Analysis of the Mechanism of Epstein-Barr Virus
(EBV) Genome Replication in Epithelial Cells
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b RRARMMEIZEIT 5 Epstein-Barr @7 4 L X
THAR T8 BUERE D b

SIRKFEFNE BRI (BT fHR =338
H - R
(FiX 141 B26HZA)

NPC-KT #ijuiz HRSEEAAEEMER -t M 77/ 4 NPl AR MME Ad-AH = OMaE
&2 & o THitsz{b & 417> Epstein-Barr v 4 /v A (Epstein-Barr virus, EBV) B4 iR #ifaskTH D ,
NPC-KT #4727 u—>Th3 S61 #iliz s > EBV BEEMTH 5. A2L/AH M,
B95-8 MR EBV iCX > TS Y A7 #—A LTz v 3 EkEERIaERE & Ad-AH #IiE L offilza s
ko THItahi: EBV BE L RAMBEKTHS. S6l fiIETE 5-3—-FF4Fvo )Yy
(5-iododeoxyuridine, IUdR) 4Lz & > TEARKBESHIE, HAGBERK L Vol VXY 4 0 BHEIZ
BRNLHREEGSEHE S 1L, S61 Ml BMlR EBV EAMATG: & xR ffam#EE c EBV
FEETHIEBHERISN. YA VAR LERMRTO EBYV ¥ AR AR T2
®, EBV E4 FERMKLETH 2 NPCKT, S61, 8L A2L/AH iR wCH¥ > 7oy Mk
2T EBV DNA RIBHEDEN £1T-7. LEIHMBENO Y4 L ABIK DNA KRR ERT
(terminal repeat, TR) ® a2 ¥ —#iZH—TH -8, JURR UHBIC L > T U4 VAELELZFET S &
BROICE—HDO TR 2FT 274 VAR DNADHERyEASNT:. £ IDI3BLADaC—H
DTRE2ETHHFERDNARSOTVANARE DT I I VAT #—4 L7 U/ FRREHIREKICB N T
i, ZOWFET 374 A DNA i EBV EEMARAK DNA B2 VELDa2 -0 TR 25
LTwi2. EBV EAEMBEAN YA VAR DNA L PS> A7+ —AL7MBAYA LA DNA @
TR D2 —BOMEBERE LICHER, VA4 VAEECHS LRRMETO EBV ¥/ 28BS
DNA 2> #4 7 < — (concatemer) ¥ EBIPHME L T 20— ) U /Y — I LEFVLICLB LD TH B Z
LSRR s, EBVDNA @27 o—>1{k DNA k249> 7oy bgicT EBV EBEMBEE 5
VAT A —ALLTHMIESMEE T 27 4 VA DNA OLEER%1TF-7- 2%, MED Y 4 X DNA
BTR Oa¥—#HERVTR—TH 2 2 L3R &L, £/ NPCKT #ifg - S6l #ilao EBV
DNA i&F—T®-7:. A2L/AH #ifg x B95-8 #ifa EBV DNA & TR © 2 —HEKRW TR~
THotos, Zhod EBV DNA & NPCKT #ifER 74 VA DNA L 3B 24DTH -k

Key words Epstein-Barr virus, terminal repeat, epithelial cell, DNA

replication
19644 Epstein 5212 k5 T/¥—F w b Y VoD ANAELTHIGNTED, EaixE&f, N—Fv b
EEMI» o %R & iz Epstein-Barr 7 4 L & Y yofEs & U LREREEME SO EBV EE K

(Epstein-Barr virus, EBV) I3 {ZHBEBEORKE ~ NEEERT I LY, ZOEEMBERNE EBV 7 A

Abbreviations: CBL, cord blood lymphocyte; cccDNA, covalently closed circular
DNA; CSA, cyclosporin A: DMEM, Dulbecco modified Eagle’s medium; EA, early
antigen; EBNA, EBV-associated nuclear antigen; EBV, Epstein-Barr virus; EDTA,
ethylenediaminetetraacetate; IUdR, 5-iododeoxyuridine; kb, kilobase pairs; LCL,
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MEFEL EBV AR (EBV-associated nuclear
antigen, EBNA) OFMNASNL I Lk 8o,
EBV #8%—% v MV 8@ & F EIRGERE RIE < 3%
SESL TV S ZENRB IR,

EBV iz~ A7 A4 LAFICBL, 74V AKF
WZ162HD A 7Y AT o 5E20HED X 7 LA H
FyyREFRELEDEL o ROU—-TLEKS.
EBV %/ A3 74 L AKFRTIEHLI70F o EE 5
(kilobase pairs, kb) @ 2 A&k DNA ThHH, =D
M 2134 0.5kb O FIGRIEELY] (terminal repeat,
TR) # 1 ~12BREAFT 5. 7 LIREEMZ Y
@ EBV ¥/ ABMHHN TIE, im0 TR B 238
& L THE B IR DNA (covalently closed circular
DNA, cceDNA) ki > TEEL T390,

EBV 7Pk DNA Fitmd TR @ 2 € —#id—
BT —Tha7eH, EBV BECL->THELY
4 NVA cccDNA 10 TR D a v —#bEL2 8L 52
LB FREESNAZ EH, S, Raab-Traub &' ik -IRIE
Bozo—rHEDOw—h—t LT TR 0z E—H®
EHLZ. TREEED DNA % 7u—7 L U CEEH
B oHH L7z DNA 244>y 7oy MECTHREL
72222, 6F0 FEEE BT TR O3~k
BRIRTHY—THolz s, TTEREELL
kg EBV 2SR L - 0Tk % {—2 0 EBV B
WlasEEL-Z L, Thbb LIEEROE Y o—
ViR LU EBV B0 HIRBEREREAOBS SRR
ahirHEL T 3.

EBV i, invitrolc Ce b B LUv—FXy b ¥
OFHFRFLOBHMICBHRL CHEFHITL T VA
7 #— A (A3, immortalization) 3% Z & 28T &
B0, —KECEBMgFEEEISNTE .
LoL, PS5V A7 4 —ALBHIBATIEVA LA
HRRETHECEECHE SN TS, =7, in
Vivo KBW TR EBV ¥/ ADOEHBL UV A VRE
ERRELED 2 VEETREBCSVTAaALGNRSZ
L s OB Tk { EERMENED EBV
BOPLEZIONL LD k-7, LrL, ks
hi: EBV EEMEEETRTCBHERTH Y EBV
L FERMEEOREIEETH B0, in vitro
B3 LERHETO EBV EEEOMEEIL L &
nTw»win.

wrsic TRiT{b 2 NPC-KT #ifgiz, LR

BHREEMR L V7 7/ 4 FER EERBIEK
OMIEEE I X > Tl ta iz b DT, H—D LR
E#Emd EBV E4 LR Rk TH 3.

AR TIR, YEEC Cfbani: EBV B4 L
ERHEAANY 4 LA DNA, BLUIhohoEES
N EBVick>Tinvitro 8T M2 Y A7 3 — 4L
7o BHIlEP 7 4 L X DNA O RS % 5 FEEY
FHEWCTHIRL, 74 L AR EERMEAT
D EBV # / LB S X U LREROE 7 0 -
MRAE B L TR L.

MEB L UHE

1. EAE

1. NPC-KT #ipg

EIREE GRAMUE) IREEAR L VT T 4
R B3R R R Ad-AH HIIE & OMIRRRIEIC X -
THisifh& iz EBV ¥ oBHEERMR&KTH
D, 10%4-FaRIM¥E (Hyclone, Utah, USA) fms v
Ny %A — 7V HH (Dulbecco modified Eagle's
medium, DMEM) (H7&, BER) K T3 CTHERELR.

