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Summary: A s i n g l e  form of cytochrome b5 has been i s o l a t e d  in  h i g h l y  p u r i f i e d  
form from the c y t o s o l i c  f r a c t i o n  of  r a b b i t  e r y t h r o c y t e s  by s e q u e n t i a l  
chromatography on DE-52 c e l l u l o s e ,  Sephadex Cr-75, and DEAE-Sephadex A50. The 
cytochrome i s  s t r u c t u r a l l y  s i m i l a r  to the  N - t e r m i n a l ,  heme-bindin8 domain of 
r a b b i t  l i v e r  mlcrosomal cytochrome 25.  Like the  l i v e r  p r o t e i n ,  i t  i s  b locked  a t  
the amino t e rminus .  I t s  amino ac id  compos i t ion  i s  s i m i l a r  to t h a t  of  r e s i d u e s  1 -  
97 of  the  microsomal p r o t e i n .  With one excep t i on ,  t r y p t i c  p e p t i d e s  de r i ved  from 
apo-cytochrome ~5 of  r a b b i t  e r y t h r o c y t e s  c o - e l u t e  wi th  the t r y p t i c  p e p t i d e s  
ob ta ined  from a s o l u b l e  hemepept ide fragment of  microsomal cytochrome ~5" These 
f i n d i n g s ,  t o g e t h e r  wi th  amino ac id  sequence a n a l y s i s  of  the  carboxyl  t e rmina l  
t r y p t i c  p e p t i d e s ,  i d e n t i f y  the e r y t h r o c y t e  cytochrome ~5 as a 9 7 - r e s l d u e  p e p t i d e .  

Cytochrome 25, the s o l u b l e  hemepro te in  component of  the methemoglobin 

r e d u c t i o n  system of e r y t h r o c y t e s  has been d e t e c t e d  in  human ( 1 , 2 ) ,  bovine  (3) ,  

mouse (4 ) ,  pig (5) and r a b b i t  e r y t h r o c y t e s  (1) and in  r a b b i t  r e t i c u l o c y t e s  ( I ) .  

The two predominant  forms of  bov ine  e r y t h r o c y t e  cytochrome b5 have been p u r i f i e d  

to  homogenei ty  (3) and s t r u c t u r a l  s t u d i e s  (6) have demonst ra ted  t h a t  these  

hemepro te ins  have the same amino ac id  sequence as the  N - t e r m i n a l ,  h y d r o p h i l i c ,  

heme-binding segment of  the  membrane-bound cytochrome b5 p r e s e n t  i n  bovine  l i v e r  

microsomes.  Form I i s  composed of  r e s i d u e s  1-97 of  bov ine  microsomal cytochrome 

25 and Form I I  i s  composed of  r e s i d u e s  1-95 (6 ) .  S i m i l a r l y ,  the s i n g l e  

predominant  form of human e r y t h r o c y t e  cytochrome b5 has been p u r i f i e d  and 

s t r u c t u r a l  s t u d i e s  sugges t  t h a t  i t s  s t r u c t u r e  cor responds  to  the  home-binding 

domain of  human l i v e r  microsomal cytochrome b5 ( 2 , 7 ) .  

We now r e p o r t  the p u r i f i c a t i o n  of  r a b b i t  e r y t h r o c y t e  cytochrome 25 and 

p r e s e n t  ev idence  demons t ra t ing  t h a t  the amino ac id  sequence of s o l u b l e  

A b b r e v i a t i o n s  used:  TFA, t r i f l u o r o a c e t i c  a c id ;  ACD, a c i d - c i t r a t e - d e x t r o s e ;  TPCK, 
L - l - t o s y l a m i d c - 2 - p h c n y l e t h y l c h l o r o m e t h y l k e t o n e .  
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e r y t h r o c y t e  h e m e p r o t e i n  i s  c l o s e l y  r e l a t e d  to  t h e  s e q u e n c e  of  t h e  N - t e r m i n a l ,  

h e m e - b i n d i n g  domain of  r a b b i t  l i v e r  mic rosomal  c y t o c h r o m e  ~5" 

