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Human (HeLa) ce115 c0nta1n a pr0te1n, ML7F, wh1ch 5pec1f1ca11y 61nd5 t0 a DNA 5e4uence 1n the aden0v1ru5 2 

maj0r 1ate pr0m0ter and act1vate5 tran5cr1pt10n 0f that pr0m0ter. 7he pre5ence 0f ML7F 1n un1nfected ce115 

5u99e5t5 that th15 fact0r c0ntr16ute5 t0 the tran5cr1pt10n 0f 50me ce11u1ar 9ene5. We f1nd that ML7F 61nd5 1n a 

5e4uence-5pec1f1c manner t0 the 5•-f1ank1n9 re910n 0f the m0u5e meta110th10ne1n 1 (mM71) 9ene. 81nd1n9 wa5 

10ca112ed 6etween - 101 and - 94 (re1at1ve t0 the 1n1t1at10n 51te at + 1) 6y DNA-61nd1n9 9e1 e1ectr0ph0re515 

a55ay and DNA methy1at10n 1nterference ana1y515. A5 1n aden0v1ru5, 61nd1n9 0ccurred 1n a re910n c0nta1n1n9 the 

5e4uence CPuC676AC.  De1et10n 0f th15 5e4uence 60th e11m1nated the 61nd1n9 0f ML7F and pr0duced a 

f0urf01d reduct10n 1n tran5cr1pt10na1 eff1c1ency 1n v1tr0. 1n c0ntra5t t0 the 1ntact pr0m0ter, tran5cr1pt10n fr0m 

the de1et10n mutant pr0m0ter wa5 n0t 5t1mu1ated 6y add1t10n 0f pur1f1ed ML7F t0 an 1n v1tr0 rec0n5t1tuted 

react10n. 7he5e re5u1t5 5u99e5t that ML7F c0ntr16ute5 t0 the tran5cr1pt10n 0f ce11u1ar 9ene5. 
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7ran5cr1pt10n 0f 9ene5 6y RNA p01ymera5e 11 15 re9u- 
1ated 6y d15t1nct DNA 5e4uence5 0r e1ement5 1n the v1- 
c1n1ty 0f the tran5cr1pt10n 1n1t1at10n 51te. 7he5e 5e- 
4uence5 are rec09n12ed 6y pr0te1n fact0r5 that 1nf1uence 
the rate 0f 1n1t1at10n 6y 1nteract1n9 w1th the tran5cr1p- 
t10n apparatu5.0ne 5uch pr0te1n fact0r 15 the aden0v1ru5 
maj0r 1ate tran5cr1pt10n fact0r (ML7F 0r U5F), wh1ch 
5pec1f1ca11y act1vate5 tran5cr1pt10n fr0m the aden0v1ru5 
2 maj0r 1ate (Ad-ML) pr0m0ter (Carthew et a1. 1985; 5a- 
wad090 and R0eder 1985). A5 1501ated fr0m human 
(HeLa) ce115, ML7F 15 a 46,000-da1t0n pr0te1n that 61nd5 
t0 a 51te 1n the maj0r 1ate pr0m0ter w1th h19h aff1n1ty 

(Carthew et a1. 1985; M1yam0t0 et a1. 1985; 5awad090 
and R0eder 1985; Ch0d05h et a1. 1986). 

7he pre5ence 0f ML7F 1n un1nfected ce115 5u99e5t5 
that th15 fact0r 15 act1ve 1n the tran5cr1pt10n 0f ce11u1ar 

9ene5. 5uch 9ene5 5h0u1d have ML7F-61nd1n9 51te5 up- 
5tream 0f the1r 1n1t1at10n 51te5. A c0mputer 5earch 0f 

pr0m0ter 5e4uence5 revea1ed that the 5•-f1ank1n9 5e- 
4uence 0f the m0u5e meta110th10ne1n 1 (mM71) 9ene 

c0nta1n5 a 12-6p re910n exh161t1n9 5tr0n9 h0m0109y t0 
the ML7F-61nd1n9 51te 1n the Ad-ML pr0m0ter (61an- 
v111e et a1. 1981). Meta110th10ne1n5 are a c1a55 0f heavy- 
meta1-61nd1n9 pr0te1n5 1mp0rtant f0r heavy-meta1 de- 
t0x1f1cat10n and 21nc h0me05ta515 (Durnam and Pa1m1ter 
1984; Hamer 1986). Meta110th10ne1n5 are u5ua11y 150- 

1ated a5 tw0 maj0r 150f0rm5, M71 and M711, wh1ch are 
enc0ded 6y d15t1nct 9ene5 (Hamer 1986). 7he meta110th- 
10ne1n 9ene5 are tran5cr1pt10na11y 1nduced 6y heavy 
meta15, 91uc0c0rt1c01d5, c~-1nterfer0n, and 1nter1euk1n-1 
(Durnam and Pa1m1ter 1981; May0 and Pa1m1ter 1981; 

Ha9er and Pa1m1ter 1982; Hamer and Wa111n9 1982; 
Kar1n et a1. 1984a,6; Fr1edman and 5tark 1985). 7he 

mM71 9ene 15 re9u1ated 1n a manner 51m11ar t0 the 0ther 
character12ed meta110th10ne1n 9ene5, and mM71 RNA 
can 6e detected 1n many mur1ne t155ue5 and ce11 11ne5 1n 
the a65ence 0f 1nducer5 (Durnam and Pa1m1ter 1981; 
May0 and Pa1m1ter 1981). 

Exten51ve 9enet1c ana1y515 0f the mM71 pr0m0ter ha5 
1dent1f1ed 5e4uence5 1mp0rtant f0r pr0m0ter funct10n 
(Carter et a1. 1984; 5tuart et a1. 1984, 1985). 1n add1t10n 
t0 the f0ur meta1 re9u1at0ry e1ement5 (MRE5) d15per5ed 

thr0u9h0ut the pr0m0ter (5tuart et a1. 1985), an0ther re- 
910n wa5 1dent1f1ed that affect5 6a5a1 expre5510n 0f the 

9ene w1th0ut affect1n9 heavy-meta1 1nduct10n (5tuart et 
a1. 1984). L1nker 5cann1n9 mutat10n5 and 1nterna1 de1e- 
t10n5 10ca112ed th15 re910n t0 5e4uence5 6etween -103  
and -85 ,  and d15rupt10n 0f the5e 5e4uence5 had a f1ve- 
f01d effect 0n tran5cr1pt10n 1n v1v0 (5tuart et a1. 1984). 
Furtherm0re, a 5ynthet1c c0py 0f the 5e4uence - 105 t0 
- 9 0  ha5 6een 5h0wn t0 c0nfer a f1vef01d act1vat10n 0f 

6a5a1 expre5510n 0n a 5• de1et10n mutant  0f the mM71 
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pr0m0ter (P. 5ear1e, per5. c0mm.). 7h15 5e4uence, - 105  

t0 -90 ,  c0nta1n5 the 12-6p 5e4uence h0m01090u5 t0 the 
ML7F- 61nd1n9 51te 1n aden0v1ru5 (F19. 1). 

