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7he aden0v1ru5 E16 re910n c0de5 f0r tw0 maj0r tum0r ant19en5 0f 19 kD and 55 kD, wh1ch are 1mp0rtant f0r 
ce11 tran5f0rmat10n. 0ur re5u1t5 1nd1cate that the 19-kD 7 ant19en p055e55e5 tw0 enhancer-re9u1at0ry funct10n5. 
1t can tran5-act1vate enhancer-11nked pr0m0ter5 and re11eve enhancer repre5510n med1ated 6y v1ra1 and ce11u1ar 
repre550r5. 7he 19-kD act1vat10n funct10n enhance5 expre5510n fr0m d1fferent pr0m0ter5 11nked t0 5V40, Py, 
E1a, and 1mmun09106u11n heavy-cha1n enhancer5. Enhancer act1vat10n 6y the 19-kD pr0te1n appear5 t0 6e ce11 
type-5pec1f1c, 51nce the heavy-cha1n and 5V40 enhancer5 were n0t tran5-act1vated 1n mye10ma ce115 wherea5 the 
5ame enhancer5 were tran5-act1vated 1n f16r061a5t5.7he 19-kD enhancer act1vat10n funct10n appear5 t0 6e 
d0m1nant 0ver the enhancer repre5510n funct10n 0f E1a, 51nce 1n ce115 expre551n9 the 19-kD pr0te1n there 15 n0 
519n1f1cant repre5510n de5p1te a 1ar9e 1ncrea5e 1n E1a expre5510n. 7he 19-kD 7 ant19en act1vate5 the Py enhancer 
1n und1fferent1ated F9 ce115 1nd1cat1n9 that the act1vat10n funct10n 0f E16 ma5k5 enhancer repre5510n 6y an 
••E1a-11ke•• ce11u1ar 9ene pr0duct. 7he enhancer act1vat10n funct10n 0f the 19-kD 7 ant19en may 6e 1mp0rtant f0r 
ce11 tran5f0rmat10n and ce11 d1fferent1at10n. 
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7he aden0v1ru5 E16 re910n, wh1ch map5 6etween map 
p051t10n5 4.5 and 11.5 0n the v1ra19en0me, c0de5 f0r tw0 
maj0r tum0r ant19en5 0f 19 kD and 55 kD (f0r rev1ew, 
5ee 5u55en6ach 1984). 1n add1t10n t0 the5e tw0 maj0r 
pr0te1n5, 0ther p01ypept1de5 a5 we11 a5 mRNA5 that 
c0u1d p0tent1a11y c0de f0r p01ypept1de5 re1ated t0 the 
55-kD 7 ant19en have a150 6een 1dent1f1ed (6reen et a1. 
1982; Ander50n et a1. 1984; V1rtanen and Petter550n 
1955). 7he 19-kD 7 ant19en ha5 6een 5h0wn t0 p1ay an 
1mp0rtant r01e 1n ce11 tran5f0rmat10n 1n c00perat10n 
w1th the E1a re910n (Ch1nnadura1 1983; Mak and Mak 
1983; 8a6155 et a1. 1984; L09an et a1. 1984; 5u6raman1an 
et a1. 1984; 7akem0r1 et a1. 1984; 8arker and 8erk 1987). 
7he 55-kD 7 ant19en ha5 a150 6een 5h0wn t0 6e 1mp0r- 
tant f0r tran5f0rmat10n 18ernard et a1. 1983; L09an et a1. 
1984; 8arker and 8erk 1987). H0wever, the re1at1ve 1m- 
p0rtance 0f the5e tw0 E16-c0ded pr0te1n5 1n the c0nver- 
510n 0f E1a-tran5f0rmed ce115 t0 the fu11y tran5f0rmed 
phen0type ha5 n0t 6een fu11y e1uc1dated. 

70 de11neate the r01e5 0f the 19-kD and 55-kD 7 an- 
t19en5 1n ce11 tran5f0rmat10n 1n c00perat10n w1th E1a, 
we have 6een perf0rm1n9 a tw0-5ta9e tran5f0rmat10n 

1Pre5ent Addre55: Department 0f M01ecu1ar 810109Y, 5app0r0 Med1ca1 
C011e9e, 5app0r0, Japan. 

a55ay, u51n9 6a6y rat k1dney ce115 1mm0rta112ed 6y E1a 
(E1a-8RK). F0r 5ec0nd-5ta9e tran5f0rmat10n, DNA 5e9- 
ment5 c0d1n9 f0r e1ther the 19-kD 0r the 55-kD 7 an- 
t19en5 were tran5fected, u51n9 t he  n e 0  r marker c0ded 
fr0m p1a5m1d p5V2ne0  a5 the d0m1nant 5e1ect10n 
marker. Dur1n9 the5e 5tud1e5, we 065erved that E 1 a-8RK 
ce115 were re1at1ve1y refract11e t0 n e 0  + tran5f0rmat10n 6y 
tran5fect10n 0f p5V2ne0 a10ne. H0wever, c0tran5fect10n 
0f DNA fra9ment5 enc0d1n9 the E 16 re910n 5u65tant1a11y 
1ncrea5ed the f0rmat10n 0f ne0+-re515tant c010n1e5 1n 
E1a-1mm0rta112ed 8RK ce115. 7h15 065ervat10n, 1n 119ht 0f 
the kn0wn r01e 0f E1a 1n repre5510n 0f the act1v1ty 0f 
5V40 (Ve1c1ch and 21ff 1985), p01y0ma (80re111 et a1. 
1984), and 1mmun09106u11n heavy-cha1n (Hen et a1. 
1985) enhancer5, pr0mpted u5 t0 exam1ne the r01e 0f the 
E16 re910n 1n enhanc1n9 n e 0  + tran5f0rmat10n 6y 
p5V2ne0 .  7he5e 5tud1e5 have revea1ed that the 19-kD 
pr0te1n c0ded 6y the E16 re910n p055e55e5 n0ve1 en- 
hancer-re9u1at0ry funct10n5. 7he 19-kD re9u1at0ry ac- 
t1v1t1e5 may 6e 1mp0rtant f0r ce11 tran5f0rmat10n. 

Re1at1ve1y 11tt1e 15 kn0wn a60ut enhancer re9u1at10n. 
7he tw0 aden0v1ru5 tran5f0rm1n9 9ene5 E1a and E16 
19-kD 7 ant19en appear t0 have 0pp051te effect5 0n en- 
hancer-dr1ven 9ene expre5510n. 7he 19-kD 9ene 15 re1a- 
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t1ve1y we11 character12ed, and a 1ar9e num6er 0f mutant5 
are ava11a61e 1n th15 re910n. 7h15 9ene pr0duct w111 6e an 
1mp0rtant t001 t0 1nve5t19ate enhancer re9u1at10n. 

Re5u1t5 

Ef fec t  0 f  A d 7  E16  7 ant19en5 0n p 5 V 2 n e 0  
t ran5 f0rmat10n  0f  E 1 a - 8 R K  ce115 

70 5tudy the r01e5 0f the E16 19-kD and 55-kD tum0r 
ant19en5 0f aden0v1ru5e5 1n tran5f0rmat10n, we e5ta6- 
115hed 5evera1 8RK ce11 11ne5 1mm0rta112ed and part1a11y 
tran5f0rmed 6y the 1eft 4.5% 0f the Ad2 (9r0up C) 
9en0me, wh1ch enc0de5 the E1a pr0te1n5. We a55ayed 
c0nver510n 0f E1a-1mm0rta112ed ce115 t0 the fu11y tran5- 
f0rmed phen0type 6y tran5fect10n 0f E16 c0d1n9 re910n5 
fr0m d1fferent aden0v1ru5 5er0type5 and f0und that the 
Ad7 (9r0up 8) E16 re910n had the 6e5t tran5f0rmat10n 
c0mp1ement1n9 act1v1ty (K. Y05h1da and 6.  Ch1nna- 
dura1, 1n prep.). 7heref0re, 50me 0f the 1n1t1a1 exper1- 
ment5 de5cr16ed here were carr1ed 0ut u51n9 p1a5m1d5 
that expre55 the Ad7 E16.1n the tw0-5tep tran5f0rmat10n 
a55ay5, the E16 p1a5m1d5 were c0tran5fected 0n E1a-1m- 
m0rta112ed ce115 u51n9 the n e 0  re515tance marker (C01- 
6ere-6arap1n 1981; 50uthern and 8er9 1982) expre55ed 
fr0m p5V2ne0  (50uthern and 8er9 1982), and the tran5- 
fected ce115 were ma1nta1ned under ant1610t1c 6418 f0r 
p051t1ve 5e1ect10n 0f ce115 har60r1n9 the E16 5e4uence5. 
Dur1n9 the5e 5tud1e5, 1t wa5 065erved that E1a-8RK ce115 
c0n515tent1y y1e1ded fewer n e 0  + c010n1e5 (1.e., w1th0ut 
E16) than tw0 5p0ntane0u51y 1mm0rta112ed rat ce1111ne5, 
CREF (F15her et a1. 1982) and 3Y1 (K1mura et a1. 1975), 
that d0 n0t c0nta1n E1a (7a61e 1). We rea50ned that th15 
re1at1ve 1nh161t10n 0f n e 0  + tran5f0rmat10n 0f E1a-8RK 
ce115 may 6e due t0 the enhancer-dependent repre5510n 
(5ee 80re111 et a1. 1984; Ve1c1ch and 21ff 1985} 0f the 
5V40 ear1y pr0m0ter-enhancer e1ement5 c0nta1ned 1n 
p5V2ne0 .  1n acc0rdance w1th th15 expectat10n, we a150 
065erved that when n e 0  + expre5510n wa5 under the c0n- 
tr01 0f the H5V-tk pr0m0ter (wh1ch 1ack5 e1ement5 ana1- 
090u5 t0 0ther enhancer5), c0n515tent1y 9reater num6er5 
0f n e 0  + tran5f0rmant5 were 06ta1ned 1n E1a-8RK ce115 
than w1th p5V2ne0  (data n0t 5h0wn). H0wever, 1t wa5 

7a61e 1. Effect 0f Ad7  E16 0n ne0 + tran5f0rmat10n 0f 
E1a-8RK and 5p0ntane0u51y 1mm0rta112ed rat ce115. 

