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G l y c o p r o t e i n s  of  m o u s e  l iver s m o o t h  m i c r o s o m a l  and p l a s m a  m e m b r a n e  

frac t ions  

Glycoproteins are present in the membranes of most cells where they probably 
play important structural and functional roles 1. Yet, current membrane models2, a 
regard the cell membrane as composed almost exclusively of lipid and protein mole- 
cules and give little consideration to the presence and role in mammalian membranes 
of carbohydrate moieties linked covalentlv to protein. Chemical estimation of cell 
membranes indicates that up to Io % of the membrane dry weight can consist of 
carbohvdrateL Histochemical studies 5 have shown the presence of carbohydrates, 
especially, in the region of the Golgi apparatus and on the surface membranes of cells. 
Electrophoretic studies 6 have also pinpointed the presence of sialic acid on the surface 
of cells. It is therefore pertinent to examine the distribution and approximate inole- 
cular size of the glycoproteins present in membranes. In the present report, the glyco- 
proteins of tire smooth microsomal and plasma membrane fractions of mouse liver 
tissue have been studied. 

Polvacrvlamide gel electrophoresis in sodium dodecyl sulphate represents one 
of the best analytical systems currently available for exalnining the complexity and 
molecular size distribution of the constituent proteins of membranes7, s. Membrane 
proteins resolved by eleetrophoresis in thin sheets of aerylamide gel containing sodium 
dodecvl sulphate can therefore be examined for the presence of proteins or carbo- 
hydrates. A general stain such as Procian Blue is used to visualise the proteins. The 
Schiff periodate procedure used to stain for carbohydrate demonstrates not only 
carl)ohvdrate constituents containing vicina! hydroxyl groups but also any proteins 
having an N-terminal serine, threonine or an v.-hydroxylearboxylic acid. Membrane 
proteins so far examined are deficient in N-terminal serine and threonine residues", 
and therefore the most significant reaction of the Schiff periodate procedure will be 
with proteins containing covalentlv bound carbohydrates. This procedure should 
therefore give an indication of the number and molecular weight of glycoproteins 
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T A B L E  I 

CHEMICAL AND ENZYMIC COMPOSITION OF MOUSE LIVER SMOOTH MICROSOMAL AND PLASMA MEM- 
BRANE FRACTIONS 

T h e  t w o  f r a c t i o n s  w e r e  p r e p a r e d  as s h o w n  in S c h e m e  i .  N e u t r a l  s u g a r s  a n d  sial ic ac id  w e r e  d e t e r -  
m i n e d  on  w a t e r - w a s h e d  m e m b r a n e s  b y  t h e  m e t h o d  of DUBOlS et al. 11 a n d  AMINOFF 12, r e s p e c t i v e l y .  

Fraction 5"-Nucleotidase Glucose- Neutral sugars Sialic acid 
(l~moles Pi 6-phosphatase (l~g hexose/~g (nmoles/mg 
liberated per mg (l~moles Pi protein) protein) 
protein per I*) liberated per mg 

protein per h) 

S m o o t h  m i c r o s o m e s  1.8 5.9 46 17.° 
P l a s m a  m e m b r a n e s  16.6 o. t 44 34 .0 

present in relation to the total number of proteins present in the membrane fractions 
examined by acrylamide gel electrophoresis in sodium dodecyl sulphate. 

The smooth microsomal and plasma membrane fractions were prepared from 
liver homogenates as shown in Scheme I and the enzymic activities determined as 
already described s, 10. The membrane fractions were first examined for enzynle markers 
and the total neutral sugar and sialic acid contents were determined (Table I). 
Although both fractions had a similar neutral sugar content, the plasma membrane 
fraction contained a characteristically higher amount of sialic acid. 

Electrophoresis in sodium dodecyl sulphate-containing polyacrylamide gels re- 
solved both the smooth microsomal and plasma membranes into a large number of 
components (Figs. IA, IC). Each fraction is seen to be of a different protein com- 
position, but both membrane fractions contain protein constituents which extend 
across a wide molecular weight range. Microsomal membranes consistently showed 
a preponderance of low molecular weight components. Since the snlooth microsomal 
fraction presumably contains some lysosomes, the presence of these low molecular 
weight components could be the result of the action of proteolytic enzymes. 

Gels stained by the Schiff-periodate procedure showed that many of the protein 
bands also contained carbohydrate. In the plasma membrane fraction (Fig. IB) a 
major glycoprotein or group of glycoproteins (Band 4) of approximate molecular 
weight 14oooo was present. Other bands of lesser intensity and covering a wide range 
of molecular weight were also identified. The intensely staining bands at the electro- 
phoretic front probably represent glycolipid material, since in the sodium dodecyl 
sulphate procedure, all lipids, being of low molecular weight, would be expected to 
have migrated to this point. In the smooth microsomal fraction (Fig. I D )  approx. 
8 bands covering a wide molecular weight range were stained. Tile two bands near 
the electrophoretic front (Bands 6 and 7) may represent nascent glycoprotein chains, 
for the smooth microsomal fraction would contain membranes derived from elements 
of the endoplasmic reticulum and the Golgi apparatus, and the latter component is 
now accepted as being a major subcellular site of glycoprotein syntllesis 13. 

