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Surface g l ycopep t ides  d e r i v e d  f rom v e r t e b r a t e  c e l l s  have been sep- 
a r a t e d  i n t o  4 c lasses  by chromatography on  DEAE c e l l u l o s e  columns. 
Among d i f f e r e n t  c e l l  types t e s t e d ,  s i g n i f i c a n t  d i f f e r e n c e s  were 
observed i n  t h e  r e l a t i v e  amounts o f  these 4 g l y c o p e p t i d e  c lasses  
present  on t h e  c e l l  su r face .  T h i s  t ype  o f  he te rogene i t y  i s  con- 
s i s t e n t  w i t h  t h e  expected b i o l o g i c a l  r o l e  o f  c e l l  s u r f a c e  g l y c o -  
p r o t e i n s .  One g l ycopep t ide ,  as revea led  by t h e  DEAE column ana l -  
y s i s ,  was found t o  have a c h a r a c t e r i s t i c  me tabo l i c  p a t t e r n  i n  
mouse LS c e l l s .  New accumulat ion o f  t h i s  s t r u c t u r e ,  c a l l e d  g l y -  
copep t ide  4 ,  on t h e  c e l l  s u r f a c e  was de tec ted  o n l y  around the  
p e r i o d  o f  c e l l  d i v i s i o n  (M phase) and n o t  a t  o t h e r  t imes d u r i n g  
t h e  c e l l  c y c l e .  

1, INTROWCTION 

I n  animal c e l l s ,  a p o r t i o n  o f  t h e  t o t a l  c e l l u l a r  g l y c o p r o t e i n  i s  found asso- 
c i a t e d  w i t h  t h e  o u t e r  s u r f a c e  o f  t h e  plasma membrane ( 1 ) .  Such c e l l  s u r f a c e  
g l y c o p r o t e i n  components a r e  now thought  t o  be impor tant  i n  s p e c i f y i n g  c e l l  
r e c o g n i t i o n  processes and as c e l l  s u r f a c e  a n t i g e n i c  determinants .  For example, 
a g l y c o p r o t e i n  c a r r i e s  the  M and N b lood  group s p e c i f i c i t i e s  found on human 
r e d  b lood  c e l l s  ( 2 ) .  

I have examined t h e  p r o p e r t i e s  o f  c e r t a i n  c e l l  s u r f a c e  g l y c o p r o t e i n s  w i t h  
a view toward e s t a b l i s h i n g  t h e i r  r o l e  i n  c e l l u l a r  d i f f e r e n t i a t i o n  and develop- 
ment. Here I f i r s t  desc r ibe  t h e  b a s i c  methods used f o r  i d e n t i f y i n g  sur face 
g l ycopep t ides  and f o r  s e p a r a t i n g  them i n t o  4 c lasses  by chromatography on 
columns o f  DEAE c e l l u l o s e .  D i f f e r e n t  c e l l  types examined i n  t h i s  way were 
found t o  c o n t a i n  q u i t e  d i f f e r e n t  r e l a t i v e  amounts o f  t h e  4 g l ycopep t ide  
c lasses .  T h e r e a f t e r ,  I show how these methods have been used i n  c o n j u n c t i o n  
w i t h  synchronously d i v i d i n g  c u l t u r e s  o f  mouse L S  c e l l s  t o  c l a r i f y  d e t a i l s  o f  
t h e  c e l l u l a r  schedule f o r  assembly o f  g l y c o p r o t e i n s  i n t o  t h e  o u t e r  membrane. 
One g l y c o p e p t i d e  s t u d i e d  i n  t h i s  way was found t o  accumulate on t h e  c e l l  su r -  
face p r e f e r e n t i a l l y  a t  t h e  t ime  o f  c e l l  d i v i s i o n  (M phase) and n o t  a t  o t h e r  
t imes d u r i n g  t h e  c e l l  c y c l e .  

2, METHODS 

(a) Cell growth 

A l l  c e l l s  were grown i n  a gassed CO, i ncuba to r  c o n t a i n i n g  95% a i r  and 5% 
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C02 u s i n g  Falcon o r  NUNC p l a s t i c  t i s s u e  c u l t u r e  p l a t e s .  
o f  L and LS c e l l s ,  p l a t e s  were c o l l a g e n i z e d  by a s tandard method ( 3 ) .  C e l l  
c o u n t i n g  was done w i t h  a hemocytometer. 
suspension c u l t u r e  were t h e  k i n d  g i f t  o f  D r .  A .  Newton. They were grown i n  
Eag le ' s  Min imal  E s s e n t i a l  Medium (MEM) p l u s  10% c a l f  serum, p e n i c i l l i n  and 
s t rep tomyc in .  

