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SUMMARY: A r a b b i t  l i v e r  P - 4 5 0 - 1 i k e  p s e u d o g e n e  h a s  b e e n  i s o l a t e d  f rom a 
Z phage  genomic  l i b r a r y .  Sequence  a n a l y s i s  r e v e a l e d  s t r u c t u r a l  homology w i t h  
r e s p e c t  t o  t h e  r a t  IX-450b and  P--450e g e n e s  as  w e l l  as  a s i m i l a r  i n t r o n - e x o n  
o r g a n i z a t i o n .  A 5 P - p r o x i m a l  TATA b o x - l i k e  s e q u e n c e  and  two  3 * - d i s t a l  
p u t a t i v e  p o l y a d e n y l a t i o n  s i g n a l s  were  i d e n t i f i e d ,  and  a l l  p u t a t i v e  i n t r o n -  
e x o n  b o u n d a r i e s  e x c e p t  a t  t h e  3 W - s p l i c e  s i t e  o f  i n t r o n  2 w e r e  f o u n d  t o  
f o l l o w  t h e  GT/AG r u l e .  Wi th  a l l o w a n c e  f o r  a p p a r e n t  d e l e t i o n s  and  i n s e r t i o n s ,  
t h e  s t r u c t u r a l  h o m o l o g y  o f  t h e  a m i n o  a c i d  s e q u e n c e  d e d u c e d  f r o m  t h e  
p s e u d o g e n e  w i t h  r e s p e c t  t o  r a b b i t  P - 4 5 0  i s o z y m e  2 i s  l o w e r  f o r  e x o n s  1 
t h r o u g h  4 ( 1 8 - 2 8 ~ )  t h a n  f o r  exons  5 t h r o u g h  9 ( 4 2 - 6 5 ~ ) .  S I n u c l e a s e  mapp ing  
showed t h a t  mRNAs c o m p l e m e n t a r y  t o  t h e  I)NA s e q u e n c e  of  exon 9 a r e  e x p r e s s e d .  
H o w e v e r ,  due t o  t h e  a l t e r a t i o n s  i n  t h e  p s e u d o g e n e ,  i t  a p p e a r s  t h a t  
f u n c t i o n a l  P-450  would  n o t  be  p r o d u c e d  f rom such  mRNAs. © 1986 Academic Press, I~c 

Cytochrome P - 4 5 0 ,  an  enzyme f o u n d  w i d e l y  i n  n a t u r e ,  i s  i n v o l v e d  i n  t h e  

o x y g e n a t i o n  a n d  o t h e r  m e t a b o l i c  r e a c t i o n s  o f  a l a r g e  v a r i e t y  o f  d r u g s ,  

c a r c i n o g e n s ,  and  o t h e r  x e n o b l o t i c s  a s  w e l l  as  n a t u r a l l y  o c c u r r i n g  s u b s t a n c e s  

such  as  s t e r o i d s  and  p r o s t a g l a n d i n s  ( I - 4 ) .  Over £ i f t y  I sozymes  o f  P-450  have  

b e e n  p u r i f i e d  t o  e l e c t r o p h o r e t i c  h o m o g e n e i t y  f rom v a r i o u s  s p e c i e s ,  m o s t l y  

f rom r a b b i t ,  r a t ,  and mouse ,  and t h e  amino a c i d  s e q u e n c e  i s  known i n  a b o u t  

t e n  i n s t a n c e s  by d i r e c t  d e t e r m i n a t i o n  o r  by  p r e d i c t i o n  f rom cDNA s e q u e n c e s  

( 5 ) .  Two c l a s s e s  o f  P -450  i n d u c e r s  h a v e  b e e n  w i d e l y  s t u d i e d ,  one r e p r e s e n t e d  

b y  t h e  d r u g  p h e n o b a r b i t a l  and  t h e  o t h e r  b y  t h e  c h e m i c a l  c a r c i n o g e n  3 -  

m e t h y l c h o l a n t h r e n e  ( 6 ) ,  b u t  o t h e r  c l a s s e s  a p p a r e n t l y  e x i s t  a s  w e l l ,  such  as  

t h e  e t h a n o l  t y p e  ( 7 ) .  On t h e  o t h e r  h a n d ,  s e v e r a l  h e p a t i c  P-450Ws a p p e a r  t o  

be  c o n s t i t u t i v e ,  s i n c e  no i n d u c e r  h a s  a s  y e t  b e e n  i d e n t i f i e d  ( 2 ) .  

