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1La60rat0ry 0f Repr0duct1ve Phy510109Y, 5ch001 0f Veter1nary Med1c1ne, Un1ver51ty 0f Penn5y1van1a, Ph11ade1ph1a, 
Penn5y1van1a 19104 U5A; 2H0ward Hu9he5 Med1ca1 1n5t1tute and Department 0f 810chem15try, Un1ver51ty 0f Wa5h1n9t0n, 
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7ran59en1c m1ce were u5ed t0 10cate the c15-act1n9 DNA e1ement5 that are 1mp0rtant f0r eff1c1ent, t155ue- 
5pec1f1c expre5510n 0f the m0u5e a16um1n 9ene 1n the adu1t. Ch1mer1c 9ene5 w1th up t0 12 k6 0f m0u5e a16um1n 
5•-f1ank1n9 re910n fu5ed t0 a human 9r0wth h0rm0ne (h6H) rep0rter 9ene were te5ted. Remarka61y, a re910n 
10cated 8.5-10.4 k6 up5tream 0f the a16um1n pr0m0ter wa5 e55ent1a1 f0r h19h-1eve1 expre5510n 1n adu1t 11ver and 
the re910n 1n 6etween - 8 . 5  and - 0 . 3  k6 wa5 d15pen5a61e. 7he  far-up5tream re910n 6ehaved 11ke an enhancer 1n 
that 1t5 p051t10n and 0r1entat10n re1at1ve t0 the a16um1n pr0m0ter were n0t cr1t1ca1; h0wever, 1t d1d n0t 
funct10n we11 w1th a heter01090u5 pr0m0ter. 7w0  0f f0ur DNa5e hyper5en51t1ve 51te5 f0und 1n the 5•-f1ank1n9 
re910n 0f the a16um1n 9ene map t0 the far-up5tream and pr0m0ter re910n5; the 0ther5 may ref1ect re910n5 
1nv01ved 1n deve10pmenta1 0r env1r0nmenta1 c0ntr01 0f th15 9ene. 
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7he a16um1n and a-fet0pr0te1n 9ene5 are ev01ut10nar11y 
re1ated and 5eparated 6y 14 k6 0n m0u5e chr0m050me 5 
(1n9ram et a1. 1981). Furtherm0re, they are deve10pmen- 
ta11y re9u1ated 1n a 51m11ar fa5h10n 1n that they are 1n- 
duced c00rd1nate1y 1n feta1 11ver, y01k 5ac, and 9a5tr01n- 
te5t1na1 tract (Krum1auf et a1. 1985a). H0wever, a16um1n 
expre5510n 15 ma1nta1ned 1n the adu1t 11ver wherea5 ~-fe- 
t0pr0te1n expre5510n dec11ne5 t0 undetecta61e 1eve15 
5h0rt1y after 61rth; 60th 9ene5 are repre55ed 1n n0nhe- 
pat1c t155ue5 0f the adu1t. 7hey are re9u1ated pr1mar11y at 
the tran5cr1pt10na1 1eve1 and the1r mRNA5 are am0n9 
the m05t a6undant p01ymera5e 11 tran5cr1pt5 1n the 11ver 
and c0de f0r the m05t a6undant 5erum pr0te1n5 0f fetu5 
and 0f adu1t (7119hman and 8e1ayew 1982). 

Pr09re55 ha5 6een made 1n d155ect1n9 the c15-act1n9 
DNA e1ement5 1nv01ved 1n the deve10pmenta1 and 
t155ue-5pec1f1c c0ntr01 0f 0L-fet0pr0te1n 9ene expre5510n 
6y a55ay1n9 var10u5 c0n5truct5 1n tran59en1c m1ce 
(Krum1auf et a1. 1985a,6; Hammer et a1. 1987) 0r after 
tran5fect10n 1nt0 t155ue cu1ture ce115 (60d60ut et a1. 
1986; Mu911a and R0thman-Dene5 1986; W1den and Pa- 
pac0n5tant1n0u 1986). When te5ted 1n tran59en1c m1ce, a 
c0n5truct w1th 7 k6 0f 5•-f1ank1n9 re910n a550c1ated w1th 

3Pre5ent addre55: Department 0f An1ma1 5c1ence5, Un1ver51ty 0f M15- 
50ur1, C01um61a, M1550ur1 65211 U5A. 

an ~-fet0pr0te1n m1n19ene a110wed pr0per t155ue-5pec1f1c 
expre5510n at 1eve15 exceed1n9 th05e 0f the end09en0u5 
9ene5 1n 50me ca5e5 (Hammer et a1. 1987), 5u99e5t1n9 
that a11 0f the e1ement5 nece55ary f0r pr0per expre5510n 
11e w1th1n that c0n5truct. Further d155ect10n revea1ed 
that the c~-fet0pr0te1n pr0m0ter and 5• 5e4uence5 ex- 
tend1n9 t0 - 1  k6 d1d n0t pr0m0te expre5510n 1n any 
t155ue; h0wever, when 1t wa5 c0m61ned w1th any 0f 
three 1ar9e re910n5 that c0ver the re910n fr0m - 1 t0 - 7 
k6, there wa5 5u65tant1a1, 6ut n0t e4u1va1ent, expre5510n 
1n a11 three tar9et t155ue5. 1n add1t10n t0 appr0pr1ate 
t155ue-5pec1f1c expre5510n, the 0L-fet0pr0te1n 9ene wa5 re- 
pre55ed after 61rth and act1vated 6y 11ver dama9e 1n the 
adu1t, 1n c0ncert w1th the end09en0u5 9ene5 (Hammer et 
a1. 1987). 1n c0ntra5t t0 the re5u1t5 1n tran59en1c m1ce, 
the 0L-fet0pr0te1n pr0m0ter d0e5 5t1mu1ate expre5510n 1n 
a ce11-5pec1f1c manner when tran5fected 1nt0 cu1tured 
ce115, and a re910n 10cated 6etween - 5 2  and - 8 5  ap- 
pear5 t0 6e e55ent1a1 f0r th15 pr0perty (60d60ut et a1. 
1986; Mu911a and R0thman-Dene5 1986; W1den and Pa- 
pac0n5tant1n0u 1986). Each 0f the up5tream re910n5 6e- 
haved 11ke a typ1ca1 enhancer (5erf11n9 et a1. 1985) 1n that 
1t5 0r1entat10n and p051t10n re1at1ve t0 the pr0m0ter 
c0u1d 6e chan9ed. Furtherm0re, they c0u1d act1vate a 
heter01090u5 pr0m0ter, when te5ted 6y tran5fect10n 1nt0 
cu1tured 11ver ce115 (60d60ut et a1. 1986). 

Prev10u5 5tud1e5, 1n wh1ch the rat a16um1n pr0m0ter 
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A16um1n-h6H tran59en1c m1ce 

and 5•-f1ank1n9 re910n were te5ted 6y tran5fect10n 0r 1n- 
fect10n 1nt0 hepat0ma ce115, revea1ed that there 15 an 1m- 
p0rtant, t155ue-5pec1f1c e1ement 10cated w1th1n 400 6p 0f 
the cap 51te (0tt et a1. 1984; Fr1edman et a1. 1986). Fur- 
therm0re, the m0u5e a16um1n pr0m0ter 15 tran5cr16ed 
m0re eff1c1ent1y 1n ce11-free extract5 prepared fr0m 11ver 
than fr0m 0ther t155ue5 (60r5k1 et a1. 1986). U51n9 th15 1n 
v1tr0 tran5cr1pt10n a55ay, the DNA e1ement5 re4u1red f0r 
preferent1a1 expre5510n 1n 11ver extract5 were 10ca112ed t0 
a re910n 6etween 55 and 170 6p up5tream 0f the cap 51te 
(60r5k1 et a1. 1986). H0wever, prev10u5 5tud1e5 have n0t 
addre55ed the 4ue5t10n 0f whether there 15 an a16um1n 
enhancer a5 we11. 

