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Summary 

The in vitro incorporation of  cy tochrome bs into purified plasma membranes 
was investigated by biochemical and immunological methods.  Plasma mem- 
brane preparations incorporated three times less cytochrome bs than did micro- 
somal preparations; 60% of  this cytochrome bs could not  be reduced by the 
NADH-cytochrome bs reductase and was considered as being bound to the 
plasma membrane. The morphological observations made after the immuno- 
chemical labeling of  cy tochrome bs clearly showed a good but  asymmetrical 
distribution of  the ferritin labeling: only the inner face of  the plasma mem- 
brane incorporated cytochrome bs. These results are discussed with respect to 
theories which concern the subcellular membrane relationships in the cell. 

Int roduct ion 

Cytochrome bs is an integral protein which has been purified from liver 
microsomes (D-cytochrome b s) after solubilization with detergents [1,2]. It is 
an amphypathic  protein consisting of  a hydrophobic  segment embedded in the 
lipid bilayer and a hydrophilic moie ty  which carries the prosthetic group [ 1,2]. 
The latter part of  the protein can be purified (T-cytochrome bs) from the 
microsomes after being solubilized by  trypsin [3,4].  

D-Cytochrome b5 can be incorporated in vitro into the membranes of 
hepatic cells where it is normally located, i.e. in the endoplasmic reticulum 
outer  mitochondrial  and peroxisomal membranes [5--8]. Golgi apparatus and 
inner mitochondrial  membranes which do not  contain this protein can 
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incorporate it easily; on the other  hand its incorporation in the lysosomal mem- 
branes seems to be impossible [8].  Membranes isolated from other cell types 
can also incorporate cy tochrome bs [9] and numerous works have been 
devoted to its binding to artificial membranes [ 10--15 ]. 

In this report,  we investigate the in vitro binding of  D-cytochrome bs in the 
isolated plasma membranes of  rat liver. In this respect, we complete  the pattern 
of  the relationships between the natural location of  an integral protein and its 
in vitro binding to the different subcellular membranes of  the same cell. Results 
show that cytochrome bs, which is not  present in the plasma membrane,  binds 
in vitro to the inner face of  this membrane. This asymmetric binding is 
discussed in relation with the asymmetric organization of  the plasma mem- 
brane. 

On the other  hand, this positive result reinforces the idea that  the non- 
specific binding of  any integral protein to any membrane is possible unless the 
presence of  lipids in a semi-crystalline state, or the presence of  some steric fac- 
tors which hinder the contact  between the protein and the lipid phase of  the 
membrane [16].  

A brief report  of  these results has already been given [17].  

Materials and Methods 

Membrane preparation 
Using Neville's method [18],  plasma membranes from rat liver were purified 

but  with the difference that  the pellet obtained after the low speed centrifuga- 
tion of  the homogenate was not  washed. The microsomes were prepared as 
described in detail by  Amar et al. [19].  Both preparations were washed at 4°C 
with 0.9% NaC1 in 10 mM Tris-HC1, pH 7.4, in order to remove any adsorbed 
hemoproteins which interefere with the cytochrome bs assay. 

Biochemical and immunological assays 
Cytochrome bs measurements were realized on a Cary 17 (Cary Instruments, 

Monrovia, CA) using the difference spectra of  the oxidized and reduced hemo- 
protein and assuming a Aeg24-409nm of 160 cm -1. mM- '  and a molecular 
weight of  12 900 [20].  The reduction of  the hemoprotein was achieved either 
by  cytochrome b5 reductase in the presence of 63 mM NADH or by  the addi- 
tion of  a few grains of  Na2S204. Enzymatic and other chemical components  
were assayed by  the usual methods as described by Beaufay et al. [21].  

The activity of  the anti-cytochrome b5 antibodies was estimated by their 
capacity to bind T-cytochrome bs [22].  One unit of  anti-cytochrome bs activ- 
ity was expressed as the amount  of  ant ibody needed to bind 1 t~g of  T-cyto- 
chrome bs. 

