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Summary 

Microsomes from rat liver, prepared by  gel filtration, were subjected to cen- 
trifugation in a continuous sucrose density gradient containing a low concentra- 
tion of  deoxycholate .  The membranes were subfractionated into five bands dif- 
fering in appearance and equilibrium density. Each band, when analysed by 
sodium dodecyl  sulphate polyacrylamide gel electrophoresis, displayed a char- 
acteristic populat ion of  membrane proteins. 

Microsomal membranes from rat liver contain over 100 different polypep- 
tides [1]. Although information is accumulating on the transverse disposition 
of some microsomal proteins [2],  the organisation of  proteins in the lateral 
plane of  the membrane is at present not  well understood.  It has been suggested 
that some of the enzymes of  the endoplasmic reticulum which catalyze consec- 
utive reactions, such as the cytochrome P-450-1inked electron-transfer chain, 
may be arranged in complexes within the membrane, analogous to those in the 
inner mitochondrial  membrane [ 3 ]. So microsomal membranes may be hetero- 
geneous in the membrane plane, with proteins segregated in specific patches of  
the membrane.  In an original approach to this question, Winqvist and DaUner 
[4] showed that  microsomal membranes centrifuged in a sucrose gradient con- 
taining sodium deoxychola te  can be subfractionated into five bands with spe- 
cific enrichment of  different enzymes in each band, and partial separation of  

Abbreviation: SDS, sodium dodecyl sulphate. 
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electron transfer enzyme activities from glucose-6-phosphatase. Subsequently,  
Stasiecki et al. [5] have reported on the distribution of  further enzymes 
between microsomal subfractions obtained by this method.  These papers, how- 
ever, do no t  indicate the extent  to which microsomal proteins as a whole are 
fractionated by this procedure.  In this paper, we report  characterization by 
SDS-polyacrylamide gel electrophoresis of  the polypept ide composi t ion of  sub- 
fractions obtained from microsomal membranes by  using the method of  
Winqvist and Dallner [4].  

Microsomes were prepared by gel filtration (Sepharose 2B) of  a post-mito- 
chondrial supernatant from livers of  male Sprague-Dawley rats, as described 
previously [1,6].  Gel-filtered microsomes were collected by centrifugation 
(105 000 X gay, 1.5 h) and were then (i) washed in 0.15 M Tris-HC1, pH 8.0, 
(ii) suspended in water, incubated for 30 min at 30°C and collected by centrifu- 
gation as above, (iii) re-washed in 0.15 M Tris-HC1, pH 8.0. The washed micro- 
somal membranes were resuspended in 0.13 M sucrose and gently layered onto 
a sucrose gradient which was prepared as follows. A continuous linear sucrose 
density gradient (22 ml, 1.15--1.05 gm/cc was prepared in an MSE mixing 
chamber and poured onto a 1 ml cushion of  2.0 M sucrose in a 25 ml centrifuge 
tube. Sodium deoxychola te  (0.19%) and Tris-HC1 buffer (50 mM, pH 7.5) were 
present throughout  the gradient. Centrifugation was carried out  in a swing-out 
rotor  at 80 000 X gay for 13 h at 4°C; the rotor  was allowed to coast to a halt at 
the end of  the run. Gradients were then fractionated from the bo t tom using a 
Watson-Marlow flow inducer, to give 80 aliquots each of  0.3 ml. A sample 
(0.05 ml) of  each aliquot was diluted with 1 ml of  water and absorbance was 
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F i g .  1. ( a )  D i a g r a m  i l lustrating the  appearance  o f  the  r n i e r o s o m a l  s u b f r a c t i o n s  a f t e r  e e n t r i f u g a t i o n  in  a 
c o n t i n u o u s  sucrose  gradient  c o n t a i n i n g  0 . 1 9 %  ( w / v )  d e o x y c h o l a t e .  De ta i l ed  descr ipt ions  o f  the  bands  a r e  
m e n t i o n e d  in the  t e x t .  ( b )  • a absorbance  prof i l e  at  2 6 0  nrn  o f  t h e  a l i q u o t s  f r o m  the  g r a d i e n t  c o n -  
t a i n i n g  s u b f r a c t i o n a t e d  m i c r o s o m e s .  Major absorbance  peaks  m a r k e d  b y  the  arrows  c o r r e s p o n d  t o  t h e  

bands  visible in t he  tube  a f ter  c e n tr i fu ga t ion .  A l i q u o t s  f or ming  major  absorbance  peaks  w e r e  p o o l e d  into  
fract ions  1 - - 8  as  s h o w n  in  t h e  d i a g r a m .  • . . . .  e ,  prof i le  of  sucrose  dens i ty  gradient  a long the  length o f  
the  t u b e  a f ter  cen t r i f ug a t ion .  Th e  gradient  was  traced b y  de termin ing  sucrose  rnolarity b y  r e f r a c t o m e t r y  
i n  the  harves ted  a l i q u o t s .  
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monitored at 260 and 280 nm. Correction was made for background absor- 
bance by sucrose. Aliquots forming major peaks of  absorbance (Fig. lb)  were 
pooled. Protein content  [7], cytochrome P-450 [8], cytochrome bs [8], 
NADH and NADPH-cytochrome c reductases [9] and glucose-6-phosphatase 
[10,11] activities were determined in each of the pooled fractions. SDS-poly- 
acrylamide gel electrophoresis was performed in a linear polyacrylamide gra- 
dient (16--7%) as described previously [ 1 ]. 