bryos by the  method o f  B i s c h o f f  and H o l t z e r  ( 4 )  and grown i n  8 p a r t s  MEM, 1 
p a r t  horse serum and 1 p a r t  c h i c k  embryo e x t r a c t .  These c u l t u r e s  were main- 
t a i n e d  f o r  3 days d u r i n g  which separated myoblast c e l l s  fused w i t h  each o t h e r  
t o  form a network o f  myotubes as expected. C e l l  d e n s i t y  and [3H]glucosamine 
l a b e l i n g  c o n d i t i o n s  a r e  g i ven  i n  t h e  legend t o  F i g .  1 .  

embryos; sympathet ic  g a n g l i o n  c e l l s  were f rom 10 day embryos. The a p p r o p r i a t e  
t i s s u e  was d i s s e c t e d  o u t  o f  t h e  embryo and t r y p s i n i z e d ;  app rox ima te l y  6 x lo5 
c e l l s  were grown on a 50 mm p l a t e  i n  MEM p l u s  10% horse serum and a n t i b i o t i c s .  
I n  t h e  case o f  sympathet ic  g a n g l i o n  c e l l s  t h e  medium was supplemented w i t h  
g lucose and 5 pg p e r  m l  o f  Nerve Growth F a c t o r  ( t h e  g i f t  o f  D r .  D. Bray) t o  
promote n e u r i t e  outgrowth.  
s p i n a l  c o r d  c e l l s  t o  i n h i b i t  growth o f  a smal l  f r a c t i o n  (app rox ima te l y  10%) 
o f  f i b r o b l a s t  c e l l s  which o r d i n a r i l y  contaminate these c u l t u r e s .  Nerve c e l l  
c u l t u r e s  were ma in ta ined  f o r  2 t o  3 days d u r i n g  which e x t e n s i v e  ou tg rowth  o f  
d e n d r i t e - l i k e  processes was observed; n e i t h e r  o f  these t ypes  o f  nerve c e l l s  
d i v i d e s  i n  c u l t u r e .  

Except f o r  c u l t u r e s  

Mouse LS c e l l s  adapted f o r  growth i n  

Pr imary c u l t u r e s  of c h i c k  embryo myoblasts  were prepared f rom 10 day em- 

Pr imary c u l t u r e s  o f  c h i c k  s p i n a l  co rd  c e l l s  were prepared f rom 6 day c h i c k  

Three mM hydroxyurea was added t o  c u l t u r e s  o f  

(b) IsoZation of ceZZ surface gZycopeptides 

C e l l u l a r  g l y c o p r o t e i n s  were l abe led  p r e f e r e n t i a l l y  by growing c e l l s  i n  
t h e  presence o f  [3H]glucosamine. I n  agreement w i t h  p rev ious  s t u d i e s  o f  t h i s  
t y p e  ( 5 - 6 1 ,  glucosamine was found t o  be i nco rpo ra ted  i n t o  g l y c o p r o t e i n  as 
amino sugar o r  s i a l i c  a c i d ;  i t  i s  n o t  me tabo l i zed  t o  o t h e r  c e l l u l a r  p recu rso rs  
such as n e u t r a l  sugar ( l e s s  than  10%) o r  amino a c i d  (unde tec tab le  amount). 
Labeled g l ycopep t ides  d e r i v e d  f rom c e l l  s u r f a c e ,  as opposed to  i n t e r n a l  g l y -  
c o p r o t e i n s ,  were ob ta ined  by t r y p s i n i z a t i o n  o f  t h e  c e l l s .  A f t e r  growth i n  
[3H]glucosamine c e l l s  were washed i n  E a r l e ' s  Balanced S a l t  S o l u t i o n  (BSS) and 
then  exposed t o  0.25% t r y p s i n  (Flow L a b o r a t o r i e s )  i n  BSS f o r  30 min a t  room 
temperature w i t h  g e n t l e  a g i t a t i o n .  (These c o n d i t i o n s  c l o s e l y  resemble t h e  
method o r d i n a r i l y  used f o r  r o u t i n e  s u b c u l t u r i n g  o f  c e l l s . )  
v i v e  t h i s  procedure and a r e  n e i t h e r  l ysed  n o r  k i l l e d ,  one reasons t h a t  t h e  
r e s u l t i n g  s o l u b l e  g l ycopep t ides  were d e r i v e d  ma in l y  f rom t h e  c e l l  su r face .  
Th is  r e a c t i o n  i s  a b s o l u t e l y  dependent on t h e  presence o f  t r y p s i n  and proceeds, 
w i t h  t h e  c e l l s  s t u d i e d  here,  a t  a r a t e  comparable t o  t h e  r a t e  observed f o r  
s o l u b i l i z a t i o n  o f  a g l y c o p e p t i d e  d e r i v e d  f rom human red b lood  c e l l s  ( 7 ) .  

