI105 HRIC R & 4,
37°C, 5 WRfEREE, B 0IC THME L B L R BEEE
& H 77— % PEG6000 & NaCl iz Tk & ¢, &
DWCTHERLIZ, 77— 5B DNA % 72/ —
NI TRERIL 7., 2 BB DNA I, Bl
IM105% EERDOFIET 5 B #EE, 7uosa7x2=
I—v (18pg/ml) REEML, FiZ 1 BRI EE, &
EEARL, VF—LMBIC LV EESE, 7=/
— N, CsClaFYvn s Tuvq Fick aBE
PR CEERAER L 2.

IV. Insite N1 7 &1~ a >

P oA 7Y S A4 ¥—2 33, genomic
DNA D3B8, 10~20 xg ® DNA E¥l%, 7o0—=
YU ANAERIR ST AL F DNA OBEI
#0.5~1.0pug %, 0.5ug/mlOTFI VL TR
4 RBEED 1.0%7 A0 —RDKES VIO ERIK
Bl ToE L. kEERERER, Too ) AE
(0.5 N NaOH, 1.5 M NaCl) # 30 48 Iy, K
T, LI (0.5M Tris+ HCl (pH7.0), 1.5M

1L

NaCl) fL#8% &5 Z 74, diffusion transfer iz 7,
= b oo —2fE (Schleicher & schiill, #§ 1 1 )
ZREfT a4, 80°C, 2EEMMUE L. TNt Ty
TE¥—valif, 7L 1701 E—2 3 ik (0.6
M NaCl, 60mM Tris+* HCl (pH7.6), x5
Denhardt's # (0.1%4ME7 L7 3 >, 0.1% £ &
=—nEnlFr, 0.1%7+43—21), 2mMEDTA,
0.5% F 7 <~ V@ + U 7 L (sodium dodecyl
sulfate, SDS, 100 yg/ml &M+ v #F DNA) th
65°C, 1ERLILEB I -7, 7y 7094 ¥
va rlEEEREE, Yo—7 DNARESLEEETL
NA TV AL ¥ a VIEREINAZ, 65°CTHA 7Y
FA4¥—vard 2dBHAUEsIx ok, 709~
DV, BWREO 1REEEE (0.3M NaCl, 60mM
Tris+« HCl (pH 8.0), 2 mM EDTA, 0.5% SDS)
, 65°C, 30 ¥ % 2 D%ﬂ%') L, #0%, 2

w (ﬁféﬁz& (3 mM Tris+ HCl (pH8.0), 2 mM
EDTA) TERIZ T304, 2 [ﬁ]iﬁti%%ﬁ:f;of:.
74N —id, -80°C TX# 7 1+ 4 (Kodak, N.
Y, USANZEESE, BEAZ ) —riffungt—
AT T4 —%EI~4HEB IR o7,

TIG—=0mAT )4 - aid, BRI L—}|
Z=bobro—RBICEZEYE, *S5—2%1 7)Y
AL, 74NF—=%TNHY CUE, FHLBEELES
R, D&, Y N TY S A E—v 3 Ly DES
ERIBRIZ, NAT VA= arEBILo1, R
BEAND7 73V —0r7o—= 7%, FROFET
ITHBETRABETH 12 DT, "4 TV A ¥—var
DEAFD stringency # FIF 2 HET, 40% KL 47 3
FEETTALCTE 2 A7, 20Oz, #4ER—
L7

Tu—7DEMOHI, AERESLI LT
u—> GE-L8 2 5 & DNA Wi i # pBR322 X ¥ ¥ —
Y7 7o—=r 7L CHABZ 7T A K 2 {FEo
fo. CsClzF Y L7m= 4 FTHEL 72 DNAKE
K 7o—7HECHOL, EE 70— T ORBIL,®
P-dCTP #1EHHEH L L T, = v 7 b T Ab—¥ 3
VERTB I HoRY, FTu—70HERE, #1
~3 X108 cpm/ug DNA L L7z, v g 7Y 54
¥—ya PO 7o—70EE I, #10xg/ml L
L.

