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ABSTRACT Human adenoviruses have the ability to transform rodent cells in vitro. They are
classified into several subgroups based on their tumorigenicity in vivo and DNA sequence homology.
Thus, the adenoviruses offer a valuable system with which transforming ability and tumorigenic poten-
tial can be analysed comparatively between oncogenic and non-oncogenic serotypes in terms of molecu-
lar genetics and molecular biology.

In order to analyse the trénsforming E1A genes of human adenoviruses, we constructed four
chimeric E1A genes between non-oncogenic type 5 and highly oncogenic type 12 using restriction sites.
They are i) type NI composed of type 12 first exon and type 5 second exon of the E1A genes, ii) type
C with type 5 first exon and type 12 second exon, iii) type N carrying the N-terminal half of type 12
first exon and the rest from type 5 sequence, and iv) type NC composed of type N first exon and type
12 second exon.

By analyses of transcriptional regulatory activity and transforming activity of these chimeric E1A
genes, the following results were obtained.

1D All the chimeric E1A genes exhibited transcriptional activation, showing the E1A sequences of
Ad 5 and Ad 12 are interconvertible.

2) Type NI showed the strongest transcriptional activation among the four chimeric E1A genes.

3) Only type C showed weak transcriptional repression.

4) Types NI and C, but not types N or NC, showed the transforming ability on the established rat
cell line 3Y1.

5) Primary baby rat kidney cells were transformed only by type C chimeric E1A gene.

6) The above results suggest the presence of interaction between intramolecular subregions of the
ElA gene product. (Received December 9, 1988 and accepted December 19, 1988)
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F) % %2 p5XhoC @ EcoRI-Xbal 7 5 7 2 v + &4
£ 1T p5A12-NI % fE8LL 72
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Fig. 1 Structure of recombinant plasmids. pSEIA
and pbXhoC contain the left-most 1770 and
5788 nucleotides (nt), respectively, of Ad5.
pl2AccH contains the left-most 1599 nt of
Adl12. p5A12 contains the whole Ad12 EIA
region (nt 179 to 1392) in place of the whole
Ad5 EIA region (nt 192 to 1574). p5A12-NI
contains the first E1A exon of Ad12 (at 179 to
1143) in place of the corresponding region (nt
192 to 1228) of Ad5. p5A12-C contains the
second E1A exon of Ad12 (nt 1143 to 1392) in
place of the corresponding region (nt 1228 to
1574) of Ad5. pb5AI12-N contains the upstream
control region and the N-terminal portion of
the first E1A exon of Ad12 (nt 179 to 700) in
place of the corresponding E1A region (nt 192
to 761) of Ad5. p5A12-NC contains the
chimeric first' E1A exon of p5A12-N and the
second E1A exon of Ad12. Open box indicates
Ad5 sequence and solid box shows Adl2
sequence.

3) pl2AccH O HgiAl 75 7 2 v v % Hinfl iz &
HAELMEILL, Klenow fragment CH ISRV
Kpnl TUWiLIc7 5 7 2 v &, RO p5Xbak @ Hinfl
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4) p5AI2-N @ EcoRI-Accl 75 7 # v v, RO
PSA12-C D Accl-Hindlll 7 5 7 A v + % EcoRI B (¥
HindIIl THIB L7z p5XhoC Ic#E & LT psA12-NC %
{ER L 7.

¥, Figlek Wiz fhkore—=v 7o
757 A7 OFIRERC I 50 EL, FBAmEE
DEFEIZ L - T, HEEROT I HLELERLES
TAINPOBRESOEEFSNER STV 5,

2.2 EEIEENERMEDEIE

2:2:1 MRRUPNFI>RT7xovar

HeLa #if2 5% v < B R ME &I 2 e £ L= 25
A — 271 (DME) #5#0, (Flow Laboratories #) ©
FBELI VAT 22y vOR] B iciiEig 3
105/100mm 7" v — b i HiRE B A SR U 7e.

FIVRT 2 Za R VEE S Y D AT
W&otz 250 ul 7523 ¥ DNA(chloramphenicol
acetyltransferase (CAT) BEF 275 % 3 F
DNA1Oug & AdE1 75 2 3 ¥ DNA 10~20 ug) %W
/225000l D 0.5 M (LA Loy 288, ROB500 ul D
50 mM HEPES (N-2-hydroxyethylpiperazine-N’-
2- ethanesulfonic acid) <280 mM NaCl-1.4mM v v
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Fig. 2 Schematic representation of E1 mRNAs and
proteins encoded by recombinant plasmids.
The top line represents the left-end portion of
the Ad genome demarcated in kilobase pairs.
The exon of the E1 mRNA is represented by the
bold line. The arrowhead indicates the 3’end
of the mRNA. The predicted structure of the
wild type and the chimeric protein are shown
by the open box for Ad5 sequence and by the
solid box for Adl2 sequence.
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Fig. 3 Expression of E3-CAT plasmid in HeLa cells
transfected together with pML2 (control) and
various El alleles. The position of chloram-
phenicol (CM) and its acetylated forms (AC)
are shown.
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Table 1 Transactivation of Ad E3 promoter.

