
194 BIOCHIMICA ET BIOPHYSICA ACTA 

BBA 7 5 5 7 2  

CYTOCHROME b~ AND P-45o IN LIVER CELL FRACTIONS 

S I D N E Y  F L E I S C H E R  a, BE( 'CA F L E I S C H E R  a, A N G E L( )  AZZI b, * AND B R I T T O N  CHANCEb 

aDepartment of Molecular Biology, I'anderbilt University, Nashville, Tenn. 372o3 (U.S.A.) and 
b Johnson Research Foundation, University of Pennsylvania, Philadelphia, Pa. I9~o4 (U,S.A.) 

(Received Augus t  31st, t97 o) 

SUMMARY 

The contiguous membranes of liver, i .e. nuclei, rough and smooth microsomes, 
plasma membranes, and Golgi vesicles, were analyzed for cytochromes and P~45o 
content. Only cytochrome ba and P-45o were detectable. The highest cytochrome b s 
and P-45o content was in the microsome fraction. The Golgi vesicle contains cyto- 
chrome b a but there is little or no P-45o. Thus, P-45o levels can be used to discriminate 
between microsomes and Golgi complex. The plasma membrane is practically devoid 
of cvtochromes. 

INTRO1)UCTION 

In liver cells, nuclear envelopes, rough and smooth endoplasmic reticulum, 
Golgi complex and plasma membranes form a contiguous membrane system, a large 
portion of which is probably involved in the intracellular synthesis of serum proteins 
and their eventual secretion ~ L Methods for the isolation of plasma membranes ~ and 
Golgi membranes from bovine liver 6 and rat  liver 7 have recently been described which 
make possible a comparison of these membranes with rough and smooth endoplasmic 
reticulum. The present work deals with the estimation of cytochromes P-45o and b~ 
in plasma membranes, Golgi membranes, nuclei, and microsomes from bovine liver, 
and a comparison of microsomes and Golgi apparatus from rat  liver, 

MATERIALS AND METHODS 

Plasma membranes, rough and smooth microsomes, nucleP and Golgi mem- 
branes G were prepared from bovine liver as described previously. A heavy microsome 
fraction (R2) wa.'~ prepared from tile pooled livers of 28 male Sprague-Dawley rats 
(2oo-3oo g each) and Golgi-rich fraction prepared from this fraction by zonal cen- 
trifugationL 

Difference absorption spectra were recorded at liquid nitrogen temperature with 
the split-beam spectrophotometer (Johnson Research Foundation). Cytochrome b~ 
and P-45o were calculated from the low temperature spectra. A conversion factor for 
the extinction coefficients was obtained by comparing low temperature and room 

* Current  address :  1 )epar tment  of General  Pa tho logy ,  Un ive r s i ty  of Padova ,  Padova ,  I ta ly ,  
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Vig. I. Low tempera tu re  difference spectra  to observe the  cy tochromes  of liver cell fractions. The 
spec t ra  are from : bovine liver (a) nuclei (9.02 ing prote in  per  ml) ; (b) " rough"  microsomes (2.2 mg 
prote in  per  ml) ; (c) Golgi vesicles (2.1 mg protein per  ml) ; (d) p lasma membrane  (I.29 mg prote in  
per  ml) ; rat  liver (e) Golgi vesicles (x.o 4 mg prote in  per  1Ill) ; and (f) " rough"  microsome fraction 
{I.I 3 mg prote in  per  ml). 
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t e m p e r a t u r e  difference spec t ra  for several  of the  samples.  Tile l ight pa th  for t i le room 
t e m p e r a t u r e  spec t ra  was io  mm and for the  low t empera tu r e  spec t ra  was 2 ram. 
A 250 m m  focus Bausch and Lomb monochromete r  with a g ra t ing  of 600 l ines/ram 
was used to give an effective band-wid th  of 1.6 nm of the  measur ing light.  The samples  
were frozen according to the  me thod  of CHANCE AND ~PENCER 8. 

Low t empera tu r e  difference spec t ra  for P-45 o were ob ta ined  as the  difference 
between the  sample  t r ea t ed  with carbon monoxide  and reduced with d i th ioni te ,  ~,s. 
the  sample  reduced  with dithionite:L 
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Fig. 2. Low t e m p e r a t u r e  difference spec t ra  of liver cell f rac t ions  to observe P-45 o content .  The  
spec t ra  are f rom bovine l iver:  (a) nuclei  (9.oo mg  pro te in  per ml) ; (b) rough  microsomes  (1.o8 mg  
pro te in  per  ml) ;  (c) s m o o t h  mic rosmnes  ( t . z l  m g  pro te in  per ml);  (d) Golgi vesicles (o.96 nl R 
pro te in  per ml) ; and  (el ra t  liver " r o u g h "  mic rosomes  fract ion (0.85 m g  prote in  per ml). 
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The samples  were suspended  in 0.25 M sucrose. In  the  case of nuclei, the  sucrose 
concen t ra t ion  was 0.75 M. In  th is  case a correct ion fac tor  for in tensi f ica t ion b y  sucrose 
of 0.55 was app l ied  1°, n 

The concent ra t ion  of cy tochrome ba was ca lcula ted  on the basis  of an ex t inc t ion  
coefficient of 2o.1 c m - l . m M  1 at  553--57 ° n m .  Cytochrome a was e s t ima ted  from the 
difference spec t ra  at  605-630 nm using an ex t inc t ion  coefficient of cm - I .  16 mM -~ 
(ref. 12). The values ob ta ined  at  low t e m p e r a t u r e  in a 2 mm l igh t -pa th  cuve t te  were 
conver ted  to room t e m p e r a t u r e  and IO mm pa th - l eng th  b y  nml t ip ly ing  b y  0.588. 