V. DNA 1 RBEDRE

SLY 7y —Yru—id, BEDNA & &HEHIR
BERTHLL T, HIREERM 2 ER T2 iz, &
Wy eng TNVFTA L -y a X TREEIEETS
DNAWHEZEEL, EBMS 7o -5 Mtk 5%
RIKENTHE L. £D®, N> FESETIDHL,
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TE# @i (25mM  Tris- HCl (pH7.5), 1 mM
EDTA) &Mz, 65°C TRifER, 7=/ —nfihes
- L DNABR ARRL, M13mpl0 7213 M13
mp 1l O Y ) > 7 — AL 2, TS0 MI3
yo—r DREMEHEDNAEY 4 TAF L Fz—v
g3 A—i 3 ik &5 DNA HERTIREEICH
L, S T F LRIz, BRI IRER O F v b
(Amersham, US.A.) #FIHL, *v t@ 7o ba—
wizhE - T #P-dATP (EEi&PE > 400 Ci/m mole) %18
FEEL L TRIEEB I a7,

B f#

I. WH257 GE10 #i8> WHV DNA #H#»A & %
U A B0 KBRS
&7, WEAMZEODBELIZ 7 n—=> 7at, 1RE

Fig.1. Southern hybridization analysis of genomic

DNA digests of woodchuck liver with the Hind Iil
2.1 kb fragment as the probe.
Ten to 20 ug of digested DNA of normal
woodchuck liver (lanes 3 and4) or WH257 GE10
(lanes 1 and 2) was applied to each lane, and
electrophoresed in a 1.0 % horizontal agarose gel.
The Hind IIl 2.1 kb fragment from the purified
DNA of aplasmid was used as the probe.
Conditions of Southern transfer and hybridiza-
tion were described in Materials and Method.
Lanes 1 and 3, EcoRI digests ; lanes 2 and 4, Hind
Il digests. The positions of size marker DNAs
(M) were shown in kb.

SEARIE 247 A S0 2.1 kb Hind MR AICHY
800 M ELNE (base pairs, bp) @ WHV DNA #3774
L, Z4UE, WHV ¥ / 20 S#@aF0 Cligd s X i#
ZrohREl s THEA TS, WHYV DNA 27
O—7ELTHFY s "4 7V T4 ¥ =2 aviaBT
759k, AR 2.1kb Hind KA NS T 2 2.1
kb /3> K5 Hind ITHL TR/ SN 523, 2D 2.1kb
O DNA #7090 —7& L TWH27 GEWH LUT v
FF vy 2 EEIFDNA QY « N TY 54 ¥
YarEBIEAIEAATIRON Y FhBens (K
1), ZOZ ki, 2.1kb WiF o WHV DNA Ol
CREFRINEET A L E2TMYT 5, JOFEER
HTahoe, oARCL>TInEErD, T
bbb, MIMOELDNA%Y 7u—7 L THWT
genomic ¥ H> s nNA TV T4 X~ a v EBIED
ZEIED, ad—Eo%u AR
NATYFAX =2 3 VRIERBIROLEY 7L
55252 %FHL, GE-L8DNA % EcoRI 8 & U
Hind I C#HLE,, ERYyFFrv 27 DNA%R =y
JebIrAV—va LI TEHRL Suo—-T R ERL

Fig. 2. Repetitive sequences in region A detected
by woodchuck DNA as the probe.
EcoRI digest (E) or Hind IIl digest (H) of GE-L8
DNA was electrophoresed as in Fig. 1. Southern
hybridization was carried out using normal
woodchuck liver DNA as the probe. The
positions of size marker DN As (M) were shown in
kb.
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THFr e N A TVI4 - a v kBt #
OFER, EcoRI 16T, 1.4 kb, 3.0kb » 4.0kb 12,
Hind II#{E T, 2.1kb, 4.1kb & 24 kb iZ/v> F #
&, Bz, EcoRI T, 1.4kb iz, Hind [T, 2.1
kbiZi8\ vy K2 (2).

ZTIT, 2.1kb R OEBERE Y T 70— 7L
T7u—7 & LTHAWT genomic V> nd 7Y &
1¥—yaviBIo7, #DER, WHV DNA ©
EFH SBEFO 7L —205 ) @ Hind I-Clal
0.3kb2Fo—7¢ LCAVTS, Tt XGEBETD
3 f) @ EcoRI-Hind 11 0.75 kb % fI\> T 4, genomic
PHEY N4 FYFL L= 5 Y TAATRD Y R
2187 (M3). ZO#KERIE, WHV DNA OEEL7
FRCEEFMORERIISEET 2 L2700 T0

%,
I TRORBEERICEKERS—% 6> DNA o
sR—=2

DNA 1 R#EE O TIE, 5 ® Hind 1II-Clal
0.3kb DEBSHIE, BITEE S L > THESATL
2TCREICET2LE2 0502 15EO AC Ffin
FET 257, THES ORI, BEAO KEET »
HOUDEFII R Zshah ot EFfir FTRORE
Mﬂﬁﬁ—ﬁﬁ@%@b@m,ﬁi@,?ﬁ®ﬁﬁm
FNCET 2OBT0 E O RS2 -> TV a0 s
BET200, EEYY R F vy 7 OBEFS47
7 U—=55, THO EcoRI-Hind II1 0.75 kb % 7o —
TELT, JHUIKREOY— 5D o— > DML
AAsdz Lo L, BED stringent &A1 7Y &

Fig.3. Southern hybridization analysis of genomic digests of normal woodchuck

liver with subfragments flanked to the integrated WHV DNA in region A.