Enzyme and antibody preparations 
T-cytochrome bs was purified from rat liver microsomes after tryptic diges- 

tion, as described by  Omura et al. [4] and D-cytochrome bs after solubilization 
with detergents, as proposed by Spatz and Strit tmater [1].  T-Cytochrome b5 
was used to produce rabbit  ant i-cytochrome bs antibodies. These antibodies 
were purified by affinity chromatography on a Sepharose 4B-cytochrome bs 
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column. Details on the experimental procedure of the antigen and antibody 
preparations were given earlier [22]. The two preparations were found pure 
according to the criteria of the classical immunochemical methods [22]. F(ab) 
fragments were obtained after papaTn digestion [23]. The anti-F(ab)/ferritin 
conjugates were prepared by reacting ferritin and affinity purified IgG goat 
anti-rabbit F(ab) with glutaraldehyde [24]. After the reaction, free IgG, ferritin 
aggregates and most of the free ferritin molecules were separated from the IgG/ 
ferritin conjugates by chromatography on a 6% agarose gel [25]. The conjugate 
was adsorbed by rat liver microsomes just before use [26]. The analysis of the 
reactivity of the anti-cytochrome bs F(ab) fragments and of the IgG/ferritin 
conjugates were reported in a preceding paper [8] 

Cytochrome bs binding and immunological labeling of the plasma membrane 
The plasma membrane preparation (1 mg protein) was incubated for 20 min 

at 37°C with 30 nmol of D-cytochrome bs in 1 ml of 10 mM Tris-HC1 buffer, 
pH 7.4. T-Cytochrome bs was used in a control experiment. The membranes 
were spun down by centrifugation at 30 000 X g for 15 min in a Sorval centri- 
fuge and washed twice with 10 ml buffer. Cytochrome bs was assayed on half 
the preparation. The other half was incubated for 1 h at 4°C, in 1 ml of the 
same buffer containing 20 mg of bovine serum albumin, with anti-cytochrome 
bs F(ab). The amount  of F(ab) fragments was calculated to have a binding 
activity twice as high as the amount  of membrane-bound cytochrome bs 
present in the test. A similar fraction was incubated with normal F(ab) as a 
control. The membranes were washed twice as described above. They were then 
incubated for 15 min at 4°C in the presence of 40 mg of bovine serum albumin 
with the anti-F(ab) ferritin conjugate. The amount  of conjugate introduced 
corresponded to two ferritin molecules per cytochrome b5 present in the prep- 
aration. Finally, the membranes were washed three times as before and 
resuspended in 0.9% NaC1 solution. One sample of the final preparation was 
incubated with a low amount  of digitonin (0.3 mg digitonin per mg protein). 
Another sample was incubated for 10 min at 4°C with purified vesicular 
stomatitis virus (Indiana c strain) kindly provided by J. Holland. The mem- 
branes were again washed twice as mentioned above. All the preparations were 
fixed with 1.5% glutaraldehyde, collected on millipore filters and embedded in 
epon [27]. 

The saturation curves were performed in the same conditions except that  the 
washings were performed at 100 000 X g for 30 min in order to sediment the 
microsomal membranes. 

Results 

Membrane preparations 
Table I summarizes the biochemical properties of the membrane prepara- 

tions. The purification of the plasma membrane compared to the homogenate 
is 24-fold considering the two enzyme markers: alkaline phosphodiesterase 1 
and 5'-nucleotidase. The protein content  and the enzyme activity of the micro- 
somal preparation are lower than the results reported by Amar et al. [19] but 
the relative specific activities of  the enzymes are quite similar. 
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Cons t i t uen t  * P repa ra t ion  

