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SUMMARY: A cy tochrome  P-450e gene v a r i a n t  has  been  i s o l a t e d  from the  
r a t  l i v e r  genomic l i b r a r y .  It  i s  a t y p i c a l  e gene c lone but  un ique  in  hav ing  
b - l i k e  s ing le  base  s u b s t i t u t i o n s  at s p e c i f i c  s i t e s  in  the  5' f l ank ing  reg ion .  
It  a lso  a p p e a r s  to have  c e r t a i n  a d d i t i o n a l  r e s t r i c t i o n  s i t e s  in  the  i n t r o n s .  
W h e n  compared  wi th  the  cy toch rome  P-450b gene, the  e gene has some 
of the  r e p e t i t i v e  motifs  i n t e r r u p t e d  in  the  5' f l ank ing  reg ion .  In a d d i t i o n ,  
t h i s  r eg ion  i s  c h a r a c t e r i z e d  by  the  p r e sence  of a l t e r n a t i n g  p y r i m i d i n e -  
p u r i n e  s t r e t c h ,  s t e r o i d  hormone r e g u l a t o r y  e l e me n t s ,  consensus  e u k a r y o t i c  
e n h a n c e r  sequence  and sequences  i n v o l v e d  in  genera l  amino ac id  r e g u l a t i o n .  
© 1987 Academic Press, Inc. 

The p r o t o t y p e  drug p h e n o b a r b i t o n e  induces  e s s e n t i a l l y  two spe c i e s  

of cy toch rome  P-450,  b and e, in  r a t  l i v e r [ i , 2 ) .  The b and e s p e c i e s  

a re  h i g h l y  homologous but  are  d i s t i n c t  gene p r o d u c t s .  It  has  been  sugges ted  

tha t  the  cy toch rome  P-450e gene f ami ly  may con ta in  9 - i l  members ,  a l though  

some of them may tu rn  out to be p s u e d o g e n e s [ 3 ) .  In the  p r e s e n t  s t u d y ,  

a cy tochrome  P-450e gene clone has been i s o l a t e d  from the  r a t  l i v e r  

EcoRI-genomic l i b r a r y  and i t s  5 ' f l a n k i n g  sequence  upto -800 base  p a i r s  

has  been  c h a r a c t e r i z e d .  Th i s  clone a p p e a r s  to be a cy tochrome  P-450e 

gene v a r i a n t ,  h a v i n g  some b - l i k e  s ing l e  base  s u b s t i t u t i o n s  in the 5 ' f l a n k i n g  

r eg ion  and i t  a lso  con ta ins  many p o t e n t i a l  r e g u l a t o r y  s e q u e n c e s .  

MATERIALS AND METHODS 

A charon  4A-ra t  l i v e r  genomic l i b r a r y  ( k i n d l y  p r o v i d e d  by  
T . D . S a r g e n t ,  R .B .Wal i ace  and J . B o n n e r )  was s c r e e n e d  wi th  n i c k - t r a n s l a t e d  
cy toch rome  P-450e p r o b e ,  pP-450e91 cove r ing  exons  s i x  to n i n e ( 4 ) ,  by  
Ben ton-Dav i s  p r o c e d u r e ( 5 ) .  About 300,000 p l aques  were a n a l y s e d  and two 
p rominen t  s i g n a l s  were o b t a i n e d .  One of them,  k P-450e5,  was p l aque  
p u r i f i e d  and the  DNA was i s o l a t e d  from l y s e d  E . c o l i  (LE392) c u l t u r e s .  
Tile DNA was d i g e s t e d  wi th  EcoRI and a i4  kb  f ragment  mig ra t ing  be tween  
the  l e f t  and r i g h t  arms was e l u t e d  from 0.5~ agarose  ge ls .  Th i s  f ragment  
was f u r t h e r  c h a r a c t e r i z e d  by  s o u t h e r n  b l o t t i n g  and r e s t r i c t i o n  m a p p i n g ( 6 ) .  
The DNA f ragments  were s u b c l o n e d  in  Mi3mpi0 and M13mpll  and sequenced  
by  d i d e o x y  p r o c e d u r e ( 7 ) .  
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RESULTS AND DISCUSSION 

The 14 kb insert isolated from EcoRI digests of k P-450e5 DNA, lights 

up in southern hybridization with the nick-translated cDNA probe,pP-450e91 

(Fig.la). BamHl digestion of the fragment and analysis on 0.8% agarose 

gels reveal three fragments of size 7.0 kb, 4.5 kb and 2.5 kb (Fig.lb). 