Num6er 0f c010n1e5/d15h a 
C0tran5fected 
p1a5m1d E 1 a-8RK CREF 3Y 1 

pRA 32 30 14 
pRA-N 5 27 9 
pRA-A 49 23 19 
pUC13 1 30 14 

a Avera9e 0f tw0 1ndependent exper1ment5.60-mm d15he5 c0n- 
ta1n1n9 a60ut 5 x 105 ce115 were tran5fected w1th 2 ~9 0f 
p5V2ne0 and 8 ~9 0f e1ther E16 p1a5m1d 0r pUC13 vect0r DNA. 
A60ut 24 hr after tran5fect10n, ce115 1n each d15h were 5p11t 1nt0 
f1ve d15he5 and 5u6jected t0 6418 5e1ect10n fr0m 24 hr after 
p1at1n9. 
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5urpr151n9 that c0tran5fect10n 0f pRA (R5a1-A fra9ment, 
N1431-4024), c0d1n9 f0r the Ad7 E16 55-kD and 19-kD 
7 ant19en5, w1th p5V2ne0  cau5ed a60ut 30-f01d 5t1mu1a- 
t10n 1n n e 0  + c010ny f0rmat10n 1n E1a-8RK ce115 and n0 
5uch dramat1c effect5 were 065erved w1th CREF and 3Y1 
ce115 (7a61e 1). 51m11ar1y, c0tran5fect10n 0f a mutant  
p1a5m1d, pRA-A (f0r de5cr1pt10n 0f var10u5 mutant5, 5ee 
F19. 1 and Mater1a15 and meth0d5), capa61e 0f c0d1n9 the 
ent1re 19-kD 7 ant19en and 0n1y a 5evere1y truncated 
f0rm 0f the 55-kD 7 ant19en (am1n0-term1na1 90 am1n0 
ac1d5), a150 cau5ed a 1ar9e 1ncrea5e 1n n e 0  + tran5f0rma- 
t10n 0f E1a-8RK ce115. 0 n  the 0ther hand, mutant  
pRA-N, capa61e 0f c0d1n9 f0r the 55-kD 7 ant19en 6ut 
c0nta1n1n9 a mutat10n that a60115he5 the 1n1t1at10n 
c0d0n f0r the 19-kD 7 ant19en, cau5ed 0n1y a re1at1ve1y 
m0de5t 1ncrea5e 1n the fre4uency 0f n e 0  + tran5f0rma- 
t10n. 1n c0ntra5t t0 the effect 0f E16 0n n e 0  + expre5510n 
1n E1a-8RK ce115, c0tran5fect10n 0f the var10u5 E16 
p1a5m1d5 w1th p8V2ne0  d1d n0t have any 519n1f1cant ef- 
fect 0n the fre4uency 0f 1nduct10n 0f ne0  + tran5f0rmant5 
1n the 5p0ntane0u51y tran5f0rmed rat ce11 11ne5, CREF 
and 3Y1.1t w0u1d appear that the 1eve1 0f ne0  expre5510n 
d1rected 6y p5V2ne0  a10ne 1n the ce11 11ne5 15 5uff1c1ent 
t0 en5ure max1ma1 fre4uency 0f n e 0  + c010ny 1nduct10n; 
further 1ncrea5e5 1n n e 0  expre5510n, 5uch a5 that ev1- 
denced up0n c0tran5fect10n 0f the 19-kD 7 ant19en (5ee 
6e10w), d0 n0t re5u1t 1n 1ncrea5ed n e 0  + tran5f0rmat10n 
rate5 1n CREF and 3Y1 ce115.7he5e re5u1t5 5u99e5t that 
the 19-kD 7 ant19en c0ded 6y the E16 re910n 0f Ad7 ha5 
a 5t1mu1at0ry r01e 1n the n e 0  + tran5f0rmat10n 0f Ad2 
E1a-expre551n9 ce115 when n e 0  expre5510n 15 under the 
tran5cr1pt10na1 c0ntr01 0f 5V40 pr0m0ter-enhancer  e1e- 
ment5. 

Ef fec t  0 f  A d 7  E16 0n 5 V 4 0  ear1y p r 0 m 0 t e r  act1v1ty 1n 
E1 a - 8 R K  ce115 

7he 065ervat10n that the Ad7 E16 19-kD 7 ant19en 
cau5ed a 5u65tant1a1 1ncrea5e 1n the fre4uency 0f ne0  + 
tran5f0rmat10n 0f E1a-8RK ce115 pr0mpted u5 t0 ex- 
am1ne the effect 0f Ad7 E16 0n the expre5510n 0f 
p5V2ne0 1n the5e ce115.70 5tudy the effect 0f E16 7 an- 
t19en5, p5V2ne0 wa5 c0tran5fected w1th d1fferent E16 
p1a5m1d5 0n tw0 d1fferent E1a-8RK ce11 11ne5 (E1a-8RK-1 
and E1a-8RK-2); t0ta1 cyt0p1a5m1c RNA wa5 extracted 
48 hr after tran5fect10n and 5u6jected t0 51 nuc1ea5e 
ana1y515. Re5u1t5 06ta1ned w1th the E1a-8RK-1 ce11 11ne 
are 5h0wn 1n F19ure 2A. 1n E1a-8RK-1 ce115 tran5fected 
w1th p5V2ne0  and pRA-NA defect1ve 1n 60th the 19-kD 
and 55-kD 7 ant19en5, there wa5 a very 10w 1eve1 0f ne0  
expre5510n. H0wever, 1n ce115 c0tran5fected w1th 
p5V2ne0  and pRA (wt E16) 0r pRA-A (defect1ve 1n the 
55-kD 7 ant19en), a 519n1f1cant am0unt 0f the 390-nu- 
c1e0t1de 51 nuc1ea5e-pr0tected DNA fra9ment 5pec1f1c 
f0r the n e 0  pr06e wa5 065erved. 1n c0ntra5t, ce115 c0- 
tran5fected w1th p1CA-N, expre551n9 0n1y the 55-kD 7 
ant19en, c0nta1ned very 10w am0unt5 0f ne0-5pec1f1c 
RNA, a5 1n the ca5e 0f pRA-NA. 5em14uant1tat1ve e5t1- 
mat10n 0f the 1nten51ty 0f the 51-pr0tected DNA fra9- 
ment5 revea1ed that the 1eve15 0f p5V2ne0 expre5510n 1n- 
duced 6y pRA 0r pRA-A were a60ut 10-15 t1me5 9reater 
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Re9u1at10n 0f 9ene expre5510n 6y E16 
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F19ure 1. 0r9an12at10n 0f the 9r0up C (Ad2 and Ad5) and 9r0up 8 (Ad7) aden0v1ru5 E16 re910n5. 7h15 f19ure 15 6a5ed 0n 805 et a1. 
(1981) and D1jkema et a1. (1982) a5 5ummar12ed 6y 5u55en6auch (1984). 0n1y the maj0r mRNA5 and pr0te1n5 are 1nd1cated. 7he 
mutat10n5 at var10u5 re5tr1ct10n 51te5 are 1nd1cated a5 f0110w5: (H) H1nd111; (5) 55t1; (K) Kpn1; (X)Xmn1; (8) 89111; (N) Nc01; and (A) Acc1. 
(pm2022) P01nt mutat10n at p051t10n 2022 (8arker and 8erk 1987) 0n the Ad2 9en0me. 7he Ad2 and Ad5 c00rd1nate5 are 91ven 0n the 
t0p and the Ad7 c00rd1nate5 are 91ven at the 60tt0m 0f each d1a9ram. 7he Ad2 c00rd1nate5 are 91ven w1th1n parenthe5e5. 

than  the 1eve15 1nduced 6y pRA-NA 0r pRA-N 1n f0ur 
5eparate exper1ment5.51m11ar re5u1t5 were a150 06ta1ned 
w1th the E1a-8RK-2 ce11 11ne {re5u1t5 n0t  5h0wn). 7he5e 
re5u1t5 5u99e5t that  the very 10w 1eve15 0f n e 0  • tran5f0r- 
mat10n 0f E1a-8RK ce115 may  6e due t0 the p00r expre5- 
510n 0f p5V2ne0  1n the5e ce115. 7he  1eve1 0f p5V2ne0  ex- 
pre5510n and n e 0  + tran5f0rmat10n 0f E1a-8RK ce115 can 
6e 1ncrea5ed 6y c0tran5fect10n 01 Ad7 E16 p1a5m1d5 
c0d1n9 f0r funct10na1 19-kD 7 ant19en. 

7 h e  effect 0f Ad7 E16 7 ant19en5 0n the expre5510n 0f 
an0ther  te5t 9ene c0d1n9 f0r ch10ramphen1c01 acety1 
tran5fera5e {CA7) under the c0ntr01 0f the 5V40 ear1y 

p r 0 m 0 t e r - e n h a n c e r  e1ement5 1n the p1a5m1d p5V2CA7 
(60 rman  et a1. 1982} wa5 a150 te5ted 0n E1a-8RK-1 ce115 
{F19. 28). C0tran5fect10n 0f p5V2CA7 w1th pRA 0r 
pRA-A cau5ed a60ut f1ve- t0 e19htf01d 1ncrea5e 1n C A 7  
act1v1ty c0mpared t0 ce115 c0tran5fected w1th p5V2CA7 
and pRA-N 0r pRA-NA. 51m11ar re5u1t5 were a150 06- 
ta1ned w1th c0mpara61e Ad5 wt 0r mu tan t  E16 p1a5m1d5 
(n0t 5h0wn). 7he5e re5u1t5 0n C A 7  expre5510n are 1n 
very 900d a9reement  w1th the re5u1t5 0n n e 0  expre5510n 
and 1nd1cate that  the Ad7 E16 19-kD  7 ant19en 1nduce5 
5u65tant1a1 5t1mu1at10n 0f expre5510n fr0m the 5V40 
ear1y pr0m0ter  1n E1a-expre551n9 8RK ce115. 