Plasma m e m b r a n e  I Microsomes  

% of RSA ** % of RSA ** 
h o m o g e n a t e  b o m o g e n a t e  

Pro te in  0 .32  1 14.4 1 
Alkal ine p h o s p h o -  

diesterase I 7.1 22.2 42 .3  2.94 
5 ' -Nucleot idase  8.3 25.9 47 .4  3.29 
Glucose -6 -phospha tase  0 .12  0.37 63 .0  4 .37  
N A D H - d e p e n d e n t  cy to -  

c h r o m e  c r educ t a se  0 .18  0 .57  47 .6  3 .30  
C y t o c h r o m e  oxidase  0 .18  0 .55  5.7 0 .39  

C y t o e h r o m e  b 5 c o n t e n t  0 .07 0 .46  
( n m o l / m g  p ro t e in )  

* Recover ies  of  f rac t ions  c o m p a r e d  to  the  h o m o g e n a t e  r anged  b e t w e e n  85 an d  105%. 
** Relat ive  specific ac t iv i ty ,  ca lcu la ted  as the  ra t io  of  the  pe rcen t age  of  e n z y m e  ac t iv i ty  to  the  pe rcen t age  

of  p ro t e in  c o m p a r e d  to the  h o m o g e n a t e .  

In Table II, we converted the relative specific activity of  the enzymes given 
in Table I into percentages of  the protein of  each preparation attributable to 
the corresponding membranes. The data show that the plasma membrane prep- 
arations are not  pure and are contaminated by endoplasmic reticulum and 
mitochondrial membranes. In other preparations, assays for galactosyltrans- 
ferase were performed and we calculated that Golgi elements represented about 
3% of  the protein of  the plasma membrane preparation and 4% of  the micro- 
somes (not shown).  

T A B L E  II 

E S T I M A T I O N  OF T H E  A M O U N T  OF T H E  P R O T E I N  R E L A T E D  TO S U B C E L L U L A R  C O M P O N E N T S  
IN EACH P R E P A R A T I O N S  

Calcula t ions  were  p e r f o r m e d  accord ing  to  Le igh ton  et  al. [ 28] .  Values are  expressed  in pe rcen tages  of  the  
p ro t e in  of  the  f rac t ion .  The  relat ive specific act ivi t ies  were  t ak en  on an  average  of  30  for  5 ' -nucleot idase  
and  alkal ine phosphod ies t e ra se  I in the p lasma  m e m b r a n e s ;  4 for  N A D H - c y t o c b r o m e  c r educ t a se ,  an d  5 
for  g lucose-6-phospha tase  in the  e ndop l a s ma t i e  r e t i c u l u m ,  an d  10 for  e y t o e h r o m e  oxidase  in the b r o k e n  
m i t o c h o n d r i a .  To e s t ima te  the  a m o u n t  of  e ndop l a s ma t i c  r e t i cu lu m (ER)  m e m b r a n e s  in the  p repa ra t ions ,  
we used  a co r r ec t ed  value for  the  N A D H - d e p e n d e n t  c y t o c h r o m e  e r edue t a se  ac t iv i ty  a s suming  tha t  the  
e n z y m e  associa ted  wi th  the  m i t o c h o n d r i a  r ep resen t s  20% of the  to ta l  l iver ac t iv i ty  [ 1 9 ] .  

C o m p o n e n t s  P repa ra t ions  

Plasma Mic rosomes  
m e m b r a n e  (%) 
p r e p a r a t i o n  
(%) 

Plasma m e m b r a n e  80.0 10 .4  
ER m e m b r a n e  10.0 84 .0  
Mi toehondr i a  5.5 7.8 

Tota l  95 .5  102 .2  
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The binding o f  cytochrome bs to the membranes 
The saturation curve of  cytochrome bs binding to the microsomes is 