The molecular weights of membrane proteins and glycoproteins determined by 
the above procedure are obtained by comparison with the position of migration of 
standard protein markers of known molecular weight 14. However, the molecular 
weights determined for membrane proteins by this method must be regarded as ap- 
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Fig. 1. Polyacrylamide gel electrophoresis densitometer tracings of mouse liver menlbrane 
fractions. I)irection of electrophoretic migration is from right to left. Plasnm membranes, stained 
for protein (A) or glycoprotein (13) ; smooth microsomes, stained for protein (C) or glycoprotein (l)). 
Electrophoresis was performed in 7°, ', acrylamide gels containing o.i°{~ (w/v) sodium dodecyl 
sulphate m a flat plate electrophoretic apparatus  as previously described 8. Membrane fractions 
(5oo/,g) dissolved in 50o (w/v) sodium dodecyl sulphate containing a few drops of glycerol were 
used per run. l:ollowing electrophoresis for I0 h at  a constant  current of 9 mA, protein bands 
were visualised in r 0c, (w/v) Procian Blue in methanol acetic acid water (8: I: Jl,  by vol.) and 
destained in the same solvent, l:or glycoprotein staining, gels were left fur 3 ° rain in to~{~ (w/v) 
trichloroacetic acid, and following a water wash, they were reacted with 2.5 o{, (v/v) periodic acid 
dissolved in 3°i~ (v /v )  acetic acid for 6o min. Excess periodic acid was removed by extensive 
overnight washing with water and the bands visualised by immersion in Schiff reagent (British 
Drug Houses) for 45 rain in the clark. The following marker proteins (5 °/~g) were used (a) rabbi t  
immunoglobulin G, tool. wt. [5oooo; (b) adenosine deaminase (Boehringer), tool. wt. 35ooo; 
(c) trypsin (\\:orthington), tool. wt. 24 ooo. Gels stained to visualise protein or carbohydrate were 
photographed and the prints used to obtain the tracings shown by reflectance using a Joyce-Loebl 
Chromoscan Mk I1 densitometer. Glycoprotein tracings were made at about 3 times higher sensi- 
t ivi ty than protein tracings. 

p r o x i m a t e .  I t  h a s  b e e n  s h o w n  t h a t  m o s t  c h a r a c t e r i s e d  p r o t e i n s  b i n d  9 0 - I 0 0  % of 

t h e i r  w e i g h t  of s o d i u m  d o d e c y l  s u l p h a t e ,  a n d  t h e  use  of s e c r e t e d  g l y c o p r o t e i n  m a r k e r s  

h a s  s h o w n  t h a t  t h i s  is n o t  g r e a t l y  a f f ec t ed  b y  t h e  p r e s e n c e  of l a rge  a m o u n t s  of c a r b o -  

h y d r a t e  o n  t h e  p r o t e i n  15. H o w e v e r ,  m e m b r a n e  p r o t e i n s ,  u n l i k e  t h e  h y d r o p h i l i c  m a r k e r  

p r o t e i n s  used ,  a re  k n o w n  to  possess  h y d r o p h o b i c  p r o p e r t i e s  a n d  m a y  t h e r e f o r e  b i n d  

a d d i t i o n a l  a m o u n t s  of s o d i u m  d o d e c y l  s u l p h a t e ,  as a l r e a d y  s h o w n  w i t h  v i r a l  e n v e l o p e  

p r o t e i n s  16, r e s u l t i n g  in s l i g h t l y  e r r o n e o u s  m o l e c u l a r  w e i g h t s  b e i n g  d e t e r m i n e d  b y  t h e  
p r e s e n t  p r o c e d u r e .  
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The results presented clearly indicate tha t  liver smooth microsomal and plasma 

membrane  fractions conta in  a number  of glycoprotein moieties now identified by  the 
Schiff-periodate s ta ining procedure. In  addition, the liver plasma membrane  fraction 
possesses a major  glycoprotein or group of glycoproteins of similar molecular size. 
Studies on erythrocyte  membranes  ~v have shown that  two major  glycoproteins of 
molecular weight 3o ooo can be extracted. Recent ly  ~s, it has been shown by  aerylamide 
gel electrophoresis and  differential s ta ining tha t  h u m a n  erythrocyte  membranes  
conta in  a major  glycoprotein of molecular weight Iooooo. Soluble glycoprotein frag- 
ments  of molecular weight 7oooo carrying the H.2 alloantigenic sites have been iso- 
lated from mouse spleen after digestion of cell membranes  by  papain  19. 

The range of glycoproteins now shown to be present in liver membranes  ma y  
have a number  of impor tan t  functions.  Plasma membrane  glycoproteins have been 
implicated in cell contact,  metastat ic ,  antigenic and  t ranspor t  phenomena  2°. Fur ther  
studies on the composition, biosynthesis and turnover  of liver membrane  proteins 
and  glycoproteins are in progress. 

I t hank  Dr. H. R. Perkins for encouragement  and  helpful discussions and  Mr. 
R. Fordham for technical assistance. Rabbi t  immunoglobul in  G was kindly  dona ted  
bv Dr. D. G. Snly th  of this Ins t i tu te .  
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