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Carbohydrate composition of the plasma membranes of rat ascites hepatoma 

I t  is be l ieved t ha t  c a rbohyd ra t e s  on cell surfaces m a y  p lay  i m p o r t a n t  roles in 
m a n y  biological funct ions of the  p lasma  membranes  1. In  this respect,  s tudies  on 
cancer  cells are of g rea t  impor tance  since it has been pred ic ted  tha t  ma l ignan t  t rans-  
fl)rmation of normal  cells m a y  be accompanied  by  changes in the  c a r b o h y d r a t e  com- 
posi t ion of the  p lasma  membranes  2, 3. Actua l ly ,  EMMELOT Ct a[. 4 and BENEDETTI AN1) 
EM.X.IVLOT a found larger  amoun t s  of neu t ra l  sugars and  sialic acid in the p lasma  mem- 
branes  of ra t  hepa toma-484 than  in those of normal  l iver cells, whereas hexosamine 
contents  were similar.  The analysis  was, however,  not  complete  in tha t  nei ther  neu t ra l  
sugars  nor hexosamines  were deternf ined individual ly .  

We have prepared  the p lasma  n lembranes  from a s t ra in  of ra t  ascites hepa toma  
and  precisely de te rmined  thei r  ca rbohvdra t e  composi t ion.  The ca rbohydra t e s  ap- 
peared  to be from both  g lycoprote ins  and glycolipids.  

Ascites hepa toma,  A H  7974 F, which is a free cell tumor ,  was t r ansp lan ted  
in t raper i tonea l ly  to inbred  ra ts  of Mor iyama s t ra in  weighing 15o g ( I .  IO 7 cells per  
rat) ,  and the cells were ha rves ted  af ter  3 days.  The cells were washed with o.c) °o NaCI 
by  cent r i fugat ion  at  I5O x g for I rain. To prepare  the p lasma membranes ,  tlle me thod  
of WARREN t't al. ~ was adop ted  with some modif icat ions which had been used for the 
p repara t ion  of the p lasma  membranes  from L cells. Thus, 3 vol. of a solution of 
fluorescein mercur ic  ace ta te  (I mg/mI of 2o mM Tris HCI buffer, p H  8.o) were added  
to the washed cell suspension (i g of wet (:ells per  2 ml of o. 9 °o NaC1). Af ter  s t and ing  
for 5 rain at  room tempera tu re ,  the  suspension was chilled in ice and homogenized 
in a t igh t ly  f i t t ing Dounce homogenizer.  25-3 ° s t rokes  of the homogenizer  were found 
to be op t imal  for ob ta in ing  large cell ghosts,  checkedwi th  a phase-cont ras t  microscope.  
The homogenates  were then mixed  with  an equal  volume of 6o % sucrose and cen- 
t r i fuged at  4oo ~< g for 3o min to remove nuclei. The supe rna tan t  was fur ther  cen- 
t r i fuged at  2ooo × g for 6o rain to spin down the p lasma membranes .  The sediment  
was suspended in 6o °o sucrose conta in ing  IO mM Tris HC1 buffer, pH S.o, and 15 mM 
NaC1, the  volume being equal  to t ha t  of the  s ta r t ing  cell suspension. Three ml of 
the  suspension were placed at  the  bo t tom of a centr i fuge tube  and thereupon i ml 
each of 45 and 3o °0 sucrose was layered  successively.  Af ter  centr i fugat ion at  iooooo 
.. g for 6o rain in an RPS-4o ro tor  of a Hi tach i  u l t racent r i fuge  55P-2, the p l a sma  

membranes  were isola ted as bands  at  the  in terphase  between 3o and 45 °o sucrose. 
The membranes  were collected using a J - t y p e  pipet te ,  washed 7 -8 t imes with io  mM 
Tris HC1 buffer, p H  8.o, conta in ing 15 mM NaC1 by cent r i fugat ion  at  2ooo × g for 
3 o rain, then 2 3 t imes in a s imilar  manner  af ter  the  suspension s tood overnight  in 
the  cold and  finally suspended in water .  This way  of washing was necessary to ensure 
the  r emova l  of sucrose. The yield of p lasma  membranes  was about  i mg of pro te in  
from I g of packed  cells. Pu r i t y  of the  membranes  thus  ob ta ined  was examined  by  

electron microscopy.  
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Tile electron micrograph (Fig. I) shows tile p lasma  membranes  to be large 
ghosts,  as or iginal ly shown by \VAI~R~¢.X c! al/L Some fuzzy mate r i a l  was a t t ached  at  
the inner surface of tile membranes ,  but  contamina t ion  by  o ther  cell s t ruc tures  such 
as mitoch~mdria . r  endoplasmic  ret iculum appeared  to be insignificant.  

l : ig.  I. l ' . ' lect ron m i c r o g r a p h  ~f i s o l a t e d  p l a s m a  m e m b r a n e s ,  f ixed  in 1 ['[~ o s m i u m  t e t r o x i d e  (pH 7-4), 
cml)e( lde(I  in e p o x y  r e s in ,  all(1 s t a i n e d  w i t h  t l r a l l y l  a c e t a t e  ;11111 ] e a ( l  h y d r o x i d e  s. 75oo.  