E~PERIMI~AL MErHODS 

Materials. DE-52 cellulose was obtained from Whatman; Sephadex G-75-120, 
BEAE-Sephadex A50-120 and trypsin (TPCK-treated) from Sigma Chemical Co., and 
ultrafiltration membranes from Amicon. Whole blood from New Zealand and/or 
Californian white rabbits was purchased from Pelfreez Biologicals. Microsomal 
cytochrome ~5' partially purified from New Zealand white rabbit livers, was a 
gift from the laboratory of Dr. M. J. Coon at The University of Michigan and was 
further purified according to the procedure of Strittmatter, et al. (8). A 
protease-solubilized fragment of microsomal cytochrome kS was obtained after 
digestion with a cathepsin B-like protease from rabbit reticulocytes (9, and 
manuscript in preparation). 

General methods. Cytochrome b 5 was quantitated suectrophotometrically at 
413 nm u s i n g  ~ n  e - ~ l n c t i o n  c o e f f i c i e n t  o f  117 cm - 1  mM_ - 1  ( 1 0 ) .  V i s i b l e  a b s o r p t i o n  
s p e c t r a  of  o x i d i z e d  and d i t h i o n i t e - r e d u c e d  p r o t e i n  s amples  w e r e  used  f o r  
i d e n t i f i c a t i o n  o f  c y t o c h r o m e  b5 d u r i n g  t h e  i n i t i a l  s t a g e s  o f  t h e  p u r i f i c a t i o n  
p r o c e d u r e .  

El e c t r o p h o r e s i s  i n  t h e  a b s e n c e  of  d e t e r g e n t s  was c a r r i e d  ou t  i n  11% 
p o l y a c z y l a m i d e  t u b e  g e l s  as d e s c r i b e d  by Brewer  and Ashwor th  ( 1 1 ) .  SDS-PAGE was 
c a r r i e d  ou t  i n  16.3% p o l y a c r y l a m i d e  s l a b  g e l s  by a m o d i f i c a t i o n  of  t h e  g e n e r a l  
p r o c e d u r e  of  Laemmli ( 1 2 ) ;  b o t h  t h e  s t a c k i n g  and S e p a r a t i n g  g e l s  c o n t a i n e d  6 

u r e a  i n  a d d i t i o n  to  0.1% SDS, 

P r e p a r a t i o n  o f  a p o c y t o c h r o m e  ~5" Apocytochrome ~5 was p r e p a r e d  by r e v e r s e  
p h a s e  HPLC ( u s i n g  an IBM model LC/9533 HPLC) u n d e r  c o n d i t i o n s  i n  which  heme 
r e a d i l y  d i s s o c i a t e s  f rom t h e  c y t o c h r o m e .  Ten t o  t w e n t y  nmol of  c y t o c h r o m e  
b5 was i n j e c t e d  i n t o  a Vydac TP201 ODS column (4 .6  x 225 mm) e q u i l i b r a t e d  i n  
aqueous 0.1% TFA ( B u f f e r  A) .  The column was d e v e l o p e d  a t  a f l ow r a t e  of  1 m l / mi n  
w i t h  a s e r i e s  o f  l i n e a r  g r a d i e n t s  from B u f f e r  A t o  CH3CN c o n t a i n i n g  0.1% TFA 
( B u f f e r  B) as f o l l o w s :  0 to  50~ B u f f e r  B in  50 rain, 50% t o  80% B u f f e r  B in  5 rain 
and 80% to  100~ B u f f e r  B in  5 min.  The e f f l u e n t  was m o n i t o r e d  a t  215 nm. 
Apocy tochrome b5 e l u t e d  w i t h  a p p r o x i m a t e l y  40% CH3CN w h i l e  f r e e  heme e l u t e d  w i t h  
g r e a t e r  t h a n  50% CH3CN. 