Gross restriction analysis of the fragments and partial sequence analysis 

reveal k P-450e5 to be a typical cytochrome P-450e clone and it is very 

similar to the clone pgP-450pb6 described by Mizukami et el(8). The clone 

contains exons one to six and about 5 kb of the 5' flanking sequence. 

A detailed analysis of the 2.5 kb BamHI-EcoRI fragment of kP-450e5 

covering exens four, five and six reveals additional sites for" Sau961, 

HpaIl, Bglll and Avail in the introns in addition to having all the sites 

reported for pgP-450pb6(Fig.2). 

T h e  i . 0  k b  B a m H I - S s t I  f r a g m e n t ,  c o v e r i n g  t h e  f i r s t  e x o n ,  a p o r t i o n  

of t h e  f i r s t  i n t r o n  a n d  a b o u t  800 n u c l e o t i d e s  of  t h e  5 '  f l a n k i n g  r e g i o n  

was  s e q u e n c e d  a n d  t h e  d a t a  a r e  p r e s e n t e d  i n  F i g . 3 .  A c e m p a r i s i o n  of  t h i s  

s e q u e n c e  w i t h  t h e  5 '  f l a n k i n g  s e q u e n c e  i n f o r m a t i o n  a v a i l a b l e  u p t o  - 4 5 0  

b a s e  p a i r s  i n  t h e  c a s e  of  c y t o c h r o m e  P - 4 5 0 b  a n d  e g e n e s ( 9 )  r e v e a l s  

s e q u e n c e  i d e n t i t y  e x c e p t  t h a t  t P - 4 5 0 e 5  h a s  t y p i c a l  b - l i k e  s i n g l e  b a s e  

s u b s t i t u t i o n s  a t  f o u r  s i t e s  i n  t h e  5 ' f l a n k i n g  r e g i o n .  T h e  c y t o c h r o m e  P - 4 5 0 e  
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Fig .  1. R e s t r i c t i o n  enzyme d i g e s t i o n  and s o u t h e r n  a n a l y s i s  of XP-450e5 
DNA.(a) l a n e l - u n c u t  DNA; lane2-EcoRI  d i g e s t e d  DNA; l a n e 3 - S o u t h e r n  
a n a l y s i s  w i th  n i c k - t r a n s l a t e d  c y t o c h r o m e  P-450e cDNA p r o b e ;  l ane4-  
Size m a r k e r s .  (b)  l ane l -BamHI  d i g e s t i o n  of t h e  14 kb  i n s e r t ;  
l a n e 2 - s i z e  m a r k e r s .  
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r 1 

CCGGACCTTTTCCCTCCTAAGTTCATTCTCCAGCCAGGTCCGTGGGTGGGAAGAGAA•  • -, 

F i g .  2.  R e s t r i c t i o n  map  a n a l y s i s  of  k P - 4 5 0 e 5  in  c o m p a r i s i o n  w i t h  t h o s e  
of  c y t o c h r o m e  P - 4 5 0 b  a n d  e g e n e s .  T h e  r e s t r i c t i o n  map  of t h e  
Bam HI-E coR I  f r a g m e n t  c o v e r i n g  e x o n s  f o u r ,  f i v e  and  s i x ( p r e s e n t e d  
in  l i n e  t h r e e  f rom t h e  t o p )  i s  f r om t h e  c y t o c h r o m e  P - 4 5 0 e  gene  
c l o n e ,  p g P - 4 5 0 p b 6 ,  d e s c r i b e d  b y  M i z u k a m i  e t  a i  ( 9 ) .  R e s t r i c t i o n  
s i t e s :  B-BamHI ;  E -EcoRI  ; S s - S s t I  ; H - H p a I I ;  A - A v a I I  ; $ -Sau96I  ; 
P v - P v u I I ;  B g - B g l I I .  

gene v a r i a n t s  a r e  r e p o r t e d  to show a h i g h  homology  o v e r  the  r e g i o n  

spanning  exons  s e v e n  and e i g h t ,  w i t h  the  r ema in ing  exons  showing  

s i g n i f i c a n t  but s u b s t a n t i a l l y  l e s s  homology  to t he  c o r r e s p o n d i n g  r e g i o n s  

of the  c y t o c h r o m e  P-450e gene (3 ) ,  kP-450e5  d e s c r i b e d  in the  p r e s e n t  s t u d y  

a p p e a r s  i d e n t i c a l  to the  e gene but i s  c h a r a c t e r i z e d  by  h a v i n g  t y p i c a l  

b - l i k e  s i n g l e  base  s u b s t i t u t i o n s  in t he  5 ' f l a n k i n g  r e g i o n .  I t  a l so  a p p e a r s  

to h a v e  a d d i t i o n a l  r e s t r i c t i o n  s i t e s  in t he  i n t r o n s ,  a l t h o u g h  some of t h e s e  

s i t e s  in the  c y t o c h r o m e  P-450e gene may not h a v e  been  d e p i c t e d  e a r l i e r .  