A 8 

--390 6 

< v <: 
2 2 <  n- 2 2 

AeCm 

- -Cm 

F19ure 2. Effect 0f Ad7 E16 7 ant19en5 0n 5V40 
ear1y pr0m0ter expre5510n 1n E1a-8RK ce115. (A) Ex- 
pre5510n 0f p5V2ne0. E1a-8RK-1 ce115 were c0tran5- 
fected w1th 5 W9 0f p5V2ne0 and 5 W9 0f the var10u5 
E16 p1a5m1d5 (W191er et a1. 1979). 70ta1 cyt0p1a5m1c 
RNA wa5 extracted 48 hr after tran5fect10n, treated 
w1th 50 U/m1 RQ1 DNa5e (Pr0me9a 810tec), and an- 
a1y2ed 6y 4uant1tat1ve 51 nuc1ea5e meth0d a5 de- 
5cr16ed (Hurw1t2 and Ch1nnadura1 1985). A 1883-6p 
fra9ment (89111-P5t1) 5•-end-1a6e1ed at the 89111 51te, 
10cated w1th1n the ne0 5e4uence5 0f p5V2ne0, wa5 
u5ed a5 the pr06e. (8) Expre5510n 0f p5V2CA7. E1a- 
8RK-1 ce115 were tran5fected w1th p5V2CA7 and the 
var10u5 E16 p1a5m1d5 a5 1n A. CA7 act1v1ty wa5 de- 
term1ned fr0m the extract5 prepared 48 hr after 
tran5fect10n a5 de5cr16ed 6y 60rman et a1. (1982). 
(AcCm) Acety1 ch10ramphen1c01; (Cm) ch10ram- 
phen1c01. 
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Lack 0f E1a-med1ated repre5510n 1n the pre5ence 0f E16 

7he 1n1t1a1 065ervat10n5 w1th Ad7 E16 7 ant19en5 were 
further extended u51n9 the E1a and E16 9ene5 0f Ad5 1n 
tran51ent a55ay5 1n rat 0r human ce115 that d0 n0t c0n- 
ta1n E1a. 7h15 5y5tem a150 fac111tate5 a m0re d1rect a55ay 
0f the E16 effect 0n E1a-med1ated repre5510n 0f p5V2ne0. 
P1a5m1d5 c0nta1n1n9 the E1a and wt E16 c0d1n9 5e- 
4uence5 0f Ad5 (pXC, mp 0-15.0, Xh01-C fra9ment) 0r 
E1a and var10u5 E16 mutat10n5 (111u5trated 1n F19. 1 and 
de5cr16ed under Mater1a15 and meth0d5) were c0tran5- 
fected w1th p5V2ne0 0n the rat f16r061a5t ce11 11ne CREF 
0r human HeLa ce115, and ne0-5pec1f1c RNA wa5 ana- 
1y2ed 48 hr after tran5fect10n. 7he re5u1t5 0n CREF ce115 
are 5h0wn 1n F19ure 3A; 51m11ar re5u1t5 were a150 06- 
5erved w1th HeLa ce115. 1n ce115 c0tran5fected w1th 
p5V2ne0 and pUC13 vect0r DNA, there wa5 519n1f1cant 
5ynthe515 0f ne0 RNA. H0wever, 1n ce115 c0tran5fected 
w1th p5V2ne0 and pXC-K (mutated at the Kpn1 51te at 
p051t10n 2048 and expre551n9 funct10na1 E1a 6ut defec- 
t1ve 1n 60th E16 7 ant19en5), expre5510n 0f ne0 wa5 
9reat1y reduced c0mpared t0 the ce115 that d1d n0t re- 
ce1ve E1a (1.e., tran5fected w1th pUC13). 7h1515 expected 
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F19ure 3. Effect 0f Ad5 E16 7 ant19en5 0n E1a-med1ated re- 
pre5510n 0f 5V40 pr0m0ter. CREF ce115 were tran5fected w1th 5 
~9 0f p5V2ne0 and 10 ~9 0f pUC13 0r pXC 0r 1t5 mutant deft- 
vate5. (A) 70ta1 cyt0p1a5m1c RNA wa5 ana1y2ed f0r ne0 expre5- 
510n a5 de5cr16ed under F19. 2. (8) E1a expre5510n wa5 ana1y2ed 
1n the 5ame RNA 5amp1e5 6y 1nc1ud1n9 an E1a pr06e 5•-end-1a- 
6e1ed at nuc1e0t1de p051t10n 1343 (X6a1 51te). 7he E1a pr06e 
(X6a1-Ec0R1) wa5 prepared fr0m p1a5m1d pLA1A6. 

51nce 1t ha5 6een kn0wn that E1a repre55e5 the 5V40 pr0- 
m0ter act1v1ty (Ve1c1ch and 21ff 1985). 1n ce115 c0tran5- 
fected w1th pXC-5 (mutated at the 55t1 51te at p051t10n 
1770), wh1ch expre55e5 E1a and the E16 55-kD 7 ant19en 
6ut n0t the 19-kD 7 ant19en, the 1eve1 0f ne0 expre5510n 
wa5 a150 very 10w and 51m11ar t0 that 1n ce115 tran5fected 
w1th p5V2ne0 and pXC-K. H0wever, 1n ce115 c0tran5- 
fected w1th p5V2ne0 and wt pXC 0r pXC-H, wh1ch c0n- 
ta1n5 a mutat10n 1n the 55-kD 7 ant19en c0d1n9 re910n 
(at the H1nd111 51te at p051t10n 2805), there wa5 a 5u6- 
5tant1a1 1ncrea5e 1n ne0 expre5510n, 1nd1cat1n9 that E1a- 
med1ated repre5510n 0f 5V40 ear1y pr0m0ter act1v1ty 15 
n0t 065erved 1n the pre5ence 0f the am1n0-term1na1 ha1f 
0f E1K An enhancer1e55 ~-91061n p1a5m1d, p62, wa5 c0- 
tran5fected 1n the5e exper1ment5 a5 a c0ntr01 f0r n0rma- 
1121n9 tran5fect10n eff1c1enc1e5, wh1ch d1d n0t vary 6y 
m0re than 10%. 51nce the pXC-5 mutat10n 5pec1f1ca11y 
affect1n9 the 19-kD 7 ant19en d1d n0t cau5e 5t1mu1at10n 
0f ne0 expre5510n c0mpared w1th ce115 tran5fected w1th 
pXC-K, expre551n9 0n1y E1a, the E16 funct10n that re- 
11eve5 E1a-med1ated repre5510n appear5 t0 6e 5pec1f1c f0r 
the 19-kD 7 ant19en. A11 the5e E16 mutant5 were 06- 
5erved t0 expre55 c0mpara61e 1eve15 0f E16 (5ee F19. 4); 
theref0re, the 065erved effect 0f pXC-5 mutat10n may 
n0t 6e due t0 unu5ua11y un5ta61e E16 RNA. 1t 15 a150 
n0tew0rthy that a c0mpara61e Ad2 19-kD mutat10n 
(d/250) w1th 51m11ar effect5 a5 pXC-5 ha5 6een tran5- 
ferred t0 the v1ra1 9en0me and ha5 6een 5h0wn t0 1nduce 
E16 55-kD and 55-kD-re1ated pr0te1n5 at 1eve15 c0mpa- 
ra61e t0 that 065erved 1n wt 1nfected ce115 (5ee 5u6ra- 
man1an et a1. 1984). 

Enhanced E1 a expre5510n 1n the pre5ence 0f E16 

7he RNA 5amp1e5 fr0m ce115 tran5fected w1th p5V2ne0 
and the pXC-der1ved p1a5m1d5 were a150 ana1y2ed f0r ex- 
pre5510n 0f E1a (F19. 38). Ce115 tran5fected w1th wt pXC, 
expre551n9 60th 19-kD and 55-kD 7 ant19en5, 0r pXC-H, 
expre551n9 the am1n0-term1na1 ha1f 0f E16, c0nta1ned 
5u65tant1a11y 1ar9er am0unt5 0f E1a-5pec1f1c RNA than 
ce115 tran5fected w1th pXC-5 (defect1ve 1n the 19-kD 7 
ant19en) 0r pXC-K (defect1ve 1n 60th 19-kD and 55-kD 7 
ant19en5). 7he5e re5u1t5 1nd1cate that the E16 19-kD 7 
ant19en a150 ha5 a pr0n0unced effect 0n the expre5510n 0f 
E1a. 1t 15 un11ke1y that the 065erved effect 0f E16 15 due 
t0 any c15 effect5 0f the E16 re910n 51nce we have a150 
065erved 51m11ar act1vat10n 0f E1a expre5510n when the 
E1a and E16 5e4uence5 are pre5ent 0n tw0 d1fferent 
p1a5m1d5 (5ee F19. 7). 

7ran5act1vat10n 0f p5V2ne0 6y E16 

70 determ1ne whether the effect 0f the E16 19-kD 7 an- 
t19en that we 065erved wa5 due t0 any p055161e tran5-ac- 
t1vat10n funct10n 0f 1t5 0wn, rather than due t0 the re- 
m0va1 0f repre5510n 6y E1a, we c0n5tructed p1a5m1d5 
c0nta1n1n9 0n1y E16 (pAXC) 6y rem0va1 0f m05t 0f the 
E1a 5e4uence5 1nc1ud1n9 the pr0m0ter and enhancer re- 
910n5. 51nce E1a ha5 6een 5h0wn t0 6e re4u1red f0r eff1- 
c1ent expre5510n 0f 0ther ear1y 9ene5 (8erk et a1. 1979; 
J0ne5 and 5henk 1979), 50me 0f the ear11er exper1ment5 
were carr1ed 0ut u51n9 p1a5m1d5 expre551n9 E16 under 
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F19ure 4. 7ran5-act1vat10n 0f p5v2ne0 6y Ad5 E16. (A) Expre5510n 0f E16 fr0m pAxC-der1ved p1a5m1d5 wa5 ana1y2ed u51n9 a pr06e 
(x6a1-Nc01) 5•-end-1a6e1ed at p051t10n 2210 0f the Ad5 9en0me (Nc01 51te). 7h15 pr06e wa5 prepared fr0m p1a5m1d pAxC. (8) 7ran5-ac- 
t1vat10n 0f p5V2ne0 6y var10u5 p•XC-der1ved p1a5m1d5 wa5 ana1y2ed a5 de5cr16ed under A. 

the tran5cr1pt10na1 c0ntr01 0f M5V-L7R. H0wever, 1n a 
num6er 0f 5u65e4uent exper1ment5 u51n9 60th Ad5 and 
Ad7 E16 p1a5m1d5, we have 065erved that the5e p1a5m1d5 
can expre55 519n1f1cant am0unt5 0f E16 w1th0ut tran5- 
act1vat10n 6y E1a. 1t 15 n0tew0rthy that 50me 0f the ear- 
11er 5tud1e5 have a150 1nd1cated that am0n9 the var10u5 
aden0v1ru5 ear1y 9ene5, E16 15 the 1ea5t dependent 0n 
E1a (5ee 501n1ck and Ander50n 1982). CREF 0r HeLa 
ce115 were c0tran5fected w1th p5V2ne0 and wt pAXC, ex- 
pre551n9 E16 6ut n0t E1a, 0r the var10u5 E16 mutant  de- 
r1vat1ve5 0f pAXC. 7he RNA fr0m tran5fected ce115 wa5 
ana1y2ed f0r E16 and ne0 expre5510n. A5 5een 1n F19ure 
4A, the E16-5pec1f1c RNA (0f expected 512e5 depend1n9 
0n the mutat10n5) wa5 eff1c1ent1y expre55ed 1n ce115 
tran5fected w1th the var10u5 pAXC-der1ved p1a5m1d5, 
wh1ch d0 n0t c0nta1n E1a. 1n a num6er 0f d1fferent ex- 
per1ment5, the 1eve15 0f E16 expre5510n fr0m pAXC-de- 
r1ved p1a5m1d5 were 5119ht1y 10wer than the 1eve15 0f ex- 
pre5510n fr0m pXC-der1ved p1a5m1d5 (re5u1t5 n0t 5h0wn). 
When the5e RNA 5amp1e5 were ana1y2ed f0r ne0-5pec1f1c 
RNA (F19. 48), ce115 tran5fected w1th p5V2ne0 and 
pUC13 0r pAXC-K (defect1ve 1n 60th E16 pr0te1n5) ex- 
pre55ed reduced 1eve15 0f ne0 RNA. 1n c0ntra5t, ce115 c0- 
tran5fected w1th p1a5m1d5 expre551n9 wt E16 (pAXC) 5e- 
4uence5 0r the am1n0-term1na1 ha1f 0f E16 (pAXC-H) ex- 
pre55ed a60ut 15- t0 20-f01d m0re ne0 RNA (a5 
determ1ned fr0m three 1ndependent exper1ment5), 5u9- 
9e5t1n9 that the E16 re910n ha5 a tran5-act1vat1n9 func- 
t10n. 51m11ar act1vat10n 0f ne0 expre5510n wa5 n0t 06- 
5erved 1n ce115 tran5fected w1th pAXC-5 (defect1ve 1n 
19-kD 7 ant19en), 1nd1cat1n9 that the 19-kD 7 ant19en 15 
e55ent1a1 f0r th15 tran5-act1vat10n funct10n. 