2 . S61 ke

NPCKT fifan 7z uo—=>v 7 L>TH/ OGN
EBV mE4 LR RMiatkTtd v, NPC-KT iz L[|
OB THEEL.

3. B95-8 fHfE

EREERRE EBV KX 2T I YA 7 4 —4
Lizw—%xy b ) v SBRRHRETH D, 10%4-1
IAMmyENN RPMI-1640 528 ¥% (HK) W T3TCTHEEL
7z.

4. A2L/AH kg

BO5-8 MREELE Y A WA (B95-8 VA NLR)ICL-T
NS YRT =L LY YNFRBEHEETH S
AL #ifa = Ad-AH #fa x OMRREIE W & - THIL
{baniz EBV ¥/ LMY 4 VAESE b RMIKE
THO™ 10%4RRRMEN DMEM 12 T34°CTHE
L.

. 91 ILARENERE

1. EBNA

A7 ¥ EEL B, 56CT0HMEELL
725 EBNA Hi{&B M0 @R AL & 51 EBV Hif
MRk B R AT % 8\ T, Reedman 570
FEEICHE U CHOEH R AT T EBNA OBIEE

lymphoblastoid cell line; PBL, peripheral blood lymphocyte ; PBS, phosphate buffered
saline ; SDS, sodium dodecyl sulfate; TPA, 12-0 -tetradecanoylphorbol-13-acetate ; TR,

terminal repeat; VCA, viral capsid antigen

¢
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o7,
1 2 . BEAHLE (early antigen, EA) B X U7 4 w2 %
7y v RHLUE (viral capsid antigen, VCA)

mEoG, MEERERE P RERSEE R
8 (il EA-IgG #UfAffi, 1 :320; 5 VCA-IgG #ifk
fii, 1 :1280) #F\>T, Henle ™05 ikicH LT
KIERBEREC T EA 8L U VCA 0BES1T-7-.

i, —HOBEETEAT Y Y v —zHF Uy
(Hematoxylin-Eosin, HE) ¢z THila B O BE %
Toiz.

. 714V EDRE

NPC-KT, S61, A2L/AH #ifaid +z 1.0x10°
cells/ml OHIBEMELIT TI15% % B U 24B5 R seatss |
80pg/ml DWEIL 53— R FF w1y oy
(5-iododeoxyuridine, IUdR) (Sigma, St. Louis,
USA) 2Nz 34°C3 HIRMEEL S & (Bl S35 L
T3IH»S 7 BREEER, HEEE L BT U A6 O
EFV 50A-7 (EAM, TH) 2 T4,000X g 20500
OUTHEES 2BELL. 20T LE£13,000x g
SHHELLLR, ZOnBELEBERONESO—E
O DMEM ##EL CAE08uM DA > 7 S50 7 4
V¥ —, 547 AA (Millipore, Bedford, USA) 1T
WEL VAV ABERE Lz,

B95-8 #HAGIX, 20ng/ml DEED12- o -tetradecan-
oylphorbol-13-acetate (TPA) (Sigma) % & #r i %
W CHEBRIEEE 2.0 X 10° cells/ml HREEEBBL,
UHRBRERBOERIE Ty A4 L A BIEKR S BRL 1-.

V. EBV C& 5 BHBIF S X T4 —X—2 5>

1. V2SBS0 8

A8 R U F BRI 5 & OME R A SR I
5, Conray-Ficoll ¥™ 12 L7243\ 84 Bk 00 43 Bt %
To7z. S8k, W% RPMI-1640 BRI TS
L, 20%4Rs Rl RPMI-1640 B2 (RF-20) iz
T2.0X10°cells/ml DWETITCLURRIREE L. #
D, EHEL T2 BUZMIAL Y o BRE L TR L.

2. ) v IR AR O M ST

DR 2.0x10°% cells 70 7 1 L A BIEHE %
0~50p 1 iNZ37°CicT 2R E &%, 2%
RPMI-1640 ¥ TEe¥ L, /NRBA 12 T RF-20
Wiml THEBERFBLE. 2770, BRAY v 985%k0
BECBOTIR 1.0ug/m Oy 7ox8Y) VA
(cyclosporin A, CSA) (¥ ¥ F, KER) &t RF-20
WoaBERL:.

BRECCLBMEEL, DL TR (707
V— b (Nunc, Roskilde, Denmark) i2f L & 512 18
MR E DS 7. Ml 1808 L IS £ RO T

BRPHENI % S oI BRICE L TR S DD
7z ANV AR GBI R DS b 0 %
EBV KL T I 2R 7 3 —L LY > SSEERAEHT
fatk (lymphoblastoid cell line, LCL) & L 7= .

V. B5%F DNA nigd

Ml % 0.8% NaCl, 0.02% KCl # &t 10mM Y >
MR &K (pH 7.2) (phosphate buffered saline,
PBS) T 2 @¥E L, 107 cells 729 1ml ©0.5%
Yavn, 100u g/ml a7 4 +—¥K (Merck,
Darmstadt, FRG) 2 &t00.5M 51 v ¥ 7 3 o [Ufik
B (ethylenediaminetetraacetate, EDTA) % #5 (pH
8.0) 2INA50°C 5 R¥fdlifbis, BRO7 2/ —nB L
VCIAA (U UKL AEAYTIATLIA—A%
4 10EETREALZLD) KT 2EHH L,
KEE2ENL T 10mM EDTA (pH8.0), 10mM
NaCl #& ¢ 50mM Tris-HC] #E@E# (pHS8.0) i T
RREN 21T 072, DV TLl00kg/ml DY £ 7 1L
7—+¥A (RNase A) (Sigma) %h01237°C 3 BFR4L5E
L, 7=/—\, CIAA 2T 2EHHE L%, KE%
EMXL T TE (1 mM EDTA (pH 8.0) #&%e 10mM
Tris-HCI ¥ (pHS8.0)) 2 T24RERILL FER L 72,
TOZEN LR DNA I E LT 4°Cle TIRE
L, 260nm ORKEEHEEL DNA EESRD ;.

VI. cceDNA iy

Griffin 68* D7 VA VHECEUTUTDO I & ¢
fTof:. ML 5.0X10° cells i 0.5ml @ 2 mM
EDTA, 1% F 7Y LEB> Y 7 A (sodium
dodecyl sulfate, SDS) # & ¢ 50mM NaCl & &
(PH 12.4) 2 M BHEL, 1058 E> & CBFfIL 12
#30°Cic T30 ERBBEL:. 2w 1M Tris-
HCl B8, (pH7.1) 2541, 5M NaCl ¥ 60x 1 %
Mz7%, 100ug/ml DF a5 4 F+—¥KIZT37°C
30FAEIL R IT o0 . FDH20°CIc TI04RIBEIL
0.2M NaCl #&# 0.2M Tris-HCl #&%&¥% (pH 8.0)
THMULZ: 7 x /=W THEL, 25128~10°Ciz
TLOAMGEIL /2. WHIBEOL TABE2EREL, =
F /=i EITo7. BN L 7 DNA % 1004 g/
ml @ RNase A WKW THEL 7=/ —1, CIAA 12T
MELLK, HEZY ) — LB *{To7. BUNLL:
DNA i3 TE30ul ic¥AfBL , cccDNA ¥R E L7,