ENTF AL RS EITRON2 B ELIA F £ 5 R 2 A O BEERENT

103

CAT activities expressed in the presence of vavious
EI genes are shown by relative amounts of acetylation products as compared to that of
control experiment in the presence of pML2.

CAT activity

Plasmid
Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 Average

p5E1A ND# ND ND 1:35 1.80 1.58
pl2AccH 4.94 2.20 1.47 ND 1.44 2.51
p5XhoC 16.23 3.93 10.61 8.90 9.20 9.77
p5A12 7.70 3.23 7.63 18.43 5.40 8.48
p5A12-NI 20.96 28.19 24.72 77.83 15.31 33.40
p5A12-C 15.92 4.72 2.60 47.35 7.07 15.53
p5A12-N 7.43 4.37 3.36 46.15 4.62 13.19
p5A12-NC 3.24 1.92 2.52 7.77 1.78 3.45
pML2 1.00 1.00 1.00 1.00 1.00 1.00

a) ND; Not done.
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31 7F/94LR5E/12 Bl E1A £ A S4RA AN
e

Ad5 B E1A fEE B3, B—D7rE—2 - L DEK
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9SmRNA X REFHHoOMEF I R I h 5%,
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125 Bl L RO THS. Adl2 T EIAmMRNA (3,
—ODEERBE, —ODAT A4 AN F MM
ZERICE Y AEED B, S5HOBELEEE 1V
rYOKXIOE NI Y 30K (266 7 3 VR & 26
K235 73 /B D= oDx_7F & a—FLT\5AR?
(Fig. 2).
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Fig. 4 Expression of CAT gene dependent on polyoma
virus enhancer in the presence of various El
genes and pML2 (control).

Table 2 Transrepression of polyoma virus enhancer.
Relative CAT activities expressed in the pres-
ence of various E1 genes are shown.

CAT activity

Plasmid
Exp 1 Exp 2 Average

pSE1A ND®» 0.12 0.12%
pl2AccH 0.56 0.60 0.58
p5XhoC 0.62 0.46 0.54
pSA12 1.02 0.44 0.73
p5A12-NI 1.02 1.36 1.19
p5A12-C 0.48 0.31 0.40
pbA12-N 1.29 2.88 2.09
p5A12-NC 1.25 1.55 1.40
pML2 1.00 1.00 1.00

a) The number is the result of exp. 2.
b) ND: Not done.
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Table 3 Focus formation on 3Y1 cells. Listed ave the
numbers of foci based on counts of 5 dishes 4 weeks
after transfection.

No. of foci/5dishes
Plasmid

Exp 12 Exp 29 Exp 3¢
poE1A ND® 407 20
pl2AccH 71 126 21
p5XhoC 337 814 193
pSAI12 99 308 19
p5A12-NI 235 533 138
p5A12-C 197 452 98
p5A12-N 0 0 0
p5A12-NC 0 0 0
pML2 0 0 0
a) lug DNA.

b) 4ug DNA and 16ug carrier DNA.
c) 3ug DNA and 17ug carrier DNA.
d) ND; Not done.

Tabhle 4 Foc>s Jormation on primary BRK cells.
Various Ad E1 genes were transfected with or
without the activated H-ras geme. Nuwmbers
of foci ave shown based on counts of 5 dishes
3 weeks after transfection.

No. of foci/5 dishes

Exp 1? Exp 22
ras ras
Plasmid — + -~ +
p5E1A 101 135 16 42
pl2AccH 1 0 1 0
p5XhoC 158 261 95 176
pSAI12 0 0 0 0
pbAl12-NI 0 0 0 0
pbAl12-C 87 157 64 101
pbAl12-N 0 1 1 6
p5A12-NC 0 3 0 1
pML2 0 0 0 4

a) 5ug DNA and 1 ug ras DNA.
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% (Fig 2).
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Fig. 5 Schematic representation of conserved amino
acid sequences of E1A gene products between
different serotypes. Stippled boxes show three
conserved regions D1, D2 and D3. The number
on the border of the region indicates the posi-
tion of the amino acid residue relative to the N-
terminal residue shown by the number 1.
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P

Table 3 IR LcBfHIY, &FFAIFDIIVAT =
ZvaviiloTHRENCr VYR 7 +—aflAD
7 —HARDOEHME (S — 1+ 58K ThHA.