Effect 0n E1a-mec11ated repre5510n 0f p01y0ma enhancer 

51nce repre5510n 0f the 5V40 pr0m0ter-enhancer e1e- 
ment5 0f p5V2ne0 wa5 n0t 065erved 1n the pre5ence 0f 
19-kD 7 ant19en, we te5ted whether repre5510n 0f the 
p01y0ma (Py) enhancer 6y E1a 0ccur5 1n the pre5ence 0f 
th15 pr0te1n. F0r th15 purp05e, a p1a5m1d c0n5truct, 

p62Py  (Hen et a1. 1986), expre551n9 the ra661t f~-91061n 
9ene under the c0ntr01 0f ~-91061n pr0m0ter and Py en- 
hancer, wa5 c0tran5fected w1th pUC13 0r the var10u5 
pXC-der1ved p1a5m1d5 0n CREF ce115, and [3-91061n-5pe- 
c1f1c cyt0p1a5m1c RNA wa5 4uant1tated (F19. 5A). 

A5 expected, expre5510n 0f ~-91061n wa5 repre55ed 1n 
ce115 tran5fected w1th p62Py and pXC-K (wh1ch ex- 
pre55e5 E1a and n0 funct10na1 E16) 6y a60ut three- t0 
f1vef01d c0mpared w1th ce115 c0tran5fected w1th pUC13. 
51m11ar 10w 1eve15 0f 91061n were a150 expre55ed 1n ce115 
c0tran5fected w1th p62Py and pXC-5. H0wever, c0- 
tran5fect10n 0f p62Py w1th wt pXC 0r pXC-H 1ncrea5ed 
91061n expre5510n t0 1eve15 c0mpara61e t0 th05e 065erved 
1n ce115 that d0 n0t expre55 any E1a (1ane pUC13), 1nd1- 
cat1n9 that 1n the pre5ence 0f the am1n0-term1na1 p0r- 
t10n 0f the E16 re910n, E1a-med1ated repre5510n 0f Py en- 
hancer 15 n0t ev1dent. 7h15 re1ea5e 0f repre5510n wa5 ev1- 
dent 1n f0ur 1ndependent exper1ment5. 7he fact that the 
mutat10n 1n the 19-kD 7 ant19en c0d1n9 re910n d0e5 n0t 
519n1f1cant1y a1ter the 1eve1 0f repre5510n 15 1nd1cat1ve 
a9a1n 0f the 19-kD 7 ant19en 6e1n9 e55ent1a1 1n 0ver- 
c0m1n9 E1a-med1ated repre5510n 0f the Py enhancer. 

7ran5-act1vat10n 0f Py enhancer-dr1ven 
f1-91061n expre5510n 

70 determ1ne whether E1a 6y 1t5e1f can tran5-act1vate 
the Py enhancer-[3-91061n pr0m0ter e1ement5 0f p62Py 
a5 1n the ca5e 0f p5V2ne0, we c0tran5fected p62Py and 
the var10u5 E16 p1a5m1d5, and 8-91061n RNA expre5510n 
wa5 a55ayed (F19. 58). 7he5e re5u1t5 m0re 0r 1e55 para1- 
1e1ed the re5u1t5 06ta1ned w1th p5V2ne0 (5ee F19. 4) a9a1n, 
revea11n9 tran5-act1vat10n 0f 91061n expre5510n (6y a60ut 
f0ur- t0 51xf01d 1n f0ur d1fferent exper1ment5) 6y 
p1a5m1d5 pAXC 0r pAXC-H, wherea5 p1a5m1d5 pAXC-5 
0r pAXC-K d1d n0t have any 519n1f1cant act1vat10n effect 
c0mpared w1th pUC13. 1n 50me 0f the5e exper1ment5, 
tw0 add1t10na1 E16 mutant  p1a5m1d5 were a150 te5ted. 
pAXC-X8, an Ad2-Ad5 E16 p1a5m1d that reta1n5 the en- 
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F19ure 5. Effect 0f Ad5 E16 7 ant19en5 0n p62Py expre5510n. CREF ce115 were c0tran5fected a5 de5cr16ed under F19. 2 w1th p62Py and 
pXC (A) 0r pAXC (8) der1ved p1a5m1d5, and 91061n expre5510n wa5 determ1ned 51 nuc1ea5e ana1y515 0f t0ta1 cyt0p1a5m1c RNA. A 
5•-end-1a6e1ed (at 8amH1 51te) pr06e 5pec1f1c f0r the 5ec0nd ex0n 0f ra661t [3-91061n wa5 prepared fr0m p1a5m1d p62 (Hen et a1. 1986) 
and u5ed f0r the 51 ana1y515.7he aut0rad109ram5 1n the 60tt0m pane1 are 10n9er exp05ure5 0f the t0p pane15. 

t1re 19-kD 7 ant19en c0d1n9 re910n and de1ete5 m05t 0f 
the 55-kD 7 ant19en c0d1n9 re910n fr0m N2256 (Ad2, 
Xmn1 51te) t0 N3322 (Ad2, 89111 51te), and p1a5m1d 
p19Kpm2022-X, wh1ch c0nta1n5 the 19-kD 7 ant19en 
c0d1n9 re910n (X6a1-Xmn• 51te) and a p01nt mutat10n 
that c0nvert5 the th1rd c0d0n 1n the 55-kD 7 ant19en 
read1n9 frame 1nt0 a n0n5en5e c0d0n (8arker and 8erk 
1987), were f0und t0 tran5-act1vate p62Py t0 a 51m11ar 
extent a5 p•XC-H (data n0t 5h0wn). Mutant pAXC-X8 
can 0n1y c0de f0r the am1n0-term1na1 80 am1n0 ac1d5 0f 
the 55-kD 7 ant19en, wherea5 p1a5m1d p19Kpm2022-X 
can 0n1y c0de f0r tw0 am1n0-term1na1 am1n0 ac1d5 0f the 
55-kD pr0te1n and 15 theref0re a1m05t t0ta11y defect1ve 
1n a11 the 55-kD-re1ated pr0te1n5 (5ee V1rtanen and Pet- 
ter50n 1985). 7he u5e 0f the5e mutant5 further re1nf0rce5 
the re5u1t5 1nd1cat1n9 that the 19-kD 7 ant19en 15 e55en- 
t1a1 f0r the tran5-act1vat10n and derepre5510n funct10n5 
and 5u99e5t5 that the 55-kD 7 ant19en may n0t have a 
519n1f1cant r01e 1n the5e funct10n5. 

Effect 0n 1mmun09106u11n enhancer-dr1ven 
CA7 expre5510n 

51nce the exper1ment5 de5cr16ed 1n the preced1n9 5ec- 
t10n5 revea1ed that 9ene expre5510n dr1ven 6y 5V40 {F19. 
4), Py (F19. 5), and p055161y E1a (F195.3 and 7) enhancer5 
wa5 act1vated 6y the 19-kD 7 ant19en, we a150 te5ted 
whether the E16 re910n c0u1d tran5-act1vate 9ene ex- 
pre5510n med1ated 6y the 1mmun09106u11n heavy-cha1n 
enhancer. F0r th15 purp05e we u5ed a te5t p1a5m1d c0n- 
5truct, pAcatH (6arc1a et a1. 1986) expre551n9 the CA7 
9ene under the m1n1ma1 5V40 pr0m0ter (La1m1n5 et a1. 
1982) and the heavy-cha1n enhancer. P1a5m1d pAcatH 
and the var10u5 E16 p1a5m1d5 were c0tran5fected 0n the 

m0u5e mye10ma ce11 11ne 5194 (A7CC 718-19), and 
CA7 act1v1ty wa5 determ1ned. 

A5 5een 1n F19ure 6A, c0tran5fect10n 0f pAcatH w1th 
the wt E16 re910n (p~XC) 0r p1a5m1d5 expre551n9 func- 
t10na1 19-kD 7 ant19en (pAXC-H) 0r 55-kD 7 ant19en 
(p•XC-5) had n0 519n1f1cant effect 0n pAcatH expre5510n 
c0mpared w1th p•XC-K, wh1ch 15 defect1ve 1n 60th E16 
pr0te1n5. 70 determ1ne whether E1a-med1ated repre5- 
510n 0f the heavy-cha1n enhancer (Hen et a1. 1985) c0u1d 
6e 0verc0me 6y E16, pAcatH wa5 c0tran5fected w1th 
pXC-der1ved p1a5m1d5, and CA7 act1v1ty wa5 deter- 
m1ned (F19. 68). A5 expected, p1a5m1d pXC-K expre551n9 
0n1y E1a a1m05t t0ta11y repre55ed the expre5510n 0f pA- 
catH (c0mpared w1th p/~XC-K 1ane). When pAcatH wa5 
c0tran5fected w1th pXC 0r pXC-H, there wa5 a very 
5ma11 am0unt 0f CA7 expre5510n. H0wever, th15 1eve1 0f 
CA7 expre5510n, 1n three 1ndependent a55ay5, ran9ed 
w1th1n 5-10% 0f the 1eve1 5een 1n ce115 that d1d n0t ex- 
pre55 any E1a (1ane paXC-K) and, theref0re, 5u99e5t5 that 
the E16 19-kD 7 ant19en d0e5 n0t have a pr0m1nent ef- 
fect (5uch a5 065erved f0r the 5V40 and Py enhancer5) 0n 
the re1ea5e 0f E1a-med1ated repre5510n 0f the heavy- 
cha1n enhancer 1n mye10ma ce115. 

7ran5-act1vat10n 15 ce11 type--5pec1f1c 

A1th0u9h we have 065erved tran5-act1vat10n 0f 9ene ex- 
pre5510n dr1ven 6y $V40 and Py enhancer5 1n rat f16r0- 
61a5t5 (CREF) and 1n human ep1the11a1 ce115 (HeLa), we 
d1d n0t 065erve tran5-act1vat10n 0f 9ene expre5510n 
dr1ven 6y 1mmun09106u11n heavy-cha1n enhancer 1n my- 
e10ma ce115. 