T r y p t i c  p e p t l d e  m auuing  by HPLC. T r y p t i c  h y d r o l y s i s  o f  12-15 nmol of  
apocy toch rom e  b 5 was c a r r i e d  out  i n  0 .02  M sodium p h o s p h a t e ,  pH 7 . 5 ,  f o r  6 h a t  
25oc .  T r y p s i n - ( a s  a f r e s h l y  p r e p a r e d  0 . 1 ~  s o l u t i o n  i n  0 .02  M sodium p h o s p h a t e ,  
pH 7 . 5 ,  c o n t a i n i n g  1 mM_ CaC12) was added t o  g i v e  a f i n a l  b s : t r y p s i n  (mol :mol )  
r a t i o  of  50.  The r e a c t i o n  m i x t u r e  was a c i d i f i e d  w i t h  1% TFA ( v / v )  t o  a f i n a l  
c o n c e n t r a t i o n  of  0.1% TFA b e f o r e  p e p t i d e  s e p a r a t i o n  by HPLC. 

T r y p t i c  p e p t i d e  s e p a r a t i o n  was a c h i e v e d  as  d e s c r i b e d  above f o r  t h e  i s o l a t i o n  
of  a p o c y t o c h r o m e  ~5 e x c e p t  t h a t  t h e  c o m p o s i t i o n  of  B u f f e r  B was CH3CN:2-propanol  
( 3 : 1 ,  v /v )  c o n t a i n i n g  0.1% TFA. The e f f l u e n t  was m o n i t o r e d  a t  215 ~m. The 
column was r e g e n e r a t e d  by f l u s h i n g  w i t h  100% B u f f e r  B f o r  10 min f o l l o w e d  by r e -  
e q u i l i b r a t i o n  w i t h  B u f f e r  A f o r  20 min.  

P u r i f i c a t i o n  of  r a b b i t  e r y t h r o c y t e  c y t o c h r o m e  ~5" Cytochrome b5 was 
i s o l a t e d  from r a b b i t  e r y t h r o c y t c s  by a m o d i f i c a t i o n  of  t h e  p r o c e d u r e  d e v e l o p e d  
f o r  t h e  p u r i f i c a t i o n  o f  cy toch rome  ~5 from b o v i n e  e r y t h r o c y t e s  ( 3 ) .  A l l  
c h r o m a t o g r a p h i c  p r o c e d u r e s  were  c a r r i e d  ou t  a t  4°C. 