Genomic Southern hybridization (the bottom) was carried out as in Fig.1. DNAs
applied were EcoRI digests (E) or Hind III digests (H) of normal woodchuck liver
DNA. The Hind IIl 2.1 kb fragment having the WHV DNA was digested with Clal
or EcoRI and the Hind 1II-Clal 0.3 kb or the EcoRI-Hind III 0.75 kb subfragment was
purified respectively. Plasmid DNA harboring the 0.3 kb (the left two lanes) or
that with the 0.75 kb subfragment (the right two lanes) was used as the probe for
hybridization. The positions of size marker DNAs (M) were shown in kb. The
restriction map of region A is show in the upper side according to the description
of Kaneko et al®. The restriction map of the Hind IIl 2.1 kb fragment is shown in
the middle. Restriction enzyme cleavage sites: H, Hind Il ; E, EcoRI; C, Clal;

Hp, Hpa II.
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fE=ya>r T, REOY—%4ED 70— OHEE
CHIL oz, IROT, nA 7Y A=y a3y
5 0% RN LT L FEATTAZC & relax S €725
BIzL T, 0.75kbICRER Y —%fFD 70~ DH#
BEEEY Y FF+v 7 FDNAOBEFZ1 77
Y—mSRAT, EORFER, K15 ~10X10EHD 77 —
sup, 1EQEETHFETOS—2FD 70—y HiE
gtz %72, M 13pm 11 @ Hind HIE{EDKTF %
BALLBETI4 770 —0513, #9104 EiC 11E
DEETIu—=Zy T EaNk, BEOIO—=2 T
Bont 3ED 2 o— 3, HIRERME TR—EA
Thd s, Bohiz7uo—mno DNA %
## L, EcoRI B & tf Hind Il L% & 2 22 LHIERE:
B A ERIT 2 L L IS, FHF A T U I ¥ —
Y yDi-HIils b okl o—AfEIZ DNA #8{7S
7.

BHL e N TNI AL E—varDTu—-7TL LT

Fi#d EcoRI-Hind I 0.75 kb 2w & 25, &R
7721477 —sBL4D 70— FD2{ETDH
5 NW-LR2 7 o—> T3, EcoRI2.4kbli R 724
12, NW-LR5 T3, EcoRIl-6.8 kb Wiz 7 o—
TEHREOY - EFOERYVIMBEET S I LRSI
(F4). 20D 7 o—>Ti, EcoRI-ELZ TED
FEEIC, X, EcoRI-+Hind I LIc TEBD /N> F
20.75kb 7O —7 L hEQU Y —%E-7:0T, &

i, HERFIREDLODY T 70— 7 RB IR
bltroiz, F—F 3B LM, MI3ZA77Y —
@ NW-MR1 Ti3, Hind I 1.0kb iz 7o—7"k
REOY— 2R ORFINELET S I ENRENT,

NW-LR2, LR5, 3 & O MRI 28& &/ Nid, LHO
Hind II-Clal 0.3kb % o —7 & UL7zBZ, Ko
S—REFONY R ERETE S oI (F— 5 HIE).
INSOERE, AFRCRVE IR0 RER
Flps, ZHFRMLL L RERIICET 2 2 & 2Rk

a probe.

Fig. 4. Southern hybridization analysis of éloned DNASs with the 0.75 kb fragment as

Cloned DNAs, NW-LRIl, NW-LR2, NW-LR4 and NW-LR5 were isolated from
normal woodchuck genomic library of A Charon 4A. Lane 1 of each DNA
corresponds to EcoRI digest, lane 2 to EcoRI and Hind llI double digest. The
EcoRI-Hind Ill 0.75kb fragment was used as the probe. The positions of size

marker DNAs (M) were shown in kb.
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TrEEZLHND,