C0n51der1n9 that the a16um1n and 0t-fet0pr0te1n 9ene5 
are re1ated, 11nked, and re9u1ated 51m11ar1y, 0ne m19ht 
expect the 0r9an12at10n 0f the re9u1at0ry d0ma1n5 t0 6e 
c0n5erved. 7heref0re, we 5et 0ut t0 a5certa1n whether 
the a16um1n 9ene ha5 enhancer5 and, 1f 50, where they 
11e 1n re1at10n t0 the 5tructura1 9ene. We 5h0w here that 
the a16um1n pr0m0ter 15 t155ue-5pec1f1c 1n tran59en1c 
m1ce and there appear5 t0 6e 0n1y 0ne re910n w1th en- 
hancer-11ke act1v1ty that 15 10cated much further up- 
5tream than any 0f the 0L-fet0pr0te1n 9ene e1ement5. 

Re5u1t5 

A16um1n-9r0wth h0rm0ne fu510n 9ene5 are expre55ed 1n 
11ver 
8ecau5e we w15hed t0 exam1ne the c0ntr01 0f the m0u5e 
a16um1n 9ene 1n tran59en1c m1ce, we 5e1ected human 
9r0wth h0rm0ne (h6H) a5 a heter01090u5 rep0rter 9ene. 
7h15 ch01ce wa5 6a5ed 0n the fact5 that the hH6  9ene 
ha5 6een 5ucce55fu11y u5ed 1n c0m61nat10n w1th a num- 
6er 0f 0ther re9u1at0ry re910n5, 1t5 mRNA appear5 t0 6e 
re1at1ve1y 5ta61e 1n a var1ety 0f ce115, and 1t 5t1mu1ate5 
9r0wth 1f 5uff1c1ent am0unt5 0f 6 H  are 5ecreted 1nt0 the 
6100d5tream (Pa1m1ter et a1. 1983; f0r rev1ew, 5ee Pa1- 
m1ter and 8r1n5ter 1986). 70 c0n5truct a16um1n-human 
9r0wth h0rm0ne (a16-h6H) fu510n 9ene5, a 5ynthet1c 
8amH1 11nker wa5 1n5erted 22 6p d0wn5tream fr0m the 
a16um1n cap 51te 1n an a16um1n 5u6c10ne that 5pan5 the 
pr0m0ter re910n (5ee Mater1a15 and meth0d5). 7h15 5u6- 
c10ne wa5 then fu5ed t0 the h 6 H  9ene at 1t5 natura1 
8amH1 51te at + 3.7hu5, the a16um1n pr0m0ter and 5•- 
f1ank1n9 re910n were j01ned t0 the h 6 H  5tructura1 9ene 
near the 6e91nn1n9 0f the f1r5t ex0n 0f each 9ene 5uch 
that the tran5cr1pt10n 5tart 51te w0u1d 6e determ1ned 6y 
a16um1n 5e4uence5 and the re5u1t1n9 h6H mRNA w0u1d 
have 22 extra nuc1e0t1de5 c0ntr16uted 6y a16um1n 5e- 
4uence5. Add1t10na1 a16um1n 5•-f1ank1n9 re910n wa5 1n- 
5erted 1nt0 th15 c10ne t0 create a fu510n 9ene w1th a60ut 
12 k6 0f a16um1n 5• 5e4uence fu5ed t0 the h6H 9ene 
(F19. 1). 7he pr0per rec0n5truct10n 0f the a16um1n 5e- 
4uence5 wa5 ver1f1ed 6y 50uthern 610t c0mpar150n 0f the 
p1a5m1d c10ne and 9en0m1c DNA after d19e5t10n w1th 
5evera1 en2yme5. 

Re5tr1ct10n fra9ment5 c0nta1n1n9 a60ut 0.3, 0.9, 3.8, 
8.5, 0r 12 k6 0f a16um1n 5•-f1ank1n9 re910n and the h 6 H  
5tructura1 9ene (t0p 11ne, F19. 1) were 5eparated fr0m the 
rema1n1n9 p1a5m1d DNA 6y a9ar05e 9e1 e1ectr0ph0re515. 

A few hundred c0p1e5 0f each 0f the5e DNA fra9ment5 
were m1cr01njected 1nt0 pr0nuc1e1 0f fert1112ed e995 t0 
pr0duce tran59en1c m1ce (8r1n5ter et a1. 1985). 6r0up5 0f 
3-21 tran59en1c m1ce were pr0duced w1th each 0f the5e 
c0n5truct5. W1th the except10n 0f th05e m1ce c0nta1n1n9 
the 0.3 a16-h6H c0n5truct, 50me m1ce 9rew 519n1f1- 
cant1y 1ar9er than n0rma1, 1nd1cat1n9 that the a16-h6H 
9ene5 were 6e1n9 expre55ed 1n 50me t155ue5 0f th05e 
m1ce. 

70 determ1ne 1n wh1ch 0r9an5 the 9ene5 were 6e1n9 
expre55ed, the m1ce were 5acr1f1ced and h 6 H  mRNA 
1eve15 were mea5ured 1n a var1ety 0f 0r9an5 6y a 501ut10n 
hy6r1d12at10n a55ay u51n9 an 01190nuc1e0t1de c0mp1e- 
mentary t0 a 5e4uence 1n ex0n 4 0f h6H mRNA. h 6 H  
mRNA wa5 detected 1n 11ver5 0f a11 m1ce that 9rew 1ar9er 
than n0rma1 a5 we11 a5 1n a few 0ther m1ce 1n each 
9r0up; 1t wa5 a150 detected 1n the k1dney5 0f a few m1ce, 
6ut n0t 1n any 0ther t155ue that wa5 a55ayed, 1nc1ud1n9 
5p1een, 1nte5t1ne, pancrea5, 6ra1n, heart, mu5c1e, 1un9, 
and te5t15. F19ure 2 5h0w5 the 1eve15 0f h 6 H  mRNA de- 
tected 1n 11ver and k1dney 0f each 0f the f0under m1ce 
and 1nd1cate5 wh1ch m1ce 9rew 1ar9er than n0rma1. 7he 
mean 1eve1 0f h 6 H  mRNA 1n the 11ver 0f th05e m1ce 
that expre55ed the tran59ene 15 1nd1cated 6y the h15t0- 
9ram5. 7he fre4uency 0f detect1n9 expre5510n wa5 10w 
(0n1y 2 0f 10 tran59en1c m1ce), w1th the c0n5truct c0n- 
ta1n1n9 0n1y 0.3 k6 0f a16um1n 5e4uence, 6ut wa5 h19h 
f0r the c0n5truct5 w1th 0.9, 3.8, 8.5, and 12 k6 0f a1- 
6um1n 5e4uence (F19. 2). 7he extreme var1a6111ty 1n the 
1eve1 0f expre5510n fr0m 0ne m0u5e t0 an0ther 15 0ften 
065erved 1n tran59en1c m0u5e exper1ment5 and pr06a61y 
ref1ect5 1nf1uence5 fr0m the chr0m050ma1 51te 0f 1nte- 
9rat10n, a5 we11 a5 var1a61e tran59ene c0py num6er and 
m05a1c15m 0f 50me 0f the f0under5 (Pa1m1ter and 8r1n- 
5ter 1986). 