E ~ y t h r o c y t e s  were  o b t a i n e d  f rom one l i t e r  of  r a b b i t  b l o o d  ( c o n t a i n i n g  ACD as 
a n t i c o a g u l a n t )  by c e n t r i f u g a t i o n  a t  1000 x ~ f o r  15 min.  The r e d  c e l l s  were  
washed  3 t i m e s  w i t h  2 volumes  of  p h o s p h a t e - b u f f e r e d  s a l i n e  and l y s e d  w i t h  t h r e e  
volumes  o f  c o l d  w a t e r .  The pH of  t h e  l y s a t e  was a d j u s t e d  to  pH 6 .0  w i t h  1 M BC1 
and t h e  s u p e r n a t a n t  f r a c t i o n  was o b t a i n e d  by c e n t r i f u g a t i o n  a t  17 ,000 x K f o r  30 
min. 
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Cytoch rome  b 5 was i s o l a t e d  f rom t h e  h e m o l y s a t e  by  a n i o n  e x c h a n g e  
c h r o m a t o g r a p h y  on  DE-52 c e l l u l o s e .  The s u p e r n a t a n t  f r a c t i o n  was a d j u s t e d  t o  pH 
7 . 2  w i t h  2 M KOH and a p p l i e d  t o  a DE-52 c e l l u l o s e  co lumn ( 4 . 8  x 39 cm) w h i c h  had  
b e e n  e q u i l i b r a t e d  i n  3 ~ p o t a s s i u m  p h o s p h a t e ,  pH 7 . 2 .  The co lumn was washed  
w i t h  a p p r o x i m a t e l y  two l i t e r s  o f  20 m~tKH2PO 4 c o n t a i n i n g  10 m~I_KC1 u n t i l  t h e  
e f f l u e n t  was c o l o r l e s s  and c y t o c h r o m e  ~5 was v i s i b l e  as  a r e d d i s h  band  a t  t h e  t o p  
o f  t h e  co lumn .  R e s i n  c o n t a i n i n g  bound  c y t o c h r o m e  ~5 was removed  f rom t h e  t o p  o f  
t h e  co lumn and r e p a c k e d  i n t o  a 3 x 20 cm g l a s s  co lumn.  Cy tochrome  ~5 was e l u t e d  
w i t h  400 ml of  0 . 2  M KH2PO 4 and t h e  pH of  t h e  e f f l u e n t  was a d j u s t e d  t o  pH 7 . 2  
w i t h  2 M KOH. The sample  was c o n c e n t r a t e d  by  u l t r a f i l t r a t i o n  on  a UM-10 
membrane ,  d i l u t e d  w i t h  50 n~_ p o t a s s i u m  p h o s p h a t e ,  pH 7 . 2 ,  and c o n c e n t r a t e d  t o  a 
f i n a l  vo lume  of  20 ml .  

Cy toch rome  b 5 was f u r t h e r  p u r i f i e d  by  ge l  f i l t r a t i o n  c h r o m a t o g r a p h y  on 
S e p h a d e x  G - 7 5 - 1 2 0  (3 x 80 cm) wh ich  had  b e e n  e q u i l i b r a t e d  i n  50 ~ p o t a s s i u m  
p h o s p h a t e ,  pH 7 . 2 .  A 10-ml  a l i q u o t  o f  t h e  s ample  was a p p l i e d  t o  t h e  co lumn;  5 -  
ml f r a c t i o n s  we re  c o l l e c t e d  and m o n i t o r e d  f o r  p r o t e i n  a t  280 om and f o r  heme-  
c o n t a i n i n g  p r o t e i n s  a t  413 nm. The l a s t  h e m e p r o t e i n  t o  be  e l u t e d  from t h e  co lumn 
was i d e n t i f i e d  as  c y t o c h r o m e  ~5 by  t h e  c h a r a c t e r i s t i c  v i s i b l e  a b s o r p t i o n  s p e c t r u m  
of  i t s  o x i d i z e d  and  r e d u c e d  f o r m s .  

F u r t h e r  p u r i f i c a t i o n  was a c h i e v e d  by  c h r o m a t o g r a p h y  on DFAE-Sephadex A60- 
120 (1 x l g  cm) w h i c h  had  b e e n  e q u i l i b r a t e d  i n  0 . 0 5  M T r l s  C1, pH 7 . 7 ,  c o n t a i n i n g  
0 . 0 9  M sodium c h l o r i d e .  Cy tochrome  ~5 was e l u t e d  from t h e  co lumn as  a s i n g l e  
s p e c i e s  u s i n g  a l i n e a r  g r a d i e n t  f rom 0 . 0 9  M t o  0 . 2 5  M sodium c h l o r i d e  i n  0 . 0 5  
Tris-C1, pH 7.7. Fractions having an A413 nm/A280 nm ratio greater than 5.0 

were pooled and used for structural studies. 

