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MEMBRANE CHANGES IN HeLa CELLS 

GROWN WITH CORTISOL

CHAPTER I  

INTRODUCTION

Membranes a re  s t r u c t u r a l l y  and f u n c t io n a l ly  complex s t r u c tu r e s  

t h a t  p e rfo rm  a w ide ran g e  o f  p h y s io lo g ic  t a s k s .  They s e rv e  such d iv e r s e  

f u n c t io n s  a s :  hormone r e c e p to r  s i t e s ,  energy  p ro d u c t io n , an c h o rin g  s i t e s

f o r  enzyme s y s te m s , a n t ig e n ic  s i t e s ,  and s i t e s  o f  a c t iv e  t r a n s p o r t .  

Membranes a r e  g e n e ra l ly  p i c tu r e d  as a m osaic  o f  l i p i d s ,  p r o t e i n s ,  and 

c a rb o h y d ra te s . The c a rb o h y d ra te , i n  th e  form  o f  a  g ly c o p ro te in  o r  g ly c o ­

l i p i d ,  i s  lo c a te d  m ain ly  on th e  o u te r  membrane.

I n t e r e s t  i n  c e l l  membrane s t r u c tu r e  i s  r a p id ly  grow ing .

A lthough  membrane s t r u c t u r e  o f  th e  i n t a c t  c e l l  can be p r o f i t a b l y  s tu d ie d  

in  s i t u , in v a lu a b le  in fo rm a t io n  can o f te n  be o b ta in e d  o n ly  a f t e r  

rem oval o f th e  membrane from  th e  c e l l .  T hree g e n e ra l  form s o f  th e  mem­

b ra n e  have been  i s o l a t e d :  w hole g h o s ts ,  fra g m en ts  i n  s h e e ts  and in

v e s i c u l a r  form .

Membranes have  been  i s o l a t e d  from v a r io u s  t i s s u e  c u l tu r e  

c e l l s  su ch  a s ;  L c e l l s ,  KB, CHO, CV-1, p rim a ry  c h ic k  and human f i b r o ­

b l a s t s ,  MCIM, 3T3, W138, W126, E h r l ic h  a s c i t e s  c e l l s ,  and a  v a r i e t y  o f  

c e l l s  tra n s fo rm e d  w ith  v i r u s e s .  Chem ical r e a g e n ts  such  as f lu o r e s c e in
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m e rc u ric  a c e t a te  (FMA), o r  5 , 5 ' - d i t h i o - b i s  ( 2 -n i t r o b e n z o ic  a c id )  (DTNB), 

heavy  m e ta l io n s  su ch  as and T r is  (hydroxym ethy l) am inom ethane

( T r i s )  have been used  to  s t a b i l i z e  th e  membrane d u rin g  i s o l a t i o n .  S e v e ra l 

i n v e s t i g a t o r s  have i s o l a t e d  membrane f r a c t i o n s  from  HeLa 65 c e l l s  grown 

i n  su sp e n s io n  c u l t u r e .  T hree m ajo r p ro c e d u re s  f o r  th e  i s o l a t i o n  o f  HeLa 

c e l l  membranes have  been  p u b lis h e d  ( 1 ,2 ,  and 3 ) .  A m o d if ie d  te c h n iq u e  

was d e v ise d  in  th e  p r e s e n t  s tu d y  f o r  i s o l a t i o n  o f  membranes from  HeLa 

c e l l s  grown in  m on o lay er c u l t u r e .

N a tiv e  com plex c a rb o h y d ra te s  o f  h ig h e r  an im al c e l l s  a re  

c o v a le n t ly  bound to  p r o te i n  o r  l i p i d .  They a re  g ly c o p r o te in s ,  g ly c o ­

l i p i d s ,  and g ly co sa m in o g ly ca n s  (m u c o p o ly sa c c h a r id e s ) . D e ta i le d  s t r u c tu r e s  

o f  some o f  th e  c a rb o h y d ra te  com plexes a s s o c ia te d  w ith  p r o te i n s  o r  l i p i d s  

hav e  been  rev iew ed  ( 4 ) .  A lthough com plex c a rb o h y d ra te  s t r u c t u r e s  have 

b een  im p l ic a te d  i n  f u n c t io n a l  r o le s  a t  th e  c e l l u l a r  l e v e l ,  none o f  th e s e  

compounds have been  c l e a r l y  a s s o c ia te d  w ith  c e l l u l a r  f u n c t io n  ( 4 ) .