'I 'A 13I,E I 

(:.\I,H3(~HYI)I~.ATI~ C O M ] ' O S I T I O N  ( IF  [ S O L A T F I )  P L \ S M A  MF, M B I , ' A N E S  OF  RAT A S C I T E S  I l E P A T O M A  : \ ~ [  

7974  F 

. \ n a l v s i s  of  c a r | ) o h v d r a t e s  \~as c a r r i e d  o u t  a s  follox~s; n e u t r a l  s u g a r s  ~ e r e  de ternl i l /e (1  b v  g a s  
l i q u i d  c h r o m a t o ~ l - a p h y  a f t e r  h y d r o l y s i s  in i .M 1I('1 a t  i o o '  for  8 h f o l l o w e d  b v  m e t h z m o l y s i s  
a n d  t r i m e t h y l s i l y l a t i o n  *, h e x o s a m i n e s  b y  a H i t a c h i  a m i n o  a c i d  a n a l y z e r  K L A - 2 1 3  a f t e r  h y d r o l y s i s  
in 2 M H( ' I  a t  Joo  fo r  i¢i h a n d  s ia l i c  a c i d  b y  t h e  m e t h o d  of  AMINOFF 9 a f t e r  h y d r o l y s i s  in o . i  M 
IICI a t  8 o  for  I h.  L i p i d  f ree  m e m t ) r a n e s  w e r e  p r e p a r e d  b y  e x t r a c t i n g  t h e  d r i e d  lneml i r~mes  
w i t h  c h l o r o f o r m  m e t h a n o l  (2:~,  \ ' /v)  fo r  24 h a t  r o o m  t e m p e r a t u r e .  P r o t e i n  w a s  d e t e r m i n e d  
a c c o r d i n g  to  Lowl~Y ~t al) ° a f t e r  s o l u t i o n  in o . r  M N a O i t .  

(Tarbohydrah' (nmoles/mg proh'in) 

I ~dact L@id-frcc 
tH~'tJll)l'a~lt's 111~'l~lbl'allgS 

l i u c ° s c  33 .6  16. ,  
M a n n o s c  57"2 57.2  
( ; a l a c t o s c  07" 8 43- ' 
G l u c o s e  56"4 J ' . 4  
( ; a l a c t o s a m i n e  5-"  2 1 9 . 9  
( ; l u c o s a m i n e  5 0 . "  53 .7  
S ia l i c  a c i d  _,S.8 -o .  7 

* I ) e t a i l s  of  t h e  a n a h ,  t i ca l  m e t h o d s  xxill be  p u l ) l i s h c d  e l s e w h e r e  11. 
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Table I shows the results of analyses of carbohvdrates  in isolated plasma mem- 
branes. Neutral  sugars, hexosamines and sialic acid were detected, and their contents  
were 245, i i 1.4 and 28.8 nmoles/mg protein, respectively. Total  carbohydrate  content  
was 4 °'o of dry weight of the membranes .  

These values are considerably different from those of EMMELOT AN l) BENEI)ETTI 5 

reported for hepatoma-484, i.e. 17o 3oo nmoles of neut ra l  sugars, 57 nmoles of hexos- 
amines and 44 nmoles of sialic acid. This suggests tha t  carbohydrate  composition 
could be characteristic of plasma membranes  of each cell type, although a possibility 
tha t  the difference might  be due either to the manne r  of growth of the ceils (solid 
vcrs'as ascites) or to the method of preparing the membranes  cannot  be ruled out. 

Some of the carb{~hvdrates were found to be components  of glycolipids, since 
the greater part  of glucose and about  half each of fucose, galactose and galactosamine 
were extractable  into ch lo ro fo rm-methano l  (2:1, v/v). 

The carbohydrates  found in the lipid-free membranes  were considered to be 
const i tuents  of glycoproteins. The composit ion is markedly  different from that  of a 
glycopeptide isolated b v LANGLEY AND AMBROSE; fronl t rypt ic  digests ~f Ehrlich 
ascites carcinoma in tha t  the glycopeptide contained sialic acid and galactosanline 
but  no neutra l  sugars. Thus, the carbohydrate  conlposition of glycoproteins in plasma 
memlwanes seems to differ from one type of cell to another.  Preparat ion and s t ructural  
studies of glycopeptides from the isolated plasma menlbranes  are useful in this regard 
and are now in progress. 
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