A1th0u9h there wa5 a pr09re551ve 1ncrea5e 1n the 
avera9e 1eve1 0f h 6 H  mRNA detected 1n the 11ver a5 
m0re a16um1n-f1ank1n9 DNA wa5 1nc1uded 1n the c0n- 
5truct5 (F19. 2), the 1eve1 0f hepat1c expre5510n wa5 dra- 
mat1ca11y h19her 1n m05t 0f the m1ce w1th 12 k6 0f a1- 
6um1n 5e4uence. 7he avera9e 1eve1 0f h6H mRNA 1n 
the5e m1ce wa5 a60ut 5000 m01ecu1e5/ce11 and 1n 50me 
m1ce the 1eve1 wa5 c0mpara61e t0 that 0f end09en0u5 a1- 
6um1n mRNA, e5t1mated t0 6e a60ut 10,000 m01ecu1e5/ 
ce11 (7119hman and 8e1ayew 1982). 7he5e data 5u99e5t 
that there 15 an enhancer-11ke e1ement 10cated 8.5-12 k6 
up5tream 0f the pr0m0ter. M0re0ver, the a16um1n pr0- 
m0ter, wh1ch 15 c0nta1ned w1th1n the 0.3-k6 c0n5truct, 
15 t155ue-5pec1f1c 6ut 1t ha5 a pr0pen51ty n0t t0 6e ex- 
pre55ed un1e55 add1t10na1 5• 5e4uence 15 pre5ent, a5 1n 
the 0.9-, 3.8-, and 8.5-k6 a16-h6H c0n5truct5. Cur1- 
0u51y, the c0n5truct5 w1th 0.3-8.5 k6 0f a16um1n 5e- 
4uence a150 pr0m0ted a 10w 1eve1 0f expre5510n 1n the 
k1dney 0f 50me m1ce. H0wever, th15 act1v1ty appear5 t0 
6e ext1n9u15hed when the enhancer-11ke e1ement 6e- 
tween -8 .5  and - 12 k6 15 pre5ent, 51nce n0 k1dney ex- 
pre5510n wa5 detected 1n any 0f the m1ce w1th the 12-k6 
c0n5truct (F19. 2). 

8ecau5e many 0f the m1ce 9rew 1ar9er than n0rma1, we 
knew that funct10na1 h 6 H  mRNA wa5 pr0duced, 1nd1- 
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P1nker et a1. 

m 0 u 5 e  a16um1n- human 9r0wth  h 0 r m 0 n e  
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F19ure 1. Map5 0f the a16-h6H 9ene c0n5truct5 te5ted 1n tran59en1c m1ce. 7he 12-k6 a16-h6H c0n5truct (t0p 11ne) wa5 prepared a5 
de5cr16ed under Mater1a15 and meth0d5.7he 12-, 8.5-, 3.8-, 0.9-, and 0.3-k6 a16-h6H DNA fra9ment5 were 1501ated u51n9 un14ue 51te5 
1n the a16um1n 5e4uence and the 5a11 51te at the 3• 51de 0f the h 6 H  9ene. 7he 1nterna1 de1et10n5 were created a5 de5cr16ed under 
Mater1a15 and meth0d5; 1n each ca5e the up5tream a16um1n fra9ment5 were j01ned t0 the a16um1n pr0m0ter at the 5ph1 51te that 11e5 at 
-0 .3  k6; the 1etter de519nat10n5 refer t0 the re5tr1ct10n en2yme5 u5ed t0 1501ate the a16um1n fra9ment5.7he E8 0 . 1 - h 6 H  c0n5truct 
ha5 the a16um1n E8 fra9ment j01ned t0 an N511 51te 10cated at - 90 1n the h 6 H  9ene. Each 0f the5e 1atter fra9ment5 wa5 1501ated w1th 
Kpn1 (1n the p01y11nker) and C1a1 f0r m1cr01nject10n. 

cat1n9 t h a t  n0 rma1  5p11c1n9 0ccur red .  7 0  a5cer ta1n 
w h e t h e r  tran5cr1pt10n wa5 5tart1n9 at the  pr0per 51te and 
w h e t h e r  the  5ame 51te wa5 u5ed f0r each  0f the  c0n- 
5truct5, we  pe r f0 rmed  pr1mer exten510n a55ay5. 70ta1 
R N A  wa5 hy6r1d12ed w1th a 32p-1a6e1ed 01190nuc1e0t1de 
c0mp1ementa ry  t0 a 5e4uence 1n the  f1r5t ex0n 0f h 6 H  
m R N A  and ex tended  w1th rever5e tran5cr1pta5e. We ex- 
pec ted  an  exten510n p r0duc t  0f 72 nuc1e0t1de5 1f the  
n0rma1 a16um1n cap 51te wa5 6e1n9 u5ed. 1ndeed, a5 
5h0wn  1n F19ure 3, a p r0m1nen t  exten510n p r0duc t  0f 

t h a t  1en9th wa5 065erved w1th a11 5amp1e5 te5ted, 1n- 
c1ud1n9 11ver 5amp1e5 f r0m tran59en1c m1ce w1th the  
0.3-, 0.9-, 3.8-, and 12-k6 c0n5truct5 and a k1dney 5amp1e 
f r0m a m0u5e w1th the  0.9-k6 c0n5truct.  

7he  enhancer-11ke d e m e n t  6e tween  - 8.5 and - 12 k6  
15 5uff1c1ent f0r h19h-1eve1 hepat1c expre5510n 

7 0  a5certa1n w h e t h e r  there  m19ht 6e mu1t1p1e enhancer-  
11ke e1ement5 1n the  12 k6 0f a16um1n 5• f1ank1n9 re910n, 

F19ure 2. h 6 H  mRNA 1eve15 1n 11ver and k1dney 0f 
tran59en1c m1ce 6ear1n9 the a16-h6H c0n5truct5 5h0wn 
1n F19. 1. h 6 H  mRNA wa5 mea5ured 6y 501ut10n hy6r1d- 
12at10n a5 de5cr16ed under Mater1a15 and meth0d5. Each 
va1ue c0rre5p0nd5 t0 an 1nd1v1dua1 f0under tran59en1c 
m0u5e; va1ue5 6e10w the 0r191n repre5ent m1ce 1n wh1ch 
n0 h 6 H  mRNA c0u1d 6e detected (1e55 than 10 m01e- 
cu1e5/ce11); 5011d 5ym6015 c0rre5p0nd t0 11ver va1ue5 0f 
m1ce that 9rew m0re than 1.3-f01d 1ar9er than c0ntr0111t- 
termate5; 0pen 5ym6015 are u5ed f0r th05e m1ce that d1d 
n0t 9r0w 1ar9er than n0rma1. L1ver va1ue5 are pre5ented 
a5 c1rc1e5, and k1dney va1ue5 a5 54uare5. H15t09ram5 rep- 
re5ent the mean 1eve15 0f 11ver h 6 H  mRNA, 6a5ed 0n 
0n1y th05e m1ce that expre55ed the 9ene. N0te the 
chan9e 1n 5ca1e at 250 and 5000 m01ecu1e5/ce11. 
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F19ure 3. Pr1mer exten510n ana1y515 0f a16-h6H tran5cr1pt5. 
70ta1 RNA wa5 prepared, 50 ~9 wa5 hy6r1d12ed w1th an end-1a- 
6e1ed 01190nuc1e0t1de and extended w1th rever5e tran5cr1pta5e, 
and the exten510n pr0duct5 were d15p1ayed 0n an acry1am1de 9e1 
a5 de5cr16ed under Mater1a15 and meth0d5. Marker5 are end-1a- 
6e1ed Hpa11 fra9ment5 fr0m p8R322. (Lane A) L1ver RNA fr0m a 
m0u5e 6ear1n9 a 12-k6 a16-h6H c0n5truct (th15 RNA 5amp1e 
wa5 fr0m a m0u5e w1th 12,000 h6H mRNA m01ecu1e5/ce11; 
c0n5e4uent1y, the 1ane 15 0verexp05ed and revea15 pr0m1nent 
6and5 0f 5ma11er 512e wh1ch pr06a61y repre5ent premature ter- 
m1nat10n pr0duct5 due t0 exce55 temp1ate); (1ane5 8 and C) 11ver 
RNA fr0m m1ce 6ear1n9 a 3.8-k6 a16-h6H c0n5truct; (1ane5 D 
and E) 11ver RNA fr0m m1ce 6ear1n9 the 0.9-k6 a16-h6H c0n- 
5truct; (1ane F) k1dney RNA fr0m a m0u5e w1th 0.9-k6 a16- 
h6H c0n5truct; (1ane5 6 and H) 11ver RNA fr0m m1ce w1th 0.3- 
k6 a16-h6H c0n5truct. 7he E8 0.3 a16-h6H c0n5truct a150 
91ve5 a pr0m1nent 6and 51m11ar t0 that 5h0wn 1n 1ane5 8-H 
(data n0t 5h0wn). 