. ThROREREI: TR —%$2DNA D

BREIE 07 7 2 ) —0IFERT

YL e Nt TVIA ¥ -2 a3 I25->7T0.75kb
Fu—7rkEOY—%EDDNA KK % pBR328
Y77 u—=v7 U CHllb 2 HIRER MR 2 fFR O
% ("5), Fu—FehETus—0H2/NHEESD
WEMIIBES MI3 77— Y DNA 2RV 5 4 7
FFVHRICE>TB I ko0, 0.75kb & H@EF|EE
SEESEERTIZR6 1R LE, JOFKRIE, HE
B3R ER LTz 7 o— Y TA o n 2 H@EEFIE 51
#1450bp TH Y, ZOFRES,IZIE, DNABANE
RIZHSNBEENH D, FDEV diversion #H T
SECHEHE LT, AFIBRTIZ 28D AT KIEHE
ETS, COZ L, ARED AT K1EIZ, 0.45kb K
EES 7 7 3 V) —DIBEEFITL 4 <, FHREROLET

THHILERLTVS, INH>DHEAMOEEER
HII 2% ThH o7z, . v a—F—EIFfiIc )
AHETY-RETE, BAOKERTI BV khen
V2RO RV anhror,

V. fhon 4o DNA 1 0.45 kb KBRSz

LB DT 5 RIEEN

SEPEAS M L7 0.45kb RIBRET 7 73 1) -
M, Uy FF vy 7 KRRNLZENNTH20E» %5
RBIHE, BEEOLEMEED DNA BB 2 H LT
genomic 4> e A TN FA¥—varvirBiy
W, Po—7ELT0.75kbithE#RAWVL., BR (¥
7) 13, AECBTESYADLESY, b, ¥,
BiziZ, FEHO DNA fIZH A X 7RO F 58D
2. ZOZkiE, SE, vy FFryZiRuiEsh
7z 0.45kb RIEEFI 773 Y-t kB0 —%>
HUDEERTI, Zhs0EvSHasmEcitg

NW-LR5
AL EH H EH E Ps E AR
e ———————- Ll 1 1 1 1 L e r e ————————————
PBR328 Ps Rls Al Al Sp Hi Rs E PBR 328
""""""""""""""" T T T 1 ~omessmmossree=s
Al Al RsRs
NW-LR2
aL B EF H H o HE £ SR, AR
PBR328 E Bg RVMb DdDr Dr E PBR 328
NW-MR1
M13mp11 H Rs SpCl H M13mpTt

....................... - L

Fig. 5. Restriction maps of cloned DNAs having the repetitive sequences.

The restriction maps of three cloned DNA used for DNA sequencing were shown. Cloned
DNA derived from woodchuck genome into A of charon 4A were shown as thick lines.
The relative position of the two EcoRI fragments of NW-LR2 near to the left arm (1 L)
are tentative. Subcloned fragments inserted into pBR328 vector were shown in the case
of NW-LR2 and NW-LR5 in an enlarged scale. M13 clones for DNA sequencing were
constructed according to the fine mapping of the subfragment as shown in the Figure. In
the case of NW-MRI, DNA sequencing was carried out directly at first, then subcloning
was done according to the sequencing results.

Restriction enzyme cleavage sites: E, EcoRI; H, Hind IIl ; Ps, Pstl; Rs, Rsal; Al, Alul;
Sp, Sphl; Bg,Bglll; RV, EcoRV ; Dd, Ddel; Dr, Dral ; Mb, Mbol; Cl, Clal.
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LCHFETSH I Epsmriots, UL, EEE
mlEYICE T 2BR T, BRI ERIET 5 2
LT EAMLL

% %®

HBV %, & MCEEL, BMFR, BHURFL, FiE
EEOHR BREREAMTOAL S F, FHEORE
S ET B I L ANEERIFRICE o TRBENT
w3, LoL, HBV OESAICE T B1REE, 575
Br LT EFHEsH TR, EE, BEFI¥ENTF
BREE L R ESAREL 2D, so—Z v Ttk
HBV ¥ / 4 2 v T SEFEREFEL O HBV O F
EREERBE S 25 3 2 L MATEE L 7 - 72, 2 ORER,
HBV BE~ — 4 — B DD # 75~100%3 <
12 HBV DNA DA AA %D 5 2 L ARE S h,

BLTWAZEMRBINTEL, LL, Harg
NTHETALADNAW, BFhby /40 155
ThHY, 74N ADHEREGTFVES THAMMICH
BrhTudbiEErsnkwn, £, 74VARY Y
AP ABGFICHEYT A #EFHI-FEATH
BZEERZ L, YV N TVFAE—va v ET
BN ERY S, BERAELEOEAAAIIH
VEUCREL TWA I L3RBT 2RI, L
5, HAAAEMIIEEEEHEDEACHSE, ZN5D
BEE, VA VAOEEFIFHY 7> VB EDNA K
BAINI ZLICL B BAMLERET 2HEC L, P
BB ~DBEHZ 7 A VAT ) LOMEARAHLT
WEEEPEEETH 2, 1, HAAAEMLIHEOEE
® DNA #EOHEEY, FREEtE finsg <, HBV
7 LD ARA L EPA L OBERERIER TS