A n u m b e r  o f  i n v e s t i g a t o r s  h a v e  r e c e n t l y  u n d e r t a k e n  t h e  t a s k  o f  

i s o l a t i n g  and  s e q u e n c i n g  P-450  g e n e s  ( 5 , 8 - 1 4 ) .  Of t h e  gene f a m i l i e s  a l r e a d y  

p a r t i a l l y  c h a r a c t e r i z e d ,  t h o s e  i n  t h e  p h e n o b a r b i t a l  f a m i l y  h a v e  9 e x o n s ,  and  

t h o s e  i n  t h e  m e t h y l c h o l a n t h r e n e  f a m i l y  h a v e  7 e x o n s .  Most such  s t u d i e s  h a v e  

b e e n  done i n  t h e  r a t  and  t h e  mouse ,  b u t  t h e  i s o l a t i o n  o f  s e v e r a l  r a b b i t  

l i v e r  cDNA c l o n e s  o f  t h e  p h e n o b a r b i t a l  f a m i l y  h a s  b e e n  r e p o r t e d  ( 1 5 ) .  We 

* P r e s e n t  a d d r e s s ,  D e p a r t m e n t  of  M i c r o b i o l o g y ,  U n i v e r s i t y  of  T e x a s ,  A u s t i n ,  
TX 78712 .  
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s c r e e n e d  a X phage  r a b b i t  l i v e r  genomic  l i b r a r y  t o  s e a r c h  f o r  c l o n e s  o f  t h e  

p h e n o b a r b i t a l  t y p e  ( 1 6 ) ,  and i n  t h e  p r e s e n t  r e p o r t  we d e s c r i b e  t h e  f i r s t  

e x a m p l e  o f  a DNA s e g m e n t  h a v i n g  t h e  p r o p e r t i e s  o f  a P - 4 5 0  p s e u d o g e n e .  

MATERIALS AND METHODS 

A ~ phage  r a b b i t  l i v e r  genomic  l i b r a r y  (17)  was k i n d l y  p r o v i d e d  by Dr.  
R. C. H a r d i s o n ,  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  a r a t  P - 4 5 0 e  cDNA c l o n e  ( I 8 )  
by  Dr .  M. A d e s n i k ,  New York U n i v e r s i t y ,  and  a r a t  P -450b  cDNA c l o n e  (19) by  
Dr .  Y. F u j i i - K u r i y a m a ,  J a p a n e s e  F o u n d a t i o n  f o r  Cancer  R e s e a r c h .  New Z e a l a n d  
Whi t e  ma le  r a b b i t s  were  g i v e n  a n  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  p h e n o b a r b i t a l  
(100  mg/kg)  18 h r  b e f o r e  s a c r i f i c e  or  i s o s a f r o l e  (150 mg/kg)  3 h r  p r i o r  t o  
s a c r i f i c e .  H e p a t i c  p o l y s o m a l  RNA was p r e p a r e d  ( 2 0 ) ,  and  mRNA was i s o l a t e d  by 
o l i g o - d T  co lumn c h r o m a t o g r a p h y  ( 2 1 ) .  DNA p o l y m e r a s e  f rom E s c h e r i c h i a  c o l t  
and t h e  Klenow f r a g m e n t  of  DNA p o l y m e r a s e  we re  o b t a i n e d  f rom B o e h r i n g e r  
Mannheim, DNA l i g a s e  and  r e s t r i c t i o n  enzymes were  f rom New E n g l a n d  B i o l a b s ,  
and  S 1 n u c l e a s e  was f rom New E n g l a n d  N u c l e a r .  Deoxy-  and d i d e o x y n u c l e o t i d e s  
and  p o l y d ( A )  were  o b t a i n e d  f rom P h a r m a c i a ,  s a lmon  sperm DNA was f rom Sigma,  
and [7 - s2P]ATP,  [ a - 3 s p ] d A T P ,  and [3sS]dATPaS were  f rom Amersham. 