We rep0rt here that pur1f1ed ML7F 61nd5 t0 the 5e- 
4uence 1n the mM71 pr0m0ter and 5pec1f1ca11y 5t1mu- 
1ate5 tran5cr1pt10n fr0m the mM71 pr0m0ter 1n v1tr0. 

Re5u1t5 

Pur1f1ed ML7F 61nd5 t0 the mM71 pr0m0ter 

F19ure 1 5h0w5 the 5e4uence arran9ement 0f the var10u5 
rec0m61nant p1a5m1d5 u5ed 1n the pre5ent 5tudy. DNA 

fra9ment5 der1ved fr0m the5e p1a5m1d5 were te5ted f0r 
the1r a6111ty t0 61nd HeLa ce11 pr0te1n5 u51n9 a 9e1 e1ec- 
tr0ph0re515 DNA-61nd1n9 a55ay (Fr1ed and Cr0ther5 
1981; 6arner  and Rev21n 1981). When a near1y h0m09e- 
ne0u5 ML7F preparat10n (80% pur1ty) wa5 1ncu6ated 
w1th an end-1a6e1ed fra9ment c0nta1n1n9 the c0mp1ete 
mM71 pr0m0ter, a d15crete c0mp1ex 0f 510wer m06111ty 

wa5 apparent 1n the DNA-61nd1n9 a55ay (F19. 2a). 7he 
pattern and m06111ty 0f th15 c0mp1ex c105e1y re5em61ed 
the M L 7 F - D N A  c0mp1ex f0rmed w1th Ad-ML pr0- 
m0ter DNA. 7he 5ame c0mp1ex wa5 065erved when 
mM71 DNA wa5 1ncu6ated w1th part1a11y pur1f1ed 
ML7F 0r w1th HeLa ce11 extract (F19. 2a). Add1t10na1 5pe- 
c1f1c c0mp1exe5 that f0rmed up0n 1ncu6at10n 0f Ad-ML 

DNA w1th HeLa extract were n0t apparent when the 
5ame extract wa5 1ncu6ated w1th mM71 DNA (F19. 2a). 
7he  add1t10na1 c0mp1exe5 re5u1t fr0m 61nd1n9 0f d15t1nct 
pr0te1n5 t0 the Ad-ML pr0m0ter (Carthew et a1. 1985; L. 
Ch0d05h, unpu61.). 

ML7F wa5 5pec1f1ca11y 1nv01ved w1th mM71 DNA 1n 
the f0rmat10n 0f the c0mp1ex, a5 5h0wn when the 
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F19ure 1. 5e4uence arran9ement 0f mM71 and Ad-ML 
p1a5m1d5. 5tructure5 0f the p1a5m1d c0n5truct5 pLP (Ch0d05h et 
a1. 1986}, pMK• {5tuart et a1. 1984), pMK{1D - 113/- 85) {5tuart 
et a1. 1984), and p349915 (k1nd1y 5upp11ed 6y P. 5ear1e and R. 
Pa1m1ter) were u5ed 1n the 61nd1n9 and tran5cr1pt10n react10n5. 
p349915 c0nta1n5 tw0 c0p1e5 0f mM715e4uence5 - 105 t0 - 90, 
1n5erted 6eh1nd the pr0x1ma1 42 6p 0f 5•-f1ank1n9 mM71 DNA, 
a5 de5cr16ed 6y 5tuart et a1. {1984). 7he ML7F-61nd1n9 51te 15 
5h0wn a5 an 0pen arr0w. 7h1ck 11ne5 repre5ent parenta1 p1a5m1d 
5e4uence5; th1n 11ne5 repre5ent mamma11an and v1ra1 5e- 
4uence5. 7he map5 1nd1cate the p051t10n5 0f the maj0r mRNA 
1n1t1at10n 51te5, w1th num6er1n9 re1at1ve t0 the 1n1t1at10n 51te at 
+1. 
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61nd1n9 a55ay wa5 c0nducted 1n the pre5ence 0f 5evera1 

c0mpet1t0r DNA5 (F19. 26). An un1a6e1ed mM71 fra9- 
ment  c0mpeted f0r pr0te1n 60und t0 the rad10act1ve 
mM71 pr0m0ter DNA, a5 d1d an un1a6e1ed fra9ment 
c0nta1n1n9 the ML7F-61nd1n9 51te 1n the Ad-ML pr0- 
m0ter. 7h15 5u99e5ted that the 5ame pr0te1n 60und 60th 
mM71 and Ad-ML pr0m0ter DNA5. C0mpet1t10n wa5 
a150 065erved u51n9 an un1a6e1ed fra9ment that 0n1y 1n- 
c1uded mM71 5e4uence5 fr0m - 105 t0 - 90. 1n c0ntra5t, 
a fra9ment 0f the Ad-ML pr0m0ter that d1d n0t c0nta1n 
the ML7F-61nd1n9 51te had n0 effect 0n c0mp1ex f0rma- 
t10n. M0re0ver, n0 c0mpet1t10n wa5 065erved w1th an 
un1a6e1ed mM71 fra9ment 6ear1n9 a de1et10n 0f 5e- 
4uence5 - 1 1 3  t0 -85 .  7h15 de1et10n rem0ve5 the 5e- 

4uence5 h0m01090u5 t0 the aden0v1ru5 ML7F-61nd1n9 
51te. 7heref0re, a5 def1ned 6y c0mpet1t10n ana1y515, the 

mM71 5e4uence h0m01090u5 t0 the Ad-ML pr0m0ter 
c105e1y c0rre5p0nd5 t0 the 61nd1n9 51te f0r ML7F. 