FrER 42 HBY DNA O AR A & b D1&E % W,

80

Region A 0.75Kb  TCTAGATTCAAACCTCCACCTTCCTCTAATGTCCTTTTTTTTAGGTCTCCTCACTTGACTCTGTGTTTCCCARRGACECE

ﬁﬁ‘tké TTAAGTCTTATTATGATGTATCT
-LR
NH-MR1  AGAGGAAAGGACTTGTACCACCATTGGCTECTGACTCTTTATATGCATCAAAGTAATCAGCAGTGAGAGAACCAATCTCC
. 160
Region A 0.75Kb  TCTCTGAGAGAGTCTCIGTCTCANAG/ TRICTTTTAGCTAGAATITCACTA/TCACTIATTTTAGTCAGECT/TTTCAALTGEMGCT
NW-LR2  ATAGTTTCAATTATTGIGTCTCATATACTICATAAATAAGAAACIATAAAAGAGACT|/TTTTAGTCAGCTTTTTCA/CTGTTY //
NW-LR5 TAAGTC[ATGTACTTCACT]T CTTAGTCAGCTTTTTCAF(TG‘ /1
NH-MR1  ATTAGTTAGAAGACATAGICINTIGTTCHTCACTCTGGATCTIICATACTGTGIGTIA TICA/ET TG
. 240
Region A 0.75Kb  GTAACTAAAAAACCKARCCAGAACAATTGTAGAGGAGARARAGTTTATATIAG/GGGCTCAGGGT TTCAGAGG /17
NW-LR2  C[T[sACTAAAAGACC[TGACCAGAAAAATTGTAGAGGAGGAAAAGTTTATTTIT|/TGGGCTCATIGGTTTCAGAGGTCTCAATCTIATAG
NW-LR5  GT|GGTTAA/GGACCCAIACCAGAACAATTGTAGAGGAGGAAGAGTTTATTT|/|GAGGGCTCATAGTTTCAGAGGTCTCAATCCACAG
NW-MR1  /i/A/IACTAAAAGATGTGACAAG/ /CAATTTTAAGGAGG)/|IAAAAGTTTATTT] GGCTCACHGTTTCAGAGGCATCAGICCY ///
320
Region A 0.75Kb  RTAGARGGCICCGCTCTGTCCCTT/Y ///GGG/TTARGGTGAGGTAGAACATAATTATGRAAGAGTIGTGGCAGAGGGAAGAGGLT CA
NW-LR2  ATAGICAGGL)/////// /TCCATTCTTCAGGACTCAAGGTGGGGCAGAACATCATGIGCGIGAAG/ / /|/[TGETAGAGGGAAGICAGCTCA
NW-LR5  ATAGCAGGC/ /////7/TCCATTCCCTGGGGATCAAAGTGAGCT/G/ACATCATGICA/[GAAGAG TIAIGGGCAGAGGGAAGCA/LTCA
NW-MR1  ATAGACAGCCAGC///TICCCATTCC TTGIGREICTCAAGGTGAGGICAGAACATCATGIGCAGAT /AATIGT GGCAGAGGGAAGT GACTCAI
400
Region A 0.75kb  [RTGATWATCAGAA/GCAANGAGAGA) / CTCOCRCTIGGLT)/ / RGATACATATIATATATAITATATATATATATATATATATATATAT
NW-LR2  IATGATINATCAGAAAGCAGA/ AGAGAGACTCCI/INCTTAICCY / AAGATTCAARN/TATACAY /////111111171111111141111
NW-LR5  |ATGGTGATCATAAAG/AGGGAGAGAT/ /[TC/IMACTICTICC/ / /AGATACAAAA/TATATAICTAACGCATGCCCAATTCTTACTTCT/
NW-MRT  ATGA GAAAGCAGIAGAGAGAGA /T TCTACTIACIT AT CAGATACAAAN/TATATAY //17111111117111¢411111111¢
480
Region A 0.75kb  ATATATATCCTAARGCCACACCCTCARTGGE7 7ACCTCCTCCAGHTRCATCCTALGCURTCTTCAGTTACCACATRG/ TAATCL(]
NW-LRZ  ///77//7/[CCCATARGICATACCCCAGT GACCCACCTCCTCCAGCCACACCCTACGCACCTTCAGTTATCAQTCAGTTAATCC]
NW-LR5  CAGTATGACCATGATTACGCCAAGCTTGGGCCTGCAGGTCCT/ /|/[ACACCCTACG/AC/[TTCAGTTACCACATAGTTAATCCC]
NW-MR1 /71777 /IcCCCAANAGICAITGICCCCAAT GACCCACCTTCTCCAGCCIACACCCCACT// ATIGTCAGTGACCACTGAAT//// /1