There are two interesting features in the 5'flanking region, which 

may contribute to the differences in the efficiency of expression of the 

c y t o c h r o m o  P-450b and e genes in r e s p o n s e  to p h e n o b a r b i t o n e .  As a l r e a d y  

r e p o r t e d  by  Suwa et  a l ( 9 ) ,  t he  l e n g t h  of a l t e r n a t i n g  p y r i m i d i n e - p u r i n e  

s e q u e n c e  in t he  r e g i o n  -255 to -290 w h i c h  can assume a Z-DNA confo rma t ion ,  

i s  much longe r  in  the  c y t o c h r o m e  P-450e gene [ ( ca )19 ]  than  in the  P-450b 

gene [ ( c a ) 5 ] .  T h i s  i s  t rue  of kP-450e5 as w e l l .  In a d d i t i o n ,  c e r t a i n  
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1 ) -  
I 

[-. t.. I I i i 
8 P H H P Ss 

F t 
700 bp 

-800 
ggatccat t t tc tcaat tcaagt tc tc tcctctcaaat~_act_ctagct tgtatcatgt tgacacaaaagt tagacccggg8 

-700 
ccccaac t t c t t c t c tgccagg t t t cagcc tc t c t c t cca t  t t~ac tcc tgagcc tcac tgc tcc tgaa tc tc t tgcc t t t  

-600 
•cttt•tttt••t••••att•tc•ca••t•t•••tatcat•••••aga•a•tgaaatg•g•a•t•t••a•aaatt••at• 

tggtagactt t tcaaagacagggacaggaaccaacagacggagacaagcacaggaatcat ggga-tSaOcOtat tctt gtcaa 

b b 
ctcaaacataatcacat gtacccaggacacaaaaaacatacagagaagccccaataatt_taagattatacatgtaaata 

-400 b b 
taccc tagacat_scaagaaaagaccacccagt_gcatc tagactcagacaaagaaat t tacatcggtacgtttatatcag 

-300 
aaatgatct t tcacatag8aaaagcat atagaacacgcacacacacacacacacacacacacacacacacacacaat 

-200 
cccatgccctagtaagtaaacagagctgacaaaactgagtt gacaagtgcacacccatttacataaaacaagaggcct 

-100 
aagtcccagtgcccttt~C~gtgtatctgtttcgtgg~tgccaacatctatggtgtgggtaagggaatgagga 

gtgaatagccaaagcaggaggcgtgaacatctgaagttgcataactgagtgtaggggcagattcagcataaaagatcct 
1 

8ctggagagcatgc ACTGAAGTCTACCGTGGTTACACCAGGACCATGGAGCCCAGTATCTTGCTC 

100 
CTCCTTGCTCTCCTTGTGGGCTTCTTGTTACTCTTAGTCAGGGGACACCCAAAGTCCC GTGGC 

AACTTCCCACCAGGACCTCGTCCCCTTCCCCTCTTGGGGAACCTCCTGCAGTTGGACAGAGGA 

2OO 
GGCCTCCTCAATTCCTTCATGCAGgtgagatattcacagggcctggagctc 

Fig .  3. DNA s e q u e n c e  a n a l y s i s  of the  BamHI-Ss t i  f r agmen t .  The  1 . 0 k b  
f r agmen t  c o v e r i n g  the  f i r s t  exon ,  a p o r t i o n  of the  f i r s t  i n t r o n  and 
about  800 n u c l e o t i d e s  of t he  5 ' f l a n k i n g  r eg ion  was s e q u e n c e d  by 
t h e  d i d e o x y  cha in  t e r m i n a t i o n  me thod .  The  s e q u e n c i n g  s t r a t e g y  is  
i n d i c a t e d  by a r r o w s .  R e s t r i c t i o n  s i t e s :  B-BamHI ; P - P s t I  ; H-HincII ;  
S s - S s t I .  The  c y t o c h r o m e  P - 4 5 0 b - l i k e  s i n g l e  ba se  s u b s t i t u t i o n s  a re  
u n d e r l i n e d .  The s t e r o i d  r e c o g n i t i o n  e l e m e n t s  a re  b o x e d .  The 
e u k a r y o t i c  core  e n h a n c e r - l i k e  s e q u e n c e  and t he  p u t a t i v e  he ine-  
r e g u l a t o r y  domain  a re  i n d i c a t e d  by a w a vy  l ine .  The d a s h e d  l i n e s  
i n d i c a t e  gene ra l  aminoac id  r e g u l a t o r y  s i t e s .  