The k phage  r a b b i t  l i v e r  genomic  l i b r a r y  was p l a t e d  on p a t t i  d i s h e s  a t  
a d e n s i t y  o f  a p p r o x i m a t e l y  1 0 , 0 0 0  p l a q u e s  p e r  d i s h .  Two n i t r o c e l l u l o s e  
f i l t e r s  we re  s e q u e n t i a l l y  l a y e r e d  on t o p  o f  e a c h  d i s h ,  and t h e  DNA on t h e  
f i l t e r  was d e n a t u r e d  and  b a k e d  ( 2 2 ) .  The P - 4 5 0 e  cDNA f r a g m e n t  was  l a b e l e d  by 
n i c k - t r a n s l a t i o n  (23)  t o  a s p e c i f i c  a c t i v i t y  of  10 s cpm/~g o f  DNA, b o i l e d  
f o r  10 m i n ,  a n d  a d d e d  i m m e d i a t e l y  t o  t h e  h y b r i d i z a t i o n  m i x t u r e .  Low 
s t r i n g e n c y  h y b r i d i z a t i o n s  were  c a r r i e d  o u t  as  f o l l o w s .  The f i l t e r s  were  
w a s h e d  a t  55 °C w i t h  4X SET (1X SET i s  0 . 1 5  M NaC1, 2 mM EDTA, and 30 mM 
T r i s  b u f f e r ,  pH 8 . 0 )  c o n t a i n i n g  0 . 1 ~  NaDodS04 and 10X D e n h a r d t ~ s  s o l u t i o n  
(24)  f o r  3 h r  and  t h e n  i n c u b a t e d  i n  4X SET c o n t a i n i n g  0 . 1 ~  NaDodSO 4 ,  0 . 1 ~  Na 
p y r o p h o s p h a t e ,  S0 ~g/ml  d e n a t u r e d  s a l m o n  sperm DNA, 10 ~g/ml  p o l y d ( A )  and  
10X D e n h a r d t r s  s o l u t i o n  f o r  1 h r .  The  d e n a t u r e d  p r o b e  was  a d d e d ,  and  
i n c u b a t i o n  was c o n t i n u e d  f o r  18 t o  24 h r .  Fou r  3 0 - m i n  w a s h e s  were  done ,  e a c h  
i n  a t o t a l  v o l u m e  o f  500  m l .  The  f i r s t  w a s h  c o n s i s t e d  o f  4X SET, 0 . 1 ~  
NaDodSO 4 ,  and  0 .1% Na p y r o p h o s p h a t e ,  w h i l e  f o r  t h e  o t h e r  t h r e e  t h e  
c o n c e n t r a t i o n  of  SET was r e d u c e d  t o  3X. The f i l t e r s  we re  t h e n  b l o t t e d  d ry  
and e x p o s e d  t o  f i l m  f o r  I t o  7 d a y s .  P l a q u e s  f rom a r e g i o n  w h i c h  gave  a 
s i g n a l  on d u p l i c a t e  f i l t e r s  we re  p i c k e d  and  r e s c r e e n e d  a t  a l o w e r  d e n s i t y  
u n t i l  w e l l  i s o l a t e d  p l a q u e s  gave  a c l e a r  p o s i t i v e  s i g n a l .  

DNA f r o m  t h e  h y b r i d  X p h a g e  was  p r e p a r e d  ( 2 5 )  a n d  d i g e s t e d  w i t h  
r e s t r i c t i o n  enzyme EcoRI.  The t h r e e  EcoRI i n s e r t s  g e n e r a t e d  were  s u b c l o n e d  
i n t o  pUC-12 v e c t o r s ,  end s i n g l e ,  d o u b l e ,  and p a r t i a l  r e s t r i c t i o n  d i g e s t i o n s  
were  done w i t h  use  of  enzymes whose s i t e s  a r e  p r e s e n t  i n  t h e  p o l y l i n k e r  
r e g i o n  of  M13 mpl0 .  I n  c e r t a i n  c a s e s  t h e  t e c h n i q u e  of  Smi th  and B i r n s t i e l  
( 2 6 )  was  u s e d  t o  c o n f i r m  t h e  l o c a t i o n  o f  t h e  r e s t r i c t i o n  s i t e s .  F o r  S 1 
n u c l e a s e  mapp ing  ( 2 7 ) ,  t h e  E c o R V - P s t I  f r a g m e n t  c o n t a i n i n g  p a r t  of  t h e  3 f -  
t e r m i n a l  exon  was e n d - l a b e l e d ,  a n n e a l e d  w i t h  l i v e r  mRNA f rom p h e n o b a r b i t a l -  
or  i s o s a f r o l e - t r e a t e d  r a b b i t s ,  and s u b j e c t e d  t o  S 1 n u c l e a s e  d i g e s t i o n  ( 2 8 ) .  
The m i x t u r e  was b o i l e d  and  a p p l i e d  t o  a 6~ a c r y l a m i d e - 8  M u r e a  s e q u e n c i n g  
gel .  

The DNA r e s t r i c t i o n  f r a g m e n t s  i d e n t i f i e d  a s  h y b r i d i z i n g  w i t h  t h e  P-  
450b and  e cDNA p r o b e s  we re  s u b c l o n e d  i n t o  t h e  M13 s e q u e n c i n g  v e c t o r s  mpl0 
and m p l l .  DNA s e q u e n c i n g  was done ( 2 9 , 3 0 )  w i t h  use  of  e i t h e r  t h e  1 5 - b p  o r  
t h e  1 7 - b p  u n i v e r s a l  p r i m e r .  Exon 5 was f o u n d  t o  be i n  t h e  m i d d l e  of  a 1 . 3 -  
kb P s t I  f r a g m e n t  w l t h  no c o n v e n i e n t  r e s t r i c t i o n  s i t e s  n e a r b y .  A 1 5 - b a s e  
o l i g o n u c l e o t i d e  (GGTCCTGTCCCCGGA) was  u s e d  t o  p r i m e  t h e  s e q u e n c i n g  
r e a c t i o n s .  
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RESULTS AND DISCUSSION 

I s o l a t i o n  and C h a r a c t e r i z a t i o n  o f  Genomic C l o n e s ,  S c r e e n i n g  o f  t h e  