560

Region A 0.75Kb  ATC/RGAAGATTAATTCARTIGATTAS /TRAAA/CTTTICRACCCARTCATTTCTACTIC ARARICTTCTT CCACTCETTRCHY ///
NH-LR2  ATT/AGGA//TTAAATCACTAATTAGET[FTTGGCTTT/CAIAACTCARTCATTTCTCCTINTANACCT/ 77/ 7/ 17 1 /[TCTICACRY 777
NW-LRS  TATGAGGIGA/[TTAAATCACTY|/ // A/ /Yl 717 /) 11 T/NCRACCCAATCATTTCTCCT,
AT A

NW-MR1 ///CIAGGIGGAY TAATTCACT] AGTITAAGGICTCTITAMAATCGA/ TAATTTICTCT TIATAAITICIGATAATT/ // TCILCTTIAITAAACC

©

640

Region A 0.75Kb  TATGAGTT THTEGAGARCACKTICHCATCIRAATICATARCART TACTARAC TGAAGCC TGTAGGGAATIGTARGAGGGEAGA
NU-LR2 CATGGCATGGGGP;/CCTTHC\TACAGAGGCATTTCGTTCTTTTGCATATTTEtAGAGGTTTATAG
ﬁHﬁ? TTCT A/TT TeTcacadeliNa AT ClTlAAY CCATAACACCTAATATCTAACCATAACAGTGCAGITGTTC TAGEARTA
Fig. 6. The sequence analysis of fragments {rom cloned DNAs, NW-LR2, NW-LR5
and NW-MR1 having homology to 0.75 kb fragment.

The sequences of fragments from cloned DNAs, NW-LR2, NW-LR5 and NW-MR1
homologous to 0.75 kb fragment were shown. Bases in boxes are conserved among
three or four fragments.
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HBV OMEEE 2R T 2 L THENAFEREAD
12, BEF L RERV A TH 2. 52, HBV
FUUC T A WABE (ARFF YA LR) BREEAT
LI, vANADY / AMEEDHED S, ~ ¥ >

Hind III 0.75 kb as the probe.

AN ADETINHGBDOBELE RS, %72, HBV v
UDBEEETRT Z e BHS e A o2, 2L T, A
NEFTANVAZET S HBV, WHYV, GSHYV,
DHBV DT, WHV 255 b A A ML T & poii

Fig.7. Southern hybridization analysis of DNA samples of various sources with EcoRI-

The result in the right is Southern hybridization of normal woodchuck DNA after various

restriction enzyme digestion.

No discrete band is detected in each lane. The result in

the left is a Southern hybridization of EcoRI digests of various DNA samples. In each
lane, 10 to 20 ug of DNA samples was applied. The isolated EcoRI-Hind IIl 0.75 kb was
used as the probe. Hybridizations were carried out in the presence of 40 % formamide at

42°C as described in Materials and Methods.

position of size marker DNAs,

The numbers (kb) on the middle indicate the
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ah, vy R Frvr0EE, FEEZEVIREEE
e PR 2 ~ 34 L L) HIREE IR RS R
FETAIENHLNTLEY, TNSDEDS, Vv F
#yv 27t WHV OFKIZ, £ MNFE L HBV oi#E%
BEHT2ETENERELTHVARTYS,

EE5E, Vv NF vy 7ERRBEERRE & 2
ha TR e U B Aa sk WH257 GE10 12
$F 5 WHV DNA OFERRERE L, Zhs0M
EFAOHKARIET, 3EFTO WHV DNA D Aa
AWM EECHF SN TV B I ENRENEY,
oo ARz, WHV 7 0 SEETFO Cl
»e X BEFOTREE CHERRZ (A AEN
TnWT, #->T, WHV Oz v 4 —{ES»nEET
%, %7z, A$EEO WHV DNA OEBOETE DNA
i, BENe 7)Y EY IV C0BNIRLEE
Baoh, AFEEBOBRCIZEERNOBRKOIEES
FHENTVDE, Z07H, WHV DNA OEFICE
AT ABEEQORERTIOEE & s OBfTL, A R
OFEE & U WH257 GE10 fifeth ¢ Z 04EHOR
EHREMEMAE —BI L 05 2 L 2R L BRI 2
BIZkoTz.