7he  1ack 0f 19-kD 7 ant19en-med1ated tran5-act1va- 
t10n 1n the 1atter ca5e may 6e due t0 the ce11 type 0r due 
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F19ure 6. Effect 0f E16 (A) and E1a p1u5 E16 (8) 0n pAcatH expre5510n. M0u5e mye10ma ce115 (5194, A7CC 718-19) were tran5fected 
w1th pAcatH (1 p~9) and the var10u5 Ad5 p1a5m1d5 (3 ~9) 6y the DEAE dextran meth0d a5 de5cr16ed 6y 6arc1a et a1. (1986), and the CA7 
act1v1ty wa5 determ1ned fr0m extract5 prepared 48 0r 60 hr after tran5fect10n. (AcCm) Acety1 ch10ramphen1c01; (Cm) ch10ramphen- 
1c01. 

t0 the nature 0f the heavy-cha1n enhancer 5e4uence5.70 
determ1ne whether the E16 tran5-act1vat10n pr0perty 15 
funct10na1 1n mye10ma ce115, we exam1ned the effect 0f 
E16 0n p5V2CA7 expre5510n. 1t 15 kn0wn that 5V40 pr0- 
m0ter-enhancer e1ement5 are funct10na1 1n mye10ma 
ce115 (8anerj1 et a1. 1983). 1n ce115 tran5fected w1th 
p5V2CA7 and p•XC-K there wa5 519n1f1cant CA7 ex- 
pre5510n (F19. 7A). 1n ce115 tran5fected w1th p5V2CA7 
and paXC-H, the 1eve1 0f CA7 expre5510n d1d n0t 1n- 
crea5e further, 5u99e5t1n9 that the E16 tran5-act1vat10n 
funct10n 15 n0t apparent 1n mye10ma ce115. 7h15 c0nc1u- 
510n wa5 further 5u65tant1ated 6y exam1n1n9 the expre5- 
510n 0f pAcatH 1n rat f16r061a5t5 (F19. 78). 1t ha5 6een 
rep0rted that the 1mmun09106u11n enhancer 15 func- 
t10na1 (a16e1t at reduced 1eve15 1n the natura1 0r1entat10n) 
1n f16r061a5t5 (Wa5y1yk and Wa5y1yk 1986). CREF ce115 
were c0tran5fected w1th pAcatH and pAXC-H, and the 
CA7 expre5510n wa5 4uant1tated (F19. 78). P1a5m1d 
pAXC-H repr0duc161y tran5-act1vated pAcat-H expre5- 
510n a60ut f1vef01d, 5u99e5t1n9 that 19-kD-med1ated 
tran5-act1vat10n 0f the 19H enhancer may 6e re9u1ated 
6y the ce11 type. 

7ran5-act1vat10n 15 5pec1f1c f0r enhancer 

70 determ1ne whether tran5-act1vat10n 6y E 16 15 5pec1f1c 
f0r the 5V40 0r Py enhancer5, we c0tran5fected a der1va- 
t1ve 0f p5V2ne0 1ack1n9 the enhancer, p5V2ne0AE, 0r 
p62  (Hen et a1. 1986), c0nta1n1n9 0n1y the ra661t f~- 
91061n pr0m0ter, a10n9 w1th the var10u5 E16 p1a5m1d5, 
and the expre5510n 0f ne0 0r f~-91061n RNA wa5 ana- 
1y2ed. 

A5 5een 1n F19ure 8A, ce115 c0tran5fected w1th 
p8V2ne0AE and pUC13 expre55ed very 10w 1eve15 0f ne0 
RNA. A 51m11ar 10w 1eve1 0f expre5510n wa5 a150 06- 
5erved when p5V2ne0AE wa5 c0tran5fected w1th the 
E16-defect1ve p1a5m1d pAXC-K 0r the 19-kD 7 ant19en- 

defect1ve p1a5m1d pAXC-5. C0tran5fect10n 0f p5V2ne0AE 
w1th pAXC (wt E16) 0r pAXC-H (19-kD p051t1ve) d1d n0t 
enhance the expre5510n 0f ne0 RNA. 51m11ar1y, the 1eve1 
0f f~-91061n expre5510n 065erved 1n ce115 c0tran5fected 
w1th p62  and pUC13 d1d n0t 1ncrea5e when p62 wa5 
c0tran5fected w1th the var10u5 E16 p1a5m1d5. 7he5e re- 
5u1t5 revea1 that the effect 0f E16 0n p5V2ne0 and p62Py 
065erved 1n the preced1n9 exper1ment5 (F19. 48 and F19. 
58) 15 pred0m1nant1y due t0 1t5 effect 0n the 5V40 and Py 

A 8 
p5V2cat ~ a t  H 

1 Ac<~rn 

Cm 

"r" ~ "t" 

r~ Ca. fa. CL 

F19ure 7. Effect 0f ce11 type 0n tran5-act1vat10n 6y E16. M0u5e 
mye10ma (5194) ce115 (A) 0r rat CREF ce115 (8) were tran5fected 
w1th p5V2CA7 and E16 p1a5m1d5 (A) 0r pAcatH and E16 
p1a5m1d5 (8) a5 1n F19. 6, and CA7 act1v1ty wa5 determ1ned. 
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F19ure 8. Effect 0f E16 0n enhancer1e55 5V40 ear1y and 8-91061n pr0m0ter5. CREF ce115 were tran5fected w1th p5V2ne0AE 0r p62 w1th 
var10u5 E16 p1a5m1d5 and ne0 0r f3-91061n 5pec1f1c RNA wa5 ana1y2ed a5 de5cr16ed 1n F195.2 and 3. 

enhancer  e1ement5, re5pect1ve1y. A mar91na1 tran5-act1- 
vat10n effect f0r 19-kD 0n p62-dr1ven 91061n expre5510n 
(1e55 than tw0f01d; F19. 58, 1ane •XC-H) wa5 n0t ap- 
parent  1n m05t 0ther  exper1ment5, 1nc1ud1n9 th05e 
where p 6 2  wa5 1nc1uded a5 an 1nterna1 c0ntr01 f0r m0n1- 
t0r1n9 tran5fect10n eff1c1enc1e5. 

Act1vat10n 0f E1a expre5510n 15 dependent 0n the E1a 
up5tream 5e4uence5 

1n the ca5e 0f E1a, the up5tream n0nc0d1n9 5e4uence5 
have 6een rep0rted t0 c0nta1n funct10na1 enhancer e1e- 
ment5 (Hear1n9 and 5henk 1983; Hen et a1. 1983; 1mper- 
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F19ure 9. Effect 0f E1a up5tream 5e4uence5 0n E16 tran5-act1vat10n. (A) 0r9an12at10n 0f var10u5 enhancer e1ement5 0f E1a. (8) Effect 
0f E16 7 ant19en5 0n E1a expre5510n fr0m p6C212A6 0r pLA1A6. E1a {5 ~9) and E16 (15 ~9) p1a5m1d5 were tran5fected 0n HeLa ce115 
and E1a expre5510n wa5 ana1y2ed a5 de5cr16ed under F19. 3. 
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1a1e et a1. 1983). H0wever, the e1ement5 1dent1f1ed 6y 
the5e three 9r0up5 are 10cated at d1fferent re910n5 a5 11- 
1u5trated 1n F19ure 9A. 0ne 0f the Ad2 p1a5m1d5 
(p6C212) c0n5tructed 1n 0ur 1a60rat0ry (Ch1nnadura1 
1983) c0nta1n5 a de1et10n 0f the 1eft-m05t 309 6p 0f the 
v1ra1 9en0me (5ee 1mper1a1e et a1. 1983). 7heref0re, the 
p1a5m1d 1ack5 the enhancer e1ement5 1dent1f1ed 6y Hen 
et a1. (1983) 1n the1r ent1rety and m05t 0f the 5e4uence5 
1dent1f1ed 6y Hear1n9 and 5henk (1983)6ut reta1n5 the 
e1ement 1dent1f1ed 6y 1mper1a1e et a1. (1983). 70 deter- 
m1ne whether the up5tream 5e4uence5 de1eted 1n th15 
p1a5m1d c0u1d m0du1ate the effect 0f E16 0n E1a expre5- 
510n 065erved 1n 0ur 5tud1e5 (F19. 38), a der1vat1ve 0f 
p6C212 1ack1n9 a11 the E16 c0d1n9 5e4uence5 
(p6C212A6) wa5 c0tran5fected w1th var10u5 Ad5 E16 
p1a5m1d5. A5 5een 1n F19ure 98, p~XC-K and p~XC-5 1n- 
duced c0mpara61e 1eve15 0f E1a expre5510n fr0m 
p6C212~6. 1n ce115 tran5fected w1th p6C212~6 and 
pAXC 0r p•XC-H there wa5 a m0de5t 1ncrea5e 1n E1a 
expre5510n 0f a60ut tw0f01d. 1n the5e exper1ment5, the 
E1a expre5510n fr0m an E1a p1a5m1d pLA1~6 that c0n- 
ta1n5 the ent1re up5tream n0nc0d1n9 5e4uence5 wa5 a150 
c0mpared. A5 1n the ca5e 0f p6C212A6, the E16 
p1a5m1d5 pAXC-K and p~XC-5 1nduced m0re 0r 1e55 51m- 
11ar 1eve15 0f E1a expre5510n fr0m pLA1A6. H0wever, the 
E16 p1a5m1d5 p~XC and pAXC-H had a m0re pr0- 
n0unced effect 0n E1a expre5510n, re5u1t1n9 1n a 9reater 
than 15-f01d 1ncrea5e {a5 mea5ured 1n three 1ndependent 
exper1ment5) 1n E1a expre5510n, c0mpared t0 ce115 that 
d0 n0t expre55 E16 (pAXC-K) 0r E16 19-kD 7 ant19en 
(p•XC-5). 7he5e re5u1t5 5u99e5t that the effect 0f E16 0n 
E1a expre5510n 15 m0du1ated 6y the up5tream enhancer- 
c0nta1n1n9 5e4uence5. 7he m0de5t tw0f01d 1ncrea5e 1n 
E1a expre5510n fr0m p6C212•6 15 pr06a61y re9u1ated 6y 
the up5tream enhancer11ke e1ement c0nta1ned 1n th15 
p1a5m1d and 1dent1f1ed 6y 1mper1a1e et a1. (1983). 

