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I. 77/ 9140V A BEEF
DS & #aE

TFEIIANVACEBEEERICTA0OUED
MiERBHFEET S, B NTF/ 94V RICIEF 41
DIMERIA D 1, EfZT DNA OMFEEE b & 12
A-F OEBEICHEIN TS, 20H b AR
SREEHENE, BERESFEMEETH Y, oRtix 9 Al
(DFE) *BREFBHEIROSNL V. LaL,
FREZBRW T XTI - Bk o8l %
NI URAT A= AT AEESRONSYY. HEIR
&, #35,000bp (4T = 2.3X107) O 2 KK
BIR DNA C, &/ AREREEFEMNIC AT S e,
WY, BATHE, BEEET & L CEN 14 sHIEATR
EEINTWAHY, YH#E(ETE template strand
& LTo r 42 E1A, EIB, EL, E3 @ 4 $HIE 27,
1 412 E2A, E2B, E4 @ 3 $HINAEAE L T B,
RAEIBUS LR D RNA R x5 —F [ I12LD
HEEN, HEBRORATIAAHEERICTS
mRNA BLUEHE.Y I — F§ 599,

7T A NADERIZT OREE, BRTA
WABIO7 A4 )VA DNA Wi 2wz b5 v A

HANA =4 =373 11 (2) CERT4E)

722 a VERICKDITh RO 2ok
R, BEETFRr#HoLEmICMET S EIA EIB
BIEFLRE SN (Figure 1). 2 b OFEE D
SEHEDONS v A Tk — A= a YICEHEICHE
BRI HZEBOBABEDIAREINDDY. Thbb,
E1A #1453 B4R % 13S, 128, 9S o 3 #f
D mRNA HEEE S, 13S 25 id 53k, 44k @
BEHEDS, 12S 251355 F & 47k, 35k, 9S 5 ik
28k DEHEFNZFNEFNEK SN A, —F5, EIB
HEIZF 2513, 22S, 138 @ mRNA 2 X ) &4
54k, 15-19k D EHE XA &N b (Table 1).
ZEBE'E L, Table 2 IRT & 5 105 ¥ R i%he
MdH I EBMONTWAM, ELIA FEIHICHE L
T, 135S, 12S mRNA O a2 — F 45 EBHE N E
BT, IhSEMIEO DNA Al %FE LY, b
FSUAT A —RA—a VIZWHOKRER AL TW
AP 138 O a— F§ 5 53k, 44k DEEAH IEB
LICHIRZ e %) v EMEEBE T, Mifaic
K AYEGERE % 52 CAEAL T 2 HEEE A L T 5.
COB, MT YR+ — AT EESE 2 254
& & BITIHE R HIERE 2 R TS, MERKPTHa
O = —JERGRE R BN BT A IEESRE A E b T

E1A E1B
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_______________________ __//‘\
3350
X
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26K — e T T = 11.6K
6K o ,D1216 e T T . 84K
1541 2030 19K 3373 3805
| seee——— L——:!m

The transcripts are represented below the scale of r “template” strand, of which continuous
lines indicates the segments of rightward transcripts in mature RNAs and interrupted

carets denote spliced sites of RNA.

The open reading frames (ORFs) and estimated (not

measured) molecular weights of the products are also stated beneath

Figure 1

Gene map of E1A and E1B regions of adenovirus type 12.
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Tabel 1

BANA S=4— 3756 11 (2) (FHT74H)

The products of adenovirus early region 1A and 1B

Coordinates

Region (map units)

Proteins

Transcripts

estimated MW measured MW

EIA 1.3-4.6 13S
128

9S

30k 53k, 44k
26k 47k, 35k
6k 28k

EIB 4.6-11.2 228

13S

B i e B Bla

54k 54k
11.6k 15-19k

Table 2

The functions of adenovirus E1A and E1B genes.