RESULTS AND DISCUSSION 

The p u r i f i c a t i o n  o f  r a b b i t  e r y t h r o c y t e  c y t o c h r o m e  ~5 y i e l d e d  a s i n g l e  

e l e c t r o p h o r e t i c  form of  t h e  h e m e p r o t e i n  t h a t  was n e a r l y  homogeneous .  No o t h e r  

h e m e p r o t e i n s  we re  o b s e r v e d  on  t h e  s p e c t r o p h o t o m e t r i c  s c a n  o f  an  11% 

p o l y a c r y l a m i d e  ge l  r u n  u n d e r  n o n d e n a t u r i n g  c o n d i t i o n s  ( F i g .  1A) .  S t a i n i n g  o f  t h e  

g e l  w i t h  Coomass i e  B l u e  r e v e a l e d  o n l y  m i n o r  p r o t e i n  c o n t a m i n a n t s  w h i c h  w e r e  

e s t i m a t e d  t o  r e p r e s e n t  l e s s  t h a n  2% of  t h e  t o t a l  p r o t e i n  ( F i g .  1 B ) .  

E l e c t r o p h o r e s i s  i n  t h e  p r e s e n c e  of  SDS and u r e a  d e m o n s t r a t e d  a s i n g l e  p r o t e i n  

componen t  ( F i g .  1C) .  

L i k e  r a b b i t  l i v e r  m i c r o s o m a l  c y t o c h r o m e  ~5 ( 1 3 ) ,  t h e  amino t e r m i n u s  o f  

r a b b i t  e r y t h r o c y t e  c y t o c h r o m e  ~5 i s  b l o c k e d .  T h r e e  c y c l e s  o f  F~lman d e g r a d a t i o n  

f a i l e d  t o  r e l e a s e  any  PTH-amino a c i d  d e r i v a t i v e s  f rom t h e  p u r i f i e d  c y t o c h r o m e  

~5 ( d a t a  no t  s how n) .  Ozo l s  and He inemann  r e c e n t l y  d e t e r m i n e d  t h a t  t h e  N- 

t e r m i n a l  r e s i d u e  of  r a t  l i v e r  m i c r o s o m a l  c y t o c h r o m e  ~5 i s  N - a c e t y l a l a n i n e  ( 1 4 ) .  

The amino a c i d  c o m p o s i t i o n  o f  r a b b i t  e r y t h r o c y t e  c y t o c h r o m e  ~5 was compared  

t o  t h a t  o f  t h e  N - t e r m i n a l ,  h e m e p e p t i d e  segment  o f  r a b b i t  l i v e r  m i c r o s o m a l  

c y t o c h r o m e  ~5 ( T a b l e  I ) .  The c o m p o s i t i o n  o f  t h e  e r y t h r o c y t e  p r o t e i n  a g r e e d  w i t h  

t h e  c o m p o s i t i o n  o f  r e s i d u e s  1 -97  o f  t h e  m i c r o s o m a l  p r o t e i n  e x c e p t  t h a t  t h e  
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Fig .  ! -  E l e e t r o p h o r e s i s  of  r a b b i t  e r y t h r o e y t e  eytochrome 25.  A, 
S p e c t r o p h o t o m e t r i e  scan  a f t e r  e l e c t r o p h o r c s i s  of  1 meal of  cytochrome in  an 11% 
po lyac ry l amide  gel  under nondena tu r ing  c o n d i t i o n s .  The f a s t e s t  m i g r a t i n g  band i s  
the  t r a c k i n g  dye.  B, The same gel  shown i n  A a f t e r  s t a i n i n g  w i t h  Coomassie B lue .  
E l c e t r o p h o r e t i c  m i g r a t i o n  i s  from top to  bo t tom.  C, E l e c t r o p h o r e s i s  of  0.25 ~mol 
of cytoehromc i n  a 16.3% po lyac ry l amide  gel  in  t he  p r e s e n c e  of  SDS and u r e a .  The 
p r o t e i n  was v i s u a l i z e d  a f t e r  s t a i n i n g  w i t h  Coomassie Blue .  El e c t r o p h o r e t i c  
m i g r a t i o n  i s  from top to  bo t tom.  