1n the rec1pr0ca1 exper1ment, 5h0wn 1n F19ure 2c, the 
51x un1a6e1ed fra9ment5 were added t0 a 61nd1n9 react10n 
c0nta1n1n9 1a6e1ed Ad-ML pr0m0ter DNA. A11 0f the 
fra9ment5 that c0nta1ned a p0tent1a1 ML7F-61nd1n9 51te 
c0mpeted w1th the 1a6e1ed Ad-ML DNA f0r ML7F (F19. 
2c). Fra9ment5 that 1acked the p0tent1a1 61nd1n9 51te d1d 
n0t a60115h f0rmat10n 0f the c0mp1ex 0n the rad10act1ve 
Ad-ML DNA. 7heref0re, 6y c0mpet1t10n ana1y515, ML7F 
61nd5 t0 the mM71 pr0m0ter at a 51te that c0rre5p0nd5 
c105e1y t0 the ML7F h0m0109Y. 7he re1at1ve aff1n1ty 0f 
ML7F f0r the mM71 pr0m0ter wa5 appr0x1mate1y the 
5ame a5 that f0r the Ad-ML pr0m0ter, a5 determ1ned 6y 
t1trat10n5 0f c0mpet1t0r DNA5 (data n0t 5h0wn). 1nter- 

e5t1n91Y, when the 61nd1n9 react10n5 were perf0rmed 1n 
the pre5ence 0f 5 mM M9C12, the re1at1ve aff1n1ty 0f 
ML7F f0r the mM71 pr0m0ter wa5 f1vef01d 10wer than 
that f0r Ad-ML pr0m0ter (data n0t 5h0wn). A 51m11ar 06- 
5ervat10n ha5 6een made w1th ML7F 61nd1n9 t0 the rat 

~-f16r1n09en pr0m0ter (Ch0d05h et a1. 198 7). 8ecau5e the 
a550c1at10n e4u1116r1um c0n5tant f0r ML7F 61nd1n9 t0 
the Ad-ML 51te wa5 prev10u51y e5t1mated t0 6e appr0x1- 
mate1y 101° M -1 (Ch0d05h et a1. 1986}, the aff1n1ty f0r 

ML7F 1nteract10n w1th the mM71 pr0m0ter 15 11ke1y 

w1th1n an 0rder 0f ma9n1tude 0f th15 va1ue. 

Methy1a t10n 1n terferen ce pat tern5 0f ML 7F-DNA 

c0mp1exe5 

DNA methy1at10n 1nterference exper1ment5 were car- 
r1ed 0ut t0 def1ne further the ML7F-61nd1n9 51te 1n the 
mM71 pr0m0ter. La6e1ed mM71 DNA wa5 part1a11y 

methy1ated w1th d1methy15u1fate (DM5), wh1ch attache5 
a methy1 9r0up t0 the N-7 p051t10n 0f 1nd1v1dua1 
9uan1ne5 (Maxam and 6116ert 1980). 7he DNA wa5 1n- 
cu6ated w1th part1a11y pur1f1ed ML7F, and the pr0te1n- 
DNA c0mp1exe5 were re501ved 6y 9e1 e1ectr0ph0re515. 
DNA fr0m the c0mp1exe5 and un60und DNA were re- 
c0vered, c1eaved w1th p1per1d1ne, and e1ectr0ph0re5ed 0n 

a denatur1n9 p01yacry1am1de 9e1. Fra9ment5 c0nta1n1n9 
methy1ated 9uan1ne5 that 1nterfere w1th pr0te1n 61nd1n9 
5h0u1d n0t 6e pre5ent 1n DNA rec0vered fr0m the c0m- 
p1exe5. C0mpar150n 0f the c1eava9e pattem 0f 60und and 
un60und DNA revea1ed that the 61nd1n9 51te 0f the 
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ML7F act1vat10n 0f Ad2 maj0t 1ate pr0m0ter 
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F19ure 2. (a) 81nd1n9 0f DNA fra9ment5 w1th d1fferent preparat10n5 0f ML7F. La6e1ed DNA c0nta1n1n9 the Ad-ML pr0m0ter (1ane 1) 
0r the mM71 pr0m0ter (1ane5 2-4) wa5 1ncu6ated w1th carr1er DNA and e1ther 8 w9 HeLa wh01e-ce11 extract pr0te1n (1ane5 1 and 2), 40 
~9 0f a DEAE-5ephace1 f10w-thr0u9h pr0te1n fract10n c0nta1n1n9 ML7F (Carthew et a1. 1985) (1ane 3), 0r 90 p9 (2 fm01e) 0f aff1n1ty-pur1- 
f1ed ML7F m0n0mer {Ch0d05h et a1. 1986) (1ane 4). 7he 1a6e1ed mM71 DNA fra9ment wa5 der1ved fr0m a 89111-5ac1 d19e5t 0f pMK• 
and wa5 1a6e1ed at the 89111 end. 7he 1a6e1ed Ad-ML DNA fra9ment wa5 der1ved fr0m an Ec0R1-H1nd111 d19e5t 0f pLP. 7he react10n 
w1th pur1f1ed ML7F m0n0mer d1d n0t c0nta1n carr1er DNA. Pr0te1n-DNA c0mp1exe5 and un60und DNA were re501ved 1n a p01y- 
acry1am1de 9e1. 7he pred0m1nant pr0te1n-DNA c0mp1ex v15ua112ed 15 1a6e1ed C. (6) 81nd1n9 0f ML7F t0 mM71 1n the pre5ence 0f 
c0mpet1t0r DNA. 7he 1a6e1ed mM71 DNA fra9ment (4 fm01e) wa5 1ncu6ated w1th a 240-fm01e c0mpet1t0r fra9ment, a5 1nd1cated 
a60ve each 1ane, and 4 ~1 0f a DEAE-5ephace1 f10w-thr0u9h fract10n c0nta1n1n9 ML7F. 7he pr0duct5 were re501ved 1n a p01yacry1- 
am1de 9e1. 8and5 that are n0t 1a6e1ed C and that e1ectr0ph0re5e m0re 510w1y than the free DNA are due t0 n0n5pec1f1c c0mp1exe5 w1th 
HeLa pr0te1n5 (data n0t 5h0wn). 51x c0mpet1t0r fra9ment5 were prepared: (MLP-174) a 256-6p fra9ment extend1n9 fr0m - 174 t0 + 33 
0f the Ad-ML pr0m0ter (Ch0d05h et a1. 1986); (MLP-53) a 133-6p fra9ment extend1n9 fr0m -53  t0 +33 0f the Ad-ML pr0m0ter 
(Ch0d05h et a1. 1986); (19-K) a 350-6p fra9ment 1nc1ud1n9 the M0PC-41 K-1mmun09106u11n pr0m0ter 151n9h et a1. 1986); {M7 w11d type) 
a 219-6p fra9ment der1ved fr0m a 89111-5ac1 d19e5t 0f p1a5m1d pMK•; (1D - 113/- 85) a 201-6p fra9ment der1ved fr0m 89111-5ac1 d19e5t 
0f p1a5m1d pMK(1D- 113/-85); (349915) a 178-6p fra9ment der1ved fr0m a 7th111-8amH1 d19e5t 0f p1a5m1d p349915. (c) 81nd1n9 0f 
ML7F t0 Ad-ML pr0m0ter 1n the pre5ence 0f c0mpet1t0r DNA. 1ncu6at10n c0nd1t10n5 and c0mpet1t0r fra9ment5 u5ed are a5 1n 6. 