Proteins mRNA Localization

functions

E1A 53k/44k 13S nucleus

cell immortalization (incomplete transformation)

transactivation

adenovirus early genes (E1B, E2, E3, E4) : essential
for virus replication

cellular genes (HSP, S -tubulin)

transducted genes

transcriptional suppression

cellular class I MHC gene
transducted enhancer genes

E1A 47k/35k 128 nucleus

essential for complete transformation

dispensable for virus replication

E1B 15-19k 13S nuclear & cytoplas- essential for complete transformation
22S mic membrane cellular & viral DNA stabilization
enhancement of efficiency of virus replication
E1B 53-54k 22S nucleus & cytoplasm initiation of transformation

enhancement of tumorigenicity
essential for virus repllication
binding to p53

Bnwid, AEfh b v A7+ —A—arl
APIREZ V2 LaL, ZHIZEIB F721dk b
T OWEESMb B EEE2B YV A7 4 —
X—=3 g YASRI AP, 53k, 44k EHE 3 o#E
ZT DS 2 485 £ 723906 L <+ 2 Bpe s
&Y, ERE EIB, E2A, E2B, E3, E4 OB 2 LHE
T, A NVZOEIAICLEOBE % L Tn5BD,
% 72, FEIHLEET p53 ML B-F 27 >,
By gy VEAE L EOBEFOEE ST
BN ATk, 35k HEE OKICREST ) VB
ILEBEE T, AL S hz il % B 5 A5
ANV RADOBFEIIIWIAE SN TR v,

EIB 22S mRNA # & i3 53-54k $ X OF 15-19k
HHEEAH, 138 mRNA » 5 13 15-19k 3 L O°
8-12k EHE PR S NG A4, EBRIHRH S
HDIE 812k WA 3HTH S, 15-19k &EH

B, MRERCREL, Mitoxes o
VAT — A= g VIIRURTHHIE %
NEHETIE N T ¥ 27 % — G E R 005,
ElA BETEYORELGHAL L% b5 >
AT r— A= arkplERIY. i, ik
~N% K9 DNA DB R R IS X » TR s
NZOEFE, HlgR STy A VA DNA O%
FEALICHFGT 5™, —F, 53-54k EHE M
DIIFI VAT —A = a VORBBIOY AL
ADVEFEICLE L EHE TH A2, Tl
MEEAED—2TH5DH pb3 LA L, +Dkk:
EHELTVADHDEEZ SN TNELDY,

I. 77771V AEEIEF
DftEe & MM ERE

HAE, 77/ 740V ARG L MRERT &
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DA EBAtR2S, MfaEsE & Rk, MRSE & v o7z
MIRBIC & o CEEZBS L BRSO TRIMICHR
Wahoodh5%, ZOBETIE, ThITELNL
HMA DS b L BLOBE»S, 770
AW AEBRIZTFEDOMIERT & ORfRICO &
Filk 9 %,
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TF ) AN AEIET DRI 4.5% \[CALET
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DIEBALICBHR L T WA Z e LM & 7 5 7299

29 L7BEEEICHIG LT, 4 CR fHIBLI MY
G & BB L iR E R E AT A L
AHLMPI R 5> T&Z, ¥, MEFMECTR
WREENZIENE EIEF RB OFEY, pRb
(p105) & E1A BHEM AR LR L W 5FH
MRS E R 0P, EIA O EEAA CR1 B
XOCR2 LFREENZZ®, LA b, pRb EFAL
DNA JEE Y A WV AD—DTdh AH SV40 O T HLJE

LHFEMOMAETHET L2 »5Y, EIAILX
% HEALBEME IS BV C pRb DY E 4R E A b 5 T

Wb EEZ SN, pRb M EEEE KT E2F
ERERERERL, Gl &M SHICBITAH
o) YELIC K Y E2F %, fEEEL 72 E2F
WX Do DNA AR E SN Db D EE R
LN TWAY® A EIA OfEE LT, 20
CR2 #38C, pRb 12454, CRL #HIOM XX
N E2F %fRBEL, ZoOfREe L CHIfakEE % &
DLHEEZLNTVAEY, Zhid, MEEHCE
i} % CyclinD/cdkd #ARIC X % E2F f# 8 o 1%
R L 22 /ERIECTH 5.