VI Y% > 7mawy bk

74 LA DNA QTS 7oy hEPE AL
7o. B4 F DNA 2.5~5.0u g, cccDNA ¥8¥% 1541
ZHIfREER BamHI » 2213 EcoRI (REEWHE, X~
) & T3TC IR L, lug/mlDTF vy a7
OvA FEEL0.45VLL0.6%DTHa—A ¥ NI T
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BRI AT . DNA 4 Xv—#—L TR
HindII¥{L A 7 7 —> DNA Wip CRERD) 2RV
7o . vkEN T, 0.6M NaCl %41 0.2M NaOH &
WrC T ANV ET VA VALEEL, DWT 0.6M NaCl
% &100.2M Tris-HCl K (pH7.4) & Tl %
Foi. #DE, 6 xSSC (20 SSC i3 3 M NaCl,
0.3M 7 =vEF U VAEBK K T=hria—
2 7 4 &% — (Schleicher & Schuell, Dassel, FRG)
= DNA 2B L7:. #20%, 74 V5 —%2 X SSC iz
T ¥V EEE L, 80°C 5 RRZVLIEEL T DNA %7 4 )V
y—wEELT.

Vii. DNA 7a— 70Ol

KEBIZBLTERALE 70— 7RTAT, &RK
s LG A VAR, G EELeoft5ES
W} 7-. Xhol 7o —74, K EBV DNA A& KU
BamHI GI#FERAL = A0 TR & @ Fib & HIREE R
Xhol GEHEEME) k> THWIVHLA 1.9kb @
DNA WiH T#% 3. EcoRI 1 > uo-— 7, EBV
DNA 72k isBamHI VIR ERAL & 7 K5 EcoRI YIHTHE
fr L OO 4kb O DNA A Thsd (@1)". I A
sy Rrosa—y{tEDNA TH27u—>1, 20, 35,
391k, #h#n NPCKT WmiaELE v A v A (NPC-
KT "4 VA)DNA @RIy Rosun—=v7K
roTrEsnlz DNATHY, chemop 7o —7
= £ - EBV DNA i % QR KRBT RO TTN
THRHAEETHS (M2)P. Zhd DNA0.1~0.5
ug R=v 7 bIvALV—ysvEy b (REE, g

A TR TR
[

BamH 1

;) £FVT, 100 Ci ® (a-*P) dCTP (77— +
AT w8y, ER)WCTEBLL:. vabb, 254l
& DNA K&z 1041 @ («-%P) dCTP, 4 x1 0
X10=w 7 I rvAV—yva VABERE LU 1 pl
DE AW DNA KUY x5 —+¥ 1, DNasel &3
&) ®00%, 15°C 2 BRARIG & © e T o 7. RID
WTH7 =/ — A THRELAEERRL, €77
3w 7 A G-50 (Pharmacia, Uppsala, Sweden) A £~
H5 M THRER (a-¥P) dCTP 2EREL . FE
12 1.0X10° cpm/p g M EDIIERE DD EHM
L.

X. "nA7WFAHE—-a>~

DNA 2B L7 4 V¥ —% 3 XSSC 12 T65°CI0
5B, 2w T 3 XxSSC, 1 X Denhardt W (5 %
Denhardt #ix 1% y@E7 V7 2>, 1 %74
a0, 1%RYE=—nEal FEE) K T65°C
LESR, = %42 1 XDenhardt #, 1M NaCl, 10mM
EDTA, 0.1% SDS, 10x g/ml #4215 7 T DNA
(3, KIR) # &€ 50mM Tris-HCl £ % (pH
7.4) 12 T65°C30 BIBL L AALER L 7z . BALERGR A 7
) &4 ¥—3 2 v (1 xDenhardt #, 1M Nacl,
10mM EDTA, 0.1% SDS, 50k g/ml BZME 7 7
FDNA #&t50mM Tris-HCI LEMEW (PHT7.4) F
T2 PEB S0 x 65°CL4BFE LA B
4TV T4 = avEFToR. TO®’, 74 Ny —
% 2 XSSC 1z T¥e¥ 0.1% SDS &t 0.1xSSC
V= TE0C0AREBLE A v F 2 _— b LT (ZD#ER{EZ

BamHI TR TR

Probe

ool

EcoRI |

episome

TR Ll
7/

Fig.1. The structure of termini of EBV. The positions of the Xhol probe and
EcoRI I probe are designated. The Xhol 1.9kb fragment represents unique
DNA adjacent to the right terminal repeats and the EcoRI I 4kb fragment
represents unique DNA adjacent to the left terminal repeats. A, linear form;

B, circular form.
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Fig.2. Restriction enzyme linkage map of NPC-KT virus
compared with B95-8 virus. The EcoRI, Hindlll, Sal I, BamHI
restriction enzyme fragments of NPC-KT viral DNA were
mapped in comparison with B95-8 viral DNA. The map
positions of the NPC-KT cosmid clones (1,5, 6,9, 20, 35, 39,41,
43,47) which were used in determining the restriction enzyme
maps are indicated.

Fig. 3. A
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2EBL DR L), B, 7 4a vy —DKkEE L
DHS Iy FIIREAT, X7 404 X-Omat
AR 7 4 V4 XAR-5 (Kodak, NewYork, USA) 12T
—T0CCTA— b NIIVFTT7 4 —%To

124

i*&

. EMFEEs L HE e L 2 8BE
NPC-KT, A2L/AH #faiz3t iz,

HOEHUS K %

Fig. 3.

Fig. 3.

B

C




EBV = FESE O 4T

Fig. 3. E

Fig.3. Immunofluorescence and Hematoxylin-Eosin staining photomicrographs.
A. EBNA localized in the nuclei of NPC-KT cells (X 200).
B. EBNA localized in the nuclei of A2L/AH cells (X200).
C. EA and VCA localized in the nuclei and cytoplasms of NPC-KT cells
treated with 80 x g/ml of IUdR for 3 days (x400).
D. EA and VCA localized in the nuclei and cytoplasms of A2L/ AH cells
treated with 80 x g/ml of IUdR for 3 days (Xx400).
E. Hematoxylin-Eosin staining of $61 cells treated with 80 1 g/ml of IUdR for
3 days (x400).
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2k - T EBNA BETH 2 Z e pERa L (B
3-A,B). ¥, LEMEE IUARMAE T 22 8L
T EA 8L U VCA BFERT 5 Z & BHDETUER
Iz TR E L (™ 3-C, D).

NPC-KT fifany 7o u— > THh 3 S61 Mgz
JUdR 12 TALET % &, IUdR FrESR 2 B EICH IR
B2 LA HREMIENS KA S, MM BN E
Ay FUHBERHAREBEY R 45 h i (’
3-E).

II. EBV DNA Rig#iE o meif

#IFREE3E BamHI 1tz & 3 EBV #k DNA £ifi
WiAiElae—blEd TR B LU 3.5kb D= —
7 DNA ;7% b, EFfFix 1 ae—LED TR B
LU 4.0kb D2 =—2 DNA »bokd . Licaio
<, EBV DNA # BamHI iz T itk BamHI Al
Wik 2=—2 DNA LSS 5 Xhol o —7

WZTNA TV FAE—vari{ToizEe, 8.0kb I
o> BamHI #7124k DNA »3R—4-FW Ctio
TR W TEE L 7-BIK DNA, H2 LI EEO&E®
DNA » TR BETHEFB L2 4 7 7 — (concat-
emer) I[ZHET 3 L BbH i (fused termini), 7.5kb L)
T oW H A DNA @ BamHI Kl TH 2.
BamHI £l o 2 = — 27 DNA LR H 2
EcoRII 7u—712 Xk BN A4 TV ¥ A=Y 3 2T
LEETHD.