chromatography on a 1 x 15 cm column o f  Whatman DE52 DEAE c e l l u l o s e .  The 
column was e l u t e d  w i t h  a 500 m l  g r a d i e n t  o f  0.01 M t o  0.15  M NaCl i n  2 x M 
T r i s - C I  b u f f e r  o f  pH 7 . 5 .  F i v e  m l  f r a c t i o n s  were c o l l e c t e d  and a 1 m l  a l i q u o t  
o f  each was counted i n  B r a y ' s  s o l u t i o n  (8 ) .  Glycopept ides n o t  bound t o  DEAE 
c e l l u l o s e  were n o t  i s o l a t e d  by t h i s  procedure;  no g l y c o p e p t i d e  m a t e r i a l  was 
found t o  remain on t h e  column a f t e r  e l u t i o n  w i t h  0.15 M NaCl. 

Since c e l l s  su r -  

Glycopept ides s o l u b i l i z e d  i n  t h i s  way were separated f rom each o t h e r  by 

( c )  SeZection of synchronousZy dividing mouse 1;s ceZZs 

Synchronized popu la t i ons  o f  mouse LS c e l l s  were ob ta ined  by  t h e  method 
o f  S h a l l  and McC le l l and  (9) .  A column o f  medium was prepared i n  a 50 m l  grad-  
uated c y l i n d e r  and warmed t o  37" .  Three m l  o f  asynchronous c e l l s  a t  a d e n s i t y  
o f  app rox ima te l y  2 x l o 7  c e l l s  pe r  m l  were then c a r e f u l l y  l aye red  on t h e  t o p  
o f  t h e  column and t h e  column incubated f o r  45 min a t  3 7 " .  C e l l s  f rom t h e  t o p  
4 m l  were ha rves ted  and found t o  be i n  e a r l y  G 1  phase. The g e n e r a t i o n  t ime  

2 
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f o r  such c u l t u r e s  was found, q u i t e  r e p r o d u c i b l y ,  t o  be 24 h r .  

31 RESULTS 

(a) Analysis of c e l l  surface gZycoproteins 

D i f f e r e n t  c e l l  types were l a b e l e d  w i t h  r a d i o a c t i v e  glucosamine i n  c u l t u r e .  
I n  each case t h e  g l y c o p r o t e i n s  on t h e i r  su r faces  were sampled by t r y p s i n i z i n g  
t h e  c e l l s ;  t h i s  procedure re leases l a b e l e d  g l ycopep t ides  f rom t h e  c e l l s .  
i s  assumed t h a t  these re leased g l ycopep t ides  a r e  d e r i v e d  s o l e l y  f rom plasma 
membrane, and n o t  f rom i n t r a c e l l u l a r ,  g l y c o p r o t e i n s .  
c o n d i t i o n s  employed here,  a s u b s t a n t i a l  f r a c t i o n  o f  t h e  t o t a l  c e l l u l a r  g l u -  
cosamine labe led  m a t e r i a l  was s o l u b i l i z e d .  I n  t h e  case o f  mouse L c e l l s ,  f o r  
i ns tance ,  t h i s  amounted t o  some 87% o f  t h e  t o t a l  glucosamine i n c o r p o r a t e d  i n t o  
the  c e l l s .  
s o l u b l e  g l y c o p e p t i d e ,  n o r  d i d  i t  a f f e c t  t h e  spectrum o f  g l ycopep t ides  produced 
as desc r ibed  below. Acco rd ing l y ,  one reasons t h a t  t h e  g l ycopep t ides  ob ta ined  
by t h i s  procedure a r e  t h e  r e s u l t  o f  complete, n o t  p a r t i a l ,  t r y p s i n i z a t i o n .  

Glycopept ides ha rves ted  i n  t h i s  way were separated f rom each o t h e r  by 
chromatography on DEAE c e l l u l o s e  columns. Thus, g l ycopep t ides  c a r r y i n g  a n e t  
nega t i ve  charge (due presumably t o  the  presence o f  t e r m i n a l  s i a l i c  a c i d  r e s i -  
dues on t h e  ca rbohydra te  p o r t i o n s ) ,  b u t  n o t  n e u t r a l  and p o s i t i v e l y  charged 
g l ycopep t ides ,  a r e  reso lved  by t h i s  method. The p r o p o r t i o n  o f  t h e  t o t a l  c e l -  
l u l a r  glucosamine labe led  m a t e r i a l  p resen t  i n  t h e  n e g a t i v e l y  charged f r a c t i o n  
was found t o  be d i f f e r e n t  f o r  d i f f e r e n t  c e l l  types t e s t e d ,  b u t  never  l ess  than  
approx ima te l y  30%. I n  the case o f  L c e l l s  50% o f  t h e  t o t a l  c e l l u l a r  g lucos -  
m i n e  l a b e l  was analyzed on t h e  DEAE c e l l u l o s e  column as shown i n  Table 1 .  