E2F ORI 134~ 2 MK 25 B4R L T

HANA S=9— 375 11 (2] (FE74)

WA DS, pl07 b SHEAIZ B VT CyclinD/cdkd % 72
& CyclinA/cdk2 & AR % B L T E2F 124
AL, HRNEsE <> DNA &R ICLERELRTEHD
EEOREH#IToTwaD LHEMSNE®, CR1 B
XU CR2 13, 2o plo7 L4 LT E2F % fRuk
L, MR OB % M L C W B RS B0,
%72 GO/G1 #i2 B\ T E2F #=EmME % I+ %
HF & LTo pl30 &£HE X, pl07 &£#50% O
TI/EBEOKREQY—%KFTAH RBEET7 73
J—D—BEAhrENTWASA, pl30 b CR1 B
LU CR2 LA TAILERHONTWBY, L
ro X1z, CR1 BX U CR2 3D RB fEHD
HBETF7 7 IV —O&BELHE L, HMllghghE
AL, MRERLSETVWHELDEEZ LN,

Zh e ixpiz, p300 EHEE X CR1 & O AfEA
L, ZOkE G2/M Mokl ThHADEH
AL & B A, ;nbihﬁWMFkii&
LR TO ELA I WAL ST A L
#mkéntww.

% B 13S mRNA IZDHFFIET A CR3 121, Zn
T4V H—FEF—T0BHY, TBP (TATA box
binding protein), $=5[KT ATF % & & O#EAM
PHLTWAY, TV ATr—RA—ared
BRIZIH S T,

2. EIB &fcF LE{LRROREL

EIB BIZTFICiE, RO X 9122 BARICH
B % 98 b BRI Sk was, E1A I X
DAL RSEE b T v AT —A—av) &
NEMBEEELZ T AT+ —A—Ta v~k
B OREN D H. CORREEOMIH oL, T
I IANAERRTD T T — VR AR
KRDEIT IS - 72. TAKEMORI 513, &4tk o
S o S 28 FRR cytocidal mutant D2 & (LT
ot A5, EIB 19k EHE % 32— F$ 52 & &l
L7299 Z 0D opr BB B E M A% 08 <,
Ml DNA OELZfEV, bPI v AT —2—2
a ¥ DRYRIEN T & DB S T 2 o F2 008,
512, ZOMN DNA OARLEMIE E1A #E
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SURVIVAL RATIO

AARNA =% —3I 735 11 (2)
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The transformed cells were obtained by transduction of pSV2Neo plasmid contain-
ing E1A or E1B genes, cloned and characterized. ~ Each cell lines were heated at
42.5TC [, 43.0C @, 43.5C O, 44.0C X, and examined by colony formation
assay.

Figure 2  Heat-survival curves of the transformed cell lines.

(PR 7 4F)
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T CR1 $HI D 22~86 7 3 / Wik ADffEIC X »
THeHLEaN72bDTHLFENbr o724, EIB
19k BHEFCNREZFHH L TCWEbDEEZ LN
72, %7z, DNA O8I MRS 37,
YL L2 4 VA DNA IZH D HND, o)
ANFHRD X% B 7o ¢ 72D LB R RE &
Bbnz.