1. NPC-KT #ifzy EBV DNA SRIf##E O i

KA NPC-KT #ifld o &4+ DNA B LU
cccDNA @ BamHI Wrfdr, Xhol Yu—7k /o7
YA RXTBHDE LTI Akb OWi O AP s
7. F#gC BamHI ZiiliA #4432 EcoRI 1 7
0— 72T H 9.4kb OWFr DA E NI, Zhb
OFERM S, KOM NPCKT filaNicid 4 7€ —0

Fig.4. Southern blot analysis of viral genomic termini in NPC-KT cells and
lymphoblastoid cells transformed by virus from NPC-KT cells (NPC-KT virus). High
molecular DNAs from non-treated NPC-KT cells (lane Non), NPC-KT cells treated
with TUdR (lane IUdR), cord blood lymphocytes transformed by NPC-KT virus (lane
CBL), and two different peripheral blood lymphocytes (PBLs) transformed by
NPC-KT virus (lane PBL-1, PBL-2), or cccDNAs from non-treated NPC-KT cells
(lane Cir) and NPC-KT cells treated with IUdR (lane IUdR-Cir) were digested with
BamHI, subjected to electrophoresis through 0.4 % agarose gel, transfered to
nitrocellulose filters and hybridized with *P-labeled Xhol probe (right panel) or

EcoRI I probe (left panel).
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TR # 62 1EED 74 VA cccDNA 23EH I N T
waZEBBELLER S (M4, v—> Non, Cir).
IUAR MIBIC L > TV A NAEEXTFET 2 L, BH
F DNA &BWT, Xhol 7o —77Tix 9.4kb O
fused termini AZRZ #7212 8.9, 8.4, 5.2, 4.7kb @
g o &, EcoRIT 7o —>7 T3 9.4kb WA LL
#iz8.9, 8.4, 5.7, 5.2kb OMTE »EH & 7z (L —
> IUdR). Xhol, EcoRI 1 u—74£iz2 9.4, 8.9,

§.4kb Wi ERIGL Iz Z s, INSET AN ARK
1% DNA OEHAEE L7z fused termini & Bb i
72. Xhol u — 7 Tt & 725.2, 4.7kb i 6 &
U EcoRI 1 7o —7THili& /5.7, 5.2kb Wi f
i, #FhFEh T A ALK DNA o BamHI Hifis &
VAW L E 2 oz, cccDNA O s T id R AULE
NPC-KT HIfg L [@ U 9.4kb O F D amiEti & i,

BT DNA O THith & 172 8.9, 8.4kb O#H
B Es g, -7 (v —2 1UdR-Cir).

NPC-KT VA NVARWKZ LT IR T 3 —4 LT
ek LCL T, Xhol Yo — 712k > 8.9,
9.4, 9.9, 10.4kb @2 BamHI Wi » R &,
EcoRI1 o =7 k> THR LY A X DU oty

ani: (L—>CBL). 2oz 4 L ABEDNA I
HI3E 9 2 fused termini & Bh iz, BAEMIMEHE
LCL T b E# D fused termini & B h 2 Wi 254
SifzHt (L —> PBL-1), #hbistiz Xhol Yo —7
Tix 4.7, 5.2, 5.7, 6.2kb, EcoRI I 7u—7 7t
5.2,5.7, 6.2, 6.7kb DA E R, Thoidy
AV ASRK DNA @ BamHI Hifis L AR » B
biiz (v—> PBL-2).

2. S61 AP EBV DNA SKiftrs 0T

ARALIE S61 Ml 4 DNA Tit, Xhol Fu—
T & 5T 9.4, 5.2, 4.7kb @ BamHI Wi K- st &
1, EcoRI1 a0 —712 % 57T 9.4, 5.7, 5.2kb O#F
g ansz (M5, »—> Non). cceDNA T,
70— 7 X > THIC9. kb DM D AR 2 h
7z (b= Cir). ThoD#EHE» S, 9.4kb OW Ik
A NWA cccDNA B3kTH Y, RAHE S61 Mkt 4
AE—DTR 26D 1EDO Y A LA cccDNA #*
B2 EHHBHL. £ DOMOWE 127 14 L A5k
DNA @ BamHI Kifilt & B bz, IUAR 48T
FOTVANAEERFHTLE, BSF DNA T
i3, Xhol Yo -7k ->78.9, 9.4, 9.9, 10.4kb

Fig.5. Southern blot analysis of viral genomic termini in S61 cells and lymphoblastoid
cells transformed by virus from S61 cells (S61 virus). Right and left panels show
hybridization with Xhol and EcoRI I probes, respectively. Lanes are designated as

described in Fig. 4.
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DOHEDDOW B L1747, 5.2, 5.7, 6.2kb OIED DI
ot s4, EcoRL I 7u—712 & » T R.9~10.4
kb o> OB X U85.2, 5.7, 6.2, 6.7, 7.2kb
DOEOIOWE g st (v —> IUdR). 70—
T ko THICHEEERT 8§.9~10.4kb DT i3
fused termini HETH Y, FOMOWFIE T A VA
&% DNA o BamHI Kk &t Bb 7.

cccDNA Ti3, fi7 o — 7 & » Tz 9.4kb OW fr
O AHBEE X7z (v — > [UAR-Cir).

S6l HiRgEL EBV I > Th I Y A7 x—A LT
s mise LCL T, 7 u— 7t &> TH#Hiz8.9,
9.4, 9.9, 10.4kb DO DT HRE SN, TN 6
A4 L AR DNA 3D fused termini & Bbh 7
(v—> CBL). R AKMMmE®R LCL Tk, 8.9~
10.4kb OWTE-LS Iz Xhol Fu—7ick > T 4.7,
5.2, 5.7, 6.2kb QIO DM M S, EcoRI 1
Fu—TICL>T5.7, 6.2, 6.7kb D= DO WA »MR
Hahss, cnsldy A A8k DNA @ Bam-
HI i p = Bhhi (v—> PBL-2).

3. A2L/AH #fjapy EBV DNA ik o AT

FAOE A2L/AH OB S F DNA 8 L U

Fig. 6. Southern blot analysis of viral genomic ter}nini iﬁ A L/ AH cells and

ccecDNA T, Xhol 7u—78 L U EcoRI1 Yu—
T2 X - T 16.9kb @ BamHI Wi A H s i
ZEms, KAOHE A2L/AH #ili3192 € —-0DTR %
Lo LHEED Y A VA cccDNA 2FET 5 2 L »H
skl ot (M6, v—=> Non, Cir). IUdR ALz
Lo TTANAEESFHEE T2 L, OF DNA T
12, Xhol o — 742 & - T 16.9kb OMWr A Asw
4.7~13.9kb DM »3430.5kb & ¥ A WHRH & h,
EcoRI1 7w — 72 &k - T 16.9kb OWi A 5.2~
13.9kb OWTH A#90.5kb E XA KRB iz (v —
v IUdR). cccDNA T, M7 o— 72 & » T
16.9kb OWFH O A | H & i (v — > TUdR-Cir).