The ex t inc t ion  coefficient u t i l ized for cy tochrome P-45o was 91 cm -~. mM 1 at  
450-49 ° n m .  The absorp t ion  peak  at  420 nm was considered to be der ived  from P-45o. 
An ex t inc t ion  coefficient of I iO cm 1'raM-1 was used and  the a m o u n t  of this  cy to-  
chrome added  to cv tochrome P-45 o (ref. I3). The  low t empera tu r e  to high t e m p e r a t u r e  
and  2 to Io mm light pa th  correct ion factors  were 0.74 and o.97 for P-45o and P-42o, 
respect ive ly .  

Prote ins  were d e t e r m i n e d  by  the procedure  of LOWRY el al. 14 using bovine serum 
a lbumin  as a pro te in  s t anda rd ,  and  g lucose-6-phosphatase  measured  at  32° by  the 
me thod  of SWAXSON 15. 

R E S U L T S  

Typica l  low t e m p e r a t u r e  spec t ra  of the  organelles  are shown in Figs. I and  2. 
Table  I summar izes  the  values  for P-45o and  cv tochrome b 5 ca lcu la ted  from these 
spec t ra  for the  purif ied organdies .  Of the  bovine l iver  organelles s tudied,  smooth  and 
rough microsomes have the highest  conten t  of P-45o and  cy tochrome b~. P lasma  
membranes  had  the lowest conten t  of cy tochrome  bs, only  the  Soret  band  being 
de tec tab le .  

Nuclei had a small  bu t  easi ly  de tec tab le  conten t  of both  cy tochromes  P-45 o 

T A B L E  I 

C Y T O C H R O M E  b 5 A N D  P-45  o C O N T E N T  A N D  G L U C O S E - 6 - P H O S P H A T A S E  A C T I V I T Y  O F  B O V I N E  A N D  

R A T  L I V E R  C E L L  F R A C T I O N S  

Content (nmoles/mg protein) 

P-45o Cytochrome b 5 

(bs/P-45 o) Glucose-6-phosphatase 
specific activity 
(l~moles Pi  released/mDz 
per mg protein at 3 2 ~) 

tgovine liver 
" S m o o t h "  i n i c r o s o l l l e S  0 . 6 9  1 . 5 2  2 . 2  0 . 2 5  

" R o u g h "  m i c r o s o m e s  o.42 1.31 3.1 o.21 
G o l g i  v e s i c l e s  o. 16 o.95 5.9 o .o7o 
N u c l e i  o . o 1 6 "  0.054 * 3.4 o .o26 
P l a s n l a  m e n l b r a n e  --  < o . o I 4 " *  -- o , o i  5 

Rat liver 
M i c r o s o m e s  (R2) o. 88 1. I i I. 26 o. i 14 
Go lg i  v e s i c l e s  o .o49 o .69 14.o o .oo7 

" S p e c t r a  m a d e  f r o m  s o l u t i o n  of  o,7, 5 M s u c r o s e .  C o r r e c t i o n  for  i n t e n s i f i c a t i o n  d u e  to  s u c r o s e  

= 0.55.  
** E s t i m a t e d  f ron l  S o r e t .  
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TABLE 11 

RATIO OF C Y T O C H R O M E  b 5 TO P H O S P H O L I P I D  IN B O V I N E  L I V E R  C E L L  F R A C T I O N S  

Lipid analyses were done in collaboration with Dr. George Rouser, City of Hope Medical Center, 
Duarte, Calif. Lipids were extracted with chloroform-methanol 16 and freed of non-lipid contami- 
nants by Sephadex column chromatography 17. 

Bov ine  l iver Total  pg  P ttg l ip id  P Cytochrome b a 
per mg protein per  mg protein . . . . .  ;. t oo  

ltg l i p id  P 

Smooth microsomes 40.0 38 4.0 
Rough microsomes 34.7 26 5.0 
Golgi complex 39-9 37 2.(/ 
Nuclei 32.7 3.o t.8 
Plasma membrane i (1. 9 Q. I O. 14 

and b s. The ratio b 5 to P-45 o was similar to tha t  found for rough microsomes and is 
probably  due to the outer nuclear envelope. 