—7, EIB 54k &HEIC bR LHINL o B H M
R HEERED H D, 19k BEE & B H ek
AT AWEMIRENTWEA, ZORIZHL

TIEIHEEZET p53 & ORMR THIZEASHEED S h
Twn., £b%b pb3 MHEE X, SV40 O THIE
EHAELTVWSHEEAZ LTRSS
N F L TT) A NAOEEIE &AL
TWah I EFREsns. $%bb, EIB 54k #°
MMM ERETHAH po3 EEE L, ZOHEEAK
MHET AT+ — 2HIROMBEMIZEAEL T
% LB L 729, p53 G OBREDS - T
VAT k= A= a yOWHITH HHEIHHS IS
% 0%, E1B 54k &G OHEREAT, pb3 DiF %
HEFTL LKL RECH D EEZ LN
729, BED L A, pb3id, cdk IHHEEHE L
Al 2 5 % B 9 A 0 T ' 21k O & EHE p2l
(Cipl) DEEF 2 EHLLTWB 2 b o T
WA, S HICHE T, p53 1d SV40 DNA O
BB LG mAHE O BLHI, TGCCT o KBRS,
X U GGACATGCCC ®/8Y) » Fu— AFEHIZHE,
SN b &9 RFRRIERERY %58, L0k
HTLV-I ®LTR ® enhancer BCH % 38 L THE&
L®, BEEEMILT 5. 72, pb3 3k~
HEIE, TRMNIAFEEAEELTHHAS
NTWBA, FRIZEIAICXDFEI NS 7K
F— 2% fRHEL, Th% EIB 19k B L O 54k
PP % & v BbR b KA BLBRGE ),

I. 75/ 994X+ kS Z
7 #4 — LR DR B2

PLEai~7- & 912, ElA, E1B BIZFidkE4 7

HANA N—=H—3 756 11 (2) (CERE74E)
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Figure 3  Arrhenius plots of the transformed cells.

MR T L R LAV ARSI Z R L s 2 5
CEFHBNE R 52D, FNTIE, 5 L
(LB & b B W OIRBAEZ M & DRI
LT BHDTH S ) D

8513, E1A (nt. 12-1596) 3 L O E1B (nt.
1536-3858) % pSV2Neo N7 ¥ —iZ/u—=v 4
L, Fischer &7 v M HROMMEIHNL 3Y1 1238
A, BoHN T Y27+ — LN OSSR
*ME L2, ZOHEE, Figure 2 D XS 12 E1IA
i b BN E (<, 2w T EIA+EIB, E1B,
Y1 DJECHWEZEABDO SN E5I2T
L= ZAfEHTOD % 4T ) &, Figure 3 DX 9 i
EIA #&E A L 7-#ifg (E1A, EIA+EIB) Tid
42.5C YL E OB BV T X ) B VWARE{LT
ANWF=DMEHLTWAIEIIRENT. D
&Ed 5, E1IA HAMMCX, E1A OFHIZX
FEAL & IR IRE A 2 MBSO I & B 1 2 28
AEBELTWD Z EATRBE N X 52 BIBRGE

WZ kL, EIABEMTEFI v 2 74— A L7
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foiz#g~, EIB #4LiCEA Lz flilsTiz 2 0
BUR AR T L, E1B 5L 0 P % & o
LB F AL TVAL I e FHM S22, KT,
El1A OCRI fHIBICER 2 b2 b TV 27 3 — 4
R D RBMESZ M LR~ 2, BEMOAE
OIETFT DB E LB, 7Ly ZRIFTTHLAR
WAL ANVF—ZETLTED, ElA KX B
ZYHEOBKRA CRL KL TV BT L AL R
Lo 7™,

E1A & A MR & FEE A MR o B 0 iR 252 1
DM, FEREFENICOHS 2 2xflbid R L 7.
E1A 3 A MM C iR 540 2 & B g t0 8 O S,
Wik b, MIRE oW R La3o S0l L,
B AME CRFEMOBEZRLERT O OD, %
OHBIASENRT W, S5 IIEBERKE 217
&, E1A HipE A M <133 7% DNA ORTA 1L
HHERR S, MBI X DML 7 R b — 2 R
kadborEzonl L Lids, ElIA &
2 EIB 238 A LM TIE I 0 XS & LA
A7, EIB ST HE =3 2 23H, Ml IcE
BB 2 5 2 725 0 L HERI S h e,

DX, TFIIANVAERETFDOD b,
FEALAE 1 BeBS oM R+ 5 E1A @z T o%BIc X
DR RBAEZHEIEHT D, ToFLE LT
ElIA 287 R b — ¥ X % Fi¥ L C v AW HEHE AR
ANtz &5, ZORBURZEORILIZH LT
EIB (3 #IHI B C HEAE L 2228, C oBkfEid 7R
=Y 22T A LICEDBHEEATVE D
DEBbN, TFI)IANR F I VAT =14
MRS 3 % sk O BB 5L & Ml 7 K b —
AN REE L ARYE D SH L ATRIBE .