fact0r 1n the mM71 pr0m0ter wa5 re910n 5•- 

C 6 C 6 7 6 A C - 3 •  ( - 1 0 1  t0 -94)(F19. 3a). 7h15 5e4uence 

15 part 0f the d0decanuc1e0t1de that  15 h19h1y h0m010- 

90u5 t0 the ML7F-61nd1n9 51te 1n aden0v1ru5.7he ana10- 

90u5 methy1at10n 1nterference exper1ment wa5 carr1ed 

0ut w1th a 1a6e1ed DNA fra9ment c0nta1n1n9 the Ad-ML 

pr0m0ter  (F19. 36). 7he  61nd1n9 51te 0f ML7F, a5 de11n- 

eated 6y methy1at10n 1nterference, wa5 1n the re910n 5•- 

CAC676AC-3•  ( - 6 0  t0 -53 )  wh1ch 11e5 w1th1n the 

DNa5e 1 f00tpr1nt 0f ML7F (Carthew et a1. 1985; M1ya- 

m0t0 et a1. 1985; 5awad090 and R0eder 1985). 7he  nu- 

c1e0t1de 5e4uence 15 a1m05t 1dent1ca1 1n the Ad-ML- and 

mM71-61nd1n9 re910n5. M0re0ver, c105e c0ntact5 6e- 

tween ML7F and the maj0r 9r00ve 0f the D N A  he11x, a5 

de11neated 6y the methy1at10n 1nterference pattern, f01- 

10wed a c 0 m m 0 n  5pat1a1 arran9ement (F19. 3c). 7 h e  

4uant1tat1ve effect 0f methy1at10n at each 0f the5e p051- 

t10n5 wa5 a150 51m11ar f0r the tw0 c0mp1exe5. H0wever, 

an add1t10na1 c105e c0ntact w1th the 9uan1ne at p051t10n 

- 1 0 0  0n the mM71-c0d1n9 5trand wa5 detected 6y 

methy1at10n 1nterference. 7 h e  e4u1va1ent p051t10n 1n the 

Ad-ML pr0m0ter  15 n0t  0ccup1ed 6y a 9uan1ne re51due 

6ut an aden1ne re51due. 7h15 5u99e5t5 that ML7F d0e5 

n0t 1nteract w1th un14ue feature5 0f the 6a5e pa1r at th15 

p051t10n 6ut d0e5 make  c105e c0ntact 1n the maj0r 

9r00ve at th15 p051t10n. 1ntere5t1n91Y, the 5e4uence 0f the 

ML7F-61nd1n9 51te5 1n 60th pr0m0ter5 ha5 1mperfect 

dyad 5ymmetry,  and yet the arran9ement 0f p051t10n5 

where methy1at10n 0f 9uan1ne re51due5 1nterfere5 w1th 

61nd1n9 15 a5ymmetr1c w1th re5pect t0 the pa11ndr0me. 

7h15 de9ree 0f a5ymmetry  1n the pattern 0f c105e c0n- 

tact5 w1th 9uan1ne re51due5 ha5 n0t. 6een 065erved w1th 

pr0kary0t1c pr0te1n5 that 61nd a5 01190mer5 and rec09- 

n12e pa11ndr0m1c 5e4uence5 (J0hn50n et a1. 1978; Pa60 

and 5aner 1984). 1t wa5 prev10u51y 065erved that pur1f1ed 

ML7F ex15t5 1n 501ut10n 1n m0n0mer1c f0rm (Ch0d05h 

et a1. 1986). P055161y, ML7F 61nd5 D N A  a5 a m0n0mer  

and rec09n12e5 1t5 5ymmetr1c c09nate 5e4uence 1n an 
a5ymmetr1c manner .  

ML7F act1vate5 mM71 tran5cr1pt10n 1n v1tr0 

Mutat10na1 ana1y515 ha5 5h0wn that 5e4uence5 6ear1n9 

the ML71~-61nd1n9 51te 6etween - 1 0 5  and - 9 0  0f the 

mM71 pr0m0ter  c0ntr16ute f1vef01d t0 the 6a5a1 1eve1 0f 

tran5cr1pt10n 1n v1tr0 (5tuart et a1. 1984). 1t wa5 theref0re 

1mp0rtant t0 5h0w that  pur1f1ed ML7F c0u1d 5t1mu1ate 

tran5cr1pt10n 1n v1tr0 fr0m the mM71 pr0m0ter 1n a 

manner  that  wa5 dependent up0n rec09n1t10n 0f the5e 

5ame 5e4uence5. 7ran5cr1pt10n 0f the mM71 9ene 1n 
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F19ure 3. Methy1at10n 1nterference ana1y515 0f ML7F 61nd1n9 t0 mM71 and Ad-ML DNA5. (a) 81nd1n9 t0 the mM71 pr0m0ter. 7he 
c0d1n9 5trand wa5 3•-end-1a6e1ed w1th the 1ar9e fra9ment 0f E. c011 DNA p01ymera5e 1 and the n0nc0d1n9 5trand wa5 5• end-1a6e1ed 
w1th [7-32P]A7P and 74 p01ynuc1e0t1de k1na5e at the 39111 51te 0f pMK• 10cated d0wn5tream fr0m the 1n1t1at10n 51te. (F, 8) DNA5 
rec0vered fr0m the free and 5pec1f1ca11y 60und 5pec1e5, wh1ch were pr0duced dur1n9 the 61nd1n9 react10n and re501ved 1n a p01yacry1- 
am1de 9e1; (6) a chem1ca1 c1eava9e 1adder at 6 re51due51n the 1a6e1ed DNA. (6) 81nd1n9 t0 the Ad-ML pr0m0ter. 7he c0d1n9 5trand wa5 
3•-end-1a6e1ed, and the n0nc0d1n9 5trand wa5 5•-end-1a6e1ed at the 8amH151te 0f p1a5m1d pLP. 7he p1a5m1d wa5 recut w1th Ava11, and 
the 177-6p fra9ment wa5 1501ated. (F, 8, and 6 are de5cr16ed a60ve.) (c) C105e c0ntact p01nt5 6etween ML7F and the mM71 0r the 
Ad-ML 5e4uence5.7he 5e4uence5 0f mM71 and Ad-ML DNA c0nta1n1n9 the ML7F-61nd1n9 re910n5 are d15p1ayed. C0ntacted 9uan1ne 
re51due5 1dent1f1ed 6y methy1at10n 1nterference are marked 6y c105ed c1rc1e5 f0r 5tr0n91y 1nterfer1n9 re51due5 and 6y 0pen c1rc1e5 f0r 
weak1y 1nterfer1n9 re51due5. 7he 5e4uence pa11ndr0me 1n the Ad-ML pr0m0ter 15 centered 6etween p051t10n5 -57  and -58, and 
extend5 0n 0ne 51de t0 -63  and 0n the 0ther 51de t0 -52. 7he 5e4uence pa11ndr0me 1n the mM71 pr0m0ter 15 centered 6etween -98 
and -99, and extend5 0n 0ne 51de t0 - 103 and 0n the 0ther 51de t0 -94. 