i n  t h i s  way and a r e p r e s e n t a t i v e  sample o f  t h e  r e s u l t s  i s  shown i n  F i g .  1 .  
I n  genera l ,  g l ycopep t ides  f rom a s i n g l e  c e l l  t ype  cou ld  be c l a s s i f i e d  i n t o  
4 groups o f  g l ycopep t ides  which e l u t e  f rom t h e  DEAE c e l l u l o s e  column a t  ap- 
p r o x i m a t e l y  0.03 M, 0.04 M, 0.06 M and 0.07 M NaCl; f o r  convenience, these 
a re  c a l l e d  g l ycopep t ides  1 ,  2 ,  3 and 4 r e s p e c t i v e l y .  I t  i s  c l e a r ,  however, 
t h a t  one cannot rega rd  g l ycopep t ides  1 ,  2 ,  3 and 4 as s i n g l e ,  homogeneous 
mo lecu la r  components; a l l  c o u l d  be m i x t u r e s  o f  s i m i l a r  g l ycopep t ides .  

these 4 g l y c o p e p t i d e  groups. Thus, f o r  example, i n  c h i c k  s p i n a l  co rd  c e l l s  
g l y c o p e p t i d e  4 i s  most prominent whereas w i t h  myoblasts the y i e l d  o f  g l y c o -  
p e p t i d e  2 i s  g r e a t e s t .  A l though most c e l l  types had a t  l e a s t  a smal l  amount 
o f  a l l  4 g l ycopep t ides ,  t h e r e  a r e  excep t ions  t o  t h i s  r u l e .  For i ns tance ,  
mouse L c e l l s  a r e  l a c k i n g  g l y c o p e p t i d e  3 as shown i n  F ig .  1.  No c e l l  t y p e  
t e s t e d  was found t o  c o n t a i n  more than  t h e  usual 4 g l ycopep t ides .  

t o  f u r t h e r  a n a l y s i s  by chromatography on Sephadex G-25 columns. A l l  were 
found t o  be exc luded f rom these columns and t h e r e f o r e  cannot be regarded, 
f o r  i ns tance ,  as l o w  molecu la r  we igh t  i n te rmed ia tes  i n  t h e  syn thes i s  o f  some- 
t h i n g  e l s e .  

I t  

Under t h e  t r y p s i n i z a t i o n  

More pro longed t r y p s i n  t reatment  was n o t  found t o  r e s u l t  i n  more 

Glycopept ides d e r i v e d  f rom 10 d i f f e r e n t  c e l l  types have now been analyzed 

D i f f e r e n t  c e l l  t ypes  were found t o  c o n t a i n  markedly d i f f e r e n t  amounts o f  

A l  1 4 g l ycopep t ides  f rom c h i c k  sympathet ic  g a n g l i o n  c e l l s  were sub jec ted  

(b) Glycoprotein appearance during mitosis 

The c e l l u l a r  schedule f o r  assembly o f  g l y c o p r o t e i n s  i n t o  t h e  o u t e r  mem- 
brane was examined by a p p l y i n g  the  DEAE c e l l u l o s e  method o f  a n a l y s i s  t o  syn- 
ch ronous ly  d i v i d i n g  p o p u l a t i o n s  o f  mouse LS c e l l s .  These c e l l s ,  which have 
a s p h e r i c a l  morphology, were d e r i v e d  f rom normal f i b r o b l a s t - s h a p e d  L c e l  Is 
by adap t ing  them f o r  growth i n  suspension c u l t u r e .  The g l y c o p e p t i d e  p a t t e r n s ,  
as desc r ibed  above, f o r  L and LS c e l l  l i n e s  were found t o  be i d e n t i c a l .  

Beginning i n  GI phase, such synchronously  d i v i d i n g  popu la t i ons  o f  LS 
c e l l s  were c u l t u r e d  f o r  2 genera t i ons  i n  t h e  presence o f  [3H]glucosamine. 
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TABLE 1 