V. 77/ 714NV AEEIETF
DEBETRIMN—T X
7RI = 2, A Ol HA TR B —E
D7ury g b MR, MigolEm (%
EMOEE), REFOLN R L T2 EAi
AU MR X0 R & R A E AR o R

HARNA 28— — 375 11 (2) (PHL74)

(apoptotic body D), BT ML X %M
FAWTH D& - il v o TR R S 2 A
T 5%, EfLFICIE, 441k DNA @ internuc-
leosomal nucleolysis 12 £ BWF LA RS S 59,

TARN=V AOFEI L R RTFHPEEST 5
ZEMAMSNTHE Y, TNF, ¥ Fas Piik, PifE
R, SR, Boa v 2R ERHITOND. BB
WX BTHR M- AFEHEIE, CHO Mg, €+ T
HIRE, MEEMINE T SR RV FRIc LD Big L L
THOLNTWED, ZOFFMRERIZIE R BAR
B 72 5 3% 0,

TR M= AOFE A H NI b
%7 RN =T ARMEBIET 120 W T ORFZEIL A
SIS L, #HJE Caenorhabditis elegans @
AL T ced, nuc-1 DML, p53, c-myc, bel-2, E1A,
EIB D ZFBIEZT ICOWTHRITATTH o Tw
HLLIATHDY,

1. EIABEFO7Rb— XFEEE

ElA EnT %A L 22 #ilgC oM DNA, 7
4 )V 2 DNA OWiFLicoWTid, & AHE or
LREME BV EBRTHIBENIOR I TV o9,
Zm1%, E1A EAMALIC BT TNF FEko 7
RE— P ZAHBEEENL LMY, ZhIZid E1A
® CR1, CR2 S EEZEZONDL T LG L
%ol FEWwTC, EIABETFIFI VAT +—4
MIBLIC BT A TR b — Y ZOFHEIZONTORE
B ENEYY ZhiCkBE, EIAICKBTH
b= 2 DFHEITIE p53 BEHE OBEEEEE T,
ZRICIE E1A 12X % ps3 T DG HFHELY
& H\ it pb3 EHE DL FEAO VR L TV AHT]
B2 D 5.

B oBFICRONA L HZ, pb3 BEHY
7 RN 2OBRTEELZEH ZHo TS
AT — I DNA ICBEE DA U2,
p53 EHHE DA T A Gl check point FEEEIZ L D 7
Rr—vapFHans Ll sh s, ito
T p53 EAE & /KIE L 248 T3, Hihs:
b FEIIER T 5%, ZoEEOFEMIE AT
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oY, BEOEEICLLE, IL-18 THEEE
(ICE) DiftE b % i U CHRE D% O RFE 1
PEICHEL 5 2 ChAIRREIRE D, Ly
L, —HTix ps3 DG LZVWTHF— 23
HGHETAH IO OO D STHIC
BAUEND .