58, 12 8o E1A 4% 42 pSE1A, pl2AccH &,
MBI Fh 5 E1B 2303 - 7z p5XhoC, p5A12
T 4 = hABEDB BB, 5H/12 8% 2 SHB L
fkodhtiE, pbA12-NI & pSAl12-C Aip5A12 Lk h &
7 & — H AWEAER R L. p5Al12-N, p5A12- NC i
7+ — B8 AT D b Tehs - 7.
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Table 5 Summary of Ad EI mutant phenotypes.

coding vegions and phenotypes.

5FIEIA 4% H 2 psElA & 5 EIA, EIB %%
> pbXhoC & T7 # —» AEI A bRt L, 12
B E1A DHx % 2 pl2AccH & 12 B E1A, 5F E1B
B h 0 phAl2 ETIL T + — B ARG EAELLR
Teinote. 5F/12 Bl 2 S MM 2 AP Tl pSA12-
CoBNP7 +—H AFEELTL, MOBBRLETIZ
T A= AABRIRZEAERLREh S, T —h
AR R BBk 2 kg B, WThi 5 F ELIA
DE1=zyvidb, Lrb s EBEETLEDZE
SVYAT7 =7 b LItEER, 7+ —-hAPREEITEL
s o7,

4 % =

757 v A AADEREET E1A OX B0 —
DR, TOBEBFEWTHHL VA7 ENMLT, VA
VA A EOMOPIIIEBS MR E T 0BT #{E
EHDHVCEHF L CHEHMT B END D, 0T T
7 4 A E1A 0 X 2EFEFREICO VLTS5 BA A
WS L, LML IR ED3 B EERD
DRLTOBD TH 5.

777 AR ElA BrFRicE, RERRTe -
FENhBT 3V BEFIALSEEINTCAEEN 3 E

Mutants are chavacterized by sevotypic orvigin of

5 denotes Ad5 sequences and 12 indicates Adl2

sequences.
E1A E1B
Exon 1 Exon 2 Transformation
Trans- Trans-
activation repression
Plasmid Domain 1 Domain 2  Domain 3 3Y1 BRK
p5ELA 5 5 5 5 - + + + +
pl2AccH 12 12 12 12 - + + + -
p5XhoC 5 5 5 5 5 + + + +
p5sA12 12 12 12 12 5 + + + -
p5A12-NI 12 12 12 5 5 + + -
p5A12-C 5 5 5 12 5 + + + +
p5A12-N 12/5 5 5 5 5 + — - -
p5A12-NC 12/5 5 5 12 5 + - - -




106 BEALTEK - BHER

Fao, onbofElit EIA BEFoRBR it
BETHHEELLNTWA. ZhbHo 3HET, 7/
A LD NFKWRENSENRLH, VA4V, FAAY
2, BRUK 24V 3 LT T51219(Fig.5). 05
B, FAA4v1E2Ta—FIRBEHE)RTF IS
PR BRI B 535 2 LA b, BB
B4R B ETR A~V — L L VEBEL R
AIMELRT WA L S ey ~ vy —TBIRTFTH 1Y,
- A2 B L B 5 v R 7+ —afifah i EER
BESEETESE (major histocompatibility com-
plex; MHOORBBEE L <L TR 25 &3
HBERTGWB29, ZoF 24V 1 B2 EkizEs, b
SVYRT x—A—vaVviERIIBEET A ENMD
NTEHEE L SuzTr—2—vavOREELL
T, MBI O FESEE o Bl o MHC 0iF
% SRR E T OBEENHIE X 5 aRIRE 0B
fi7e & HBEE-T B AREMEAE 2 b T B263N, —T,

FA4v 33, 12SmRNA EFFETEL RV 13 SmRNA
CEEO7 3 BES = — FEEETHE A, T O
o7 5 v 4 A ARG TS MRS T O
ERG(REER B ST 5K ) T F PG xa— ¥
5 EE 2B T A1),