A2L/AH MilapEd EBV k> T MY A7 5 —
LU mms® LCL T, Mi7Xe—71d-7Tk
b2 8.9~22.4kb OWTH A3 0.5kb & ¥ A IR &
h, 2hsizv 4L ARK DNA RO fused
termini & b7z (W — > CBL). BLA R AIE
LCL Ti, i7o—7w & > Tz 4.7~22.4kb
WiEA3%90.5kb E K Aa s s, Tholiiho—8i
4 L AR DNA o BamHI K & Ebhi:
(L—2> PBL-2).

lymphoblastoid cells transformed by virus from A2L/AH cells (A2L/ AH virus).
Right and left panels show hybridization with Xhol and EcoRI 1 probes, respectively.

Lanes are designated as described in Fig. 4.
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4. B95-8 il EBV DNA RimHis o it

KALEE B95-8 Ml D& 5 F DNA B X U8 ccc
DNA T, W7o — 712k > THW 8.9kb
BamHI Wi D &R a 2 en s, kim
B-8 M@z 3 a—D TREL D 1EHEOY A L X
cccDNA 2RE T2 e e m k5% (M7,
v —> Non, Cir). TPAIBIZ L > T 4 L RAEA %
FET AL, B2 F DNA Tid, Xhol Yu—74z
LT 8.9kb BEU 4.7kb DI p#RIH & 1,
EcoRIT 7o — 712 & - T 8.9kb 1 k 185.2kb i 1
PR &Nz (W —> TPA). 8.9kb DOWiE I3 fused
termini FE3RTH Y, 4.7, 5.2kb OBz~ 4 AR
i DNA @ BamHI KinliH & B 472 . cccDNA
T, M 70— 7N & > THIZ8.9kb DM D & HH
Wahnt: (L—> TPA-Cir).

B95-8 A NAW LTI AT 5 — L4 LI
Mesk LCL Tk, > o — 7 & - T#i28.9, 9.4
kb D2 oDWr R »ttan, Zhsix 4 A BR
DNA #13k D fused termini £ Bb i (v — >
CBL). BRAFRMMEI LCL ik, 8.9, 9.4kb dOWf
FLAshiz Xhol o — 7z k- T 4.7, 5.2kb Wik

Fig.7. Southern blot analysis

DR E N, EcoRIl Yo —712X-75.2, 5.7kb
DUt S 48, chneidy 4 L AR DNA
O BamHI KW f & B (L—> PBL-2).

M. axzyrFsa—1{ DNA (& 5 EBV

DNA o Rif

% EBV EE4AMNAREE T2 EBY ¥ /48, 20
END EBV 10k o>T IR 7 +—24 L7 LCL 28
BRET 2 EBV ¥/ ADR—M% 42710, &k
S L2 DNA %#IfREE® BamHI 5 & ¢f EcoRI
WTHEL, A3y R 2 o—2 1 DNA TH 2 2
O—>1,20, 35 39570 -7 LT 7Y ¥4
Y= a3 Y %{T0u 4 LR DNA % HBfEs L7 .

MDD 27 a—4 DNA 12k 2 BRAF 0O & 8
NPC-KT, S61 #ilt, 5L U2 o OfIfa, &4 &
N EBV i0koT IR 7 4—407 LCL »i%
NENRET S EBV DNA ix, BamHI ¥t L vf
EcoRI H{LIZ B> TH TR — 0 $IFR B LYW & (1
EHL T (F8~11). [Fl#kic A2L/AH, B95-8 #I
la, sfvchsoflarspEEans: BBV 2 k-
TrI2Y A7 4 —L0LK LCL 82 ZFRIEET 3
EBV DNA &, BamHI #1t# & ¢ EcoRI #i{t iz &

of viral genomic termini in B95-8 cells and

lymphoblastoid cells transformed by virus from B95-8 cells (B95-8 virus). Right and
left panels show hybridization with Xhol and EcoRI I probes, respectively. Lanes are

designated as described in Fig. 4.
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WTTRCE—OSIREBRTBTHUEEL T,
NPC-KT w4 LA DNA i B9%-8 7 A V2R
DNA FiEAS &R T, 78— 35l &
T Eni: NPC-KT v A LA DNA @ EcoRI B
iR, B 7o—7ic &> THRIEENTL B95-8 v 4
L2 DNA @ EcoRI C Wi & D% 12kb K& » -
72 (10, £-$3v). Zhid BY5-8 74 LA DNA O
EcoRI C Witz 12kb ORBHH LD TH L. &
t2. ru—v3B ko THRE 7 NPCKT 7 11
2 DNA @ BamHI B2 X F D2 Wrh IZHH T 5 ER
13, B95-8 A LA DNA 23T 12kb O KIAH
H27- BamHI I Wi & L TR E Lle. & 56102
NPC-KT w4 v A DNA @ BamHI I Wil 1d,
B95-8 4 LA DNA 2T BamHIT 8 & ' XH#7
By UTHRH s e (10, A/84 ). 70— 301
I o THRE xRN BY58 74 A DNA @ EcoRl

B WA oY T 243, NPC-KT v+ VA DNA
WwHWT EcoRI C B X UF H2 W & LT &
7= (K011, /%% 0). Thix, B95-8 74 X DNA
o EcoRI B Wi f5diz, NPC-KT 74 VA DNA Tik
%5128 > 1 & EcoRI YIMEMuId H 2720 TH 3.

% &=

EBV @M EEES LU N—F v b ) Y RER
LS5 L TWa Tk, £/ invitro TREHITEL b
Biiia: F IV A7 x— LT 5T L5 BilfaFte
#gz2nTE%. LHL EBYV THI VAT 441
- BHA T, 7 A L A BRI TE MR I R
HarhTnz?

in vivo I B\ IE, {5 HME BA%AE B 0 VREH kK
Wiz 80 EBVDNABSEETZ LY, B & B
MBI R E Y EBV HiEBES OO ERE I EBY

Fig. 8. Southern blot analysis of EBV DNA in virus-producer cell lines and
EBV-transformed lymphoblastoid cells with cosmid clone 1 probe. High molecular

DNAs from NPC-KT cells treated with IUdR (lane NPC-KT), PBLs transformed by
NPC-KT virus (lane NPC-KT-PBL), S61 cells treated with TUdR (lane S61), PBLs
transformed by S61 virus (lane S61-PBL), A2L/AH cells treated with IUdR (lane
A2L/AH), PBLs transformed by A2L/AH virus (lane A2L/AH-PBL), B95-8 cells
treated with TPA (lane B95-8), and PBLs transformed by B95-8 virus (lane
B95-8-PBL) were digested with BamHI (right panel) or EcoRI (left panel), subjected
to electrophoresis through 0.4 or 0.6% agarose gel, transfered to nitrocellulose filters
and hybridized with ®P-labeled cosmid clone 1. Letters of alphabet at the left side of
lanes in Figs. 8 to 11 indicate BamHI or EcoRI fragments of EBV DNA (Refer to
Fig. 2).
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Fig.9. Southern blot analysis of EBV DNA in virus-producer cell lines and
EBV-transformed lymphoblastoid cells with cosmid clone 20 probe. High molecular
DNAs were digested by BamHI (right panel) or EcoRI (left panel) and hybridized
with cosmid clone 20. Lanes are designated as described in Fig. 8.

Fig. 10. Southern blot analysis of EBV DNA in virus-producer cell lines and
EBV-transformed lymphoblastoid cells with cosmid clone 35 probe. High molecular

DNAs were digested by BamHI (right panel) or EcoRI (left panel) and hybridized
with cosmid clone 35. Lanes are designated as described in Fig. 8.