presented in Fig. 1. As previously shown [5], the microsomal membranes bind 
large amounts of the hem•protein .  The larger part of  the bound cytochrome 
(about  90%) is reduced by the NADH-cytochrome bs reductase. The same 
experiment was performed with the plasma membrane preparation (Fig. 2). In 
this case, much less cytochrome can be bound and only a small part of  the total 
bound hem•prote in  is reduced by the NADH cytochrome bs reductase. From 
Figs. 1 and 2, one can calculate the ratio between the amount  of  cy tochrome 
b5 non-reduced to reduced in the presence of  NADH. This ratio is constant for 
all the concentrations of  cytochrome bs tested and is found to be around 1.6 
and 0.1, respectively, for the plasma membrane and the microsomal prepara- 
tions. When an equal amount,  calculated on a protein basis, of  both prepara- 
tions was incubated with cytochrome bs and the amount  of bound cytochrome 
measured, we observed a constant ratio of  0.3. All these observations show that 
this ratio is hardly affected by the amount  of cytochrome bs incubated with 
the membrane but  mostly depends on the composit ion of  the preparation; the 
more the amount  of  plasma membrane there is in the preparations, the higher 
the ratio. 

In the labeling experiments, after cytochrome bs incubation with the plasma 
membrane preparation, the amount  of  bound hem•prote in  reduced by NADH 
was 0.131 and 1.4 nmol/mg protein for the control  (T-cytochrome bs) and for 
the test (D-cytochrome bs), respectively; the total amount  reduced by Na2S204 
was 0.22 and 3.5 nmol/mg protein for the control and for the test, respectively. 
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Fig. 1. B ind ing  o f  c y t o c h r o m e  b 5 to  m i c r o s • r u e s .  T h e  b i n d i n g  was  car r ied  ou t  fo r  20 ra in  a t  37°C ,  as 

desc r ibed  in Mater ia ls  a n d  M e t h o d s .  T h e  values  o b t a i n e d  w i t h  D - c y t o c h r o m e  b 5 were  c o r r e c t e d  for  t h e  

b i n d i n g  o f  T - c y t o c h r o m e  b 5. • *,  c y t o c h r o m e  b 5 r e d u c e d  b y  N a 2 S 2 0 4 ;  • e,  e y t o c h r o m e  b 5 
r e d u c e d  in  t h e  p r e s e n c e  of  N A D H ;  * *, c y t o c h r o m e  b 5 n o n - r e d u c e d  by  N A D H .  

Fig.  2. B ind ing  o f  c y t o c h r o m e  b 5 to  p l a s m a  m e m b r a n e  p repaza t ion .  The  b i n d i n g  was ca r r i ed  o u t  for  20 
m i n  at  37°C,  as desc r ibed  in Mater ia ls  a n d  M e t h o d s .  T h e  a m o u n t s  o f  b o u n d  D - c y t o c h r o m e  b 5 w e r e  
c o r r e c t e d  for  t h e  b i nd ing  of  T - c y t o c h r o m e  b 5. • A c y t o c h r o m e  b 5 r e d u c e d  by  N a 2 S 2 0 4 ;  
• • ,  c y t o c h r o m e  b 5 r e d u c e d  in  t h e  p r e s e n c e  of  N A D H ;  * *, c y t o c h r o m e  b 5 n o n - r e d u c e d  b y  
N A D H .  
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Morphological observations 
The morphological aspect of  the control experiment obtained after the 

incubation of  the plasma membrane with D-cytochrome bs, normal F(ab) frag- 
ments and anti-F(ab)/ferritin conjugate is presented in Fig. 3. The preparation 
contains mostly large and small vesicles without  precise characteristics. Some 
particular structures can tentatively be associated with broken mitochondria.  
The non-specific binding of  the ferritin is very low. Further control obtained 
after the incubation of  the membranes with T-cytochrome bs, normal F(ab) 
and the conjugate was very similar and is not  presented. 

Fig. 4. presents the labeling of  endogeneous cytochrome bs in the plasma 
membrane preparation; only a few small vesicles and some membranes which 
originate from the mitochondria are labeled. The large membrane fragments are 
not  labeled; they originate from the plasma membrane since they show the 
typical fenestrated appearance after t reatment with digitonin (Fig. 4b). None 
of  the small labeled vesicles have the same behavior and are considered as 
contaminant  membranes probably derived from the endoplasmic reticulum 
membrane. 