v1tr0 w1th a HeLa wh01e-ce11 extract wa5 a55ayed 6y 51 

nuc1ea5e ana1y515 [F19. 4a). RNA 5ynthe512ed fr0m th15 

pr0m0ter  1n1t1ated accurate1y at p051t10n5 u5ed 6y 1n 

v1v0 (61anv111e et a1. 1981). A pr0m0ter w1th an 1nterna1 

de1et10n fr0m - 1 1 3  t0 - 8 5 ,  wh1ch de1ete5 the ML7F- 

61nd1n9 51te ( 1 D - 1 1 3 / - 8 5 ) ,  wa5 tran5cr16ed f0urf01d 

1e55 eff1c1ent1y than w11d type [F19. 4a1.7h15 mutan t  pr0- 

m0ter  15 a60ut f1vef01d 1e55 act1ve than w11d type 1n v1v0 

15tuart et a1. 1984}. 1n add1t10n, a mM71 pr0m0ter c0n- 

5truct wa5 te5ted 1n wh1ch tw0 c0p1e5 0f the ML7F- 

61nd1n9 51te fr0m - 105 t0 - 9 0  had 6een 1n5erted a5 an 

1nverted repeat 6eh1nd p051t10n - 4 2  0f a truncated 

mM71 pr0m0ter  15ee F19. 1). 7h15 pr0m0ter 15 a5 act1ve a5 

the un1nduced w11d-type pr0m0ter  1n v1v0 (P. 5ear1e, 

per5. c0mm.). 1n v1tr0, th15 pr0m0ter  c0n5truct (349915) 

wa5 tran5cr16ed at a 1eve1 tw0f01d h19her than w11d type 

(F19. 4a1.7hu5, 5e4uence5 c0nta1n1n9 the ML7F-61nd1n9 

51te c0ntr16ute t0 the tran5cr1pt10n act1v1ty 0f the mM71 

9ene 1n a HeLa extract. 

7 h e  51 nuc1ea5e a55ay5 a150 5h0wed ev1dence 0f RNA5 

that  were 519n1f1cant1y 10n9er than th05e 9enerated at 

the mM711n1t1at10n 51te. Pr0duct10n 0f the5e RNA5 a150 

appeared dependent 0n the pre5ence 0f the ML7F- 

61nd1n9 51te and add1t10n 0f ML7F. 8ecau5e c1rcu1ar 

D N A  temp1ate5 were u5ed 1n the tran5cr1pt10n react10n5, 

RNA5 9enerated 6y mu1t1p1e r0und5 0f tran5cr1pt10n 0f 

the temp1ate w0u1d have 6ee11 detected 6y 51 nuc1ea5e 

ana1y515 a5 RNA5 w1th the 1en9th 065erved 1n F19ure 4. 

7hu5, the 10n9er RNA5 detected 1n the a60ve exper1- 

ment5 pr06a61y were 9enerated 6y 1n1t1at10n at the 

mM71 51te. 

70  te5t whether  the dependence 0f mM71 tran5cr1p- 

976 6ENE5 • DEVEL0PMEN7 

 Cold Spring Harbor Laboratory Press on August 24, 2022 - Published by genesdev.cshlp.orgDownloaded from 

http://genesdev.cshlp.org/
http://www.cshlpress.com


ML7F act1vat10n 0[ A d 2  m a j 0 r  1ate p r 0 m 0 t e r  

t10n act1v1ty 0n 5e4uence5 6etween - 8 5  and - 113 wa5 

due t0 pr0m0ter act1vat10n 6y ML7F, tran5cr1pt10n 1n 
v1tr0 wa5 perf0rmed w1th a part1a11y pur1f1ed tran5cr1p- 

t10n 5y5tem (5amue15 et a1. 19821, where ML7F had 6een 

5eparated fr0m the 9enera1 tran5cr1pt10n fact0r5 6y 

c01umn chr0mat09raphy 1Carthew et a1. 1985}. 1n c0n- 
tra5t t0 the re5u1t5 06ta1ned u51n9 HeLa extract, a11 0f 

the mM71 pr0m0ter5 were e4ua11y act1ve 1n the 9enera1 

rec0n5t1tuted tran5cr1pt10n 5y5tem {F19. 46). Add1t10n 0f 

part1a11y pur1f1ed ML7F t0 the 9enera1 tran5cr1pt10n 

5y5tem pr0duced a threef01d act1vat10n 1n tran5cr1pt10n 

fr0m the w11d-type mM71 pr0m0ter {F19. 461. 7he mu- 
tant mM71 pr0m0ter 1D-113 / -85 ,  wh1ch had 6een 

5h0wn t0 6e una61e t0 61nd ML7F, wa5 n0t tran5cr1p- 

t10na11y 5t1mu1ated 6y add1t10n 0f ML7F. M0re0ver, the 

mM71 pr0m0ter 349915, w1th tw0 c0p1e5 0f the ML7F- 

61nd1n9 51te 1n5erted 6eh1nd the m1n1ma1 pr0m0ter, 9ave 
a f1vef01d 5t1mu1at10n 0f tran5cr1pt10n when ML7F wa5 

added t0 the react10n. Even th0u9h the ML7F- 61nd1n9 
51te had 6een dup11cated and m0ved 54 6p c105er t0 the 

mM71 1n1t1at10n 51te, there wa5 0n1y a m1n0r effect 0n 

the a6111ty 0f the pr0m0ter t0 6e tran5cr1pt10na11y 5t1mu- 

1ated 6y ML7F. 7he5e re5u1t5 1nd1cate that ML7F 61nd5 

5pec1f1ca11y t0 the mM71 pr0m0ter, and th15 5pec1f1c 
pr0te1n-DNA 1nteract10n c0ntr16ute5 d1rect1y t0 pr0- 

m0ter 5tren9th 1n v1tr0. 