152 H

BEEE N B Z P o EEERICB T3 EBV BE
PRM A T, EETIZ Y EBV OFESHISNTS
DM Wolf & d{#EEADOE TERMEMAI EBY s
LOEETR I ERRE L. £k, LERERES
T 2 EM LIS RIEO KRR S 2 L IESME
Bz BT EBV DNA »SRIHE NS 2 E2H D™,
it EAR4 Y 4 )L A (human immunodeficiency
virus, HIV) HiABEBHRAEEZE AN DL Z N
» 5 OIMEEREH B (oral hairy leukoplakia) Tid £
RARapN s EBV ik DNA s o™ Lk
25, in vivo B35 EBV WO EIE BHIkR &
D, LAEEREHSVIIETIRER WEHE
&) o LERElEE RSN D,

in vitro 281 3 LERMEE~D EBV RIS EE
BRI ENZBnH, EBVDNADFI L A7 =27 ¥ 3
o™ 1y aEAPPR EBY L e 7Y —OBEYICL -
T FREZfIA® EBV BENATEETH % . Sixbey
5% 3 (EHEEE B E OIEE L S LIRPICEE Y
% EBV B4 #i3 TR BER bRy S E R
B, EBNA oFEHEnL&5 EA LU VCA b5
wahieWELS. 7 Trumper 51, X—F
- A _EREEIIC B LT ERI Y 4 L AT

Fig.11. Southern blot analysis of EBV DNA in virus-producer cell lines and

MBI YA VARFOBRSH NI I EeWEL
7o, BEOA»S b, EERHCE VT EBV &
g w4 L X DNA Bl & 00 A v AEENARET
HrrBbihs.

I 50 L o THI{bE i NPCKT #ifgiz, &
IR RS L © - 77/ A R ERE R
# Ad-AH #ifa - o@&MieT, EBV EA KRN
fatkch 2. ZoMERERE 0T v, Fov
v 7Y —, kL 7% — (CR1, CR2) % ¥ D Bififa
BEET~Y —» — 3 ThH), EBVICE2THT
VA7 x—24 L7 BHilgE 0BG TIZ RV Z et
HA & L0, 4o, FOREEREIE S & O LR EE R AR
LT R RN 2 U > o SERO MRS 23 BEERE I
BmEan I P wEEL, EBV 7 4B V8
EEREEMRO R & E Atk OMREMEIC LT, &
2\ 03 BRE & R RO A% EBV 23 RERT
BT rick T, LERMIKE EBV ¥/ A2RET
2 2 b HVEERIICEEEE S 7. A2L/AH #ifai,
B95-8 YA NAIE 2T PIVYAZ7 4 —LLIELT
504 FEEY v EFEREEE A2L L bT T
4 FEkFER#EMSE AdAH »ORA&MET,
EBV E4A LERMIakKTH S

EBV-transformed lymphoblastoid cells with cosmid clone 39 probe. High molecular
DNAs were digested by BamHI (right panel) or EcoRI (left panel) and hybridized
with cosmid clone 39. Lanes are designated as described in Fig. 8.
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BEAEETOE IS invitro THII{LE N7 EBV B
EMfaRRE TR CBMRTH D, EBV ML KR
MR OME X EMThH o/, Licss->T, EEL2H4
#, Hic NPC-KT #ifaid L R#MTc 81 5 EBV
AR EMRN T2 L TELO THERARERRETH
3. 72 NPC-KT gy 727u—->TH 5 S61 #
T, ITUdR MBI L > TV A VAEESFE T 2
LHRRE W & B SEEMBEOBE S X UENE ALK
pEZash. ThIMHO LR T A L R BETERC
» 5N B HIRAZE MR (cytopathic change)® Bib & 3 AT
BThD, S61 Midfho Biik% EBV A
i EA D BRRENEC EBV 2E4£T 5 2 koA
xhiz. L7zat- T, S61 #ifald in vivo KB 2
EBV EAMIICHERGEWE T LML WA S.
LZIAT, FIRERNE 0 -V THL D, %7
u—ETHENEVI B, BLURE: EBV By
OMEY, Tabb FIRIERIE EBV R ER
L bDTHDD0, 50X T TIERELL
Kz EBV 2R L b DTHEDh LWV 5L, F
ERBEEAT 2 L CTEELRATH S .
BEO//o—-rERBT 2 -2 — L Tidw
A LR AN TE LY, B, BHEEREE TR
fgEy 7Y VRETFEER, THRREE T TH
RRBENL v 7y —BETFTERE® 7 o - HD
T—H—ELTHRATH R ZLBREI LD,
7> Fialkow 5%, v a—26 ) v EEBiAREERET
AVHA LBEURE [gM ORELSS—F v MY
YREBERBEIIO—-CHTHB ERE L. JHIIIHL
T, LRRBHEE CBVLWTRERL v — 7 =232 ¢
7o—YEOBEETAZERATLR YL,

EBV ¥ FWiRik DNA 2 OWiiHcEL D a8 —
#BoO TR 26T 25, MlEATIRZ oD TR 5
WTEE L7 cccDNA L LTCHEET D 2 0,
cccDNA thod) TR Da v —s £ A Y —Th 2 =
L8 FEE 5. Raab-Traub 5k, TR 0o —
WO —tEn EBV 7/ AB#HTH 3 LIEFEEO 7
O MERBRT S LHHIL, 6 Flo FIREEHE
BWT EBVDNA ® TR D2t —#iz ¥ RTH—T
DoleZ b I ANADE IO — Y HEIRB S,
LIEEERE I EBV 0URE L — D 0Mifas B L, he
BLILDTH2 LR, $72 Brown 59%,
B707) VEEFEERROREICL-CHEs7o—y
WTha L ah EBV ¥/ LBHER) ~
NEEFEE#IC5 T, EBV DNA © TR pat—
Botg—chorzz s, TRiEZo— D~ —
A—LLTHERTHD EMELT.

Lovl, EERHIBETO Y A L A A & BeplsT
KELETOEBIZE T2 EBVDNA © TR 0z
E—BDLEAL % FH I HIRES L, EBV 10k > T b
TYRT 4 —LLIZHIEANTO TR O —H0H
L TERNICERL RS E ., 22 TS
B, FEEEO 7 - D —h—E LT TR
AThd L E2HRTE0, 2RI, YA LR
BGEW RS LRRHIRRIZ 51 2 EBV ¥ LA ZEBIES
TR A L TOER2BENBON D LE L,
EBV 4 bRk TH 5 NPC-KT, S61, A2L/
AH #ifg, BLUSME»EESRS EBV 0L -
ThFI>YRA7x—4sL% LCL 8 F + 3 EBV
DNA ORIEEEZBTL, TR 02 —HDRH—
HOERERET L.