After the incorporation of  D-cytochrome bs, the small and most of the large 
membrane fragments are labeled (Fig. 5). However the larger profiles carry 
ferritin on one face only which appears in the picture to be the inner face of  the 
vesicle. In Fig. 6, plasma membranes are easily recognizable by their fenestrated 
aspect; some of them are positively labeled, others not  at all. All the con- 

Fig. 3. P lasma m e m b r a n e s  i n c u b a t e d  with  D - c y t o c h r o m e  b 5 and  n o r m a l  F(ab)  be fo re  labeling w i t h  anti-  
F ( a b ) / f e r r i t i n  c o n j u g a t e .  O c c a s i o n a l  ferri t in  m o l e c u l e s  o n  the  surface  o f  t h e  m e m b r a n e s  (a r row) .  P robab ly  
s t ruc tu res  de r ived  f r o m  m i t o c h o n d r i a  (M). X 50 000.  
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Fig. 4. (a) P lasma m e m b r a n e s  i n c u b a t e d  wi th  T - c y t o c h r o m e  b 5 and  F(ab)  a n t i - c y t o c h r o m e  b 5 be fo re  
labeling wi th  an t i -F (ab ) / f e r r i t i n  conjugate .  Large m e m b r a n e  f r ag men t s  devoid  o f  farr i t in  (large a r rows) ;  
small  prof i les  heavi ly  labeled  (small  a r rows) .  Mi tochondr i a  (M) showing  a posi t ive  reac t ion  on  the outs ide  
of  the  ou te r  m e m b r a n e .  × 5 0 0 0 0 .  (b)  Same p r e pa ra t i on  b u t  i n c u b a t e d  wi th  d ig i ton in  be fo re  f ixa t ion  
wi th  g lu t a ra ldehyde .  P lasma m e m b r a n e s  (PM) recogn ized  by  the i r  typ ica l  f enes t r a t ed  a p p e a r a n c e  are n o t  
labeled.  SmaLl prof i les  (small  a r rows)  a nd  m i t o c h o n d r i a  (M) n o n  a l te red  b y  digi tonin  and  car ry ing  ferr i t in  
molecules .  × 50  000.  
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Fig. 5. Plasma m e m b r a n e s  labe led  w i t h  ant i -F(ab) / ferr i t in  co njug a te  a f ter  i n c u b a t i o n  w i t h  D - c y t o c h r o m e  
b 5 and F(ab)  a n t i - c y t o c h r o m e  b 5. Large m e m b r a n e  f ragments  s igni f icant ly  labe led  m o s t l y  on  the  innez 
face  o f  the  ves ic les  ( d o u b l e  arrows) .  Smal l  prof i les  heavi ly  labeled on  the  o u ter  face  ( smal l  arrows) .  
X 5 0 0 0 0 .  
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F ig .  6 .  P l a s m a  m e m b r a n e s  p r e p a r e d  as  i n  F i g .  5 b u t  t r e a t e d  w i t h  d i g i t o n i n  b e f o r e  f i x a t i o n  w i t h  g l u t a r a l  
d e h y d e .  P l a s m a  m e m b r a n e s  ( P M )  i d e n t i f i e d  b y  t h e i r  f e n e s t r a t e d  a p p e a r a n c e  a re  e i t h e r  l a b e l e d  (doub l~  
a r r o w s )  o r  c o m p l e t e l y  d e v o i d  o f  f e r r i t i n  ( l a r g e  a r r o w s ) .  S m a l l  v e s i c l e s  ( s m a l l  a r r o w s )  a n d  l a rge  m e m b r a n e  
c o m p l e x e s  ( a s t e r i s k )  p r o b a b l y  d e r i v e d  f r o m  m i t o c h o n d r i a  a r e  h e a v i l y  l a b e l e d  o n  t h e  o u t s i d e  o f  th~ 
p r o f i l e s .  X 5 0  0 0 0 .  