Act1vat10n 0f Py enhancer 1n und1fferent1ated F9 ce115 
6y E16 

1t ha5 6een rep0rted that und1fferent1ated 1:9 em6ry0na1 
carc1n0ma ce115 c0nta1n an ••E1a-11ke•• act1v1ty (1mper- 
1a1e et a1. 1984). C0n515tent w1th th15 n0t10n, 1t ha5 6een 
5h0wn that the Py enhancer 15 repre55ed 1n the5e ce115, 
wherea5 a mutant enhancer that 15 a150 n0t repre55ed 6y 
E1a 15 act1ve 1Hen et a1. 19861. 70 determ1ne whether 
E16 c0u1d act1vate Py enhancer 1n F9 ce115, we c0tran5- 
fected w1th p62Py and var10u5 E16 p1a5m1d5 and ana- 
1y2ed the expre5510n 0f 8-91061n (F19. 10). 

1:9 ce115 tran5fected w1th p1a5m1d p62Py* c0nta1n1n9 
the enhancer mutat10n (Py EC1: 9.1) and pUC13 carr1er 
DNA expre55ed 519n1f1cant 1eve15 0f 91061n RNA, 
wherea5 1n ce115 tran5fected w1th p62Py c0nta1n1n9 wt 
Py enhancer and carr1er pUC13 vect0r DNA 0r E16-de- 
fect1ve p1a5m1d pAXC-K, the expre5510n 0f 91061n wa5 
repre55ed. H0wever, ce115 c0tran5fected w1th p/~XC, c0n- 
ta1n1n9 wt E16 c0d1n9 5e4uence5, 0r pAXC-H, c0nta1n1n9 
the mutat10n w1th1n the 55-kD 7 ant19en, expre55ed 
91061n RNA at 1eve15 c0mpara61e t0 that 1n ce115 tran5- 
fected w1th p62Py*, 1nd1cat1n9 that 1n the pre5ence 0f 
the am1n0-term1na1 ha1f 0f E16, the wt Py enhancer 15 

Re9u1at10n 0f 9ene expre5510n 6y E16 

k t 
~1 N N 

309 6 -  

F19ure 10. Effect 0f E16 7 ant19en5 0n Py enhancer expre5510n 
1n F9 ce115. F9 und1fferent1ated ce115 were c0tran5fected w1th 
p62Py 0r p62Py* and the var10u5 E16 p1a5m1d5 6y the ca1c1um 
ph05phate meth0d. 70ta1 cyt0p1a5m1c RNA wa5 extracted 24 hr 
after tran5fect10n and ana1y2ed f0r f1-91061n expre5510n. 

n0t repre55ed. 7h15 re1ea5e 0f repre5510n wa5 repr0duc- 
161e 1n three 5eparate exper1ment5. 1n ce115 tran5fected 
w1th p62Py and the E16 p1a5m1d defect1ve 1n the 19-kD 
7 ant19en, there wa5 n0 519n1f1cant a1terat10n 1n the ex- 
tent 0f repre5510n 0f p62Py, 5u99e5t1n9 that the 19-kD 7 
ant19en 15 e55ent1a1 f0r act1vat10n 0f the Py enhancer 1n 
und1fferent1ated 1:9 ce115. 

D15cu5510n 

7ran5-act1vat10n 6y E16 

0ur re5u1t5 dem0n5trate that the ear1y re910n E16 0f Ad5 
and Ad2 (9r0up C) and Ad7 (9r0up 8) ha5 a tran5-act1va- 
t10n funct10n, wh1ch 15 e5pec1a11y pr0n0unced 0n v1ra1 
and ce11u1ar enhancer e1ement (5V40, Py, E1a, and 1m- 
mun09106u11n heavy-cha1n)-dr1ven pr0m0ter5. We have 
10ca112ed th15 tran5-act1vat10n funct10n w1th1n the 
19-kD 7 ant19en c0d1n9 re910n 51nce mutat10n5 that ex- 
c1u51ve1y map 1n th15 re910n a60115h the enhancer act1va- 
t10n funct10n wherea5 p1a5m1d5 that can 0n1y c0de f0r 
the 19-kD 7 ant19en reta1n th15 act1v1ty. 7he 19-kD 
tran5-act1vat10n funct10n d1ffer5 fr0m the we11-kn0wn 
E1a funct10n (8erk et a1. 1979; J0ne5 and 5henk 1979) 
and a150 fr0m a recent1y 1dent1f1ed funct10n enc0ded 6y 
the E4 re910n (60d1n9 et a1. 1985). 7he tran5-act1vat10n 
funct10n5 enc0ded 6y E1a and E4 9ene pr0duct5 act1vate 
the aden0v1ru5 ear1y re910n E2 eff1c1ent1y, wherea5 the 
E16 19-kD 7 ant19en 15 much 1e55 eff1c1ent 1n 1t5 act10n 
0n the E2 pr0m0ter (K. Y05h1da and 6. Ch1nnadura1, un- 
pu61.). 0ur re5u1t5 1nd1cate that 519n1f1cant am0unt5 0f 
E16 can 6e expre55ed w1th0ut E1a and that th15 1eve1 0f 
E16 expre5510n 15 5uff1c1ent t0 1nduce a 1ar9e effect 0n 
the expre5510n 0f the te5t 9ene5 CA7, ne0, ~-91061n, and 
E1a 11nked t0 three d1fferent pr0m0ter e1ement5 (5V40, 
~-91061n, and E1a) dr1ven 6y the f0ur enhancer e1ement5 
te5ted. 

We have 5h0wn that the tran5-act1vat10n funct10n me- 
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d1ated 6y the 19-kD pr0te1n 15 5pec1f1c f0r enhancer5, 
51nce rem0va1 0f the 72-6p repeat5 fr0m the 5V40 ear1y 
pr0m0ter and 0f the up5tream 5e4uence5 fr0m the E1a 
pr0m0ter 9reat1y reduce5 the effect 0f the 19-kD pr0te1n. 
51m11ar1y, expre5510n 0f ra661t 8-91061n fr0m 1t5 0wn 
pr0m0ter 15 n0t a1tered 6y 19-kD 7 ant19en 6ut the f~- 
91061n pr0m0ter 11nked t0 the Py enhancer 15 tran5-act1- 
vated. 7he E1a DNA 5e4uence5 m0du1at1n9 the 19-kD- 
med1ated tran5-act1vat10n 0f E1a expre5510n a150 appear 
t0 6e 10cated pr1mar11y w1th1n the tw0 E1a enhancer e1e- 
ment5 (Hear1n9 and 5henk 1983; Hen et a1. 1983). 51nce 
E1a expre5510n 15 a150 5t1mu1ated fr0m p1a5m1d 
p6C212A6, a1th0u9h t0 a much 1e55er extent, 1t 15 p05- 
5161e that the 19-kD pr0te1n may 6e exert1n9 th15 11m1ted 
effect v1a the enhancer e1ement 1dent1f1ed 6y 1mper1a1e 
et a1. (1983), wh1ch 15 pre5ent 1n p6C212A6. 7he var10u5 
enhancer-pr0m0ter te5t 9ene c0m61nat10n5 that we 
have ut1112ed appear t0 re5p0nd t0 19-kD 7 ant19en 1n rat 
f16r061a5t5 and human HeLa ce115.7he 1mmun09106u11n 
heavy-cha1n enhancer d0e5 n0t 5eem t0 6e tran5-act1- 
vated 6y 19-kD pr0te1n 1n m0u5e mye10ma ce115. 51nce 
the E16 effect wa5 a150 n0t 065erved w1th 5V40 ear1y 
pr0m0ter-enhancer 1n mye10ma ce115, a1th0u9h the 
heavy-cha1n enhancer appeared t0 re5p0nd t0 E16 tran5- 
act1vat10n 1n CREF f16r061a5t5, 1t 5eem5 that th15 19-kD 
pr0te1n funct10n may 6e m0du1ated 1n a ce11 type-5pe- 
c1f1c manner. 7h15 065ervat10n 5u99e5t5 that the 19-kD 
7 ant19en may funct10n d1rect1y 0r 1nd1rect1y 6y 1nter- 
act1n9 w1th 50me ce11u1ar fact0r5. 1t ha5 6een dem0n- 
5trated 1n a num6er 0f 1n5tance5 that enhancer e1ement5 
d15p1ay ce11 type 5pec1f1c1ty (f0r rev1ew, 5ee V055 et a1. 
1986), 1nd1cat1n9 that the enhancer e1ement5 1nteract 
w1th 50me ce11u1ar fact0r5. 

7he 19-kD 7 ant19en 15 pred0m1nant1y 10ca112ed 0n 
the nuc1ear enve10pe and 1n cyt0p1a5m1c mem6rane 
c0mp0nent5 (Per550n et a1. 1982; Wh1te et a1. 1984) 0f 
ce115 1nfected 0r tran5f0rmed 6y Ad2. 1n add1t10n, 610- 
chem1ca1 fract10nat10n 0f Ad2-1nfected ce115 ha5 1nd1- 
cated that a 519n1f1cant fract10n 0f th15 pr0te1n 15 a150 
pre5ent 1n the nuc1e0p1a5m (6reen et a1. 1982). 7here- 
f0re, 1t 15 p055161e that the 19-kD funct10n may 6e me- 
d1ated 6y d1rect a550c1at10n w1th the tar9et DNA 0r 6y 
0ther, 1nd1rect mean5 5uch a5 fac111tat1n9 f0rmat10n 0f 
tran5cr1pt10n c0mp1exe5 med1ated 6y enhancer5. 1t 15 
n0tew0rthy that enhancer5 have 6een 5h0wn t0 5t1mu- 
1ate f0rmat10n 0f act1ve tran5cr1pt10n c0mp1exe5 
(7re15man and Man1at15 1985; We6er and 5haffner 1985). 
A d1rect DNA 1nteract10n r01e w0u1d 6e ana1090u5 t0 the 
E2 tran5-act1vat0r 0f 8PV1, wh1ch ha5 6een 5h0wn re- 
cent1y t0 61nd d1rect1y t0 enhancer5 (Andr0phy et a1. 
1987; M05ka1uk and 8a5t1ka 1987). A11 the enhancer e1e- 
ment5 [1nc1ud1n9 the E1a enhancer e1ement 1dent1f1ed 6y 
Hen et a1. {1983)] act1vated 6y the 19-kD pr0te1n c0nta1n 
the 50-ca11ed enhancer c0re e1ement 6 7 6 6  A/7 A/7 A/ 
7 (We1her et a1. 1983) and may theref0re c0n5t1tute a 
cand1date re910n f0r DNA-pr0te1n 1nteract10n5. 