Distribution o f  glucosmine label i n  mouse L c e l l s  

F r a c t i o n  

Glucosamine inco rpo ra ted  

CPM/106 c e l  Is % 
~~~~ ~~ 

T o t a l  c e l l s  103,350 100 
T r y p s i n - s e n s i t i v e  and 

analyzed on DEAE column 51,850 50 
T r y p s i n - s e n s i t i v e  b u t  n o t  

T r y p s i n - i n s e n s i t i v e  13,362 13 
analyzed on DEAE column 38,138 37 

A l o g  phase c u l t u r e  o f  L c e l l s  was grown f o r  48 h r  i n  a 
50 mm p l a s t i c  t i s s u e  c u l t u r e  p l a t e  c o n t a i n i n g  4 m l  o f  
medium and 50 U C i  o f  [3H]glucosamine (2.6 C i  pe r  mmole). 
The f i n a l  number o f  c e l l s  was 1.8 x lo6 .  C e l l s  were 
washed, scraped o f f  t he  s u r f a c e  o f  t h e  p l a t e  and sus- 
pended i n  BSS. The t o t a l  [3H]glucosamine l a b e l  i n c o r -  
po ra ted  i n t o  a c i d  p r e c i p i t a b l e  m a t e r i a l  was determined 
b e f o r e  and a f t e r  t r y p s i n  t rea tmen t  by p r e c i p i t a t i n g  an 
a l i q u o t  o f  c e l l s  w i t h  5% t r i c h l o r o a c e t i c  a c i d  (TCA) a t  
0" .  P r e c i p i t a t e s  were f i l t e r e d  on Whatman GF/C g l a s s  
f i b e r  f i l t e r s ,  washed w i t h  c o l d  5% TCA, d r i e d  and counted 
i n  a s tandard l i q u i d  s c i n t i l l a t i o n  medium. C e l l s  were 
t r y p s i n i z e d  and t h e  s o l u b i l i z e d  g l ycopep t ides  analyzed 
by chromatography on DEAE c e l l u l o s e  columns as desc r ibed  
above. A l l  g l y c o p e p t i d e  m a t e r i a l  bound t o  t h e  column 
and n o t  e l u t e d  w i t h  2 x M T r i s - C l  b u f f e r  o f  pH 7.5 
was inc luded  i n  t h i s  a n a l y s i s ;  t r y p s i n  s e n s i t i v e  g l y -  
copept ides n o t  de tec ted  i n  t h i s  way were assumed n o t  
t o  have been bound t o  t h e  DEAE c e l l u l o s e  column. Re- 
s u l t s  a r e  c o r r e c t e d  t o  a common coun t ing  e f f i c i e n c y  o f  
5% and expressed as counts  p e r  m inu te  pe r  l o 6  c e l l s .  

A l i q u o t s  o f  c e l l s  were harvested a t  v a r i o u s  t imes and t h e  amount o f  g lycopep-  
t i d e  4 p resen t  was determined by t r y p s i n i z a t i o n  f o l l o w e d  by  DEAE c e l l u l o s e  
chromatography as desc r ibed  above. Q u a l i t a t i v e l y ,  t h e  p r o f i l e s  ob ta ined  were 
s i m i l a r  t o  t h a t  shown i n  F ig .  1 f o r  L c e l l s ;  no g l ycopep t ides  o t h e r  than  g l y -  
copept ides 1 ,  2 and 4 were observed a t  any t ime  d u r i n g  t h e  c e l l  c y c l e .  
eve r ,  as shown i n  F i g .  2, q u a n t i t a t i v e  appearance o f  g l y c o p e p t i d e  4 was found 
t o  be c l o s e l y  c o r r e l a t e d  w i t h  t h e  p e r i o d  o f  c e l l  m i t o s i s  and q u i t e  d i s t i n c t  
f rom t h e  i n t e r v a l  o f  DNA syn thes i s  ( S  phase) which occurs some 6 h r  e a r l i e r .  
No such r e s t r i c t e d  p e r i o d  was observed f o r  accumulat ion o f  g l ycopep t ides  1 
and 2 on t h e  c e l l  su r face ;  they appeared a t  a r e l a t i v e l y  cons tan t  r a t e  through-  
ou t  t he  c e l l  cyc le .  

I n  c o n t r a s t  t o  t h e  s i t u a t i o n  w i t h  synchronously  d i v i d i n g  c u l t u r e s  as shown 
here,  asynchronous c u l t u r e s  o f  LS c e l  Is i n c o r p o r a t e  [3H]glucosamine i n t o  g l y -  
copep t ide  4 a t  a cons tan t  r a t e  beg inn ing  no l a t e r  t han  5 h r  a f t e r  t h e  i s o t o p e  
i s  added. Thus, i t  i s  u n l i k e l y  t h a t  t h e  l a g  i n  l a b e l i n g  o f  g l y c o p e p t i d e  4 
observed i n  synchronous c u l t u r e s  i s  due t o  equi  1 i b r a t i o n  o f  added [3H]g lucos-  