D15cu5510n 

We have dem0n5trated that a pr0m0ter-5pec1f1c tran- 

5cr1pt10n fact0r fr0m HeLa ce115 that 151nv01ved 1n aden- 

0v1ru5 9ene tran5cr1pt10n 15 a150 1nv01ved 1n the tran- 

5cr1pt10n 0f ce11u1ar 9ene5.7h15 fact0r ML7F 11ke1y act1- 

vate5 tran5cr1pt10n 0f a ce11u1ar 9ene, the mM71 9ene, 

thr0u9h 5e4uence-5pec1f1c 61nd1n9 t0 1t5 pr0m0ter. 7h15 
pr0p05ed mechan15m 1n wh1ch ML7F act1vate5 tran- 

5cr1pt10n 6y 61nd1n9 t0 a pr0m0ter wa5 0r191na11y 5u9- 

9e5ted 6y the c105e c0rre1at10n 6etween the 5e4uence- 
5pec1f1c DNA-61nd1n9 and tran5cr1pt10n act1v1t1e5 0f 

ML7F 0n the Ad-ML pr0m0ter {Carthew et a1. 1985~ 5a- 

wad090 and R0eder 1985~ Ch0d05h et a1. 1986} and 6y 

the f1nd1n9 that a 51n91e p01ypept1de p055e55e5 60th 0f 

the5e act1v1t1e5 (Ch0d05h et a1. 1986). 0 ther  tran5cr1p- 

t10n fact0r5 that p055e55 5e4uence 5pec1f1c DNA-61nd1n9 
act1v1t1e5 are a150 1nv01ved 1n the tran5cr1pt10n 0f 60th 

ce11u1ar and v1ra1 9ene5 (Dynan et a1. 1986; J0ne5 et a1. 

1986; M0r9an et a1. 1987}. 7hu5, 1t appear5 t0 6e a 
c0mm0n 5trate9y f0r an1ma1 v1ru5e5 t0 ut1112e h05t pr0- 

m0ter-5pec1f1c tran5cr1pt10n fact0r5 f0r v1ra1 9ene ex- 

pre5510n. 
5evera1 f1ne5 0f ev1dence 5upp0rt the c0ntent10n that 

the mM71 pr0m0ter e1ement 1-101 t0 -94} 1nteract5 

w1th ML7F. F1r5t, th15 5e4uence 15 h19h1y h0m01090u5 t0 

the ML7F-61nd1n9 51te 1n the Ad-ML pr0m0ter 1Carthew 
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F19ure 4. 51 nuc1ea5e ana1y515 0f RNA 5ynthe512ed 1n 
v1tr0 fr0m the mM71 pr0m0ter. (a) 7ran5cr1pt10n react10n5 
w1th HeLa wh01e-ce11 extract. React10n5 c0nta1ned 6 ~1 0f 
HeLa wh01e-ce11 extract and 200 n9 0f 5uperc011ed DNA 
temp1ate, a5 1nd1cated a60ve each 1ane. (M7 w11d-type) 
C0nta1ned pMK• a5 temp1ate~ (1D-113/-851 c0nta1ned 
pMK[1D-113/- 85) a5 temp1ate~ (aman1t1n) c0nta1ned 
pMK• a5 temp1ate and 0.5 ~9/m1 ~-aman1t1n. (A + 6) A 
chem1ca1 c1eava9e 1adder 0f A and 6 re51due5 1n the pr06e 
DNA~ (C + 7) a chem1ca1 c1eava9e 1adder 0f C and 7 re5- 
1due5 1n the pr06e DNA. --~ 7ran5cr1pt5 1n1t1at1n9 at the 
expected p051t10n. (3) ML7F-dependent 1n v1tr0 tran5cr1p- 
t10n. A11 react10n5 c0nta1ned a m1xture 0f RNA p01y- 
mera5e 11 and fract10nated 9enera1 RNA p01ymera5e 11 
tran5cr1pt10n fact0r5 prepared fr0m HeLa wh01e-ce11 ex- 
tract, a5 de5cr16ed prev10u51y (5amue15 et a1. 1982). 7he 
DNA temp1ate u5ed 1n each react10n 15 1nd1cated a60ve 
each 1ane. 1M7 w11d-type) C0nta1ned pMK• a5 temp1ate. 
(Lane5 - and +) React10n5 that c0nta1ned 0 0r 3 ~1 0f 
ML7F, re5pect1ve1y. {--~} 7ran5cr1pt5 1n1t1at1n9 at the ex- 
pected p051t10n. 
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et a1. 1985; M1yam0t0 et a1. 1985; 5awad090 and R0eder 

1985). 5ec0nd, a near1y h0m09ene0u5 ML7F preparat10n 

(80% pur1ty) 61nd5 w1th h19h aff1n1ty t0 th15 5e4uence 1n 

the mM71 pr0m0ter. 7h1rd, th15 5e4uence effect1ve1y 

c0mpete5 w1th Ad-ML DNA f0r 61nd1n9 0f ML7F. F1- 

na11y, the pa t t em 0f c105e c0ntact5 0f ML7F 0n Ad-ML 

and mM71 DNA, a5 mapped 6y methy1at10n 1nterfer- 

ence, 15 10cated 0ver h0m01090u5 re910n5. 7 h e  ML7F- 

61nd1n9 51te 1n the mM71 pr0m0ter  c0ntr16ute5 t0 the 

6a5a1 tran5cr1pt10na1 eff1c1ency 0f the pr0m0ter 60th 1n 

v1v0 and 1n v1tr0 (5tuart et a1. 1984; F19. 4a). M0re0ver, 

tran5cr1pt10n fr0m the mM71 pr0m0ter wa5 5t1mu1ated 

6y the add1t10n 0f ML7F t0 a part1a11y pur1f1ed tran5cr1p- 

t10n 5y5tem 0n1y 1f the pr0m0ter  c0nta1ned the ML7F 

51te. 5t1mu1at10n 0f tran5cr1pt10n 6y ML7F wa5 n0t 

h19h1Y dependent up0n the exact p051t10n 0f the ML7F 

51te, w1th re5pect t0 the mM71 7 A 7 A  60x 0r 1n1t1at10n 

51te. 

A 5earch thr0u9h the 0ther c10ned mamma11an meta1- 

10th10ne1n 9ene5 fa11ed t0 revea1 0ther p0tent1a1 ML7F- 

61nd1n9 51te5, even th0u9h 0ther tran5cr1pt10na1 e1e- 

ment5 are h19h1y c0n5erved am0n9 the5e 9ene5 (Carter et 

a1. 1984; Kar1n et a1. 1984; 5ear1e et a1. 1984; 5tuart et a1. 