Effect 0n enhancer repre5510n 

0ur  re5u1t5 5h0w that 1n the pre5ence 0f the 19-kD 7 

ant19en c0ded 6y 9r0up C (Ad2 0r Ad5) and 9r0up 8 (Ad7) 
aden0v1ru5e5, the repre5510n 0f 5V40 and Py and p055161y 
E1a enhancer5 med1ated 6y Ad2 0r Ad5 15 n0t ev1dent. 
Recent1y, 1t ha5 6een rep0rted that 1n ce115 tran5fected 
w1th p1a5m1d p6C212 (wh1ch c0nta1n5 Ad2 E1a and the 
am1n0-term1na1 ha1f 0f E16, 1.e., the H1nd111-6 fra9ment) 
and an Ad2 maj0r 1ate pr0m0ter (MLP) c0n5truct 11nked 
w1th the 5V40 enhancer, tran5cr1pt10n fr0m the MLP 15 
n0t repre55ed (Natarajan 1986). H0wever, repre5510n 0f 
MLP wa5 065erved when the E16 re910n 0f p6C212 wa5 
mutated, 5u99e5t1n9 that 1n the pre5ence 0f the 19-kD 7 
ant19en, the 5V40 enhancer may n0t 6e repre55ed. 0ur  
re5u1t5 5u99e5t that the ant1repre5510n effect may 6e re- 
fated d1rect1y t0 the tran5-act1vat10n funct10n 0f 19-kD 
pr0te1n, 51nce 1n mye10ma ce115 where there wa5 n0 519- 
n1f1cant tran5-act1vat10n 0f the 1mmun09106u11n en- 
hancer, E1a-med1ated repre5510n wa5 n0t re1ea5ed eff1- 
c1ent1y. 7he 19-kD tran5-act1vat10n funct10n appear5 t0 
6e d0m1nant 0ver E1a-med1ated repre5510n. De5p1te a 
1ar9e 1ncrea5e 1n E1a expre5510n 1n the pre5ence 0f E16, 
there 15 n0 519n1f1cant E1a-med1ated repre5510n (5ee F19. 
3). 1t ha5 6een 5h0wn ear11er that repre5510n 6y E1a 15 
man1fe5ted 1n a d05e-dependent manner (80re111 et a1. 
1984). 7he mechan15m 0f E1a-med1ated enhancer re- 
pre5510n 15 n0t kn0wn. 7he ant1-E1a effect 0f the 19-kD 
pr0te1n may 6e u5efu1 t0 pr06e the E1a repre5510n 0f en- 
hancer5. 

0u r  re5u1t5 1nd1cate that E16 ha5 a 1ar9e effect 0n the 
expre5510n 0f E1a. 7h15 effect typ1ca11y ran9ed fr0m 15- 
t0 25-f01d c0mpared w1th ce115 tran5fected w1th E1a 
a10ne. 1t ha5 6een pr0p05ed that E1a aut0re9u1ate5 1t5 
0wn expre5510n 6y enhancer repre5510n (80re111 et a1. 
1984; 5m1th et a1. 1985; 7166ett5 et a1. 1986}. H0wever, 
data 1nc0n515tent w1th th15 m0de1 have a150 6een re- 
p0rted (Hear1n9 and 5henk 19851. 1f E1a 1ndeed aut0re- 
9u1ate5 6y enhancer repre5510n, the 065erved effect 0f 
19-kD pr0te1n 0n E1a expre5510n may 6e due t0 the per- 
tur6at10n 0f the enhancer repre5510n effect. A1terna- 
t1ve1y, 51nce we have 065erved tran5-act1vat10n 0f en- 
hancer-dr1ven 9ene expre5510n 6y 19-kD 7 ant19en, the 
065erved effect 0f E16 0n E1a expre5510n c0u1d 51mp1y 6e 
due t0 the tran5-act1vat10n 6y 19-kD 7 ant19en. 

We n0te that a 19-kD r01e 0pp051te t0 the 0ne we have 
065erved 0n E1a expre5510n ha5 6een pr0p05ed 6y Wh1te 
et a1. (1986). 7hey 065erved that 1n the human d1p101d 
f16r061a5t ce11 11ne W1-38 11n wh1ch aden0v1ru5 9r0wth 15 
re1at1ve1y re5tr1cted} 1nfected w1th Ad2 0r Ad5 mutant5 
defect1ve 1n the 19-kD pr0te1n, the ear1y re910n E2a 15 
0verexpre55ed. 7hey have pr0p05ed that the enhanced 
expre5510n 0f E2a 15 due t0 e1evated 1eve15 0f E1a expre5- 
510n, 5u99e5t1n9 that E1a expre5510n 15 under ne9at1ve 
c0ntr01 6y the 19-kD pr0te1n. Here a9a1n, 1t 15 p055161e 
that dur1n9 v1ra1 1nfect10n, 5evera1 v1ra1 9ene pr0duct5 
may 1nteract am0n9 them5e1ve5 1n a c0mp1ex manner; 
a1temat1ve1y, the effect c0u1d 6e due t0 the nature 0f 
W1-38 ce115. We w0u1d 11ke t0 p01nt 0ut that we have 
065erved the tran5-act1vat10n funct10n n0t 0n1y dur1n9 
tran5fect10n 0f 1501ated E1a and E16 9ene5, 6ut a150 1n 
ce11 11ne5 that 5ta61y expre55 the 19-kD 7 ant19en; there- 
f0re, 1t appear5 t0 6e an 1ntr1n51c pr0perty 0f the pr0te1n. 
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Re9u1at10n 0f 9ene expre5510n 6y E16 

Enhancer  act1vat10n m F9 ce115 
0 u r  re5u1t5 1nd1cate that the Py enhancer c0u1d 6e act1- 
vated 1n und1fferent1ated F9 ce115 6y the 19-kD 7 an- 
t19en, 5u99e5t1n9 that E16 can a150 eff1c1ent1y 0verc0me 
the repre5510n med1ated 6y a ce11u1ar 9ene pr0duct. 1n 
add1t10n, we have 065erved tran5-act1vat10n 0f Py mu- 
tant enhancer (Py*, Py ECF 9.1) rep0rted n0t t0 6e re- 
pre55ed 6y E1a (Hen et a1. 1986). 1t ha5 recent1y 6een re- 
p0rted that the act1vated ce11u1ar 0nc09ene 724-c-Ha-ra5 
a150 act1vate5 Py and Py* enhancer5 1n F9 ce115 (Wa5y1yk 
et a1. 1987). 7he5e re5u1t5 w0u1d 1mp1y that act1vat10n 0f 
the Py enhancer 6y the 19-kD pr0te1n and 6y 724 ra5 
need n0t nece55ar11y 1nv01ve rever5a1 0f the repre5510n 
effect med1ated 6y E1a 0r the ••E1a-11ke•• ce11u1ar re- 
pre550r 6ut may ref1ect an E1a effect-1ndependent 
tran5-d0m1nant  mechan15m. H0wever, repre5510n 0f Py 
mutant  enhancer5 that are act1ve 1n F9 ce115 6y E1a ha5 
a150 6een 065erved (Ve1c1ch et a1. 1986). 7heref0re, 1t 
may 6e d1ff1cu1t at pre5ent t0 draw def1n1t1ve c0nc1u- 
510n5 a5 t0 whether enhancer act1vat10n 6y 19-kD pr0- 
te1n and 724 ra5 1ead5 t0 a true rever5a1 0f E1a 0r ••E1a- 
11ke•• repre5510n. 724 ra5 ha5 6een rep0rted t0 act1vate 
enhancer5 1n mye10ma ce115 (Wa5y1yk et a1. 1987). H0w- 
ever, the 19-kD pr0te1n d0e5 n0t tran5-act1vate the 5V40 
and 1mmun09106u11n heavy-cha1n enhancer 1n the5e 
ce115. 1n add1t10n, we have a150 065erved 1n 5evera1 ex- 
per1ment5 that 724 ra5 d0e5 n0t act1vate the 5V40 ear1y 
pr0m0ter 1n E1a-8RK ce115 (re5u1t5 n0t 5h0wn), wherea5 
E16 eff1c1ent1y act1vate5 under the 5ame c0nd1t10n5. A1- 
th0u9h we have n0t exam1ned the Py enhancer per 5e 1n 
mye10ma ce115, 1t w0u1d appear fr0m the a60ve tw0 06- 
5ervat10n5 that tran5-act1vat10n 6y the5e tw0 tran5- 
f0rm1n9 9ene5 may 1nv01ve 50mewhat d1fferent mecha- 
n15m5. H0wever, 1t 15 1ntere5t1n9 that the5e tw0 0nc0- 
9ene5 have 51m11ar enhancer act1vat10n funct10n 1n F9 
ce115 and a150 c00perate w1th E1a 1n 0nc09en1c c0nver- 
510n 0f pr1mary r0dent ce115 (Ru1ey 1983). Pr0te1n p21, 
c0ded 6y the ra5 0nc09ene, re51de5 0n the 1nner 5urface 
0f the p1a5ma mem6rane (5h1h and Week5 1984), and 
51nce enhancer act1vat10n 6y 724 ra5 para11e15 act1vat10n 
6y the tum0r pr0m0ter 7PA, 1t ha5 6een p05tu1ated that 
724 ra5 act1vate5 prev10u51y 1nact1ve enhancer fact0r5 6y 
ph05ph0ry1at10n v1a pr0te1n k1na5e C (Wa5y1yk et a1. 
1987). 1n c0ntra5t, the 19-kD 7 ant19en ha5 a d1fferent 
5u6ce11u1ar 10ca112at10n (1.e., 1n the nuc1ear mem6rane, 
cyt0p1a5m1c mem6rane, and nuc1e0p1a5m), and en- 
hancer act1vat10n 6y th15 pr0te1n may 0ccur 6y an a1ter- 
nate mechan15m. 

1t 5h0u1d 6e p01nted 0ut that 1t 15 a150 p055161e that the 
19-kD pr0te1n may act1vate the Py enhancer v1a 1nduc- 
t10n 0f d1fferent1at10n-re1ated ce11u1ar chan9e5 1n5tead 0f 
0verc0m1n9 the effect 0f the ce11u1ar ••E1a-11ke•• act1v1ty. 
1t ha5 6een rep0rted that Py enhancer act1v1ty 1ncrea5e5 
dur1n9 d1fferent1at10n (Kat1nka et a1. 1981; 5ek1kawa and 
Lev1ne 1981; Fuj1mura and L1nney 1982). 1t 15 p055161e 
that the 19-kD pr0te1n may 1nduce 50me ce11u1ar 
chan9e5 a550c1ated w1th the d1fferent1at10n 0f F9 ce115, 
there6y re5u1t1n91n the act1vat10n 0f the Py enhancer. 1t 
15 n0tew0rthy that the 1ntr0duct10n 0f ce11u1ar 0nc0- 
9ene5 c-f05 (M/111er and Wa9ner 1984)and ra5 (We1n6er9 

1984) 1nt0 F9 ce115 ha5 6een 5h0wn t0 1nduce d1fferent1a- 
t10n. 1f the 19-kD 7 ant19en 1nduce5 50me chan9e5 a550- 
c1ated w1th d1fferent1at10n, 1t 15 p055161e that d1fferen- 
t1ated F9 ce115 may c0nta1n a ••19-kD-11ke•• act1v1ty. 