a5 15 the ca5e f0r the c105e1y re1ated and c105e1y 11nked 
a-fet0pr0te1n 9ene (Hammer et a1. 1987), we te5ted three 
1ar9e re910n5 f0r act1v1ty. We ch05e c0nven1ent re5tr1c- 
t10n 51te5 t0 9enerate fra9ment5 0f a60ut 3 k6 each and 
p051t10ned each fra9ment, 1n 1t5 n0rma1 0r1entat10n, d1- 
rect1y up5tream 0f the 0.3 a16-h6H c0n5truct. We 
te5ted the5e up5tream fra9ment5 1n the c0ntext 0f the 
a16um1n pr0m0ter re910n 6ecau5e prev10u5 data 5u9- 
9e5ted that the a16um1n pr0m0ter ha5 t155ue-5pec1f1c 
pr0pert1e5 (5ee 1ntr0duct10n). 

0n1y 0ne 0f the three up5tream fra9ment5 (the 
Ec0RV-8amH1 fra9ment; E8-0.3 a16-h6H) 5t1mu1ated 
hepat1c expre5510n t0 1eve15 h19her than that 065erved 
w1th the 0.3 a16-h6H c0n5truct a10ne. Wherea5 0n1y 
0ne 0f the 26 m1ce w1th e1ther 0f the tw0 pr0x1ma1 fra9- 
ment5 9rew 1ar9er than n0rma1, 9 0f 12 m1ce w1th the 
far-up5tream E8 fra9ment 9rew 1ar9e and they had he- 
pat1c h 6 H  mRNA 1eve15 that avera9ed a60ut 1200 m01e- 
cu1e5 per ce11 (F19. 2). M0re0ver, n0 expre5510n 1n k1dney, 
0r 1n any 0ther t155ue, wa5 065erved w1th th15 c0n5truct. 
7hu5, the a16um1n 5e4uence 6etween -0 .3  and -8.5 k6 
15 unnece55ary f0r enhanced 1eve15 0f hepat1c-5pec1f1c 
expre5510n 1n the adu1t. 

7he far-up5tream a16um1n d e m e n t  funct10n5 1n the 
rever5e 0r1entat10n 6ut d0e5 n0t act1vate a heter01090u5 
pr0m0ter 

0ne  pr0perty 0f enhancer5 15 that the1r 0r1entat10n re1a- 
t1ve t0 a pr0m0ter can 6e rever5ed w1th0ut affect1n9 

A16um1n-h6H tran59en1c m1ce 

the1r funct10n (5erf11n9 et a1. 1985). 70 te5t th15 a5pect 0f 
enhancer funct10n, we rever5ed the 0r1entat10n 0f the 
Ec0RV-8amH1 fra9ment up5tream 0f the 0.3 a16-h6H 
c0n5truct. 7h15 rever5e 0r1entat10n (8E 0.3 a16-h6H) 
w0rked ju5t a5 we11 a5 the n0rma1 0r1entat10n (F19. 2). 

An0ther pr0perty 0f many enhancer5 15 that they w111 
act1vate a heter01090u5 pr0m0ter. We have 5h0wn that 
the 1mmun09106u11n, e1a5ta5e, 0r meta110th10ne1n en- 
hancer5, when p1aced 90 6p up5tream 0f the h 6 H  9ene 
w1th 1t5 0wn pr0m0ter, can d1rect expre5510n t0 appr0- 
pr1ate t155ue5, wherea5 the enhancer1e55 h 6 H  9ene 15 n0t 
expre55ed anywhere 1n tran59en1c m1ce (Hammer et a1. 
and 0rn1t2 et a1., 1n prep.). Hence, we te5ted the E8 fra9- 
ment up5tream 0f the enhancer1e55 0.1 h 6 H  vect0r. 
E19ht tran59en1c m1ce were pr0duced w1th th15 c0n- 
5truct, 6ut n0ne 0f them 9rew 1ar9er than n0rma1 and 
0n1y tw0 0f them had a trace 0f h 6 H  mRNA 1n the 11ver. 
7hu5, 1t appear5 that the far-up5tream a16um1n e1ement 
d0e5 n0t funct10n we11 w1th the h 6 H  pr0m0ter and may 
re4u1re 1t5 0wn pr0m0ter. 

M0re prec15e 10ca112at10n 0f the a16um1n enhancer-11ke 
dement5  

70 10ca112e the far-up5tream e1ement further, we te5ted 
var10u5 5ma11er fra9ment5 der1ved fr0m the E8 re910n, 
each up5tream 0f the 0.3 a16-h6H c0n5truct. A Nhe1- 
8amH1 fra9ment that enc0mpa55ed the pr0x1ma1 ha1f 0f 
the re910n (5ee F19. 1) 9ave the h19he5t avera9e 1eve1 0f 
expre5510n 0f a11 the c0n5truct5 te5ted and a11 0f the m1ce 
w1th th15 c0n5truct 9rew 1ar9e (F19. 2). 7h15 de1et10n nar- 
r0wed the enhancer re910n d0wn t0 a60ut 1.9 k6. We 
then cut th15 re910n 1n ha1f w1th 5ca1 and te5ted the 
d15ta1 N5 fra9ment and the pr0x1ma1 58 fra9ment 1n the 
5ame manner. F0ur 0f 10 m1ce w1th the pr0x1ma1 58 re- 
910n 9ave a 10w 1eve1 0f expre5510n, c0mpara61e t0 that 
065erved w1th 0.3 a16-h6H a10ne, and tw0 0f them ex- 
pre55ed a 10w 1eve1 0f h 6 H  mRNA 1n k1dney a5 we11. A11 
three 0f the m1ce w1th the d15ta1 N5 re910n had hepat1c 
h 6 H  mRNA 1eve15 avera91n9 10-f01d h19her than that 
065erved w1th the pr0m0ter a10ne (F19. 2). H0wever, 10w 
expre5510n (1e55 than 20 m01ecu1e5/ce11) wa5 a150 06- 
5erved 1n t155ue5 5uch a5 pancrea5, 1nte5t1ne, and 1un9 
that had never 6een p051t1ve w1th 0ther c0n5truct5. 
7hu5, 1t appear5 that the Nhe1-5ca1 re910n 5t111 ha5 en- 
hancer-11ke act1v1ty, 6ut that e1ement5 w1th1n the adja- 
cent re910n a150 p1ay a r01e 1n determ1n1n9 hepat1c-5pe- 
c1f1c expre5510n. 