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

b u t  a r e  i n t e r r u p t e d  b y  s i n g l e  b a s e  s u b s t i t u t i o n s  i n  t h e  c y t o c h r o m e  P - 4 5 0 e  

g e n e .  R e p e t i t i v e  m o t i f s  i n  t h e  5 ' f l a n k i n g  r e g i o n  o f f e r i n g  s i t e s  f o r  t h e  

Tab le  I 

R e p e t i t i v e  mot i f s  in t he  5 ' f l a n k i n g  region of the  c y t o c h r o m e  P-450e 
and b genes .  The  n u m b e r s  i n d i c a t e  the  f i r s t  n u c l e o t i d e  p o s i t i o n s  

in t he  5 ' f l a n k i n g  r eg ion  of the  c y t o c h r o m e  P-450e gene 

Cytochrome P-450e gene Cytochrome P-450b gene 

- 1 7 0  - 3 5 2  
CCCAGTGC, CCCAGCGC 

- 1 2 3  - 4 1 9  - 4 7 4  
ACATCT, ACATGT, ACATGT 

- 3 5 9  - 4 5 7  
AAGAA, AAAAA 

CCCAGTGC, CCCAGTGC 

ACATGT, ACATGT, ACATGT 

AAGAA, AAGAA 
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b i n d i n g  of r e g u l a t o r y  p r o t e i n s  a re  c o n s i d e r e d  to c o n t r i b u t e  to the  to ta l  

s t r e n g t h  of p romote r  e l e m e n t s ( 1 0 ) .  These  d i f f e r e n c e s  may c o n t r i b u t e  to 

the  h i g h e r  l e v e l  of e x p r e s s i o n  of the  cy tochrome  P-450b gene than  tha t  

of the  e gene in  r e s p o n s e  to p h e n o b a r b i t o n e .  

The re  are  a few o the r  p o t e n t i a l  r e g u l a t o r y  s i t e s  in  the  5' f l ank ing  

reg ion  of kP-450eS.  The sequence  TGTCCT f igur ing  at -134 and -157 is  

a s t e r o i d  hormone r e g u l a t o r y  e lement  d e t e c t e d  in  human growth hormone 

and m e t a l i o t h i o n i n  genes (11] .  Th i s  sequence  can also be seen e l s e w h e r e  

in  the  5'  f l a n k i n g  r eg ions  of the  cy tochrome  P1-450 and P-450(C21) 

g e n e s ( 1 2 , 1 3 ] .  The sequence  CTTT-CACA(-322 to -315) r e s e m b l e s  in  the  
AAA 

o p p o s i t e  o r i e n t a t i o n ,  the  core  enhance r  consensus  sequence  TGTGGTTTG 

seen in  immunoglobu l in  and v i r a l  s y s t e m s ( 1 4 ) .  Th i s  r eg ion  in  kP-450e5 

a l so  con ta ins  the sequence  TTTATATCAGAATGATCTTTCACA(-339 to -315) which  

can be examined  for a heine r e g u l a t o r y  s i t e ,  s ince  the  ups t r eam a c t i v a t i o n  

sequence  in  y e a s t  i n v o l v e d  in  the  heine r e g u l a t i o n  of i s o c y t o c h r o m e  C gene 

is  c h a r a c t e r i z e d  by  TTT r e p e a t s  s e p e r a t e d  by  s p a c e r s  con ta in ing  sho r t  

d i r e c t  r e p e a t s ( 1 5 ) .  I t  has been  shown in  t h i s  l a b o r a t o r y  tha t  herne, the 

p r o s t h e t i c  group of cy toch rome  P-450,  r e g u l a t e s  t h i s  h e m o p r o t e i n  gene 

t r a n s c r i p t i o n ( 4 , 1 6 ] .  F i n a l l y ,  the  sequence  TGACTC i m p l i c a t e d  in  genera l  

aminoac id  r e g u l a t i o n ( 1 0 )  is  a l so  seen at -685 and -772 and may p r o v i d e  

b i n d i n g  s i t e s  for  r e g u l a t o r y  p r o t e i n s .  S t u d i e s  a re  unde rway  to i d e n t i f y  

s p e c i f i c  t r a n s c r i p t i o n  fac to rs  and t h e i r  s i t e s  of b i n d i n g  in  the 5 ' f l a n k i n g  

r eg ion  of cy toch rome  P-450 genes.  
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