ORI, LTO®EY ThHo72. 1)AFEEHOEA
Rz WHV DNA R4 Ol 8 =R/ 0 REE
FINEEL, OWERHOEIE, WHV DNA #4354
HEoTHMEN 1 DORERTILE25 LD,
FREFRIIL 72 2 DO RIEETIA WHV DNA K
BLUHEETA LTSNS, 2) THRIKEET 5 RIE
EFIE, #7450 bp DY 4 ROREEFO7 7 3 ) —1
BT2.3) TRORBEFHSOFRICENEZEND
B ED AT REIX, 0.45kb DRIEEINICET 2400
SRy and, AEEROREETICRRNZ
ElLEzont, -7, AfESTIZ, WHV DNA
OLFEI TCREREIICET 2 1580 ACHE DK
LinE, THRO#0.45kb 7 7 3 ) —ICET 285D
HRIRICATERVIBELLEET 2N 2 #EE L
BoTWwd, THoD7) Yy EV PN RLE
5lix, DNA ORf#E % Z IRl & ¥ % ATRE1E A8
EHanhTwT, TG RIEWEL Tk, vnri—
EUNEET L IEBSERLICEVHRESA T
L0 HE, &Fo5E, AFRICERET 2 ACRERE
DS £ U 0.45 kb KRS & &L EESIc T
NUH—IEENH L L DFEREEB D CRER). &
72, BRI TCIE, HBV O AAAULEEIZ mini-satellite
RIEEFINEET 5 2 L ARBE N, HAABELO
R, FHCEEMOERKICEET 2 THEN R S
NTWLRM, ZOrIlEns, SERESMICE K
WHV DNA oo KIEEFIH, AHROEROE

EHIEOE D S & hO%EIZRL T2 AEEMESN S
5%,

SHESEHZEREESPIILEY Yy FFr v 22
FET 2 0.45kb RIEE 7 » 2V —i3, UEHEL0K
10 EFEET 2 REEFIEEL SN, 70— &
N7 RIERFH tandem 12 B 2 L% <, EEEZ2
Z— 7 EHIMITFET B Z £ 5, interspersed repeti-
tive sequence £ EZ 6N N5, MEZTTW, 2D LD
B4 XDSINETELLICHSNTVADIE Alu
g5 TH he, Zofhic b B2, 02, R™), 1D,
Sau3A®, ED SINE »Bdh D, 7, FYr-EV 2
UUEBHERLIZEYT 2 TG CAZLHSh T3,
AvEa—y—=arILERuiRE0S—RET
i, RSO L SE#ETL0.45kb 773 ) —
LOMITERRORED Y- RRHTE T, BLRLE
FEOY—-TH 25EHEC 2D~y FTHD,0.45kb
RSB T E a0, %72, long inter-
spersed repetitive sequence (LINE) O—#T3 2 1]
EEH W DOWTH Kpn®B XU MIF-1 773 ) =30
EORTT =R LY, BOaEo Y —mylid
RETE R motz, ZThoDHER, SEHSMCLE
0.45kb 7 7 2 U —id, & TRHESNTLRVE
72 SINETH2EEZHND, BEFHNZ LI,
0.45kb 7 7 2 U —IEPIO RIEERTIH, SEBRETL
o2 TOEM S A DNAR B genomic ¥
Vend T4 —va LNV THREENT:DS,
HEMEY TH B DNAIRIE S ks o
o, S8, EYMEDNASORESILHEL IV A
0.45kb 7 7 3 V=3, HHfEEMCHBLCELE
T3 % SINE TH 5 Wt @ <, * DRREDRRYTH
PBETHD, iz, ZOEHIH WHV DNA O AR

oz Rwirani: 2 i, 0 SINE 2,
DNA#HAMZ 2i4C I LB WEL (recombinogenic
site) & L THEEL T 2 ATREMM H %, Z 72, Rogler
512 L 4uE, HBV DNA B§ @Ryl 2213 5 Ef
A (fragile site) CHER < HAREN D 2HEMEN
B AN TE D, 0.45 kb & fragile site ¥ DREE b
SHOBETH 5.