573 

Fig. 7. P lasma membranes  prepared as in Fig. 5 b u t  i n c u b a t e d  wi th  the  vesicular  s tomat i t i s  virus be fo re  
be ing  e m b e d d e d .  Virus  (V) a t t a c h e d  to the  m e m b r a n e s .  P lasma m e m b r a n e s  showing  ferr i t in  on  the  inner  
face of  the  profi le  (doub le  ar rows) .  P lasma m e m b r a n e  non- labe led  wi th  ferr i t in  (large a r row) .  Small  
prof i les  w i t h o u t  virus par t ic les  bu t  heavi ly  labeled on  the  ou te r  face (small  a r row) .  Mi tochondr i a  (M) 
labeled  on  the  o u t e r  face of  t he  o u t e r  m e m b r a n e .  × 50 000 .  

taminants appearing as non-fenestrated membranes are heavily labeled. 
In Fig. 7 ( t h e  membranes were incubated with the vesicular stomatitis virus, 

washed and then embedded.  In each case it is clear that  the viruses bind to the 
opposite face of  the ferritin labeling. We know that viruses fix themselves to 
the plasma ~membrane of  isolated cells. The fact that  the outer  face of  the 
plasma membrane is the only side on which the virus will fix was demonstrated 
for the influenza virus [29]. In these pictures we conclude that the plasma 
membranes appear as right-side fragments with virus bound on the outer  and 
ferritin on the inner face. 

Discussion 

Compared  to the microsomes, the amount  of  cy tochrome bs measured in the 
plasma men~brane preparation (Table I) is low. Taking into account  the limits 
of  the immunochemical  methods,  it is clear from Fig. 4 that  the cytochrome bs 
detected in :the plasma membrane preparation is carried exclusively by con- 
taminant membranes. Fowler et al. [22] reached the same conclusion using an 
other immunochemical  reagent. When the plasma membrane preparation is 
incubated with D-cytochrome bs, the amount  of  bound hemoprotein is 35 
times the amount  initially present in the preparation (Fig. 2). Most of  it cannot  
be reduced in the presence of  NADH. The evidence that the protein is really 
bound to the plasma membrane is given in Figs. 5 and 6. Since the main con- 
taminant membranes which incorporate D-cytochrome bs are endoplasmic 
reticulum-derived vesicles and outer  mitochondrial  membranes (Tables I and II) 
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and since both  these membranes contain a NADH cytochrome bs reductase, we 
can consider, with a good approximation, that  the hemoprotein non-reduced 
by NADH, is the cytochrome bs bound to the plasma membrane. Assuming 
that this is correct, we can calculate from Table II and Fig. 1 that the 
maximum amount  of cytochrome bs bound solely to pure endoplasmic retic- 
ulum-derived vesicles is around 10.5 nmol/mg protein. Similarly when cal- 
culated from Table II and Fig. 2 the maximum amount  of cy tochrome bs 
bound to pure plasma membrane fragments would be 2.56 nmol/mg protein. 
We conclude that on a protein content ,  plasma membranes incorporated four 
times less cy tochrome b5 than the endoplasmic reticulum membranes. 

Still assuming that this s tatement is correct, we consider the ratio of  cyto- 
chrome bs (non-reduced to reduced) in the presence of  NADH, as a measure- 
ment  of  the hemoprotein bound to the plasma membrane compared to the two 
other subcellular membranes (endoplasmic reticulum and outer mitochondrial 
membranes).  This ratio is effectively very high in the plasma membrane prep- 
aration (containing mainly plasma membranes),  very low in a microsomal prep- 
aration (containing mainly endoplasmic reticulum-derived vesicles) and inter- 
mediate when the preparations are mixed. More surprising was the fact that 
these ratios were only slightly modified by the amount  of  cy tochrome b5 added 
to the preparation, indicating that the affinity of  cy tochrome bs is identical for 
the binding sites present in both  membranes or that  the speed of the cyto- 
chrome bs incorporation expressed per binding site is identical in both  mem- 
branes. 