Z phage  r a b b i t  l i v e r  genomic l i b r a r y  w i t h  t h e  r a t  P-450e  cDNA probe  showed a 

n u m b e r  o f  p o s i t i v e  c l o n e s ,  and  t h e  one  g i v i n g  t h e  s t r o n g e s t  s i g n a l  was  

f u r t h e r  c h a r a c t e r i z e d .  The r a b b i t  DNA i n  t h i s  c l o n e  was f o u n d  to  be composed 

o f  t h r e e  EcoRI r e s t r i c t i o n  f r a g m e n t s  o f  about  g ,  6 ,  and 2 .5  kb .  These  were  

s u b c l o n c d  i n t o  pUC-12 v e c t o r s ,  and r e s t r i c t i o n  maps were  g e n e r a t e d ,  w i t h  t he  

r e s u l t s  shown i n  F i g .  1 .  H y b r i d i z a t i o n  o f  EcoRI r e s t r i c t i o n  d i g e s t s  o f  t h e  

genomic c l o n e  w i t h  n i c k - t r a n s l a t e d  r a t  P-450e  cDNA showed t h a t  b o t h  t h e  S-  

and 6-kb f r a g m e n t s  gave s t r o n g  s i g n a l s .  To d e t e r m i n e  the  o r i e n t a t i o n  o f  t he  

g e n e  on t h e  g e n o m i c  c l o n 0 ,  t h e  r a t  P - 4 5 0 e  cDNA p r o b e  was  c u t  i n t o  two 

f r a g m e n t s  by t h e  use  of  H i n d I I I .  These  two f r a g m e n t s  were  u s e d  t o  p robe  

S o u t h e r n  b l o t s  (31) o f  v a r i o u s  r e s t r i c t i o n  d i g e s t s  o f  t h e  s u b c l o n e d  EcoRI 

f r a g m e n t s ,  The r e s u l t s  i n d i c a t e d  t h a t  t h e  3 P - e n d  p r o b e  h y b r i d i z e d  t o  a 1 . 1 -  

kb S s t I - P s t I  r e g i o n  on t h e  6 - k b  E c o R I  f r a g m e n t ,  w h i l e  t h e  5 e - e n d  p r o b e  

h y b r i d i z e d  t o  a 0 . 8 - k b  S m a I - P s t I  r e g i o n  on t h e  8 - k b  E c o R I  f r a g m e n t .  

S e q u e n c i n g  i n d i c a t e d  a r e g i o n  homologous  t o  exon 9 o f  t he  r a t  P-450e  gene on 

t h e  S s t I - P s t I  f r a g m e n t  and r e g i o n s  homologous  t o  exons  6 and 7 on t h e  SmaI- 

P s t I  f r a g m e n t .  The DNA s e q u e n c e s  l o c a t e d  b e t w e e n  t h e s e  two f r a g m e n t s  showed 

a r e g i o n  homologous  t o  exon 8 of  t h e  r a t  P-450e  g e n t .  

S i n c e  t h e  r a t  P-450e  cDNA c l o n e  u s e d  c o n t a i n e d  s e q u e n c e s  o n l y  f o r  

exons  6 t h r o u g h  9 ,  a f u l l  l e n g t h  r a t  P-450b cDNA c l o n e  was u s e d  t o  l o c a l i z e  

t h e  r e m a i n i n g  u p s t r e a m  e x o n s .  H y b r i d i z a t i o n  e x p e r i m e n t s  w i t h  S o u t h e r n  b l o t s  

made f r o m  r e s t ~ i c t i o n  d i g e s t s  o f  t h e  8 - k b  E c o R I  f r a g m e n t  r e v e a l e d  e x o n  

s e q u e n c e s  on t h e  1 . 3 - k b  P s t I ,  t h e  0 . 9 - k b  S s t I - P s t I ,  t h e  0 . g - k b  SmaI, and t h e  

1 . 8 - k b  S s t I  f r a g m e n t s .  The homologous  ~ e g i o n s  were  l o c a l i z e d  more p r e c i s e l y  

by  d i g e s t i n g  t h e  a b o v e - m e n t i o n e d  f r a g m e n t s  w i t h  Sau3A and  H p a I l .  A f t e r  

x 
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, 
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P P 
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Ss 

P L~j PP P 
,R 

~= 5 6 7 8 9 
~ J  r ~  

6kb 

S 

Ss 

P P 

5 

Fig .  1. R e s t r i c t i o n  map of the gemomic clone wi th  the l o c a t i o n  of the 
exons i n d i c a t e d  by numbered black r e c t a n g l e s .  The r e s t r i c t i o n  s i t e s  are 
abbrev ia ted  as fo l lows :  R, EcoRI; H, HindII I ;  P, P s t I ;  $, Sinai; Ss, Ss t I ;  
and X, XbaI. The s ize  of the r e s t r i c t i o n  fragments  i s  given in  kb. 