0ne  0f f0ur DNa5e hyper5en51t1ve 51te5 15 10cated 
w1th1n the up5tream enhancer re910n 

7he ch01ce 0f re5tr1ct10n 51te5 f0r the prev10u5 d155ect10n 
0f the up5tream re910n wa5 9u1ded 1n part 6y the re5u1t5 
0f a 5earch f0r DNa5e-5en51t1ve 51te5 1n the a16um1n 5•- 
f1ank1n9 re910n. 5uch hyper5en51t1ve 51te5 may ref1ect 
the 61nd1n9 0f re9u1at0ry pr0te1n5 t0 5pec1f1c DNA 5e- 
4uence5 (E191n 1981). 7w0 un14ue pr06e5 1501ated fr0m 
the a16um1n-f1ank1n9 re910n, 0ne centered at a60ut - 4  
k6 (pr06e 2) and the 0ther centered at a60ut -11  k6 
(pr06e 1), were u5ed t0 map DNa5e hyper5en51t1ve re- 
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910n5 0f the end09en0u5 a16um1n 9ene. L1ver nuc1e1 were 
1501ated and 1ncu6ated at 25°C f0r var10u5 t1me5 t0 a110w 
an end09en0u5 DNa5e t0 make preferent1a1 cut5. 7hen 
the DNA wa5 1501ated, re5tr1cted w1th 5tu1 0r Ec0R1 t0 

map 5• and 3• 0f pr06e 2, re5pect1ve1y, 0r w1th Ec0RV t0 
map 3• 0f pr06e 1 (5ee F19. 4). F0ur DNa5e hyper5en51t1ve 
51te5 were 065erved: a pr0m1nent 0ne (1a6e1ed H51) 15 
10cated at a60ut - 10.5 k6 w1th1n the Nhe1-5ca1 re910n 

M0U5E AL8UM1N 6ENE NUCLEA5E 5EN5171VE 517E5 

H 5 1  H 5 2  H 5 3  
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that  ha5 enhancer-11ke act1v1ty, tw0 1e55 1nten5e 51te5 
(H52 and H53) are 10cated at a60ut - 7 . 5  and -3 .1  k6, 
and a f0urth 1nten5e 51te (H54) 15 10cated 1n the v1c1n1ty 
0f the pr0m0ter. Part1a1 d19e5t10n 6y the end09en0u5 nu- 
c1ea5e5 dur1n9 nuc1e1 1501at10n pr06a61y acc0unt5 f0r the 
pre5ence 0f m05t 0f the5e hyper5en51t1ve 51te5 1n the 
2er0-t1me c0ntr015. N0te, h0wever, that H51 and H54 
are a65ent 1n k1dney nuc1e1 (1ane5 C, D, and E). 

D 1 5 c u 5 5 1 0 n  

7 h e  12 k6 0f m0u5e a16um1n 5•-f1ank1n9 re910n appear5 
t0 c0nta1n a11 the c15-act1n9 e1ement5 nece55ary f0r ap- 
pr0pr1ate expre5510n 0f the a16um1n 9ene 1n the adu1t. 
8a5ed 0n the ana1y515 pre5ented here, tw0 re910n5 are 
cr1t1ca1 f0r 11ver-5pec1f1c expre5510n 1n the adu1t. 0 n e  15 
the 300-6p pr0m0ter re910n, wh1ch had 6een 5h0wn pre- 
v10u51y t0 6e a t155ue-5pec1f1c pr0m0ter  (5ee 1ntr0duc- 
t10n), and the 0ther 15 an enhancer-11ke e1ement, 0r e1e- 
ment5, that 11e w1th1n the Nhe1-8amH1 re910n, 
8 .5-10.4  k6 up5tream 0f the pr0m0ter. When the5e tw0 
re910n5 are juxtap05ed, a5 1n the N8  0.3 a 1 6 - h 6 H  c0n- 
5truct, they 5t1mu1ate the pr0duct10n 0f h 6 H  m R N A  
1eve15 c0mpara61e t0 end09en0u5 a16um1n m R N A  (5ee 
F19. 2). A1th0u9h the h19h 1eve1 0f expre5510n ach1eved 
w1th th15 c0n5truct 5u99e5t5 that a11 the e55ent1a1 c15- 
act1n9 e1ement5 are pre5ent w1th1n the 12 k6 0f a16um1n 
5•-f1ank1n9 re910n, we cann0t ru1e 0ut the p05516111ty 
that there may  6e 0ther e1ement5 e1ther further up- 
5tream, w1th1n, 0r d0wn5tream 0f the a16um1n 9ene that 
a150 c0ntr16ute t0 appr0pr1ate expre5510n. 7h15 uncer- 
ta1nty 5tem5 fr0m the c0mpar150n 0f h 6 H  and a16um1n 
m R N A  1eve15, wh1ch may  have d1fferent ha1f-11ve5, and 
the uncerta1nty 0f kn0w1n9 h0w m a n y  tran59ene5 c0n- 
tr16ute t0 h 6 H  m R N A  accumu1at10n. A11 0f the tran5- 
9en1c m1ce 5tud1ed 1n th15 rep0rt were f0under an1ma15, 
hence 50me 0f them were 5ure1y m05a1c5 w1th the tran5- 
9ene 1n 0n1y a fract10n 0f the1r ce115 (W11k1e et a1. 1986). 
M0re0ver, m05t 0f the m1ce have mu1t1p1e c0p1e5 0f the 
tran59ene and, 11ke m05t 0ther c0n5truct5 te5ted 1n m1ce, 
there 15 11tt1e re1at10n5h1p 6etween 9ene c0py num6er  
and the 1eve1 0f expre5510n; thu5, we cann0t kn0w h0w 
m a n y  0f the tran59ene c0p1e5 are actua11y c0ntr16ut1n9 
t0 expre5510n. Neverthe1e55, the5e re5u1t5 1nd1cate that 
1mp0rtant c0ntr01 e1ement5 can 11e 9reat d15tance5 away 

fr0m the 5tuctura1 9ene5 that they re9u1ate. 8ecau5e the 
d15tance 15 a60ut 10 k6, we fav0r the 1dea that th15 re- 
910n 15 6r0u9ht 1nt0 pr0x1m1ty t0 the pr0m0ter  6y D N A  
100p1n9 rather than 6y 50me pr0pa9at10n 0f 1nf0rmat10n 
a10n9 the D N A  fr0m the up5tream e1ement t0 the pr0- 
m0ter  (5erf11n9 et a1. 1985; Pta5hne 1986). 

7 h e  far-up5tream a16um1n re910n ha5 50me 0f the 
pr0pert1e5 0f an enhancer, 1n that 1t5 p051t10n and 0r1en- 
tat10n re1at1ve t0 the pr0m0ter  d0 n0t 5eem t0 6e cr1t1ca1. 
H0wever, 1t fa11ed t0 pr0m0te 519n1f1cant 1eve15 0f ex- 
pre5510n when  c0m61ned w1th the heter01090u5 h 6 H  
pr0m0ter, wh1ch ha5 re5p0nded t0 5evera1 0ther en- 
hancer5. A1th0u9h 1t 15 p055161e that the a16um1n en- 
hancer  m19ht funct10n 1n c0njunct10n w1th 0ther pr0- 
m0ter5, 1t 15 a150 p055161e that 1t can 0n1y funct10n 1n 
c0njunct10n w1th 1t5 0wn 0r 0ther 11ver-5pec1f1c pr0- 
m0ter5. 7hu5, at pre5ent, we can 0n1y 5ay that 1t en- 
hance5 the funct10n 0f the a16um1n pr0m0ter  a60ut 50- 
f01d. 1t 15 cur10u5 that the a16um1n 5e4uence5 6etween 
- 8.5 and - 12 k6 a150 appear t0 5uppre55 the k1dney ex- 
pre5510n 065erved 1n 50me tran59en1c m1ce 6ear1n9 c0n- 
5truct5 that  c0nta1n the re910n 6etween - 0 . 3  and - 0 . 9  
k6. 