amine w i t h  a poo l  o f  n o n - r a d i o a c t i v e  p recu rso rs .  

Once g l y c o p e p t i d e  4 has appeared i n  t r y p s i n - s e n s i t i v e  form on t h e  c e l l  
s u r f a c e ,  i t  does n o t  l a t e r  become masked, degraded o r  o t h e r w i s e  u n a v a i l a b l e  

How- 
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F i g .  1 .  GZycopeptide species derived from di f ferent  ceZZ 
types by trypsinizat ion.  C e l l  c u l t u r e s  were prepared as de- 
s c r i b e d  above, grown i n  50 mm c u l t u r e  p l a t e s  and exposed t o  
100 pCi [3H]glucosamine (2 .6  C i  per  mmole) i n  a t o t a l  o f  4 m l  
o f  medium f o r  48 h r .  Mouse L c e l l s  were l abe led  d u r i n g  l o g  
phase o f  growth. Chick myoblast c e l l s  were exposed t o  [3H ]g lu -  
cosamine d u r i n g  t h e  i n t e r v a l  o f  24 t o  72 h r  a f t e r  es tab l i shmen t  
o f  t h e  c u l t u r e  when t h e  r a t e  o f  c e l l  f u s i o n  was h i g h e s t .  Nerve 
c e l l s  were l a b e l e d  beg inn ing  12 h r  a f t e r  c u l t u r i n g .  F i n a l  c e l l  
numbers analyzed were: 
l o 7  c e l l s ;  c h i c k  s p i n a l  c o r d  and sympathet ic  gang l i on ,  6 x 10 
c e l l s  each. C e l l s  were t r y p s i n i z e d  and the  r e s u l t i n g  s o l u b l e  
g l ycopep t ides  analyzed by DEAE c e l l u l o s e  chromatography as 
desc r ibed  i n  Methods. Glycopept ides 1 ,  2 ,  3 and 4 a r e  e l u t e d  
a t  0.03 M, 0 .04  M,  0.06 M and 0.07 M NaCl r e s p e c t i v e l y .  

t o  enzymatic d i g e s t i o n .  
c e l l  s u r f a c e  does n o t  decrease a f t e r  M phase i s  complete as shown i n  F i g .  2 .  
T h i s  c o n t r a s t s  t o  t h e  behav io r ,  f o r  i ns tance ,  o f  t h e  H-2 h i s t o c o m p a t i b i l i t y  
an t i gens  i n  P 8 1 5 Y  c e l l s  which become a l t e r n a t e l y  l ess  ( d u r i n g  S phase) and 
more ( d u r i n g  G2, M and G1) a v a i l a b l e  f o r  b i n d i n g  t o  a n t i b o d i e s  d i r e c t e d  aga ins t  
t h e i r  de te rm inan t  groups (10 ) .  

3': 
L c e l l s ,  5 x lo6 c e l l s ;  myoblasts ,  

Thus, t h e  amount o f  g l y c o p e p t i d e  4 d e t e c t a b l e  on t h e  

4, DISCUSSION 

No biochemical  s tudy  has y e t  e s t a b l i s h e d  an upper l i m i t  t o  t h e  r e l a t i v e  
d i v e r s i t y  o f  g l y c o p r o t e i n  species p resen t  on the  o u t e r  s u r f a c e  o f  a d i v i d i n g  
animal c e l l  type.  The l a r g e  number o f  a n t i g e n i c  s p e c i f i c i t i e s  c h a r a c t e r i s t i c  
o f  c e l l  su r faces  leads one t o  suspect t h a t  t h e  number o f  d i f f e r e n t  g l ycop ro -  
t e i n s  may be co r respond ing ly  l a r g e .  On t h e  o t h e r  hand, s t u d i e s  on human e- 
r y t h r o c y t e s ,  which have o n l y  l major  g l y c o p r o t e i n  component, suggest t h a t  a 
r a t h e r  s i m p l e r  p a t t e r n  may be t h e  genera l  r u l e .  The r e s u l t s  presented here 
a r e  more c o n s i s t e n t  w i t h  t h i s  second, s i m p l e r  v iew o f  g l y c o p r o t e i n  he te ro -  
g e n e i t y .  Glycopept ides d e r i v e d  s p e c i f i c a l l y  f rom c e l l  s u r f a c e  g l y c o p r o t e i n s  
c o u l d  be d i v i d e d  n e a t l y  in to  o n l y  4 c lasses  by chromatography on DEAE c e l l u -  
l o s e  columns. One must a p p r e c i a t e ,  i n  t h i s  regard,  t h a t  n o t  a l l  ( bu t  s t i l l  
a s u b s t a n t i a l  f r a c t i o n )  o f  t h e  c e l l  s u r f a c e  g l ycopep t ides  a r e  i nc luded  i n  
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F i g .  2. Appearance o f  gzycopeptide 4 (GP41 on the ceZZ 