Xhol, EcoRI I 7o — 7z & 5 fE#F C i,
NPC-KT, S61, A2L/AH iz #h#h TR 2
E—$a— v A VA cccDNA ZEBLTE D,
S61 MR TILARIR DNA & & S ERICY 4 L A B
BB oTw»ad e, IUIR Bz & -
TUANAEER2TET 2L, BHifacs T TRA
+H5EEE U 7z fused termini 2377 4 LA DNA i
iR L LTRSS RTens, o7V ER L -
THHs 2272 L5 cccDNA Tk <,
Wi (nick) O A - 72B4k DNA & 2 v i3 fgik DNA
L@ LcavAaFv—EE2ONRT. 8
e ltE2xDa2—80 TR *F 7 2 BH%
DNA OB 6N, 74 L AREHTRRS N,
HMBIEEED EBV W&o TS A7+ —A LT
LCL itBW TR O -0 TR #5437 4
VA DNA DFEMHSH, 74V A DNA £ L TR
Loro—WThot. ThODERM»S, FHERM
BOMREET 27 4 LABEKDNA @ TR 02 & —#H
B—Th-o7e LTh, A4 LVABHEABRICBE VLT
BROIE—HOTR 2ETE2 74 VANELES N,
EDUANAMBRLIHMECIBEOTE Y 1L A
DNA a0 —#0D TR #8353 2 L »EFEHA
iz, Lo T EREFEESZO EBV DNA o
TR Qo —E»N—Thor 2 xid, $TIEEL
Uiz EBV BBH L0 Tl AL, DEDD
EBV Biuifas @Bt Lz asmBeLTsy, k
WD 7o — vt~ —A—+ LT TR EHT
HhrbvbDrBEbhr.

Bi#ffg% EBV E4MiatkTdH 2 BIS-8 #iffgd 7 A
WA cccDNA O TR oav¥ —#HbH—TH1,
TPA MBIZ L > TIA VABEAERSHZET L v A L
Ak DNA OFERBA NI, SR T 5 —
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L7 LCL @ EBV DNA 3fExpavr—#Hn TR
PREL TV,

2 AHBHIR DNA O8I LTk, o—) > 7
=7 VBTN LY —F HpEEE F AN T
%% (H12).

=)y Y- LEFAER, UTOL3RbD
THs. —HD DNA(+H) OFEDHEN (origin of
replication) IZYI#F SN 4E L, —§4% DNA BROE
BL LT DNA &EBZICL > TH#ED 3 Kigic 2
ZVvAFPOMMEIGHIEE D +#ESERE NS . &
S EA 2+ 813 5 REEl2 5 BIR DNA #Btn
(roll out) #N 2 HEA L LT —#HOERHE 5.
DNA &fih+ o & BEDOEM TYIM & 1 847
@ DNA »3ERET % .

v —y BhREE 7L L i3, BUK DNA O 2 i
L7 %% DNA E8IhEL b DT, BEERETEY
TEW a4 v (supercoil) 2ELEVTTE 2 oM AR
2 DNA &EirtEA D DBRIRDNA s8R ah b b
DTH5. BHEBRBCBSVWTEEMNCY—7 ()0
PGS BEEI NI I LS I 3RIERS.

ANRATANVADEL T —Y VI —INET
NiZk>7T DNA HEMED Z L BN TV 3
3%, EBV DNA 0FEMBRIE S 3FBBEs ATy
sy, EBV EAEMETIZ TPA B EWCL->TY 14 v
Z DNA &R 2 HET 2 L7 1 L AHK DNA SRE:
EVNFTESNBIENS, VANAEEBBEBI 3
DNA #8Uz 13w 1 v A%k DNA AEBERSEEL
TwaY ZhizxLT, 74V ABE% DNA G5B
LERBRENCEHET 27 ¥ 7 a L (acyclovir) OF
HEFTH, BHIFIZ EBV IZXoT S YA 7 4 —A

LEHD EBV ¥ ARRETH2I NS, VALA
A RN 1] 111
uncleaved concatemer
circular
DNA
cleavage cleavage
\ 4
JLiL L1y Ll Ll u
L b
I — |
linear DNA

cccDNA OEBIC B Mmoo DNA GBS
NEELTWwELEDbNEY.

Shaw* %, EBV E4£#% PIHR-1 filg»EE T2y
4 LA cccDNA i3 4 v AH% DNA &BERRAE
KTHBHT7Y270ENRT + A7 + /BB (phosph-
onoacetic acid PAA) MLE W & - THA L, #i
TPAWBIZL-THIBT I Ens, VA VAEE
WBFRIC BT 5 DNA BRIy — F M kT 7 iz k
BHOTHBEMELTWSE. ZhIZXLT, $EHD
EERIZBIT B EBV EAMBEANY A LA cccDNA &
FIYART7 x—bLIMIEAY A VX DNADTRO
I —DEENS VA NVAELEBREBICBIT 5 DNA
TR 2 ST L 7. NPC-KT #f2, S61 MM 4
WADNA 42— TROZEFET I, 2hs
O EESNT EBVIZES>TFI VA7 -
LU LCL MRET 574NV A DNA i 3~62
v—0 TR #BL T\, £ A2L/AH MilEA~ 4
WA DNA 13192 —0 TR #4557, A2L/AH
HRBEE Y AN AR LTI T VAT +—ALNR
ILCL &+ 274 VA DNA iX3~30at—0
TR #EL T,

v — 7 Bk 7 ik, FIR DNA 28 PRk
THY TR BT 1 EFTE 2 EHR O A TR
%9 IR DNA &0, BEWC X -» THURR
DNA %2550 TH2. TR CBOTHEEOENMT
Ui E S 3 78E, Broae KD TRELDVA

\ \/

linear DNA

Fig.12. Schemes of rolling circle model (A) and theta-shaped intermediate model (B).
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VA DNA BEREN22, ZOWBWIH 3
TR @2 ¥ —HUIRME Y A LA ELEMBEIEET S
BRDNADTROIE-HMID I 2ZL13HY
PR320

chiedlLTtae— 07— vEFALTE, VA
LARER DNA HSERE L 22 v b 7 v — B sk
HY, TR EBWTERDOHU TR 25052 &
wkoTEBAD -0 TR 2WikizHE T 2 Ik
DNA 2R END. Lisi>T, T0O &3 kg
DNA 3BT B3 7ANARE ST NI VA7 #—A L
- LCL Tid, KRBT 4 VAELMESRET 28
KDONAD TROaE—#EFLELIELDIY—
#H0 TR £ DBIX DNA K Eh 2. ZhizhkE
BREREL—-RTH2HDOTHY, Likd»->T EBV
DNA DRUHEEDHEN S, YA VABELBEBE S
i35 EBV DNA O@EBEMD~V AT 4 VA LR
Bizo—) Y7 Y- VBTV Lo TiITbR2 b D
tBRbhi:.

¥ 7> S61 HfE T, ITUdR MBIz k o TV A W REE
2B ETLLER DNA A3 ~6a3 Y —0
TR 85T 274 VA DNA BEBREhT A LA
DNA #H#hEfk L& 2 s/, NPC-KT #lgTd,
IUR MBIz X 5T 4 2E—D TR #8335 H DL
Z2%721@33a¢—0 TR 267 2 hRESRD »
iz, LHL, TheEBPREIz4 2 -0
TR BT 25D %E\WT cccDNA DA 2T 3
FuAVETERMEEhEroll s, Zv 270
Bo7BRDNA (- 32V d7=—Ths I L2’
RN, Lard 2R, MignTt—EER
T 1EAIO Y A L AR DNA BB URRILL %
bOD, HBWiE 1 EAOFK DNA B o3 HEEE
LizbDTHIAEERLE 2 S hiz.

%72 A2L/AH #IfaR 7 A V2 DNA i3 Lt b &
B95-8 Ml TH 24 TR O o ¥ —# k19 ¥ — ¢
Hb, BI5-8 #MENY 4 VX DNA 3 ar¥—D
TREFTBZLWHARTELLLSHD TREELT
Wi, Zhosd, HilEN T -BEEKS L BRIR
DNA #3714 v AR T OFBRICED > THUTBRL L
T2 ATEEMS R & L7z

IRAT Yy F2Z7u—Y{E DNA 0 &3 7 4L 2R
DNA of#ticid, EBV B4 - 2 o aEkD
EBV W&-T 5> R 7 x—40L 7 LCL MBEET
374X DNA I TR 2BV TR—D LD TH 3 =
ENFEH & R, %72, NPCKT, S61 #ifasRE T
2Y4 VA DNA BE—DsDTHH, L A2L/
AH, B95-8 #fila s E ¥+ 27 1 LA DNA s [F—0

LbDTH-olz.