7 h e  5ma11e5t, m05t effect1ve a16um1n re910n te5ted 
thu5 far 15 a60ut 1.9 k6. A1th0u9h 0ther truncated ver- 
510n5 rema1n t0 6e te5ted, 1t 5eem5 11ke1y that the a1- 
6um1n e1ement may  n0t  6e a5 c0mpact a5 0ther en- 
hancer e1ement5. 7h15 c0nc1u510n 15 6a5ed 0n the 065er- 
vat10n that  the 1.9-k6 Nhe1-8amH1 re910n 15 very 
effect1ve wherea5 the 5ma11er Nhe1-5ca1 re910n 15 1e55 
effect1ve 4uant1tat1ve1y and a110w5 expre5510n 1n 0ther 
t155ue5. Furtherm0re, the ne19h60r1n9 5ca1-8amH1 fra9- 
men t  d0e5 n0t  5t1mu1ate hepat1c expre5510n 6ut 1t d0e5 
pr0m0te n0nhepat1c expre5510n. 

1n the pr0ce55 0f d155ect1n9 three d1fferent enhancer5, 
we have n0ted that t155ue 5pec1f1c1ty 15 105t 6ef0re en- 
hanc1n9 a6111ty 15 105t. 1n add1t10n t0 the examp1e a60ve, 
when  the e1a5ta5e e1ement wa5 tr1mmed fr0m 134 6p t0 
80 6p 1t a110wed pr0m15cu0u5 expre5510n (Hammer et a1., 
1n prep.) and when  a Dra1-P5t1 fra9ment that 1nc1ude5 
the c0re 0f the 1mmun09106u11n heavy-cha1n enhancer  
wa5 te5ted, 1t a110wed expre5510n 1n 5evera1 t155ue5 1n 
add1t10n t0 8 ce115 (0rn1t2 et a1., 1n prep.). 7he5e 065er- 
vat10n5 5u99e5t that each 0f the5e enhancer5 m a y  c0n- 
ta1n c0re e1ement5 that 61nd 9enera1 enhanc1n9 fact0r5 
and that  enhanc1n9 act1v1ty 15 re5tr1cted t0 5pec1f1c ce11 

F19ure 4. DNa5e hyper5en51t1ve 51te5 1n a16um1n 5•-f1ank1n9 re910n. (70p) Map 0f the a16um1n 9ene extend1n9 fr0m - 12 k6 t0 + 4 k6 
(1n the 5th 1ntr0n). A16um1n ex0n5 are 5011d 60xe5, 1ntr0n5 are 0pen 60xe5. Arr0w5 1a6e1ed H51 t0 H54 1nd1cate the p051t10n5 0f the 
hyper5en51t1ve 51te5 mapped a5 de5cr16ed 6e10w. Pr06e 1 15 a un14ue Ec0RV-Nhe1 fra9ment; pr06e 2 15 a un14ue Ec0R1-5tu1 fra9ment. 
6en0m1c re5tr1ct10n fra9ment5 u5ed a5 1nterna1 512e marker5 are 5h0wn a5 5011d 11ne5 pa1red w1th the appr0pr1ate pr06e5. D0tted 11ne5 
repre5ent the 512e 0f the 6and5 mapped w1th pr06e5 1 and 2 and v15ua112ed 0n the aut0rad109raph5 5h0wn 6e10w. (Left) Pr06e 1 wa5 
u5ed t0 map nuc1ea5e-5en51t1ve 51te5 d0wn5tream 0f Ec0RV. (Lane A) DNA fr0m 11ver nuc1e1 re5tr1cted w1th Ec0RV and Kpn1; (1ane 8) 
DNA fr0m 11ver nuc1e1 re5tr1cted w1th Ec0RV and 8amH1; (1ane5 0•-10•) d19e5t10n pr0duct5 fr0m 11ver nuc1e1 treated f0r 0-10 m1n at 
25°C and then re5tr1cted w1th Ec0RV. (Center r19ht) Pr06e 2 wa5 u5ed t0 map nuc1ea5e-5en51t1ve 51te5 up5tream 0f the 5tu1 51te. (Lane 
C) DNA fr0m k1dney nuc1e1 re5tr1cted w1th 5tu1; (1ane D) DNA fr0m k1dney nuc1e1 re5tr1cted w1th 5tu1 and Ec0RV; (1ane5 0•-10•) 11ver 
nuc1e1 treated f0r 0-10 m1n at 25°C and then re5tr1cted w1th 5tu1. (80tt0m r19ht) Pr06e 2 wa5 u5ed t0 map hyper5en51t1ve 51te5 
d0wn5tream 0f Ec0R1. (Lane E) DNA fr0m k1dney nuc1e1 re5tr1cted w1th Ec0R1; (1ane F) DNA fr0m k1dney nuc1e1 re5tr1cted w1th Ec0R1 
and 85tE11; (1ane5 0•-10•) 11ver nuc1e1 treated at 25°C f0r 0-10 m1n and then d19e5ted w1th Ec0R1. Marker5 are k DNA re5tr1cted w1th 
H1nd111. 
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type5 6y fact0r5 that 61nd t0 adjacent re910n5. 1n 50me 
ca5e5, a11 0f the 61nd1n9 51te5 may 6e arran9ed 1n a very 
c0mpact re910n, a5 1n the ca5e 0f the e1a5ta5e enhancer, 
wherea5 1n 0ther ca5e5 the 61nd1n9 51te5 may 6e d15- 
per5ed 0ver 5evera1 hundred 6a5e pa1r5 a5 1n a16um1n and 
1mmun09106u11n 9ene5. 

7he 61nd1n9 0f pr0te1n5 t0 the a16um1n pr0m0ter and 
the far-up5tream a16um1n re910n 15 c0n515tent w1th the 
pre5ence 0f DNa5e hyper5en51t1ve 51te5 1n the5e re910n5 
(F19. 4). We n0ted tw0 0ther hyper5en51t1ve re910n5 6e- 
tween the pr0m0ter and the far-up5tream re910n5, a1- 
th0u9h we cann0t a5cr16e any funct10n t0 them. 7hey 
m19ht 6e 1nv01ved 1n deve10pmenta1 0r env1r0nmenta1 
c0ntr01 0f a16um1n 9ene expre5510n. 8a6155 et a1. (1986) 
a150 n0ted DNa5e hyper5en51t1ve 51te51n the rat a16um1n 
9ene 10cated near the pr0m0ter and a60ut 2.8 k6 up- 
5tream; they d1d n0t 100k m0re then 7 k6 up5tream. 