NN ERERCT-7T7F 7 AR 5HI/12 Fl
HBRZ2 AL 2BEEREMEERT TV AT+ — A —
o VIEWOBIERRY E L D70 Tableb TH 5.
EEREEED S b, BEREERCEL T, AR
2B E L2 E1A = —FEBADON, [, CoD 320
S5 E L 128 L O CEARNICEBRETH -T2 K
BERECHEETHEENDLEIADE 1=y v ] HE
MOF A4 3iERET3E, &b CAT EEOE-
7- pSA12-NI D ¥ 2 4 v 313112 8chb, p5SA12- NI
 DEEFTY AM VY IHEDEIAZE 1=y v VOB
EIE S CRBI AT T IER Y BBl L
p5A12-N T, pSAL2-NI icH~FEEIVE T Lz, &
Bz E1A = — FEBREEN 12 BICchp5 psA12 &, 18
oLy 5 BICEB#R L7 pSA12-NC LTy, $BETHE
MWAME T L. —F, FA4v 3R UESETh, ElA
2=V CHEBOVELTSE, EEIRLL T
EHBBEEINRE. LhLRb, T0H2=27Y VIR
DWTOMBEHOBEII—F LT inhote, Bzl
pSAl12 & p5AI2-NI Tk, 2 =2 v v 5HMotksE
DOFEMIE <, psXhoC & p5A12-C TiF, H2=27
vl 12 BOBEOEENEN . b ORI,
BREREEED Y 2 4 v 3 2 ST [ B0 THESh
50T, ElA =— FEBAOMOBERS & O

FLIREE 3K

Bl HEEERAEET A L 2TRBT 55 0TH
B, 51, oo FHEEEOEELERCE T 8T
HiEDB EDEIA OSBEEEOEBINETHL L
Zxbhb.

BRI BT 5 EE T, pbEILA,
pl2AccH, p5XhoC, p5A12 B OF psA12-C THIHIE
EERA B, EBEMEIEECE L CiFilko%
2 — FERAOEER S & OHBEIIP A Tiline.
&%, 12SHEET & 13SEETFO—HOREREETS
cDNA #i# z 5=, EIB &L ekl zkofHy
BRI T o 0ERE D LEZLNS.

75 /w412 EIA ROEIB&ETEYOEEELL
T, ROABEROIIBIELThA. Tidb, invitro
ERWCTREBSHEBEO NS Y AT+ — A — a v &E]
oL, ThborSvA7+— ALty = —
F=v ARLFERBERCERT L LBEVRS L L
A, lXUDILBRIL S, TF UANAD in vivo
TOEBER I T VA7 + — AHIORREECE
0 5EEEN & ERcmERC L - TR, EERE
M, TFREME, ROSERBMCHE IR T B2,

CoMEAMCEEEEOEV- ST ARFOME
Bt DIZE S B % L Tl T, in vitro DR T
3, SEZEREME 5 B LR 12 Bl E1A RU'ELB &
Bobichr 2 s EYACT, BRK MO 7
VAT - A= a ViEE IEST 5 —EOERD van
der Eb b0 7 v — FIn X o Tl & LT 526803133 7
DR, MO VYR T+ — A - a VIEHIZDOW
TSR 12BOH 20 FBEH N &3, IR
Tx—A—a VEMREEROIZEIARNDE 1 =2
VUMD LT & e E A LA ATV S, O
oD invitro Db 5 v A7 2 — AfAORRZRS » b
FERTCRT 5 EEEE 1212 EIA i< AHEE L o
A, Z oEEEECHT 5 E1A EROBIE & LT,
Ml R Ak BB B ST 5 L b D B e
Thhie., ZOHOBEIE LT, BEEIEEE T
nizX 5k, AdI2Biz X % b5 v A7+ — Afflflaf T
i MHC OREAEE L A TSR TV B EWD
EENDTONAE, ABGE L5 v 27+ — AMATIE
COBRSERLbREsTe. ez X, AdSE
EIA BETFAREBETE F 5 v 27+ — sflfx, w5
BB I\ T R L THR S h
Bl IEREETH D, 12 B EIA BEFERBTS
M, MM AR ENL DTS FATH
FaR < bt dRm+ & T 53 TH B2,

bhbhiE SV AT 2 — 2 —3a VigEcBEET
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HeEEZLND EIA HENOEEL I HICFEL < HEE
T B0, 5T E 1280 EIA B34 B2 6% E
W, B iiEch 5 3Y1 M L wiEEmiaTh
LZBRKHIAD Y SV AT7 4 — A —v a VERBPIT ST