Changes in  th e  m e ta b o lic  s t a t e  o f  a  c e l l  t h a t  p e rm it (and  p e rh a p s  t r i g g e r )  

m ito s is  have been  s u g g e s te d  from  a  v a r i e t y  o f o b s e r v a t io n s .  The prem oni­

to r y  in d ic a t io n s  o f  m i to s i s  a r e :  i n c r e a s e  in  c e l l  vo lum e, l o s s  o f  c e l l u ­

l a r  w a te r ,  c o r t i c a l  and  en d o p lasm ic  v i s c o s i t y  changes (p ro b a b ly  due to  

ca lc ium  s h i f t s ) ,  and t r a n s i e n t  a v a i l a b i l i t y  o f p r o te in  s u l f h y d r y l  g ro u p s. 

The in c r e a s e  o f  c e l l  volum e i s  co u p led  w ith  an in c r e a s e  o f  c e l l  s u r f a c e  

a re a ;  hence  th e  q u e s t io n  o f changes i n  th e  s u r f a c e  d e n s i ty  o f  c a rb o h y d ra te  

com plexes a r i s e s .  O nodera and S h e in in  (5 ) r e p o r te d  t h a t  s y n c h ro n iz e d  

mouse 3T3 c e l l s  show a  p r e f e re n c e  f o r  in c o r p o r a t in g  g lu co sam in e  i n t o  

try p s in - re m o v a b le  s u r f a c e  m a te r i a l  i n  th e  l a t e  p h ase  o f  th e  c e l l  c y c le . 

C lic k  e t  a l^  (6) show ed t h a t  th e  am ounts o f  m annose, g a la c to s e ,  and



3
fu co se  d e c re a s e  d u r in g  th e  m i to t i c  p h ase  o f  th e  K B -ce ll c y c le ,  and t h a t  

th e  amount o f  s i a l i c  a c id  a ls o  d e c re a s e s ,  b u t  l a t e r  i n  th e  c y c le .

Kraemer ( 7 ) ,  on th e  o th e r  h an d , found t h a t  n eu ra m in id a se  s u s c e p t ib le  

s i a l i c  a c id  p e r  u n i t  c e l l  volume rem ains  c o n s ta n t  o r  shows o n ly  a  sm a ll 

g ra d u a l in c r e a s e  th ro u g h o u t th e  m i to t i c  c y c le  o f C h in e se -h a m ste r-o v a ry  

c e i l s .  However, c o n tr a ry  to  th e  r e s u l t s  o f  K raem er, Mayhew (8) has 

r e p o r te d  an in c r e a s e  i n  th e  amount o f  s i a l i c  a c id  w hich i s  s u s c e p t ib le  

to  n e u ra m in id a se  d u r in g  th e  m i to t i c  p h a s e . He a ls o  n o te d  a  t r a n s i e n t  

in c r e a s e  in  th e  e l e c t r o p h o r e t i c  m o b i l i ty  o f  sy n c h ro n iz e d  s u s p e n s io n -  

c u l tu r e d  hum an-osteosarcom a c e l l s  i n  th e  m i to t i c  p e r io d  ( 9 ) .  B ren t and 

F o r r e s t e r  (10) d e m o n s tra te d  an in c r e a s e d  e l e c t r o p h o r e t i c  m o b i l i ty  in  

HeLa c e l l s  d u rin g  th e  M p e r io d . S u rfa c e  s i a l i c  a c id  h a s  been  known to  

c o n t r ib u te  to  th e  e l e c t r o p h o r e t i c  m o b i l i ty  o f  many k in d s  o f  c e l l s  (1 1 ) . 

Kraem er (7) p ro p o sed  t h a t  th e  t r a n s i e n t ,  n e u ra m in id a s e - s u s c e p t ib le  

m o b il i ty  s h i f t  co u ld  b e  a change in  th e  e f f e c t i v e  s i t u  pK o f  the  

ca rb o x y l groups o f  th e  te rm in a l  s i a l i c  a c id  m o le c u le s , o r  a change in  

to p o lo g y  o f  s u r f a c e  s i a l i c  a c id  m o le c u le s  in  r e l a t i o n  to  c e l l ' s  e l e c t r o -  

k i n e t i c  s u r f a c e .  Thus th e  c e l l u l a r  e l e c t r o k i n e t i c  s u r f a c e ,  whose ch arg e  

d e n s i ty  d e te rm in e s  th e  e l e c t r o p h o r e t i c  m o b i l i ty ,  and th e  s u r f a c e  t h a t  

b e a rs  s i a l i c  a c id  m o le c u le s  a c c e s s ib le  to  n e u ra m in id a se  a re  n o t  i d e n t i c a l .  