e r y t h r o c y t e  p r o t e i n  c o n t a i n e d  more  p r a l i n e  and a s p a r t i c  a c i d ,  and l e s s  

i s o l e u c i n e .  We h a v e  o b s e r v e d  p r e v i o u s l y  t h a t  t h e  v a r i o u s  f o r m s  o f  b o v i n e  

c y t o c h r o m e  ~5 c o n s i s t e n t l y  g i v e  low a n a l y s e s  f o r  i s o l e u c i n e  ( 6 ) ,  p r o b a b l y  a s  a 

Table  I .  Amino Acid Compos i t ion  of  Rabbi t  E r y t h r o c y t e  Cytochrome b5 

Amino E r y t h r o o y t e  Cytochrome ~5 a Compos i t ion  of  Res idues  1-97 of  Rabbi t  
Acid Liver Microsomal Cytochrome b5 b 

Asp 16.0 10 
Thr 6.3 7 
Set  6.9 7 
Glu 14.6 14 
Pro 5.3 3 
Gly 6.3 6 
Ala 5 . I  5 
Val 3.5 4 
Met 1 . 1  1 
l l e  2 . 5  4 
Leu 9.2 9 
Tyr 3 .0  3 
Phe 3 . 3  3 
His 6.9 7 
Lys 9.9 10 
A.rg 3 . 2  3 
Trp n . d ,  1 

aApproximate ly  4 nmol of  r a b b i t  e r y t h r o c y t e  cytochrome b$ was s u b j e c t e d  to  ac id  
h y d r o l y s i s  i n  c o n s t a n t  b o i l i n g  HC1 a t  108oC f o r  22 h.  Values  were  normal ized  to  
v a l l n c  (4 r e s i d u e s ) ,  a l a n i n e  (5 r e s i d u e s ) ,  g lu tamic  ac id  (14 r e s i d u e s ) ,  l e u o i n e  
(9 r e s i d u e s ) ,  l y s i n e  ( I0  r e s i d u e s ) ,  and a r g i n i n e  (3 r e s i d u e s ) ,  and a re  e x p r e s s e d  
as  nmol/nmol of  cytochrome,  n . d . ,  not  de t e rmined .  
bAmino ac id  c o m p o s i t i o n  t aken  from r e f e r e n c e  13. 
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r e s u l t  of  incomple te  ac id  h y d r o l y s i s  of  the  I l e - l l e  bond. This  bond, p r e s e n t  in  

r a b b i t  microsomal cytochrome ~5 (13) and presumably in  the  e r y t h r o c y t e  p r o t e i n ,  

could account  f o r  the low amount of  i s o l e u c i n e .  

The e r y t h r o c y t e  and l i v e r  hemepro te ins  y i e l d e d ,  wi th  one excep t i on ,  t r y p t i c  

p e p t i d e s  having i d e n t i c a l  e l u t i o n  t imes on HPLC, i n d i c a t i n g  s t r u c t u r a l  s i m i l a r i t y  

between e r y t h r o c y t e  p r o t e i n  and the  h y d r o p h i l i c ,  heme-bindlng domain of  r a b b i t  

microsomal cytochrome b$.  The two p e p t i d e s  t h a t  d i f f e r e d  between the  two t r y p t i c  

maps (see  arrows in  F i g .  2) were suspec ted  of  being the  ca rboxyl  t e rmina l  

p e p t i d e s  from each p r o t e i n .  The anomalous p e p t i d e  from the p r o t e a s e - - s o l u b i l i z e d  

form o£ microsomal cytochrome ~5 had a compos i t ion  cor responding  to  r e s i d u e s  91-  

98 of mfcrosomal cytochrome ~5 (Table  I I ) .  Sequence a n a l y s i s  of  t h i s  p e p t i d e  

e s t a b l i s h e d  the  sequence Leu-Ser -Lys -Pro-Met -Glu-Thr -Leu ,  conf i rming  t h a t  t h i s  

p e p t i d e  cor responds  to  the  segment 91-98 o f  the  microsomal p r o t e i n  (13) .  