YT #BaEZ A SV A7 4 — A —v a VERT
i, 58KV 12 8o wtE1A % %2 p5E1A, p5XhoC,
pl2AccH, pbAl2 it d b5V AT » — AFEER
L. ZD5%,.5F E1IB %42 p5XhoC, pbAl2 T
FENZ pdElA, pl2AccH X HH S v A7+ —A
EENEL, EIB il 28R R s @obhie. 58/
12FEIA 2 SHB 2T, EIADElI =27V v
MI2E, 82=2vviR5HophAl2-NI &, ZDOK
M l=2 v vy N8, #ox s v v 1280
poAL2-C 3P 7 v A7 x—afg®RRE L. Ll
p5A12-N & p5A12-NC Tit7 » —» AR IERD LR
Tetvotc, NHEERE IEEOHBRZ AR N AIVIRN
WhdIEnb, FPALV1IDOBESDLEIN ALY
1& VA2 FfdNREEEOEOBEEEHORF
B2, P VvARA T — AERIEELRFRERRILLC
WHARESER D B L E L SRS,

BRK ffa% 2 b SV A7 4 — A=< a VEROD
BE, PS5 v ART7xr—ARERIRL L DIEPELA,
p5XhoC, KRU'pSA12-C T, \IFnd EIADE ]l =7
VRS EIThote, Bl=r v U128, it
1=z vvoNRKeHHLOFRMERE TR I12ETH
DB ZIRTIEN S VAT + —ARENTEAERBR
hrote, TRHOBRIT, FFvAR7+—afEIT5E
OFR12BE i HT, EIANTRELl =7 v VER
PEETHH LS vander Eb S5 &L T

3Y1 X U'BRK filach b, BEEMEOE L
5P7VART7 4 — 2EEOEOFER & LTI BRK #ifa
DX 5 KEMCEEMRTE, HEORTE LD bt —
EOMBTFORBEOBMHILETHLZ 1B
CBRhA. Tihbh, 12 F ELA €135 B E1A iR
BRK #iRg A SEA0T 2 BRBE R D CTHH Teb LB 2 D
B, SEDOTIEAMEEEIL N £ 1 v 2 EBSTHRT
VB R, REEOEEIIIOZ X EFFEL .

WEEN AJI2 Bl w4 4 I T B EEEN T,
EIAZ 5 EIA BT 5 & TRELELNDZ &
PRENTNBW, REERCFH L+ 2 5 E1A &G
FH, in vivo CHEERMEZ/RTHE 5D, $7-EIA &
EHEOMBHEENLBEEEREEBMEAER (tumor
specific transplantation antigen ; TSTA)DRE® 1o
EDX SR REb o, SHOBEE L TEKD S
LA THAB.

L bTF v AR SEFO2H EIA & £ 7 iH#a 2 RO BERERT 107

75 7 v 4R EIABERTE, MREEEET myc,
myb, fos, MIRMEEHIE p53, KV +—<T A AR
KB THREREEF 2 EDL 5 ICMBEORPRCE < EE
BFTHY, ZOBBEBETEDD S SEFTHEMEEL
MO NS VAT 2 —A—va VCEERBREL R
LTWw3EELXbRD. B, BEAHERETFLEL
LTV 5 retinoblastoma (RB) BEFES 2, EIA
BIETEWELEGEYHRTH EnREEh L
HTHU, 5, 7577 v 412 EIABREFICX
HHEOREREOR L E « DERBETFZAWT
STEEENCEN T L LA CBRTEDTH D 2
VRZUSTTTS B EL, fild DNA RIEE Y A
NMARV F ey A LRAEEET, ¥HIILe MERKR
FOPRE &b RERBORPCERLF SN &
542550 EELONG.

5 #& E

e b7 T AN ADERESETCH B EIA OERES
BT+ s BH T, JEREHEESR LEBERIZED
E1A ZHIRE R SR AT L e sz ¢, 4
BEO* A7 EIABRTFEBELL. Zhbidi)l2
RE 1= v v e EE 2= v inbEs NLE, i)
SEEI =7 v v E 12K 2227y vIsbE B CH,
DB 1=7vvoa—FEEO N KEH 1/2 12 1Y
TR S BALES NEROWVNRLFEUEL =2
v EREE2=s v b D NCE TS 5.

ZhboF 25 EIA BIETO S OBFFREEE RO
FI VAT a— ATEEERBRRT L CROBEREE .

D #435 EIA R ThdEERESRELZTRL, 5
T L 12 B E1A OXISIS IR E it Th o7

2) NIRE B CEREREEELRD .

3) CE oW TORBVCEENHRYED .

4 BRMLIYLI MR Y 5 v 27+ — 2 B7EMRIE NI
e CHEicHbbh, NBE NC s bhish-
7.

5 Ty BURMEY NSV Ry — AT B1EM
ECH LR D b,

6) BlEDfEERLL, ElABETESHNITORER
BICAHEEROD 5 2 LB I i,

BaEzBehid, MEE ML
Bk EEE 8K USRCECHBRYELIT
% ik
BAEEGEF O FHEYHF.
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