R e c e n tly , R osenberg  and E in s te in  (12) r e p o r te d  t h a t  b io s y n th e s is  o f  s i a l i c  

a c id  in  sy n c h ro n iz e d  hum an-lym phoid c e l l s  o c c u rs  o n ly  i n  th e  l a t e  G2  

p h a se  o f  th e  c e l l  c y c le ,  and t h a t  th e  amount and d e n s i ty  o f  s u r f a c e  

s i a l i c  a c id  v a r i e s  c o n s id e ra b ly  th ro u g h o u t th e  c y c le .  In  v iew  o f  th e  

l i t e r a t u r e  c i t e d ,  th e  r e l a t i o n s h ip  be tw een  th e  c e l l  c y c le  t r a n s i t i o n s  

and th e  changes o f  t h e  s u r f a c e  complex c a rb o h y d ra te s  i s  s t i l l  o b sc u re .



The p lasm a membrane fu n c t io n s  as th e  boundary  t o  th e  c e l l ,  

th e  p e rm e a b i l i ty  b a r r i e r  t h a t  s e p a r a te s  th e  i n t e r n a l  and e x t e r n a l  m il ie u  

of th e  c e l l .  I t  a c t s  a s  a  b a r r i e r  to  a llo w  th e  p a ssa g e  o f  i o n s ,  o f  

n u t r i e n t s ,  and o f  o th e r  c h e m ic a ls , i n to  and o u t o f th e  c e l l .  S in c e  most 

g ly c o p ro te in s  a re  e x p o r te d  from  th e  p arenchym al c e l l s  in  w hich  th ey  a re  

s y n th e s iz e d ,  E y la r  (13) su g g e s te d  t h a t  th e  c a rb o h y d ra te  p o r t i o n  o f  g ly co ­

p r o te in  may ta k e  p a r t  i n  th e  p ro c e s s  o f  t r a n s p o r t  by i n t e r a c t i n g  w ith  

th e  p lasm a membranes and th u s  f a c i l i t a t i n g  s e c r e t i o n .  T h is  i n t e r a c t i o n  

may a ls o  h e lp  in  th e  r e v e r s e  p ro c e s s  when g ly c o p ro te in s  e n t e r  th e  c e l l s .  

C e l l - s u r f a c e  s i a l i c  a c id  h a s  a ls o  been  im p l ic a te d  in  io n  t r a n s p o r t .

Emmelot and Bos (14) have  shown t h a t  th e  a c t i v i t y  o f  K’̂ -M g '*^ -p -n itropheny l 

p h o sp h a ta se  i s  a lm o s t co m p le te ly  a b o lis h e d  by p r e t r e a tm e n t  o f p lasm a 

membranes w ith  n e u ra m in id a se . T h is  s u g g e s te d  t h a t  th e  c a rb o x y l group 

o f a s i a l i c  a c id  c o n ju g a te  ( s i a lo g ly c o p r o t e in  o r  s i a l o g ly c o l ip i d )  a c ts  

as a  c a t io n - r e c e p to r  (o r  ex ch an g er) in  th e  a c t i v e  c a t io n  t r a n s p o r t  a c ro s s  

th e  p lasm a membranes o f  r a t  l i v e r .  C lic k  and G ith en s  (15) a ls o  demon­

s t r a t e d  th a t  n e u ra m in id a s e - s e n s i t iv e  s i a l i c  a c id  p a r t i c i p a t e s  in  th e  

t r a n s p o r t  o f  K"*" a c ro s s  le u k e m ic - c e l l  m em branes.

C e ll  s u r f a c e  s i a l i c  a c id  h as  been  known to  be  an im p o r ta n t 

p a r t  o f  th e  r e c e p to r  s i t e s  f o r  a l l  th e  m y x o v iru ses , as w e l l  as polyoma 

v i r u s ,  K ilham 's  r a t  v i r u s  and EMC v i r u s  (1 6 , 1 7 , 18 and 1 9 ) .