E 
Ic  

OJ  

o 
Ic  
i=1 

0 
1/) 

IO.I A 

I 
I0 

[ I 
20 30 

Minutes 

I L I 

4O 5O 60 

F_~. 2 .  Separa t ion  by HPLC of the t r y p t i c  p ep t i d e s  o£ e ry th rocy t e  cytochrome 
b$ and of p r o t e a a e - s o l u b i l i z e d  mierosomal cytochrome b 5. Tryp t ic  p ep t i d e s  were 
der ived  from approximately 12 nmol of apo-cytochrome b$. Upper chromatogram 
d e p i c t s  the  t r y p t i c  d i g e s t  of r abb i t  e r y t h r o c y t e  cytochrome b~. Lower 
chromatogram d e p i c t s  the  t r y p t i c  d i g e s t  of the p r o t e a s e - s o l u b l l i z e d  microsomal 
cytochrome bso Arrows i d e n t i f y  the C-termlnal  p ep t l d e s  t h a t  were subsequent ly  
sub jec ted  to  sequence a n a l y s i s .  See Experimental Methods fo r  d e t a i l s .  
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Table I I .  Amino Acid Composi t ions  of the  Carboxyl Terminal  TITpt ic  Pe p t i de s  of  
Cytoch~ome b5 a 

Amino C-Terminal Pep t ide  from C-Terminal Pep t tde  from Res idues  91-98 
Acid E ry th rocy t e  Cytochrome b5 P r o t e a s e - s o l u b i l i z e d  of Microsomal h 

Microsomal Cytochrome b5 Cytochrome ~- 

Asp 0.21 0.52 0 
Thr 0 0.83 1 
Set 0.64 0.97 1 
Glu 1.23 1.38 1 
Pro 3.78 1.39 1 
Gly 0.37 0.86 0 
Ala 0 .09  0 .38  0 
Val 0 0 0 
Met 0.68 0.84 1 
I l e  0 0.12 0 
Leu 1,04 1.67 2 
Tyr 0.05 0 0 
Phe 0.07 0 0 
His 0 .09 0.20 0 
Lys 1.10 0.81 1 
Arg 0.23 0.19 0 

a p e p t i d e s  were p u r i f i e d  by HPLC (see  F ig .  2 ) .  The anomalous pe p t l de  from the  
e r y t h r o c y t e  cytochrome b5 (2 nmol) and the  anomalous pe p t i de  from the  s o l u b i l i z e d  
microsomal p r o t e i n  (I nmol) were s u b j e c t e d  to  ac id  h y d r o l y s i s  in  vacuo in  
c o n s t a n t l y  b o i l i n g  HC1 a t  108°C fo r  24 h.  Values were normal ized  to  the  amount 
of l e u c i n e ,  s e r i n e ,  l y s i n e ,  and g lu tamic  ac id  expected i f  the  p e p t i d e s  
corresponded to  segments  of  mierosomal cytochrome b s .  Composi t ions  a re  expressed  
as nmol amino ac id /nmol  of p e p t i d e .  
bAmino ac id  compos i t ion  t aken  from r e f e r e n c e  13. 

The a n o m a l o u s  p e p t i d e  f rom t h e  e r y t h r o c y t e  c y t o c h r o m e  ~5 showed a 

c o m p o s i t i o n  w i t h  l e s s  t h r e o n i n e  and  l e u c i n e  and more  p r o l i n e  t h a t  s e g m e n t  9 1 - 9 8 .  