EBV O4&YFHBE®EE VA VAKICE > TERYD,
%<3 B958 VA LVAKMKRERENSEBMELS 2
74— LENEE S D, PSHRL HEELE Y A LR
(P3HR-1 YA VR) TR PT VAT 4+ —AFEERHS
hiznht, EBV FBHiiC 5 % Raji #fifd ER
BUEABIUYA LA DNASK*BETES. &
Nzl T, NPCKT w4 LA BHE 5 > &
7 i —Lge, HMEEEEE b, & 52 Raji Mg
BERRELU EA2BETCEILBREZIALVLATH B9,
v A4V DNA OHIRBEREMXB{ER &, NPC.
KT ANVARE—DYAVATHY PSHR-1 7 4 1L
A& 55 RIEFRE— DNA (defective heterogen-
eous DNA) ashisnwZ EMNEHI LR, 20k
JEHEDOKRKELL AL 2 NPCKT v 4 LA &
B95-8 v A LA D DNA ZEItEMEd 5 £, B95-8
4R DNA @ EcoRI C Wifiz 12kb O RIBN &5
NaZEPPSNCEKERBRIZA N R P T. &
B, EYFENEROEEMTCERT 200 TH3
DR T ALENDE L EbNi:.

SEIORBICE W TiE, RARBMERY >3k %
NIYRT F— AT BBERENHIFTHS CSA %
FERLE. BADOKSH; I EBV SUlEB%TH D
O3B N F—TRHTHEZEBRELTIZY >8Rk
EBV #@#a€TH 1~ 2:EHIZ EBNA B B
MAOWERA SN 35, 0%k EBV BREGMKaREE
PETHIREIC & - T BHIBRIZ B & W (regression) Y >
SERESRRARES A VLY. ZThiew Ll T,
THIMMAE 2 FRCIEE T 2 CSA L IR LT
5 & regression 382 5%\ I L MBRE S P9,
SEDOBREEBIBVTHIHEILL LIV R T 1+ —
A—=varyssh, CSA OBEWELFERI M.

F - RARMEIMAISE LCL © EBV DNA ##AF 12 5\
T, 74 VAR DNA OBERBH DN DM H -
7z. Hurley 5%, EBV R BHII Ti3 B %10~
14A R 4RR DNA 234 512 3% O I3 5% U BTk
DNA 0aAs>NB EHELTEBY, SEAOFERICE
WTHIR DNA 284 51z LCL Tz A L RAELED
BIoTwaZenffilans. LaL, EBV &
LTI YA T7 4 —4LABRBBEATIRY 4 L RE
WREEMECERCEEEN TV R D7 4 L AE
ERRLAEBONT, BRICVANVAEES LN
AEBEEIMRM T 0~1%, BRARBIM T 0~
3%, v =Ty hY I SERTIR0~10%TH 22
Zhesl T, SEEARMMER LCL © 350 1
ML A VAR DNA 234 5 4UERE & L Tl e
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NEWLDTh-7. IThBACERTILDOTHS
NIRRT H 2, in vivo T, BBBRHEOEO
CSA R & % RENEHIRET EBV OWEELS A
5ha 2 @R HIV kBB s o2 OES
REEBEIC 8 T EBV ik DNA OFEE»BA 51D
Zemo® CSARLAHEELEZONSRES IR
NI A2LENDLLEbh.

]

IREEE AR L E N7 T/ A4 REELER
Sl - OFFERSIZ L - Tk s hi: EBV E4E
R RMpRk NPC-KT g, NPC-KT Mgz v 7~
o—=v /L TEsNI: EBV &L 7 o— 2 S61#
g, B8XUBBSTANALES2TII VAT 4+ — 4
Lzt Bl E e 75/ 4 FE¥ELERMERNE
ORI & - TRk a vz EBV EL ERRH
Motk A2L/AH fifd, s ZhsofifihoEE S
N EBV I,k ->T S AT #—u L7z ¥ 83K
BlEtkE B e T, MEaNY 4V 28RS LUK
DNA OFRH#EE 2T L, EBV DNA #HEB X U
EBV ¥z f> EBV DNA K oEticonT
AT OR##E %87

1. EBV 4 S61 Mg ik, TUdR LB & -
ToANAEEERHYYT 2 L SEEMIRE X UBRNE
AEDBBEEEINI-Z L5, EBV Gfto~V A
4 VA k FERET BRI 38 Vs T B R i (o BT
ARETH B Z LRI NIz,

2. & EBV BB ASRET S v 4 L ARRK
DNA ® TR @2 ¥ —#Hi3y—TH o745, IUdR 4
HIzkoTRBLDa—HD TR #FT 571V A
ik DNA OEREs &5, FhEFho EBV IZ& -
TrS VA7 #—AL7: LCL TREZ DI E—HKOD
TR #BT 574 VA DNA OFBEMNA ST,

3. EBV EAEMBEN Y A VABK DNA L b7 >
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Abstract

The Epstein-Barr virus (EBV)-producing epithelial nasopharyngeal carcinoma (NPQC)
hybrid cell line, NPC-KT, had been established by the fusion of primary NPC cells with
the epithelial cell line derived from human adenoid tissue (Ad-AH). The S61 cell line is a
subclone derived from NPC-KT cells, which has a higher EBV-producing ability compared
with parental NPC-KT cells. The EBV-producing epithelial hybrid cell line, A2L/AH,
had been established by the fusion of lymphoblastoid cell line transformed by EBV derived
from B95-8 cells and Ad-AH cells., S61 cells exhibited cytopathic changes characteristic of
herpes virus replication comprising the formations of multinucleated giant cells and
inclusions, when EBV replication was induced by S-iododeoxyuridine (JUdR). These
findings indicated that lytical virus replication occurred in S61 cells unlike in B cells. In
order to examine the mechanism of EBV genome replication in epithelial cells in the
process of virus production, the terminal structure of EBV genome was analyzed by
Southern blot analysis in these EBV-producing epithelial cell lines. The copy numbers of
terminal repeat (TR) in viral circular genomes were homogeneous in each cell line.
However, viral linear DNAs with heterogeneous copy numbers of TR were synthesized
when viral DNA synthesis was induced by IUdR. Viral DNAs in lymphoblastoid cell
lines transformed by EBV from these cell lines had heterogeneous copy numbers of TR.
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The detailed analysis of copy numbers of TR in viral DNAs in EBV-producing cells and
transformed lymphoblastoid cell lines suggested that EBV-linear DNA would be synthesized
by virus-associated DNA polymerase through viral DNA concatemer as replicative
intermediate by rolling circle mechanism. It was confirmed by Southern blot analysis with
recombinant DNA probes covering whole EBV genome except for terminal fragments that
EBV DNAs from virus-producing cell lines were identical except for terminal structures
with those from lymphoblastoid cells transformed by EBV from each cell line. Viral DNA
from NPC-KT cells was identical with that from S61 cells. The viral DNAs from B95-8
and A2L/AH cells were undistinguishable. However, they were different from those from
NPC-KT and S61 cells.