surface during mitosis.  A synchronously  d i v i d i n g  p o p u l a t i o n  o f  
7 x l o 6  LS c e l l s  was ob ta ined  as desc r ibed  above and c u l t u r e d  
a t  37" i n  9 m l  o f  medium c o n t a i n i n g  250 pCi [3H]glucosamine and 
20 pCi [14C] thymid ine (45 m C i  pe r  mmole). Separate a l i q u o t s  
were taken t o  measure DNA s y n t h e s i s  (A), g l y c o p e p t i d e  4 appear- 
ance (0) and c e l l s  pe r  m l  (0). I n c o r p o r a t i o n  o f  [14C] thymid ine 
i n t o  a c i d  i n s o l u b l e  m a t e r i a l  was determined as a measure o f  ne t  
DNA syn thes i s .  One-tenth m l  a l i q u o t s  o f  t h e  c u l t u r e  were p r e -  
c i p i t a t e d  w i t h  5% t r i c h l o r o a c e t i c  a c i d ,  which l yses  t h e  c e l l s ,  
and f i l t e r e d  on Whatman GF/C g l a s s  f i b e r  f i l t e r s .  Washed 
f i l t e r s  were counted i n  a Nuclear-Chicago l i q u i d  s c i n t i l l a t i o n  
system ad 'us ted  t o  count [ 1 4 C ]  b u t  n o t  [ 3 H ] .  Less than  0.1% 
o f  t h e  [ l ' C ]  counts  recorded cou ld  have been due t o  contami- 
n a t i n g  L 3 H ] .  One m l  a l i q u o t s  o f  t h e  c u l t u r e  were taken f o r  
g l y c o p e p t i d e  a n a l y s i s .  C e l l s  were washed w i t h  BSS and t r y p s i n -  
i zed  as usua l .  The t o t a l  number o f  [ 3 H ]  counts  p resen t  as 
g l y c o p e p t i d e  4 was determined a f t e r  s e p a r a t i o n  o f  g lycopep-  
t i d e s  by DEAE c e l l u l o s e  chromatography as desc r ibed  above. 
Only [3H ] labe led ,  no [14C] labe led ,  m a t e r i a l  was found i n  t h i s  
f r a c t i o n .  

t h i s  a n a l y s i s ,  t h a t  g l ycopep t ides  1 ,  2 ,  3 and 4 may a c t u a l l y  be m ix tu res  o f  
g l ycopep t ides ,  and t h a t  minor  g l ycopep t ides  p resen t  i n  o n l y  a few copies p e r  
c e l l  may n o t  have been observed by t h e  methods used here.  Never the less ,  t h e  
spectrum o f  g l ycopep t ides  ob ta ined  f rom i n d i v i d u a l  c e l l  types i s  much less  
complex than  one would have expected f rom a ve ry  heterogeneous p o p u l a t i o n  o f  
c e l l  s u r f a c e  g l y c o p r o t e i n s .  One i s  l e d  t o  suspect ,  t h e r e f o r e ,  t h a t  t h e  number 
o f  d i s t i n c t  s u r f a c e  g l y c o p r o t e i n  species i s  f a i r l y  s m a l l .  

I n  c o n t r a s t  t o  t h e  s i t u a t i o n  w i t h  a s i n g l e  c e l l  t ype ,  which may have 
o n l y  a few d i s t i n c t  spec ies o f  g l y c o p r o t e i n ,  one expects  t h a t  among d i f f e r e n t  
c e l l  t ypes  q u i t e  a wide v a r i e t y  o f  g l y c o p r o t e i n s  w i l l  be observed. For i n -  
s tance,  i f  c e l l  s u r f a c e  g l y c o p r o t e i n s  a r e  i n v o l v e d  i n  s p e c i f i c  c e l l - c e l l  r e -  
c o g n i t i o n  processes d u r i n g  development, t hen  d i f f e r e n t  c e l l  t ypes  ought t o  
have q u i t e  c h a r a c t e r i s t i c  and i n d i v i d u a l  se ts  o f  s u r f a c e  g l y c o p r o t e i n s .  The 
r e s u l t s  presented he re  a r e  n o t  i ncompa t ib le  w i t h  t h i s  expec ta t i on .  D i f f e r e n t  
c e l l  types t e s t e d  were found t o  c o n t a i n  q u i t e  s i g n i f i c a n t l y  d i f f e r e n t  r e l a -  
t i v e  amounts o f  t h e  4 g l y c o p e p t i d e  c lasses  separated by DEAE c e l l u l o s e  ch ro -  
matography. Fur thermore,  s i n c e  t h e  same g l y c o p e p t i d e  c l a s s  d e r i v e d  f rom 2 
d i f f e r e n t  c e l l  types need n o t  be t h e  same, more d e t a i l e d  chemical s t u d i e s  o f  
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these g l ycopep t ides  may revea l  o t h e r  l e v e l s  o f  he te rogene i t y  t h a t  c o u l d  be o f  