Biff, KIEEFID% L Ob0h, BEEDRRZE
THREEOMOMAUICBET 2 2 EERI N,
retrotransposon DEIED H 5. ZD & 5 A RENMEIE,
SINE, LINE #% movable element & L CHfET % 2
EERBERLTED, ~SFF7 A4V AHN RNA 2#H
THRRAEABELHDO I L LOMEY S D FEKE
WRBELEbh 3, 5%, ~ N+ 1 X DNA O
BAH L FNITHES THE DNA OBERR 2 5 L
T, O EWTE, BT, £ MICTEET 2 0.45 kb O
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RSB OB BLEL £2 5,

Uy R F ey 7 B R RS B B o)
WHV DNAMHHARAEN T2 AHEBO WHY
DNA B3O RIERH ORI D THEMTL 72,

1. WHV DNA A AEFN T 5 AEBODIU
#9450 bp O RIEEFIATEEL 72,

2. 2D 450bp DREETNE, EE 7y FF v v 2
DNA O 1 fEFEY DV 10 HFET 2 LHET S R,
SINECET2:Ex 50, Loy, BAOD Al B2,
R, 0, Sau 34, ID,%® SINE » {387 25 L\ RIEE
SlTHhH-1z,

3. ZOREERMEUORERSIN, b, v
A, 7, B, EOROLESHAEYO DNA FIEE
TREHESNT.

4. AfEEO WHV DNA A T, AC KIEES
&S EIFRENT L 7249 450 bp O KB ECFIN AL, WU
W2, ASBEOCOREEIICO A AT D EL MIFEE
Lz, f#-7T, AR, 22070 y-BY 31y
BOIEL, #HAaREhiz WHY DNA O EERIENIC
FHET2FENLBEL L > T3,

Eif [

FEEiR 2 2 A, iR, HRRE L 2 HEY K25
bolk, BE, REEHFCEEOBMELRLET, 212,
BEEQHIEE 2 iv, KRARERS S THES
INEHE, £RAYHSAFEREYESA & S8
Bl b BE G LET, RFFRICHE T A o7, &R
RESATEFEDYHEMBFECRERICERT L L E
T F e, B B GE L NBISE 2 TR E K, I
WNZ, @IRKFEH AR EYYEREFI SO0  B#v
LUET.
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Structural Properties of Repetitive Sequences Near an Integration Site of Wood-
chuck Hepatitis Virus (WHV) DNA in an Established Cell Line Derived from a
Woodchuck Primary Hepatocellular Carcinoma Shou Aoyama, Department of Interna]
Medicine ( I ), School of Medicine, Kanazawa University, Kanazawa 920 —J. Juzen Med. Soc., 96,
426438 (1987)
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Abstract

High frequency of integration of human hepatitis B virus (HBV) DNA into host DNA in
hepatocellular carcinomas (HCC) has been regarded as suggesting an essential role of HBV DNA
integration on the generation of HCC. Woodchuck hepatitis virus (WHV), one of the members
of hepadnaviridae, is most oncogenic among hepadnaviruses and thus WHV and woodchuck have
been regarded to be one of the most suitable experimental model systems to understand the
oncogenic mechanism of viral induced HCC. Two repetitive sequences of host DNA were
discovered in the course of analyses of a cloned region of WHV DNA integration site, region A,
which has been stably maintained during passages of an established cell line derived from a HCC
of a WHYV infected woodchuck. The two repetitive sequences surrounded the integrated WHYV
subgenome having the viral enhancer region; an AC repeat in upstream to the WHV DNA and
a repetitive sequence in downstream to the WHV DNA. Since the latter has no homology to
reported repetitive sequences, cloning of DNA having homology to the downstream region was
carried out from genomic libraries of normal woodchuck liver DNA by plaque hybridization. By
comparisons of DNA sequences of cloned regions homologous to the downstiream sequence of
region A, a long sequence was found to be conserved. The properties of the repetitive sequence
family are summarized as follows. 1) The size of the repetitive sequence is around 0.45 kb, and
its copy number is around 10* per haploid genome of woodchuck. 2) There is a highly divergent
part in the middle of the conserved sequence, where the long poly AT repeat was inserted in the
sequence of region A. 3) Homologous sequences were detected in a wide variety of multicellular
eukaryotic DNA, including human, mouse, nematoda, but were not detected in yeast DNA. 4)
This family of repetitive sequences could be categorized as a new SINE since no long homology
was detected between repetitive sequences reported previously. The WHV DNA sequence,
therefore, is surrounded two repetitive sequences each of which has a long purine-pyrimidine
alternate. Such structure might afford structural and functional characteristics around the
integration site of the WHV DNA. The meaning of such structural properties is discussed in
relation to roles of hepadnaviral DNA integration on the generation of HCC.