Fig. l a  indicates the appearance of the subfractions obtained after centrifu- 
gation in a continuous sucrose gradient containing 0.19% (w/v) deoxycholate.  
The lowest visible band (density 1.15 gm/cc) was relatively narrow with a fine 
greyish appearance, the next (density 1.13 gm/cc) was more diffuse with white 
aggregated particles and the central band (1.10--1.11 gm/cc) was faint, diffuse 
and flakey in appearance. The two upper bands were in close proximity; the 
lower of these two appeared as a vivid wide red band (1.07--1.08 gm/ce) and 
the upper as a narrow creamy band (1.05 gm/cc). Two additional bands in the 
lowest section of the gradient, and one at the top, were only detectable by 
their ultraviolet absorbance. Fig. l b  indicates the A260 profile, the sucrose mo- 
larity gradient,  the aliquots which were pooled and the numbering of the 
pooled fractions. 

The distributions of a number of enzyme activities between the isolated sub- 
fractions are shown in Fig. 2. As observed by previous workers [4,5], glucose- 
6-phosphatase activity was found in two regions of the gradient; most was in 
fraction 3, but  significant activity was also present in fraction 7. NADH- and 
NADPH~ytochrome c reductase activities were also partially separated, with 
the former enriched in fractions 6 and 7, and the latter in fraction 5. The distri- 
butions of cytochromes bs and P-450 matched those of their respective reduc- 
tases; so that  the components of the NADPH-linked electron-transfer chain 
appeared at a slightly greater median density than those of the NADH-linked 
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Fig .  2. D i s t r i b u t i o n s  o f  p r o t e i n s  and  e n z y m e  act iv i t ies  in t h e  i s o l a t e d  s u b f r a c t i o n s .  Assay  m e t h o d s  are 
r e f e r r e d  t o  i n  t h e  t e x t .  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  was  d e t e r m i n e d  a t  3 0 ° C ;  N A D H -  a n d  N A D P H -  

c y t o c h r o m e  c r e d u c t a s e  a c t i v i t i e s  a t  2 0 ° C .  C o n t r o l  e x p e r i m e n t s  ind ica te  t h a t  t h e  e f f e c t s  o f  t h e  d e o x y -  

chola~e  p r e s e n t  o n  t h e  m e a s u r e d  e n z y m e  a c t i v i t i e s  are  s m a l l ,  a n d  w o u l d  n o t  s i g n i f i c a n t l y  a l t e r  t h e  ob-  

s e rved  d i s t r i b u t i o n s .  
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Fig. 3. SDS-polyacrylamide gel electrophoresis (SDS PAGE) (linear gradient 16--7%). 1, total  microsomal 
proteins;  2, fraction 1; 3, fraction 2; 4, fraction 4; 5, fraction 5; 6, fraction 6; 7, fraction 7; 8, fraction 8; 
9, marker  proteins (molecular  weight in parentheses), haemoglobin (17000) ,  ~-ehymotrypsinogen 
(25 000), aldolase (40 000), ovalbumin (45 000), glutamate dehydrogenase (53 000), bovine serum albu- 
min (68 000),  phosphorylase a (94 000), j3-galactosidase (130 000). 

chain. These enzyme distributions are in agreement with those determined by 
previous investigators [4,5]. 

These microsomal subfractions have, until now, only been characterised in 
terms of  a few enzyme activities. The exposure to sodium deoxycholate may 
inactivate or modify some of the enzymes in the subfractions. So it would be 
useful to have a more comprehensive view of  the extent  to which this proce- 
dure distributes microsomal proteins specifically into subfractions. We have 
characterised the isolated subfractions by SDS-polyacrylamide gel electro- 
phoresis (Fig. 3). It is clear that  while most proteins appear in more than one 
fraction, there is significant concentration of most proteins into specific 
regions of  the gradient. Thus, fraction 1 contains mostly low molecular weight 
proteins; this fraction had the highest A260 : A280 ratio, suggesting that  mainly 
ribosomal proteins are present in this fraction. Of the two proteins in the 
region of  mol. w t .  17 000 and 18 500, only the former is segregated in fractions 
2 and 3, and only the latter in fractions 7 and 8. Both of  the proteins are pres- 
ent in fractions 5 and 6. The microsomal electron-transport enzymes with 
molecular weights in the region of 45 000--56 000 appear to be localised in 
fractions 5 and 6. Low molecular weight components  appear to be present in 
fractions derived from the lower section of  the gradient but are absent in upper 
fractions. Fraction 8 may comprise proteins that  are completely solubilised 
from the membrane by the detergent. 
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Together with further enzyme studies, this SDS-polyacrylamide gel electro- 
phoretic analysis may throw light on the mechanism by which microsomal 
membranes are subfractionated in the detergent-containing density gradient, 
and on the organisation of  proteins in the microsomal membrane. It also sug- 
gests that this procedure may be a useful preliminary fractionation step in the 
purification of  microsomal proteins. 
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