501 



Vol. 134, No. 2, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

S o u t h e r n  t r a n s f e r  t he  b l o t s  were  h y b r i d i z e d  w i t h  n i c k - t r a n s l a t e d  r a t  P-450b 

cDNA. From t h e  low i n t e n s i t y  o f  t h e  s i g n a l s ,  i t  was  a p p a r e n t  t h a t  t h e  

homology of  t h e  5W-end exons  of  t h e  gene was weaker  t h a n  t h a t  o f  t h e  3 f - e n d  

e x o n s  w i t h  r e s p e c t  t o  t h e  r a t  p r o b e .  S e q u e n c e  a n a l y s i s  s u p p o r t e d  t h i s  

c o n c l u s i o n  and a l s o  r e v e a l e d  t h e  l i k e l y  l o c a t i o n s :  exon 5 i n  t h e  1 . 3 - k b  P s t I  

f r a g m e n t ,  exert 4 i n  t h e  0 . 9 - k b  S s t I - P s t I  f r a g m e n t ,  exon 3 o v e r l a p p i n g  i n  t h e  

0 . 8 - k b  and 0 . 3 - k b  Sinai f r a g m e n t s ,  exon 2 in  t h e  0 . 8 - k b  Sinai f r a g m e n t ,  and 

exon 1 most  l i k e l y  i n  t h e  0 . 3 - k b  P s t I - S s t I  f r a g m e n t  w i t h  a 5 W - u n t r a n s l a t e d  

r e g i o n  e x t e n d i n g  i n t o  t h e  1 . 5 - k b  P s t I  f r a g m e n t .  A n a l y s i s  o f  t h e  DIqA r e g i o n s  

c o r r e s p o n d i n g  t o  t h e  exons  o f  t h e  p s e u d o g e n e  i n d i c a t e d  t h a t  a l l o w a n c e  had  t o  

be made f o r  a p p a r e n t  d e l e t i o n s  and i n s e r t i o n s  i n  o r d e r  t o  c a l c u l a t e  maximum 

homology w i t h  r e s p e c t  t o  r a t  P-450 i sozymes  b and • or t o  r a b b i t  i sozyme 2 .  

T h i s  i s  p a r t i c u l a r l y  e v i d e n t  a t  t h e  3 r - e n d  of  t h e  gene where  i t  i s  v e r y  

c l e a r  f rom t h e  h i g h  d e g r e e  of  homology t h a t  i n s e r t i o n s  or  d e l e t i o n s  of  one 

or  two n u c l e o t i d e s  cause  a s h i f t  i n  t h e  t r a n s l a t i o n a l  r e a d i n g  f r a m e .  Two 

such  s h i f t s  o c c u r  i n  exon 7,  two i n  exon 8 ,  and one i n  exon 9w w h i l e  exons  5 

and  6 h a v e  c o n t i n u o u s  r e a d i n g  f r a m e s .  The 5W-end  e x e r t s  a l s o  h a v e  s u c h  

f r a m e s h i f t s  b u t ,  b e c a u s e  o f  t h e  l o w e r  h o m o l o g y ,  t h e i r  p r e s e n c e  i s  l e s s  

a p p a r e n t .  Such s h i f t s  a r e  c h a r a c t e r i s t i c  o f  a number of  p s e u d o g e n e s  f o r  non-  

IX-450 p r o t e i n s  ( 3 2 - 3 4 ) .  I n t r o n  2 ,  i n  c o n t r a s t  t o  t h e  o t h e r  i n t r o n s w  may have 

a m o d i f i e d  3 W - s p l i c e  s i t e  ( 3 5 ) ,  AA i n s t e a d  o f  AG. 

0 v e r a l l  Seouence  C o m p a r i s o n s ,  F i g u r e  2 shows t h e  n u c l e o t i d e  s e q u e n c e  

of  t h e  p s e u d o g e n e  as  w e l l  as t h e  amino a c i d  s e q u e n c e  d ed u ced  w i t h  use  of  

t r a n s l a t i o n  r e a d i n g  f r a m e s  w h i c h  g a v e  t h e  h i g h e s t  h o m o l o g y  w i t h  P - 4 5 0  

i sozyme 2 .  The homology c a l c u l a t e d  i n  t h i s  manner  f o r  exons  1 -9  i s  28 ,  24 ,  

20,  18 ,  42 ,  65,  56 ,  46° and 56%, r e s p e c t i v e l y .  The v a l u e s  o b t a i n e d  a r e  t hus  

much lower  f o r  exons  1 t h r o u g h  4 t h a n  f o r  exons  5 t h r o u g h  9.  