All the distribution of  the ferritin on the plasma membranes observed after 
immunochemical labeling of  the cytochrome bs (Figs. 5--7) are explained if we 
accept that cytochrome bs binds only to the inner face of the plasma mem- 
brane. Indeed, ferritin is only found on one face which appears in the picture as 
the inner face (Figs. 5 and 6) and which is opposite to the virus fixation 
(Fig. 7). When right-side-out membranes are resealed, no binding of  the cyto- 
chrome b5 can be observed, explaining why some vesicular membranes appear 
devoid of  ferritin. Binding of  cy tochrome bs on the inner face of the plasma 
membranes isolated from human erythrocytes  has already been reported [9]. 
The interpreation given for this asymmetric binding was that cholesterol was 
mostly present on the outer  layer of  the membrane and prevented the 
incorporation of  the cytochrome in the lipid bilayer. However, Roseman et al. 
[30] have shown that cholesterol does not  prevent the incorporation of  D-cyto- 
chrome bs in artificial vesicles. It is also possible to incorporate integral 
proteins isolated from red cell membranes into lipid vesicles containing choles- 
terol [31].  The debate on the subject is open [32] but  it seems to us more 
plausible to postulate the presence at the periphery of  the cell of  a barrier 
which could prevent the incorporation of any foreign hydrophobic  molecule 
into the lipidic phase. This barrier would include glycoproteins and glycolipids 
which extend to the outside of  the plasma membrane [33] and which represent 
only one example of  the asymmetry  found in the biological membranes [34]. 

The binding of  D-cytochrome bs on isolated rat liver plasma membranes 
completes the work already realized on other subcellular membranes [ 1,8] and 
the studies on the association of  cytochrome bs with hydrophobic  substances 
like phospholipids and detergents [10--15].  It reinforces the idea that  the fixa- 
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tio~ of  an integral protein on subceUular membranes is a non-specific 
phenomenon and that the only reason for an integral protein to be inserted 
into a membrane,  is its hydrophobic  association with the hydrophobic  part of  
the lipids. We must emphasize that  important  differences exist in the isolation 
procedures and fixation conditions of  D-cytochrome b5 on the membranes,  so 
that  quantitative comparisons between these results are possible, only if the 
treatments do not  alter the binding. A new report [35] indicates that some 
integral proteins found in a soluble form in the cytosol are also able to bind in 
vitro into isolated plasma membranes. 

The absence of  endogeneous cytochrome bs from the plasma membrane is 
probably linked to its biosynthetic site. Some authors have proposed that the 
integral proteins are generally synthetized on free ribosomes and then released 
in the cytoplasm where they would bind to their respective membranes 
[36--38].  Recently,  Harano and Omura [39] showed that cy tochrome bs is 
synthetized on endoplasmic reticulum-bound ribosomes. Our results also favor 
this latest explanation since no endogeneous cytochrome b s is ever found on 
the plasma membranes, whereas it is possible for the protein to bind in vitro. 
This observation also raised the problem of  interrelationship existing between 
the subcellular membranes. More precisely, we question about  the mechanism 
of secretory protein transit from the endoplasmic reticulum to the plasma 
membranes through the way of  the Golgi apparatus [40--45].  We know from 
biochemical analysis that  membrane enzymes located in the endoplasmic retic- 
ulum, like cytochrome bs, are not  found in the Golgi nor in the plasma mem- 
brane. The fact that  cytochrome bs can bind to these t wo  membranes indicates 
that there is no incompatibili ty between an integral protein of  the endoplasmic 
reticulum and the plasma membrane,  nor for the Golgi membrane [8] ; it is our 
opinion that in the cell, cytochrome bs never comes into contact  with these 
membranes; a selection mechanism must exist which prevents the movement  of  
the integral protein from one subcellular compartment  to the other  although 
soluble proteins transit through these organelles. 

In this context  it is very interesting to compare the mechanism of this 
specific transport  protein with the budding of  the specific integral proteins of  
the viral capside [46].  
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