Enhancer  act1vat10n and  ce11 tran5f0rmat10n 

A num6er 0f 5tud1e5 have 1nd1cated that the 19-kD 7 
ant19en 15 1mp0rtant f0r aden0v1ru5-med1ated ce11 tran5- 
f0rmat10n. A11 the Ad5 and Ad7 p1a5m1d c0n5truct5 that 
we have u5ed 1n the pre5ent 5tudy have a150 6een te5ted 
f0r tran5f0rmat10n act1v1ty 0n 8RK ce115. 7he5e 5tud1e5 
have a150 c1ear1y 1nd1cated that the 19-kD 7 ant19en 15 
e55ent1a1 f0r tran5f0rmat10n (K. Y05h1da and 6.  Ch1nna- 
dura1, unpu61.). 7he  610chem1ca1 funct10n 0f 19-kD 7 
ant19en 1n ce11 tran5f0rmat10n rema1n5 t0 6e e1uc1dated. 
51nce 5evera1 v1ra1 and ce11u1ar 0nc09ene5 have 6een 1m- 
p11cated 1n tran5cr1pt10na1 re9u1at10n (K1n95t0n et a1. 
1985), the enhancer act1vat10n funct10n 0f 19-kD 7 an- 
t19en 1dent1f1ed 1n the pre5ent 5tudy may a150 6e 1mp0r- 
tant f0r ce11 tran5f0rmat10n. 1t 15 p055161e that the 19-kD 
7 ant19en may act1vate 50me d0rmant ce11u1ar 9ene5 6y 
enhancer tran5-act1vat10n and that the5e E16-act1vated 
ce11u1ar 9ene5 may d1rect1y 0r 1nd1rect1y 1ead t0 ce11 
tran5f0rmat10n. 1t 15 1ntere5t1n9 that the E1a and E16 
9ene5 re4u1red f0r 1mm0rta112at10n and tran5f0rmat10n 
have 0pp051te effect5 0n enhancer5. 7he E1a 9ene re- 
pre55e5 enhancer-11nked pr0m0ter5 and tran5-act1vate5 
enhancer1e55 pr0m0ter5. 7he  19-kD 7 ant19en, 0n the 
0ther hand, tran5-act1vate5 enhancer-11nked pr0m0ter5 
and re11eve5 E1a-med1ated repre5510n. 1t 15 p055161e that 
the 1mm0rta112at10n 5tep 6y E1a may re4u1re repre5510n 
0f a 5u65et 0f ce11u1ar 9ene5 and that the tran5f0rmat10n 
pr0ce55 6y 19-kD 7 ant19en may act1vate a 5ec0nd 5et 0f 
ce11u1ar 9ene5 0r deact1vate the E1a-repre55ed 9ene5. 

An a1ternate mechan15m w0u1d 6e that the E16-me- 
d1ated enhancer act1vat10n may 1ead t0 ce11 tran5f0rma- 
t10n 6y re9u1at1n9 the expre5510n 0f E1a. 1t ha5 6een re- 
p0rted ear11er that E1a-1mm0rta112ed ce115 expre55 un- 
u5ua11y 10w am0unt5 0f E1a RNA c0mpared t0 ce115 
tran5f0rmed 6y E1a and E16 (van den E15en et a1. 1983). 
1t ha5 a150 6een rep0rted that a h19h 1eve1 0f E1a expre5- 
510n fr0m a 5tr0n9 m0u5e meta110th10ne1n pr0m0ter 
c0u1d 1ead t0 fu11 tran5f0rmat10n 0f N1H-373 ce115 
(5enear and Lew15 1986). A1th0u9h 1t 15 n0t kn0wn 
whether h19h 1eve15 0f E1a expre5510n c0u1d 1ead t0 fu11 
tran5f0rmat10n 0f 8RK and 0ther pr1mary ce115, 1t 15 p05- 
5161e that the h19h1y pr0n0unced effect 0f 19-kD 7 an- 
t19en 0n E1a expre5510n that we have 065erved c0u1d 
1ead t0 fu11 tran5f0rmat10n med1ated e55ent1a11y 6y E1a. 
A1th0u9h 60th a1ternat1ve5 c0u1d 6e true, m0re w0rk 15 
needed t0 e1uc1date fu11y the p055161e re1at10n5h1p 66~ 
tween the 19-kD re9u1at0ry funct10n and ce11 tran5f0r- 
mat10n. 

Mater1a15 and meth0d5 

Ce115 

Rat em6ry0 f16r061a5t ce11 11ne CREF (F15her et a1. 1982} wa5 
0r191na11y 06ta1ned fr0m P. F15her and wa5 9r0wn 1n Du16ecc0 
m0d1f1ed MEM (DMEM) c0nta1n1n9 5% feta1 ca1f 5erum. 
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Y05h1da et a1. 

Human HeLa ceL15 were 9r0wn 1n m0n01ayer cu1ture u51n9 
DMEM c0nta1n1n9 10% feta1 ca1f 5erum. 8a6y rat k1dney (8RK) 
ce115 were prepared fr0m 6-day-01d F15her rat5 6y treatment 
w1th c011a9ena5e-d15pa5e (80ehr1n9er Mannhe1m, 810chem1ca15, 
1nd1anap0115, 1nd1ana) and 9r0wn 1n e,-MEM c0nta1n1n9 10% 
feta1 ca1f 5erum. 8RK ce115 were 1mm0rta112ed (E1a-8RK) 6y 
tran5fect10n 0f a p1a5m1d, pHpa1-E, c0nta1n1n9 the E1a c0d1n9 
5e4uence5 0f Ad2. F9 em6ry0na1 carc1n0ma ce115 were 06ta1ned 
fr0m C. Car11n and ma1nta1ned 1n DMEM c0nta1n1n9 10% feta1 
ca1f 5erum. 5194 mye10ma ce115 were 06ta1ned fr0m Amer1can 
7ype Cu1ture C011ect10n and were 9r0wn 1n 5u5pen510n cu1- 
ture5 u51n9 DMEM and 10% h0r5e 5erum. 

P1a5m1d5 

7he Ad2 E1a-c0nta1n1n9 p1a5m1d, pHpa1-E, wh1ch c0nta1n5 the 
1eft 1569 6p (Hpa1-E fra9ment) 0f the Ad2 9en0me c10ned at the 
P5t1 51te 0f p8R322, wa5 0r191na11y 06ta1ned fr0m J. Dame11. 
pXC wa5 c0n5tructed 6y rec10n1n9 the 1eft-m05t 5788 6p {Xh01- 
C fra9ment) 0f Ad5 fr0m p1a5m1d p8L209 (8a6155 et a1. 1983) 1n 
pUC13. Mutant der1vat1ve5 0f pXC were c0n5tructed 6y 11near- 
121n9 pXC w1th var10u5 re5tr1ct10n end0nuc1ea5e5, f0110wed 6y 
61unt-end1n9 w1th 74 DNA p01ymera5e 0r the K1en0w fra9- 
ment 0f DNA P011 {Man1at15 et a1. 1982) and rec10n1n9. Mutant 
p1a5m1d pXC-5 c0nta1n5 a 4-6p de1et10n at the 55t151te (N1770), 
pXC-K c0nta1n5 a 4-6p de1et10n at the Kpn1 51te (N2048), and 
pXC-H c0nta1n5 a 4-6p 1n5ert10n at the H1nd111 51te (N2805). 
P1a5m1d pAXC and the mutant5 pAXC-5 pAXC-K, and pAXC-H 
were der1ved fr0m the pXC, pXC-5, pXC-K, and pXC-H 
p1a5m1d5, re5pect1ve1y, 6y de1et1n9 the E1a re910n up t0 the 
X6a-1 51te (N1340). 7he Ad7 E16-c0nta1n1n9 p1a5m1d pRA wa5 
c0n5tructed 6y c10n1n9 the R5a1-A fra9ment (N1431-4024) 1n 
pUC13. Mutant p1a5m1d5 pRA-N and pRA-A c0nta1n a 4-6p de- 
1et10n at the Nc01 51te (N1600) and a 2-6p 1n5ert10n at the Acc1 
51te (N2178), re5pect1ve1y. 7he de1et10n 1n p1a5m1d pRA-N wa5 
1ntr0duced 6y 51 nuc1ea5e treatment. 7he d0u61e-mutant 
p1a5m1d pRA-NA wa5 c0n5tructed 6y 119at1n9 mutated 5e9- 
ment5 fr0m pRA-N and pRA-A. 7he var10u5 Ad5 and Ad7 E16 
mutat10n5 are 111u5trated 1n F19ure 1. P1a5m1d5 p5V2ne0 
(50uthem and 8er9 1982) and p5V~CA7 (60rman et a1. 1982) 
were 06ta1ned fr0m P. 50uthem and 8. H0ward, re5pect1ve1y. 
P1a5m1d5 p62Py, p62Py*, and p62 (Hen et a1. 1986) were 06- 
ta1ned fr0m P. Cham60n. P1a5m1d p5V2ne0AE wa5 c0n5tructed 
6y de1et1n9 the enhancer 5e4uence5 6etween N126 {N511) and 
N270 (Pvu11) 0f the 5V40 9en0me and 6y rec10n1n9 the ne0 
tran5cr1pt10n un1t 1n pUC13. P1a5m1d p6C212A6 wa5 c0n- 
5tmcted 6y de1et1n9 the E16 5e4uence5 (55t1-H1nd111) fr0m 
p6C212 (Ch1nnadura1 1983). P1a5m1d pLA1A6 wa5 51m11ar1y 
c0n5tructed 6y de1et1n9 the E16 5e4uence5 fr0m pLA1 (7a- 
man01 and 5t111man 1982). P1a5m1d p19Kpm2022-X wa5 c0n- 
5tructed 6y c10n1n9 the Ad2 19-kD c0d1n9 re910n (X6a1 t0 Xmn1 
51te) fr0m mutant p1a5m1d p8Epm2022 (8arker and 8erk 1987) 
1nt0 a pUC13 vect0r carrY1n9 the 5V40 ear1y p01y(A) add1t10n 
519na15. 

7ran5fect10n5 

P1a5m1d DNA5 were 1ntr0duced 1nt0 ce115 f0r tran51ent expre5- 
510n a55ay5 e1ther 6y the CaP04 0r the DEAE dextran meth0d5. 
Where appr0pr1ate, the enhancer1e55 f~-91061n p1a5m1d p62 wa5 
c0tran5fected a5 an 1ntema1 c0ntr01 f0r n0rma1121n9 tran5fec- 
t10n eff1c1enc1e5. Leve15 0f E16 expre5510n a150 5erved a5 add1- 
t10na1 c0ntr015 1n m05t exper1ment5. 
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