N u c l e a s e  S 1 ~ In  o r d e r  t o  g a i n  i n s i g h t  as  t o  w h e t h e r  mRNAs 

c l o s e l y  homologous  t o  t h e  p s e u d o g e n e  a re  e x p r e s s e d ,  S 1 n u c l e a s e  mapping 

was p e r f o r m e d  u s i n g  as  a p r o b e  t h e  EcoRV-Ps t I  f r a g m e n t  c o n t a i n i n g  p a r t  o f  

t h e  3W-end t e r m i n a l  exon ( s e e  F i g .  3 ) .  When mRNA from l i v e r s  of  r a b b i t s  

t r e a t e d  w i t h  p h e n o b a r b l t a l  o~ i s o s a f r o l e  was  u s e d ,  t h e  s i z e  o f  t h e  two 

p r o t e c t e d  f r a g m e n t s  ( abou t  235 and 210 bp)  c o r r e s p o n d e d  t o  t h a t  p r e d i c t e d  

f rom t h e  DNA s e q u e n c e  o f  t h e  gene .  T h i s  f i n d i n g  showed t h a t  t r a n s c r i p t i o n  

h a d  e n d e d  15 t o  20 bp d o w n s t r e a m  f r o m  t h e  two p u t a t i v e  p o l y a d e n y l a t i o n  

s i g n a l s ,  AATAA. A l s o  w o r t h  n o t i n g  i s  t h e  f a c t  t h a t  t h e  3 W-end 

n o n t r a n s l a t a b l e  r e g i o n  h a s  a v e r y  h i g h  GC c o n t e n t .  

We b e l i e v e  t h a t  t h i s  p s e u d o g e n e  i s  p a r t  o f  t h e  p h e n o b a r b i t a l  P-450 

f a m i l y .  The h i g h  d e g r e e  o f  s t r u c t u r a l  h o m o l o g y  and  t h e  s i m i l a r  g e n o m i c  

o r g a n i z a t i o n  w i t h  r e s p e c t  t o  t h e  g e n e s  f o r  r a t  I>-450 i s o z y m e s  b and  e 

s u p p o r t  t h i s  h y p o t h e s i s .  On t h e  o t h e r  hand ,  t h e  r a t  P-450 b and ¢ genes  a r e  
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AGGAAGGGAACCGATGTTCAAATAGGCTGCTGGGAGCCGGCCAGGGAGGGGGCGGAGGTCTGGACGGGAGAACTT ****** 
GGGGACAGTGAGGTCAAGAGGGTTTGGCCTTGTTGATGAGCTCAGTGCCTGCAGCACTGGCATCTCATTTGGGCA 

MetSerSerValProAlaAlaLeuAlaSerHisLeu~T 
CTGGTTCAAGTCCCGGCTGCTCCACTTCCGATCCAGCTCTCTGCTATGGCCTGGGAAAGCAGTAGAAGGTGGCCC 
hrGlySerSerPro LeuLeuHisPheAruSerSerSerLeuLeuTrpProGlyLysAlaValGluGlyGlyPr 

KiIM~euHisProGly~±yAruProItLxargThrProTrpLeuAruIleGlyAlaAlaProAlaL 
GTG ...... GGAGG~GTCCCCGGAGAAGCCTGGGGAAGCTGGGGCCACCCAGCACGCCGGCCGCTTCCTTCCT 

ysSerProGluLvsProGlvGluAlaGlyAlaThrGlnHisAlaGlyArgPheLeuPro 
GGGGTCCCCCTCACCGTAGCCTTTGAAGAGCCAGTCGAAGGTGGCCAGCTCGCCACGCCCGCTGAAATCCTCAGC 
Gly~ProLeuThrValAlaPheGluGluProValGluGly AlaSerSerProAruProLeuLysSerSerAl 
CTGGTCCACCAGCGCCTCCTTTACTGCCTCCT~CCG...,..AGGCTGGACTTTGATCCTGGTTATAC~TGGT 
£TrpSerThrSerAlaSerPheThrAlaSerL euVa 

TTCATTTGACCTCCCAACTACACCCCTTGCCCTGCACCTCCCTTGCTTGGGGTACAGCCAGCAAGGGGGTTGGGG 
iSerPheAspLeuProThrThrProLeuAlaLeuHisLeuProCysLeuGlyTyrSerGlnGlnGly~TrpGl 

ACACGGGGTACCCGGGGGCGGCTTAGCTGCTGCCCCCACACTTCCGCCTCACGTGAGGGTTTTGAAGCAGACCCT 
~HisGlyValProGlyGlyGlyLeuAlaAlaAlaProThrPheProProHisValAruValLeuLysGlnThrLe 
GCGGCGGGAACACC~CGTGGAGTTCCAAA ...... CCCAGCAG~CCAGCCCCCACTCTTGGAACACTGGACA 
uAruArgGluHisP roSerProHisSerTrpAsnThrGlyGl 
GTTGCTCCCAAACCTGGACAGGTGTCCCAATTCAGTCTCCAGGGACATCGGGGTATCTCAGCAGATGCCCCCCAA 
nLeuLeuProAsnLeuAspArgCysProAsnSerValSerArgAspIleGlyValSerGln AruCysProProL 
AACAGAGCTGCAGGCAAGCTACATGTCTTCAACTCCGCCTTCAACTTGAGGTGGTGCTCACCT~AACATC .... 
~GlnSerCysArgGln Lg/~isValPheAsnSerAla22L~AsnLeuArgTrpCysSerPro 
..CCCTC~CTCTATGAGATGTTCTACTCAGTGATGAAGCACCTGCCAGGGCCGCAGCAACAGGCGTTCAAGGAG 