Golgi vesicles isolated from bovine liver had a level of cytoehrome ba which 
was about  62 % of the level found in smooth micro:;omes. The level of P-45 o on the 
other hand,  was about  23 "i, of tha t  of smooth microsomes. The glucose-t)-phosphatase 
of this preparat ion,  however, indicates con tamina t ion  with microsomes t() a level of 
about  28 % wi~ich could account  for all of the P-45o found in this organelle. The ratio 
of cytochrome b a to P-45 o, on the other hand,  is 2 3 t imes greater thaq tha t  found 
in microsomes and indicates tha t  cvtochrome b 5 is present in this organelle but  at 
about  4 ° % the level found in lnicrosomes. 

(iolgi ve ;icles from rat  liver conta in  about  62 % of the cytochrome ba of micro- 
somes and only 6 % of the P-45o per mg protein.  They also exhibit  about  6 (',, ot 
the glucose-6-phosphatase act ivi ty  of microsome:;, so tha t  the low level of P-45 o is 
probably  due to con tamina t ion  with microsomes. 

Nuclei have a very small content  of membranez.  It wa:~ of i:lterest, therefore, 
to also determine the amoun t  of membrane  in each organelle and express the cvt(~- 
chrome content  in terms of a membrane  parameter.  Table II shows the ratio of cvto- 
chrolne b 5 to pho.spholipid phosphorus found for bovine liver organelles. It can be 
seen tha t  microsomes have the highest content  of cvtochrome b 5 per #g phospholipid 
phosphorus,  whereas Golgi lnembranes and nuclei have about  half a,  much. The value 
for nuclei is consistent with the idea that  the two n~embranes surrounding the nucleus 
are different, the inner  one being devoid of these components .  The amount  of cvt()- 
ehroine b 5 per #g lipid P in plasma membranes  is less than  1/3o the value found for 
microsomes and  is consistent with the idea that  t:lis is not a component  of the plasma 
memt;rane but  is a conta in inant .  

Cytochrolne oxidase was not present m s lgmkeant  a luount  in any of the fractions 
studied. The limit of detection of cvtochrome a was less t han  o.o4, o.o5, o.oo 7, o.o3, 
and o.o 5 nmole/mg protein for bovine liver pla~;ma membrane,  (;olgi and nuclei, and 
rat  liver (;olgi and microsomes, respectively. 

I ) I S C U S S I O N  

Cytochrome P-45o and b 5 in liver microsomes form an electron t ranspor t  system 
involved in tile metabolism of various drugs, steroids, etc.9, as, is .  The ratio of cyto- 
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chrome b 5 to P-45o for rough microsomes after sonication yields membranes with a 
wide variation (from o.51 to 3.3) in this ratio indicating some heterogeneity in the 
distribution of these two components within endoplasmic reticulum. 19 It would appear 
that Golgi membranes are related to endoplasmic reticulum membranes in that they 
contain considerable amounts of cytochrome b~. The content of P-45o, on the other 
hand, is very small or absent in Golgi fractions which are not contaminated with 
endoplasmic reticulum. Bovine liver Golgi show a significant activity of NADH-  
cytochrome c reductase activity ~. However, rat liver Golgi vesicles which contain even 
higher levels of cytochrome b 5 are devoid of this activityL Thus in this case cvto- 
chrome b5 is not related to NADH oxidation. It  will be of interest to see what role, 
if any, cytochrome b 5 plays in the Golgi membranes. 

Glucose-6-phosphatase is generally used as a marker enzyme for endoplasmic 
reticulum in liver. The specific activity of glucose-6-phosphatase activity of the plasma 
membrane was 6- 7 % of that found for purified microsomes. We do not, however, 
detect a comparable level of contamination with microsomal cytochrome b 5. This 
discrepancy could be explained by heterogeneity of the microsomal fraction in terms 
of cytochrome b5 and glucose-6-phosphatase content or to the presence of glucose- 
6-phosphatase in liver plasma membranes. 

Carefully purified liver plasma membranes do not appear to contain significant 
amounts of cytochromes. If cytochromes are associated with the plasma membrane, 
they are not firmly attached so that they are lost in the isolation procedure. Cvto- 
chromes have been postulated as ion carriers in transport in yeast membranes 2°. The 
very low levels or apparent absence of cytochromes in highly purified plasma mem- 
branes cast doubt on such a role for cytochromes in liver. 

Isolated nuclear membranes from rat liver have been shown to have about 5o % 
of the level of glucose-6-phosphatase and rotenone-insensitive NADH-cytochrome c 
reductase of endoplasmic reticulum 2a. Our analyses also show that, on a lipid phos- 
phorus or membrane basis, cytochrome b 5 in the nucleus is about 5o % of the level 
found in endoplasmic reticulum. These results support the hypothesis 2a that the outer 
membrane of the nucleus, which is contiguous with endoplasmic reticulum, resembles 
endoplasmic reticulum in its enzymic activities whereas the inner membrane differs 
from endoplasmic reticulum. Our results with bovine liver nuclei are in agreement 
with previous results of CONOVER ~, who showed that rat liver nuclei contain little or 
no cytochromes (a + a3) or b. This is in contrast to calf thymus nuclei which contain 
an entire respiratory chain and are capable of oxidative phosphorylation. 
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