2. EIB&EFICLBTHb— Z0HF

Bk ~7-X 512, EIB #E{EFi1&, 2OER
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DNA 7 R b= AKX D EET B 2 L 2w
TWBBWOO0 x5 TNF, ¥ Fas ik, #t
ER 2 LI X DFEINDL TR — 2 2 2
HEERET DAL TVEYDY  “hbidwnihd
EI1B 19k HEHE DML L A% SN TWAHA, JFHIC
DT 3 7 FR¥EIE 50-51, 90-96, 123-124 ASEHE
EEZBNTWAE®, T 27 5—LHlBICE
WTh, EIB 19k EHE I3 E1IA Ik 5> THE S
NB7RM=2ZA%RIFIL, 5% LIHEHEEY 5
ZTWVWAEYY NS AT —RA— 3 v ORE
ET R =T XROWIGIZNE & OB 2 LR,
EIB 19k EHED 7 3 VEBESI L, 0204
BV UEHMICMET AL LObHLRTD
5O Z OKEREERALIE, BB T X RIS R,
Bel-2 & ORICHEBEAAS N TWAED, BE5H
< E1B 19k & pb3 12xF L, Z DFEEE % MHEMIC
LT s TRAEVIERDbRS Y, 0
Mizbd o TR, &L, EIB 19k &M A
AT H5MAEMERTF D cDNA 257 a—= v 78 h
2 DIEW D, SHROBHTHEND.

ZHIZX LT, EIB 54k HEHEICH T7TH b=
ZPNHIBEEED A S B, EIB 54k X, F i3k
JERT pS3 LAEA LY, pS3 #MAET LA 721
ZOHEEEFHEL, 7HE M-V 2FHHILT
WhHEEZHNBDD,

E5IC, TRV AFEL X OHHICET 5,
EIA & EIB 19% & O BfRix, v b o EETF
c-mye, bel-2 & DFFRICE LBPTW B2 Z
3, B MEICBTARMBEZEERET LT E

HANA S—4—3 756 11 (2) (FR74)

THLObNE LIS THS.

b b Y i

T T AN AREBGET & MO IRBRSZ I
M+ A2BAET TOMRIZOVTIRA. 2O
Tlx, 77/ 9ANA - b7 27 5 — Ll
BIFDEY 3 v 7EAHICOWTIZIZE A L0
%Mo 72 A%, E1A BIZET 12 & % HSP70 D& D
FEHIED LN PR, p53 EHE & HSC70
B XU HSPT0 & DHEEGRRASHR SN2 L
BEFMEINTVAED ™, $E5T, 4% EIA,
EIB HHE & DB DTS DO BRAH S I &
> CL BHREED S B m AT INZ TB & 720,

KuFED—HBid, CHARFFEE GREES
05151059, 06282120) D#iBh % = Thhr:. =
ZICREL, #WEEERLET.
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Relationship between the Functions of Adenovirus E1A and E1B Oncogenes

and the Thermosensitivity of Their Transformed Cells

Muneatsu Toshima

Department of Internal Medicine, School of Dentistry at Niigata, The Nippon Dental University

Summary:

A considerable study has been carried out to substantiate the selective killing effect of
heat on neoplastic versus normal cells, and generally revealed higher thermosensitivity of the
former obtained from human or animal tumors. Recently, the neoplastic cells experimentally
induced by chemicals, ionizing radiation, tumorigenic viruses or oncogenes has become avail-
able and important for the strict analysis. = Among tumorigenic viruses, adenovirus is well
known to transform rodent cells, whose genome is a linear duplex DNA molecule encoding for
20-30 polypeptides.  Oncogenes of adenovirus are identified as E1A and E1B, which are
tandemly located on the left end of the template r-strand.  The 53k/44k proteins translated
from 13S mRNA of ElA immortalize embryonic cells to accomplish the first step of
transformation. E1B encodes for the 15-19k and 53-54k proteins which stabilize cellular and
viral DNA to be essential for the complete transformation.  Very interestingly, the thermosen-
sitivity of adenovirus transformed cells was coincident with EIA expression and on the con-
trary E1B gene exerted inhibitory effect on the cell death by heat. = Moreover, heat-treated
E1A cell represented the immediate chromosomal change and the internucleosomal nucleolysis
compatible for programmed cell death (apoptosis) , while the transformed cells with E1B or
E1A + E1B showed the delayed morphological change and the less amount of degraded DNA.
Consequently, E1A plays an important role either in cell transforation (immortalization) and in
enhancement of thermosensitivity.  As it has been evident that E1A interacts some cellular
proteins intimately concerned with cell replication, such as pRb (p105), p107, p130 and p300,
E1A may function to endow the cells with thermal instability via these proteins.
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