LeuTyrGluMetPheTyrSerValMetLvsHisLeuProGlyProGlnGlnGlnAlaPheLysGlu 
CTGGAGGGGCTGAGAGACTTCATAGCCAAGAAGGTGGAGCGGACACAGCGCACGCTGGACCCCAACTCCCCGCGG 
LeuGluGlyLeuArgAspPheIleAlaLysLysValGluArgThrGlnArgThrLeuAsDProAsnSerProAru 
~TCATCGACTCTTTCCTCATCCGCATGCAGGAG~i~GCAGCAG ...... TTCTTGC~GAGAAGAAGGACCCC 

neIleAsDSerPheLeuIleAruMetGlnGlu GluL~ysAspPro 
AAGTCGGAGTTCCACATGAAGAACCTGGTGATGACCACGCTCAACCTCTTCTTTGCGGGCACAGAGACCGTCAGC 
LysSerGluPheHisMetLysAsnLeuValMetThrThrLeuAsnLeuPhePheA1aGlyThrGluThrValSer 
~ ~ATG CG CTATq_GCTTCCTGCTGCTCATGAAACAC CCGGATG TGGAGG~SAGGCG ...... CCCCI2~I~ 

metAroTyruly~neueuLeuheuMetLysHisProAspValGluA 
AAGGTCCACGAGGAGATCGACCGAGTGATTGGCAGGAACCGGCAGCCCAAGTTCGAGGACGGCAAAGATGCCCTA 
LysValHisGluGluIleAspArgValIleGlyArgAsnAruGlnProLysPheGluAsp AlaLysMetProTy 
CACAGAGGCGGTGATCCACGAGATCCAGAGATTCACAGACATGATCCCCATGGCCTGGCCACAGGGTCACCAGGG 
rThrGluAlaValIleHisGluIleGlnAruPheThr~_~MetIlePrQMetAlaTrpHiSArgValThrArgA 
ACACCAAGTTCCGGGACTTCCTCCTCCCCAAG~GCTGCCC ...... CCCC~GGCACCGAAGTGTTCCCATGCT 
sDThrLysPheArqAspPheLeuLeuProLys GlyThrGluVal ProMetLe 
GGGCTCTGTGCTGAAAGACCCCAAGTTCTTCTACCAAGCCCCGGAATTCTACCCCCAGCACTTCCTGGATGAGAA 
~GlySerValLgdlLysAsDProLysPhePheTyrGlnAlaProGluPheTyrProGlnHisPheLeuAsDGluLy 
~T~T_Ad~GAAGAGCGACGCTT;TCATGCCCTTTTCCGTCG[~AA ...... GCTCC[~GAAAGCGCTACTG 
mlX~i eneld~Lys~er~spA±aene MetProPheSerVal~ ivLvsA~qTyrCv 
TCTCGGAGAAGGCCTGGCCAGAATGGAGCTCTTCCTCTTCTTCACCACCATCATGCAGAACTTCCGCTTCCGCTC 
sLeuGlyGluGlvLeuAlaAruMetGluLeuPheLeuPhePheThrThrilpMetGlnAsnPheArgPheArgSe 

TCAGCAGGCGCCCCAGGATATCGACGTGTCCCCCAAGCACGTGGGCTTCGCACGATCCCGCGAACCTACACCATG 
xGlnGlnAlaProGlnAspIleAsDValSerProLysHisVal~PheAlaArg ProArgThr~ThrMet 
AGCTTCGTGCCGCGCTAGGCAGGGGCGGGGCTAGCAGGAGGGCGGGGCTGCGAGAAGGGGCGGGGCTGCGGGAGG 
SerPheValProAruEND 

GGCGGGGCGAGGGCAGGGCTGGGGGTCGGCCTTGCTGGAGATGCGCGCACCGATTCTAATAACAGCACACCACAT 
TCTAATAACAGCL 

F i g .  2 .  N u c l e o t i d e  s e q u e n c e  o f  t h e  F - 4 5 0 - 1 i k e  g e n o m i c  c l o n e  and 
c o r r e s p o n d i n g  amino a c i d  s e q u e n c e .  Reading f rames  w h i c h  gave the  h i g h e s t  
homology w i t h  P-450 i sozyme  2 were used  f o r  t h i s  p u r p o s e .  U n d e r l i n e d  amino 
a c i d s  are  i d e n t i c a l  to  t h o s e  i n  i s o z y m e  2 .  D o t t e d  l i n e s  i n d i c a t e  i n t r o n  
s e q u e n c e s  not  shown. A TATA b o x - l i k e  sequence  i s  i n d i c a t e d  by a s t e r i s k s  and 
t h e  two p o l y a d e n y l a t i o n  s i g n a l - l i k e  s e q u e n c e s  are  u n d e r l i n e d  t w i c e .  The 5 ' -  
and 3 ' - s p l i c e  s i t e  d i n u c l e o t i d e s  (GT/AG r u l e )  are  e n c l o s e d  i n  r e c t a n g l e s .  
The p r e s e n c e  o f  a m o d i f i e d  3 ' - s p l i c e  s i t e  i n  i n t z o n  2 s h o u l d  be n o t e d .  