1984). 8a5a1 act1v1ty 0f the h u m a n  M7-11A pr0m0ter 15 

c0ntr011ed 1n5tead 6y tw0 c0p1e5 0f a tran5cr1pt10na1 en- 

hancer, wh1ch 1nteract w1th d15t1nct tran5cr1pt10n 

fact0r5 (Lee et a1. 1987). P055161y, the 6a5a1 expre5510n 0f 

1nd1v1dua1 meta110th10ne1n 9ene5 15 c0ntr011ed 6y the 

num6er  and 5tren9th 0f d1fferent pr0m0ter e1ement5 

5uch a5 the ML7F e1ement, wh1ch there6y ta110r5 ex- 

pre5510n t0 f1t 5pec1a112ed funct10n5 0f the d1fferent 

9ene5.5urpr151n91y, the meta110th10ne1n 9ene 0f Neur05- 

p0ra cra55a c0nta1n5 a p0tent1a1 ML7F-61nd1n9 51te 1n 1t5 

pr0m0ter  re910n, th0u9h 1t 15 unc1ear yet 1f th15 5e4uence 

p1ay5 a r01e 1n meta110th10ne1n expre5510n (Mun9er et a1. 

1985). 

A1th0u9h the mM71 9ene 15 act1ve when  tran5fected 
1nt0 HeLa ce115 (May0 et a1. 1982), 1t wa5 1mp0rtant t0 

e5ta6115h that  ML7F 15 pre5ent 1n mur1ne ce115. ML7F 

act1v1ty wa5 detected 1n extract5 made fr0m a w1de va- 

r1ety 0f m0u5e ce11 11ne5, 1nc1ud1n9 a Fr1end erythr01eu- 

kem1a ce11 11ne, an EC-F9 ce11 11ne, a WEH1 8 ce11 11ne, 

and a 8 A L 8 / c - 3 7 3  ce11 11ne (R. Carthew, L. Ch0d05h, 

and A. 8a1dw1n, unpu61.). 7 h e  c0rre1at10n 6etween the 

near u614u1t0u5 expre5510n 0f the mM71 9ene 1n mur1ne 

t155ue5 ( D u m a m  and Pa1m1ter 1981; May0 and Pa1m1ter 

1981) and the apparent pre5ence 0f ML7F 1n many  0f 

the5e 5ame t155ue5 15 c0n515tent w1th ML7F hav1n9 a 

funct10na1 r01e 1n mM71 expre5510n. 1ntere5t1n91y, there 

15 n0 detecta61e tran5cr1pt10n 0f the mM71 9ene 1n mu- 

r1ne 1ymph0cyte5 (Durnam and Pa1m1ter 1981; May0 

and Pa1m1ter 1981), even th0u9h 1eve15 0f ML7F 1n ex- 

tract5 fr0m 1ymph0cyte5 are c0mpara61e t0 1eve15 1n ex- 

tract5 fr0m ce115 that  expre55 mM71. P055161y, 0ther de- 

term1nant5 5uch a5 chr0mat1n 5tructure prevent ML7F 

fr0m 1nteract1n9 w1th the mM71 pr0m0ter  1n the5e ce115, 

0r a ce11-type tran5cr1pt10na1 e1ement repre55e5 tran- 

5cr1pt10n 0f the 9ene. 

A 5earch f0r 0ther p0tent1a1 ML7F-61nd1n9 51te5 1n the 

5•-f1ank1n9 re910n5 0f mamma11an 9ene5 ha5 turned up 

5evera1 cand1date5. 6ene5 w1th p0tent1a1 61nd1n9 51te5 

1nc1ude the rat and h u m a n  9r0wth h0rm0ne  9ene5 (8arta 

et a1. 1981; Den0t0 et a1. 1981), the rat f~- and ~/-f16r1n- 

09en 9ene5 (F0w1ke5 et a1. 1984), the h u m a n  e-91061n 

9ene (8ara11e et a1. 1980), and the h u m a n  k1n1n09en 9ene 

(K1tamura et a1. 1986). 1t ha5 recent1y 6een 5h0wn that 

the ~/-f16r1n09en pr0m0ter  61nd5 ML7F and 15 tran5cr1p- 

t10na11y 5t1mu1ated 6y ML7F 1n v1tr0 (Ch0d05h et a1. 

1987). 7here  15 n0 c 0 m m 0 n  pattern 0f re9u1at10n f0r th15 

d1ver5e 9r0up 0f 9ene5.7hu5,  1t rema1n5 unc1ear whether 

ML7F 61nd1n9 t0 pr0m0ter5 mere1y funct10n5 t0 ma1n- 

ta1n c0n5t1tut1ve pr0m0ter  5tren9th 0r funct10n5 t0 re9u- 

1ate pr0m0ter  act1v1ty thr0u9h c0mp1ex c0m61nat10na1 

1nteract10n5 w1th 0ther tran5cr1pt10n fact0r5. 

Mater1a15 and m e t h 0 d 5  

P1a5m1d5 

7he p1a5m1d pLP c0nta1n5 206 6p 0f Ad-ML pr0m0ter DNA 
(-  174 t0 + 33 re1at1ve t0 the 5tart 51te 1n5erted 1n pUC13 (Ch0- 
d05h et a1. 1986). 7he mM71 p1a5m1d5 pMK• (5tuart et a1. 1984), 
pMK {1D-113/- 85) (5tuart et a1. 1984), and p349915 were 
k1nd1y 5upp11ed 6y P. 5ear1e and R. Pa1m1ter. p349915 c0nta1n5 
tw0 c0p1e5 0f mM71 5e4uence5, - 105 t0 -90, 1n5erted 6eh1nd 
the pr0x1ma1 42 6p 0f 5•-f1ank1n9 mM71 DNA, a5 de5cr16ed 6y 
5tuart et a1. (1985). 