At th15 1eve1 0f ana1y515, 1t appear5 that the 0r9an12a- 
t10n 0f the re9u1at0ry e1ement5 f0r a16um1n and ~-fet0- 
pr0te1n 9ene5 15 d1551m11ar. 7he 0n1y 51m11ar1ty 15 that 
60th pr0m0ter5 appear t0 6e t155ue 5pec1f1c, a1th0u9h 
ne1ther funct10n5 very we11 1n tran59en1c m1ce 1n the a6- 
5ence 0f up5tream enhancer e1ement5 (Hammer et a1. 
1987). Wherea5 the enhancer e1ement5 f0r the ~-fet0pr0- 
te1n 9ene are 5pread 0ut 1n at 1ea5t three re910n5 5pan- 
n1n9 a60ut 6 k6 (Hammer et a1. 1987), the a16um1n en- 
hancer 11e5 1n a 1.9-k6 re910n p051t10ned near1y 10 k6 
up5tream 0f the 9ene. H0wever, 1t 15 1mp0rtant t0 reca11 
that we are c0mpar1n9 the 5e4uence5 that are 1mp0rtant 
f0r expre5510n 0f the a16um1n 9ene 1n the adu1t and ex- 
pre5510n 0f the ~-fet0pr0te1n 9ene 1n the deve10p1n9 
fetu5. Perhap5 the 5e4uence5 re5p0n5161e f0r feta1 expre5- 
510n 0f the a16um1n 9ene are the 5ame 0ne5 that are u5ed 
f0r ~-fet0pr0te1n 9ene expre5510n; a1ternat1ve1y, they 
m19ht 6e dup11cated 1n the re910n 6etween -0 .3  and 
-8 .5  k6. 7hu5, 1t 15 c0nce1va61e that the e1ement5 1n- 
v01ved 1n the feta1 expre5510n 0f the tw0 9ene5 are 51m- 
11ar and the far-up5tream a16um1n e1ement5 are cr1t1ca1 
f0r ma1ntenance 0f expre5510n 1n adu1t 11ver. U1t1mate1y, 
1t w111 6e 1nf0rmat1ve t0 c0mpare the DNA 5e4uence5 0f 
the enhancer5 f0r the5e tw0 9ene5 and the pr0te1n5 that 
1nteract w1th them. 

We 0r191na11y p1anned t0 9enerate 11ne5 0f tran59en1c 
m1ce that expre55 a16-h6H fu510n 9ene5 50 that 0ff5pr1n9 
c0u1d 6e u5ed t0 5tudy deve10pmenta1 and env1r0n- 
menta1 c0ntr01 0f tran59ene expre5510n. H0wever, the 
u5e 0f h6H a5 the rep0rter 9ene ha5 prec1uded the 9ener- 
at10n 0f any 11ne5 that expre55 519n1f1cant am0unt5 0f 
h 6 H  6ecau5e the repr0duct1ve perf0rmance 0f 60th 
tran59en1c ma1e5 and fema1e5 wa5 1mpa1red. We ant1c1- 
pated 50me pr061em w1th fema1e5, 51nce tran59en1c fe- 
ma1e5 that expre55 meta110th10ne1n-h6H fu510n 9ene5 
are re1at1ve1y 1nfert11e (Hammer et a1. 1985), 6ut the 
pr061em 5eem5 t0 6e m0re 5evere w1th the a16-h6H c0n- 
5truct5 and 60th 5exe5 are affected. 7he 11ver 15 a150 a 
pr1me 51te 0f 5ynthe515 0f h6H when the meta110th- 
10ne1n pr0m0ter 15 u5ed; neverthe1e55, M 7 - h 6 H  11ne5 
have 6een e5ta6115hed and ma1nta1ned f0r many 9enera- 
t10n5 (R. Hammer and R. 8r1n5ter, unpu61.). Perhap5 
50me cr1t1ca1 d1fference5 1n the expre5510n 0f the5e tw0 

tran59ene5 dur1n9 feta1 deve10pment affect5 repr0duct1ve 
funct10n. 

7he5e re5u1t5 revea1 h0w the 1nterpretat10n 0f re5u1t5 
fr0m enhancer 5tud1e5 depend5 0n the rep0rter 9ene and 
the frame 0f reference. F0r examp1e, a16um1n-CA7 c0n- 
5truct5 have 6een 1n5truct1ve 1n term5 0f dem0n5trat1n9 
that the a16um1n pr0m0ter funct10n5 6etter when tran5- 
fected 1nt0 hepat0cyte5 than when te5ted 1n a few 0ther 
ce11 type5 (0tt  et a1. 1984). H0wever, 6ecau5e CA7 en- 
2yme act1v1ty wa5 mea5ured, 1t wa5 n0t p055161e t0 
kn0w whether the 1eve1 0f a16um1n-CA7 expre5510n 
wa5 4uant1tat1ve1y appr0pr1ate. M0re0ver, m05t hepat0- 
cyte ce11 11ne5 d0 n0t make n0rma1 am0unt5 0f a16um1n 
mRNA, perhap5 due t0 dep1et10n 0f act1ve enhancer- 
61nd1n9 fact0r5; thu5, the5e ce11 11ne5 may 6e un5u1ta61e 
f0r detect1n9 enhancer funct10n. 1n c0nc1u510n, 0ne 
cann0t fee1 c0nf1dent that a11 0f the c15-act1n9 e1ement5 
have 6een 1nc1uded 1n a c0n5truct un1e55 expre5510n 15 
deve10pmenta11y appr0pr1ate, ce11-5pec1f1c, and 4uant1ta- 
t1ve1y n0rma1.7he 1a5t parameter 15 d1ff1cu1t t0 mea5ure 
and can 0n1y 6e 5at15fact0r11y an5wered 6y u51n9 a re- 
p0rter 9ene that pr0duce5 a mRNA w1th the 5ame ha1f- 
11fe a5 the end09en0u5 9ene 0r 6y mea5ur1n9 tran5cr1p- 
t10n rate5. 1n 60th ca5e5, 0ne w0u1d 1dea11y ch005e an- 
1ma15 0r ce115 1n wh1ch 0n1y 0ne 9ene wa5 1nte9rated 50 
there w0u1d 6e n0 am619u1ty a60ut h0w many tran5- 
9ene5 were funct10na1. 

7he 12-k6 a16um1n 5•-f1ank1n9 re910n ha5 6een u5ed 
effect1ve1y t0 d1rect the expre5510n 0f 0ther 5tructura1 
9ene5 t0 the 11ver. F0r examp1e, 1t w111 d1rect hepat1t15 8 
5urface ant19en (H85A9) t0 hepat1c ce115, a5 v15ua112ed 6y 
1mmun0f1u0re5cence (Ch15ar1 et a1. 1986). 1t ha5 a150 
6een u5ed t0 d1rect the expre5510n 0f 5V40 7-ant19en and 
human c-H-ra5 9ene5 t0 11ver (E. 5and9ren et a1., un- 
pu61.). Expre5510n 0f each 0f the5e 9ene pr0duct5 1ead5 t0 
character15t1c 11ver path0109y. Expre5510n 0f the hepa- 
t1t15 9ene 1ead5 t0 accumu1at10n 0f hepat1t15 1ar9e-enve- 
10pe p01ypept1de 1n the end0p1a5m1c ret1cu1um and th15 
15 a550c1ated w1th pr09re551ve 11ver ce11 1njury (Ch15ar1 et 
a1. 1986 and unpu61.), wherea5 expre5510n 0f e1ther 7 an- 
t19en 0r an act1vated f0rm 0f c-H-ra5 1ead5 t0 hepat0ce1- 
1u1ar tum0r5 (E. 5and9ren et a1., unpu61.). Even the ex- 
pre5510n 0f h 6 H  1n the 11ver appear5 t0 6e de1eter10u5 1n 
that character15t1c dy5p1a51a 15 ev1dent 6y 3 m0nth5, and 
6y 7 m0nth5 there 15 an 06v10u5 d150r9an12at10n 0f 
n0rma1 106u1ar arch1tecture (C. P1nkert et a1., unpu61.). 
7he5e examp1e5 5erve t0 111u5trate that the a16um1n pr0- 
m0ter/enhancer can 6e u5ed t0 9enerate an1ma1 m0de15 
0f human d15ea5e5 1n wh1ch the effect5 0f var10u5 9ene 
pr0duct5 0n hepat1c funct10n can 6e 5tud1ed. 