23 and 14 kb i n  l e n g t h ,  r e s p e c t i v e l y ,  w h i l e  t h i s  r a b b i t  gene i s  s h o r t e r ,  

about  6 . 5  kb.  A l t h o u g h  S 1 n u c l e a s e  mapping e x p e r i m e n t s  i n d i c a t e d  t h a t  an 

mRNA complementary  to  t h i s  gone may be e x p r e s s e d  i n  l i v e r ,  the  I)NA sequence  

i n d i c a t e s  t h a t  f u n c t i o n a l  P -450  c o u l d  no t  be  s y n t h e s i z e d  due t o  s h i f t s  i n  

the  r e a d i n g  frame t h a t  wou ld  r e s u l t  i n  premature  t a r m i n a t i o n .  
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a b c d e 

Fig.  3.  S 1 nuclease  mapping of the 3 ' - t e x m i n a l  exon of the gene. The 
EcoRV-PstI fragment s t a r t i n g  66 bp downstream from the $ s t I  s i t e  in  oxen 9 
was 3 ' - a n d - l a b e l e d  by use of  t he  Klenow f r ag men t  of  DNA po lyme~ase ,  
hybr id ized  to  l i v e r  polysoraal mRNA, and, a f t e r  S I d i g e s t i o n ,  submit ted to 
gel e l e c t r o p h o r e s i s .  The arrows i n d i c a t e  the p r o t e c t e d  f ragments ,  about 235 
( u p p e r )  and  210 bp ( l o w e r ) .  I n d i v i d u a l  l a n e s  a r e  as f o l l o w s :  a ,  
phenoba rb i t a l - i nduced  r a b b i t  l i v e r  mRNA hybr id i zed  wi th  the 3 '  end- labe led  
probe;  _b, same but wi th  i s o s a f r o l e - i n d u e e d  r a b b i t  l i v e r  mRNA; c ,  yeas t  tRNA 
hybr id i zed  wi th  the 3 '  end - l abe l ed  probe as a c o n t r o l ;  d ,  3 j end - l abe l ed  
EcoRV-PstI senomic probe;  and e ,  HpaII r e s t r i c t i o n  fragments  of plasmid 
pBR322 as m. wt. markers.  

The p h e n o b a r b i t a l  f a m i l y  of  P-450  g e n e s  a p p e a r s  t o  h a v e  many more 

m e m b e r s  t h a n  t h e  m e t h y l c h o l a n t h r e n e  f a m i l y .  At l e a s t  n i n e  d i s t i n c t  

p h e n o b a r b i t a l - t y p e  gcnomic  c l o n e s  h a v e  a l r e a d y  b e e n  c h a r a c t e r i z e d  i n  t h e  r a t  

( 3 6 ) .  Two of  t h e s e  g e n e s  were  f o u n d  t o  code  f o r  P - 4 5 0 ' s  b and e ,  w h i l e  t h e  

r e m a i n i n g  i s o l a t e d  genomic  c l o n e s  h a v e  n o t  y e t  b e e n  f u l l y  c h a r a c t e r i z e d .  In  

one c a s e  t h e  genomic  c l o n e  was shown t o  c o r r e s p o n d  t o  an i s o l a t e d  eDNA (M. 

A d e s n i k  and A. A n d e r s o n ,  p e r s o n a l  c o m m u n i c a t i o n s ) ,  and a n o t h e r  genomic  c l o n e  

was f o u n d  t o  be e x p r e s s e d  i n  t h e  p r e p u t i a l  g l a n d  b u t  n o t  i n  l i v e r  ( 3 6 ) .  

Whe the r  or  n o t  t h e  r e m a i n i n g  i s o l a t e d  genomic  c l o n e s  a r e  e x p r e s s e d  r e m a i n s  

t o  be s e e n .  A l t h o u g h  s e v e r a l  r a b b i t  cDNAs c o d i n g  f o r  p r o t e i n s  w i t h  a h i g h  

d e g r e e  o f  h o m o l o g y  t o  t s o z y m e  2 h a v e  b e e n  c h a r a c t e r i z e d  ( 1 5 ) ,  n o n e  

c o r r e s p o n d  t o  t h e  8enomic  c l o n e  d e s c r i b e d  i n  t h i s  r e p o r t .  
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