Edman s e q u e n c e  a n a l y s i s  o f  t h i s  p e p t i d e  e s t a b l i s h e d  t h e  s e q u e n c e  L e u - S e r - L y s - P r o -  

M e t - G l u - P r o .  No a d d i t i o n a l  r e s i d u e s  we re  r e l e a s e d  f rom t h e  p e p t i d e  s a m p l e  i n  two 

a d d i t i o n a l  c y c l e s .  The p e p t i d e  c o r r e s p o n d s  t o  t h e  s e g m e n t  91 -97  o f  m i c r o s o m a l  

c y t o c h r o m e  ~5" e x c e p t  t h a t  a p r o l i n e  r e s i d u e  i s  p r e s e n t  i n  t h e  c a r b o x y l  t e r m i n a l  

p o s i t i o n ,  w h e r e a s  r e s i d u e  97 i s  t h r e o n i n e  i n  t h e  r a b b i t  m i c r o s o m a l  c y t o c h r o m e .  

P r e l i m i n a r y  s t u d i e s  u s i n g  c a r b o x y p e p t i d a s e  A and Y h a v e  p r o v i d e d  a d d i t i o n a l  

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

~5" C a r b o x y p e p t i d a s e  A (wh ich  i s  known t o  be  u n a b l e  t o  r e l e a s e  t e r m i n a l  p r o l i n e  

r e s i d u e s )  r e l e a s e d  no amino a c i d s  f rom t h e  e r y t h r o c y t e  p r o t e i n  a f t e r  one h o u r .  

S u b s e q u e n t  a d d i t i o n  o f  c a r b o x y p e p t i d a s e  Y (w h ic h  c a n  r e l e a s e  t e r m i n a l  p r o l i n e  

r e s i d u e s  (1 5 ) )  t o  t h e  same r e a c t i o n  m i x t u r e  c a t a l y z e d  t h e  r e l e a s e  o f  p r o l i n e  and  

other amino acids. 
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R a b b i t  e r y t h r o c y t e  c y t o c h r o m e  ~5 c a n  now be  added  t o  t h o s e  fo rms  o f  

c y t o c h r o m e  b5 t h a t  h a v e  b e e n  p u r i f i e d  and  c h a r a c t e r i z e d .  L i k e  b o v i n e  and human 

e r y t h r o c y t e  c y t o c h r o m e  ~5" t h e  s o l u b l e  p r o t e i n  o f  r a b b i t  e r y t h r o c y t e s  i s  

s t r u c t u r a l l y  c l o s e l y  r e l a t e d  t o  t h e  h y d r o p h i l i c  s egmen t  o f  t h e  l i v e r  m i c r o s o m a l  

p r o t e i n .  The one d i f f e r e n c e  d e t e c t e d  b e t w e e n  t h e  e r y t h r o c y t e  and  l i v e r  p r o t e i n s  

r e m a i n s  t o  b e  e x p l a i n e d .  We h a v e  no t  e l i m i n a t e d  t h e  p o s s i b i l i t y  t h a t  i t  m i g h t  b e  

a s c r i b e d  t o  a d i f f e r e n c e  b e t w e e n  New Z e a l a n d  w h i t e  r a b b i t s  ( w h i c h  w e r e  t h e  s o u r c e  

o f  t h e  l i v e r )  and C a l i f o r n i a  w h i t e  r a b b i t s  ( w h i c h ,  t o g e t h e r  w i t h  New Z e a l a n d  

w h i t e  r a b b i t s ,  were  i d e n t i f i e d  by  t h e  s u p p l i e r  as  t h e  s o u r c e  o f  t h e  b l o o d ) .  I t  

i s  p o s s i b l e  t h a t  i s o e n z y m e s  d i f f e r i n g  a t  r e s i d u e  97 a r e  p r e s e n t  i n  r a b b i t  t i s s u e .  

The s t r u c t u r a l  d i f f e r e n c e  c o u l d  r e s u l t  f rom t h e  p r e s e n c e  o f  d i s t i n c t  g e n e s  f o r  

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

t h e  p r o d u c t i o n  o f  t h e  m a t u r e  ml~A f o r  c y t o c h r o m e  2 5 .  S t u d i e s  a r e  now unde rway  t o  

d i s c r i m i n a t e  among t h e s e  p o s s i b i l i t i e s .  
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