Mater1a15 and meth0d5 

C0n5truct10n 0f a16-h6H fu510n 9ene5 and pr0duct10n 0f 
tran59en1c m1ce 

A m0u5e a16um1n 5u6c10ne 5pann1n9 the pr0m0ter re910n wa5 
d19e5ted w1th 85tE11, wh1ch cut at a un14ue 51te a60ut 50 6p 
d0wn5tream 0f the cap 51te. 7he DNA wa5 d19e5ted w1th Ex0111 
f0r varY1n9 t1me5, treated w1th 51 nuc1ea5e and K1en0w fra9- 
ment 0f DNA p01ymera5e t0 pr0duce 61unt end5, and then 11- 
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A16um1n-h6H tran59en1c m1ce 

9ated w1th ph05ph0ry1ated 8amH1 11nker5. A c10ne w1th a 
8amH1 11nker p051t10ned 6etween the cap 51te and 1n1t1at10n 
c0d0n wa5 1dent1f1ed 6y acry1am1de 9e1 e1ectr0ph0re515 and the 
exact p051t10n wa5 determ1ned 6y DNA 5e4uenc1n9. 7he a1- 
6um1n pr0m0ter and a60ut 4 k6 0f 5•-f1ank1n9 re910n wa5 fu5ed 
t0 the h 6 H  5tructura1 9ene at 1t5 un14ue 8amH1 51te 10cated at 
+ 3. A un14ue 5a11 11nker wa5 1ntr0duced 6ey0nd the p01yaden- 
y1at10n 51te 0f h6H, then the a16um1n 5• re910n wa5 extended t0 
12 k6 6y 1n5ert1n9 a 5tu1 fra9ment 1501ated fr0m a k c10ne car- 
ry1n9 a16um1n 5•-f1ank1n9 5e4uence5. Un14ue Ec0RV and 855H11 
51te5 11e at a60ut - 12 k6 50 that the ent1re a16-h6H re910n can 
6e 1501ated w1th e1ther 0f the5e en2yme5 and 5a11. 70 c0n5truct 
1nterna1 de1et10n5, the a16-h6H 9ene wa5 d19e5ted w1th 5ph1, 
wh1ch cut5 at -0 .3  k6 1n the a16um1n 9ene and 6ey0nd the 
p01yadeny1at10n 51te 0f h6H, and th15 p1ece wa5 c10ned 1nt0 the 
5ph1 51te 0f pUC18 t0 create a vect0r w1th a p01y11nker up- 
5tream 0f the a16um1n pr0m0ter. 7he 3• 5ph151te wa5 c0nverted 
t0 a un14ue C1a1 51te and then var10u5 5• a16um1n fra9ment5 
were c10ned 1nt0 the p01y11nker (F19. 1). An N511 51te 10cated at 
- 9 0  1n the h 6 H  9ene wa5 u5ed f0r the c0n5truct10n 0f the 
E8-0.1 - h 6 H  c0n5truct. 

DNA fra9ment5 f0r m1cr01nject10n were 5eparated fr0m re- 
ma1n1n9 p1a5m1d DNA 6y a9ar05e 9e1 e1ectr0ph0re515, 1501ated 
6y d15501v1n9 the 9e1 1n NaC104 and 61nd1n9 the DNA t0 91a55 
(Whatman 6F/C f11ter5), and e1ut1n9 w1th 1 mM 7r15-HC1.7he 
DNA c0ncentrat10n wa5 mea5ured and d11uted t0 2 n9/~1 f0r 
m1cr01nject10n. A60ut 2 p1 0f the DNA 501ut10n wa5 m1cr01n- 
jected 1nt0 pr0nuc1e1 0f fert1112ed C57/5JL F 2 hy6r1d m0u5e e995. 
E995 that 5urv1ved 1nject10n were tran5ferred t0 p5eud0pre9nant 
rec1p1ent5 f0r c0nt1nued deve10pment. 7ran59en1c pup5 were 
1dent1f1ed 6y d0t ana1y515 0f ta11 nuc1e1c ac1d5 u51n9 a n1ck- 
tran51ated h 6 H  pr06e (8r1n5ter et a1. 1985). 

Ana1y515 0f h 6 H  mRNA 1eve15 

70ta1 nuc1e1c ac1d5 were 1501ated 6y h0m09en121n9 50-100 m9 
0f t155ue 1n 4 m1 0f 5E7 6uffer w1th 100 ~/m1 0f pr0te1na5e K, 
1ncu6at1n9 the extract at r00m temperature f0r 24 hr, and then 
1501at1n9 t0ta1 nuc1e1c ac1d5 6y phen01/ch10r0f0rm extract10n 
and ethan01 prec1p1tat10n (Durnam and Pa1m1ter 1983). h 6 H  
mRNA 1eve15 were determ1ned 6y 501ut10n hy6r1d12at10n u51n9 
a 21-6a5e 01190nuc1e0t1de c0mp1ementary t0 a 5e4uence 1n the 
f0urth ex0n 0f h6H and M13 51n91e-5tranded DNA a5 a 5tan- 
dard (0rn1t2 et a1. 1985a). 7h15 a55ay 15 5en51t1ve en0u9h t0 
mea5ure 10 m01ecu1e5 0f mRNA/ce11. 

F0r pr1mer exten510n, an 01190nuc1e0t1de, 6 7 6 6 A C A 6 C 7 -  
C A C C 7 A 6 C 7 A 6 C 7 6 C 7 6 C A A 7 ,  c0mp1ementary t0 a 5e- 
4uence 1n the f1r5t ex0n 0f h 6 H  mRNA wa5 end-1a6e1ed w1th 
a2p u51n9 74 k1na5e, hy6r1d12ed t0 50 ~9 RNA prepared fr0m 
t0ta1 nuc1e1c ac1d5 6y treatment 0f DNa5e 1, and then extended 
w1th AMV rever5e tran5cr1pta5e. 7he exten510n pr0duct5 were 
ana1y2ed 0n a denatur1n9 acry1am1de 9e1 (70wne5 et a1. 1985). 

DNa5e hyper5en51t1v1ty a55ay5 

L1ver nuc1e1 were 1501ated a5 de5cr16ed 6y 0rn1t2 et a1. (19856) 
and 1ncu6ated at 25°C f0r up t0 10 m1n t0 a110w end09en0u5 
DNa5e5 t0 n1ck the DNA; then DNA wa5 1501ated 6y treatment 
w1th 5D5 and pr0te1na5e K f0110wed 6y phen01/ch10r0f0rm ex- 
tract10n and ethan01 prec1p1tat10n. DNA wa5 d19e5ted w1th an 
appr0pr1ate re5tr1ct10n en2yme, e1ectr0ph0re5ed thr0u9h a 0.8% 
a9ar05e 9e1, tran5ferred t0 n1tr0ce11u105e, and hy6r1d12ed w1th a 
n1ck-tran51ated pr06e (0m1t2 et a1. 1985). 

A c k n 0 w 1 e d 9 m e n t 5  

We are 9ratefu1 t0 5h1r1ey 7119hman f0r pr0v1d1n9 the 9en0m1c 
a16um1n c10ne5 and adv1ce dur1n9 the pr09re55 0f th15 re5earch. 
We thank 0ur c011ea9ue5 f0r the1r c0n5truct1ve 5u99e5t10n5 
dur1n9 the preparat10n 0f the manu5cr1pt. D. 0rn1t2 wa5 5up- 
p0rted 6y a Med1ca1 5c1ent15t 7ra1n1n9 Pr09ram at the Un1ver- 
51ty 0f Wa5h1n9t0n (6M-07266). C. P1nkert wa5 5upp0rted 6y a 
Nat10na1 1n5t1tute5 0f Hea1th 7ra1n1n9 6rant HD-07155. 7he 
re5earch wa5 5upp0rted 6y N1H 9rant5 HD-09172 and 
CA-38635. 
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