DNA-61nd1n9 react10n5 

DNA fra9ment5 were 1501ated and 1a6e1ed w1th [0L-a2P]dA7P 
and the 1ar9e fra9ment 0f E5cher1ch1a c011 DNA p01ymera5e, a5 
de5cr16ed prev10u51y (Carthew et a1. 1985). Wh01e-ce11 extract 
fr0m HeLa ce115 1Man1ey et a1. 1980) wa5 fract10nated a5 de- 
5cr16ed (5amue15 et a1. 1982), and ML7F wa5 pur1f1ed t0 h0m0- 
9ene1ty a5 de5cr16ed (Ch0d05h et a1. 1986). 81nd1n9 react10n5 
c0nta1ned 2-4  fm01e5 0f 1a6e1ed DNA and, 1f nece55ary, 2 ~9 
p01y{d1-dC). (d1-dC) a5 carr1er DNA. 81nd1n9 react10n5 (10 ~1) 
were perf0rmed 1n 12 mM HEPE5 Na0H (pH 7.9), 60 mM KC1, 
0.6 mM d1th10thre1t01 (D77), 1 m1v1 ED7A, and 12% 91ycer01. 
After 1ncu6at10n at 30°C f0r 15 m1n, the c0mp1exe5 were re- 
501ved 1n a n0ndenatur1n9 4% p01yacry1am1de 9e1, a5 de5cr16ed 
prev10u51y (Carthew et a1. 1985). 

Methy1at10n 1nterference ana1y515 

7he 1a6e1ed DNA (25 fm01e5; 105 cpm) wa5 methy1ated w1th 
DM5 f0r 5 m1n at 20°C. After tw0 ethan01 prec1p1tat10n5, the 
DNA wa5 1ncu6ated w1th 40 ~9 0f the DEAE-5ephace1 f10w- 
thr0u9h fract10n pr0te1n 1n a 61nd1n9 react10n 5ca1ed up 10-f01d 
fr0m the ana1yt1ca1 react10n5. 7he pr0duct5 were e1ectr0ph0- 
re5ed 1n a 4% p01yacry1am1de 9e1 and, after aut0rad109raphy t0 
v15ua112e the DNA, the DNA wa5 e1uted fr0m the re910n5 0f the 
9e1 c0nta1n1n9 the free DNA and pr0te1n-DNA c0mp1exe5 
(8a1dw1n and 5harp 1987). 7he DNA wa5 c1eaved w1th 1 M p1- 
per1d1ne 1n 100 ~1 at 90°C f0r 30 m1n. A p0rt10n 0f the 0r191na1 
methy1ated DNA wa5 a150 p1per1d1ne-treated t0 5erve a5 a 
marker 1adder. After 1y0ph1112at10n, the pr0duct5 were e1ectr0- 
ph0re5ed 1n an 8% p01yacry1am1de-8 M urea 5e4uenc1n9 9e1 
and were v15ua112ed 6y aut0rad109raphy. 

7ran5cr1pt10n react10n5 

React10n5 w1th HeLa wh01e-ce11 extract (Man1ey et a1. 1980) 
c0nta1ned 6 ~1 0f extract and 200 n9 0f 5uperc011ed DNA tem- 
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p1ate 1n a t0ta1 v01ume 0f 10 ~1. React10n5 were perf0rmed a5 
de5cr16ed e15ewhere (Carthew et a1. 1985] except that react10n5 
a150 c0nta1ned 10 m1v1 amm0n1um 5u1fate and 200 ~m 0f each 

nuc1e051de tr1ph05phate. RNA der1ved fr0m react10n5 wa5 ana- 
1y2ed 6y 51 nuc1ea5e ana1y515 (8erk and 5harp 1977). A11 reac- 
t10n5 were 5t0pped 6y add1t10n 0f 1 ~9/m1 a-aman1t1n, and tem- 

p1ate DNA wa5 d19e5ted w1th 1 un1t DNa5e 1 (Pr0me9a) at 30°C 

f0r 10 m1n. RNA wa5 extracted w1th phen01:ch10r0f0rm: 
150amy1 a1c0h01 f0110wed 6y a ch10r0f0rm extract10n. RNA wa5 

then c0prec1p1tated 1n ethan01 w1th 50 fm01e5 (300,000 cpm) 0f 
rad10act1ve pr06e DNA. RNA wa5 hy6r1d12ed t0 the pr06e DNA 
f0r 3 hr at 45°C 1n 10 ~1 0f 80% f0rmam1de, 400 mM NaC1, 50 

rnM P1PE5 (pH 6.4), and 1 rnM ED7A; 1t wa5 5u65e4uent1y d1- 
9e5ted w1th 1200 un1t5 51 nuc1ea5e (80ehr1n9er-Mannhe1m)at 
16°C f0r 60 m1n 1n 400 f21 mM 50d1um acetate (pH 4.5), 4 mM 

2n504, 280 ~ NaC1, 10 ~9/m1 denatured ca1f thymu5 DNA, 
and 5% 91ycer01. D19e5t10n5 were 5t0pped w1th 10 mM ED7A 

and 20 ~9 tRNA, and the nuc1ea5e-re515tant pr0duct5 were eth- 
an01-prec1p1tated and e1ectr0ph0re5ed 1n an 8% p01yacry1- 

am1de-8 M urea 5e4uenc1n9 9e1. 1n a11 ana1y5e5, pr06e DNA 
wa5 a 89111-8amH1 fra9ment der1ved fr0m p1a5m1d p349915, 
wh1ch wa5 end-1a6e1ed w1th 74 p01ynuc1e0t1de k1na5e and 

[~/-32P]A7P at the 89111 51te. 

7ran5cr1pt10n react10n5 1nv01v1n9 the add1t10n 0f ML7F t0 
the react10n were perf0rmed u51n9 a m1xture 0f pur1f1ed RNA 
p01ymera5e n and fract10nated 9enera1 RNA p01ymera5e 11 tran- 
5cr1pt10n fact0r5 prepared fr0m HeLa wh01e-ce11 extract, a5 de- 

5cr16ed prev10u51y (5amue15 et a1. 1982). F1na1 react10n v01ume5 

were 20 ~1, 1nc1ud1n9 100 n9 0f 5uperc011ed DNA temp1ate, 100 
n9 0f carr1er DNA, and a m1xture 0f chr0mat09raph1c fract10n5, 
a5 1nd1cated nece55ary f0r ML7F act1vat10n 0f the Ad-ML pr0- 
m0ter (Carthew et a1. 1985). React10n c0nd1t10n5 were a5 de- 

5cr16ed (Carthew et a1. 1985), except that react10n5 a150 c0n- 

ta1ned 10 mM amm0n10m 5u1fate 6ut d1d n0t c0nta1n M9C12 0r 
nuc1e051de tr1ph05phate5. After 1ncu6at10n at 30°C f0r 60 m1n, 
nuc1e051de tr1ph05phate5 and M9C12 were added t0 f1na1 c0n- 
centrat10n5 0f 60 ~M and 5 mM, re5pect1ve1y, and the react10n 
pr0ceeded f0r an add1t10na1 30 m1n at 30°C. RNA wa5 prepared 

and ana1y2ed a5 de5cr16ed a60ve. 
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