b i o l o g i c a l  s i g n i f i c a n c e .  I n  a d d i t i o n  t o  q u a l i t a t i v e  d i f f e r e n c e s  among g l yco -  
p e p t i d e  species,  i t  i s  a l s o  h i g h l y  l i k e l y  t h a t  d i f f e r e n t  c e l l  types w i l l  show 
q u a n t i t a t i v e  d i f f e r e n c e s  i n  t h e  t o t a l  amount o f  g l y c o p r o t e i n  present  on t h e  
sur face.  For  i ns tance ,  F i g .  1 shows t h a t  t h e  t o t a l  y i e l d  o f  g l y c o p e p t i d e  from 
6 x l o 5  s p i n a l  co rd  c e l l s  i s  r e l a t i v e l y  g r e a t e r  than t h a t  f rom 5 x l o 6  L c e l l s .  
I t  seems u n l i k e l y  t h a t  t h i s  d i f f e r e n c e  i s  e n t i r e l y  due t o  d i f f e r e n c e s  i n  c e l l  
s i z e  o r  i n  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  g l ycopep t ides .  More p robab ly ,  g l y -  
c o p r o t e i n s  on t h e  s u r f a c e  o f  s p i n a l  co rd  c e l l s  a r e  e i t h e r  more densely  packed 
o r  r i c h e r  i n  ca rbohydra te  than those o f  L c e l l s .  

were under taken t o  answer b a s i c  ques t i ons  about t h e  me tabo l i c  program f o r  as- 
sembly o f  g l y c o p r o t e i n s  i n t o  t h e  c e l l  su r face .  Appearance o f  a g l y c o p e p t i d e  
i n  t r y p s i n - s e n s i t i v e  form on t h e  c e l l  s u r f a c e  i s  taken as ev idence t h a t  i t s  
pa ren t  g l y c o p r o t e i n  has been p h y s i c a l l y  assembled o n t o  t h e  o u t e r  membrane. I t  
shou ld  be emphasized t h a t  t h i s  method o f  a n a l y s i s  d e t e c t s  assembly o f  g l y c o -  
p r o t e i n s  o n t o  t h e  c e l l  s u r f a c e  and n o t  g l y c o p r o t e i n  b i o s y n t h e s i s .  

t h e  p e r i o d  o f  c e l l  d i v i s i o n  w i l l  be c h a r a c t e r i z e d  by much assembly o f  new 
membrane and o t h e r  c e l l  s u r f a c e  s t r u c t u r e s .  For  example, a 25% inc rease  i n  
t o t a l  s u r f a c e  area i s  expected when a s p h e r i c a l  c e l l  (such as t h e  LS c e l l )  
d i v i d e s  p r o v i d e d  t h a t  t he  t o t a l  volume remains cons tan t  d u r i n g  t h e  t i m e  o f  
d i v i s i o n .  P r e f e r e n t i a l  appearance o f  g l y c o p e p t i d e  4 on t h e  c e l l  s u r f a c e  dur-  
i n g  M phase, as shown here,  i s  q u i t e  compa t ib le  w i t h  t h i s  e x p e c t a t i o n .  One 
reasons t h a t  t h e  pa ren t  g l y c o p r o t e i n  f rom which g l y c o p e p t i d e  4 was d e r i v e d  i s  
i t s e l f  assembled o n t o  the  c e l l  sur face d u r i n g  M phase and n o t  a t  o t h e r  t imes 
d u r i n g  t h e  c e l l  c y c l e ,  I n  t h i s  c o n t e x t  i t  would be o f  i n t e r e s t  t o  know whether 
a l l  o r  o n l y  a subset ( i n c l u d i n g  the g l y c o p e p t i d e  4 pa ren t  g l y c o p r o t e i n )  o f  a l l  
membrane components a r e  assembled onto t h e  c e l l  s u r f a c e  a t  t h e  t ime  o f  m i t o s i s .  
I t  i s  p o s s i b l e ,  f o r  example, t h a t  o n l y  those s t r u c t u r e s  p h y s i c a l l y  i nvo l ved  
i n  separa t i on  o f  t he  2 daughter c e l l s  a r e  assembled on to  the  o u t e r  s u r f a c e  
d u r i n g  c e l l  d i v i s i o n .  Synchronous c u l t u r e s  o f  LS c e l l s ,  as employed here,  
would appear t o  be an adequate exper imenta l  system f o r  such an i n v e s t i g a t i o n .  

Experiments w i t h  synchronously  d i v i d i n g  popu la t i ons  o f  mouse LS c e l l s  

I n  genera l ,  one expects  t h a t ,  compared t o  o t h e r  p a r t s  o f  t he  c e l l  c y c l e ,  
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