Membranes a r e  a ls o  in v o lv e d  in  hormone r e c e p to r  s i t e s ;  they  

a c t  by changing c y c l i c  AMP l e v e l s ,  f u n c t io n in g  in  c o o p e ra tio n  w ith  ca lc ium  

c o n c e n tra t io n  (2 0 ) .  A n tig e n ic  p r o p e r t i e s  o f  c e l l s  a re  a ls o  c lo s e ly  

a s s o c ia te d  w ith  s u r f a c e  c a rb o h y d ra te  com plexes. T rea tm en t o f  g ly c o p ro te in  

e x t r a c te d  from human B -e ry th ro c y te s  by a - g a la c to s id a s e  c a u se s  th e  d i s -
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a p p e a ra n c e  o f  i t s  B a c t i v i t y  (2 1 ) . A o r  B b lo o d  group a c t i v i t y  h as  been 

shown to  be  m e d ia te d  th ro u g h  g ly c o l ip id  o f  th e  r e d  c e l l  membrane (2 2 ,2 3 ) . 

S ia lo g ly c o p r o te in s  a r e  g e n e r a l ly  p o o r a n t ig e n s ,  and a n t ib o d ie s  a g a in s t  

g ly c o p r o te in s  a re  n o t  d i r e c t e d  tow ard  th e  s i a l i c  a c id ,  even  though  th e y  

a r e  te r m in a l  s u g a r s .  A c tu a l ly ,  i t  a p p e a rs  t h a t  s i a l i c  a c id  may a c t  to  

c o n c e a l  o r  p r o te c t  more p o te n t  a n t ig e n s .  F o r exam ple, th e  T a n tig e n  

in  e r y th r o c y te s  was exposed  to  r e a c t  w i th  s p e c i f i c  T a n t ib o d ie s  by 

t r e a tm e n t  o f  th e  e r y th r o c y te s  w ith  n e u ra m in id a se  (2 4 ) . T rea tm en t o f  

e r y th r o c y te s  w ith  p r o te a s e  a l s o  makes c e r t a i n  a n tig e n s  more a v a i l a b le  

to  r e a c t  w ith  a n t ib o d ie s  o r  o th e r  a g g lu t in i n s .  T h is may b e  due to  a 

s t e r i c  p r o te c t io n  o f  th e  u n d e r ly in g  g ly c o l ip id s  by th e  p e p t id e .  A l t e r ­

n a t i v e l y ,  rem oval o f  s i a l i c  a c id  a s s o c i a te d  w ith  th e  p e p t id e  may change 

th e  c o n f ig u r a t io n  o f  th e  membrane p r o t e i n  to  p e rm it a  more ready  

ap p ro a c h  o f  a n tib o d y  to  th e  a n t ig e n  s i t e .  R ecen t s tu d ie s  o f  a lk a l in e  

p h o s p h a ta s e  in d ic a te d  a  p o s s ib l e  th r e e - ^ a y  r e l a t i o n s h ip  o f  v i r a l  re c e p ­

t o r ,  c e l l - s u r f a c e  a n t ig e n  and c e l l - s u r f a c e  enzyme a c t i v i t y  (2 5 ) . 

P l a c e n t a l  a lk a l in e  p h o s p h a ta s e  e x h ib i t s  th e  a b i l i t y  to  i n h i b i t  haem ag- 

g l u t i n a t i o n  o f  re d  b lo o d  c e l l s  by T o o la n 's  H-1 v i r u s .  However, t h i s  

i n h i b i t o r y  a c t i v i t y  o f  th e  enzyme i s  c o m p le te ly  l o s t  by n e u ra m in id a se  

t r e a tm e n t ,  w h ich , how ever, d id  n o t  a l t e r  th e  enzyme a c t i v i t y  (2 5 ) .

I t  i s  g e n e r a l ly  a c c e p te d  t h a t  th e  i n te r a c t io n s  o f  c a n c e r  c e l l s  

w i th  a  h o s t  a r e  i n  p a r t  d e te rm in e d  by th e  p h y s ic o c h e m ic a l n a tu r e  o f  

t h e i r  p e r ip h e r a l  r e g io n s .  Ambrose e t  a d . (26) r e p o r te d  t h a t  c a rc in o g e n -  

in d u c e d  tum or c e l l s  h av e  h ig h e r  e l e c t r o p h o r e t i c  m o b i l i t i e s  th a n  norm al 

t i s s u e  c e l l s .  C u r r ie  e t  a l . and S a n fo rd  in d ic a te d  t h a t  n e g a t iv e ly  

c h a rg e d  s i a l i c  a c id  m o ie t ie s  a t  tu m o r -c e l l  s u r f a c e s  may s h i e l d  th e  c e l l s



a g a in s t  im m unologic a t t a c k  by  th e  h o s t  and e n a b le  them to  a c h ie v e  l e t h a l  

p r o p o r t io n s  ( 2 7 ,2 8 ) .  On th e  o th e r  h an d . Cook and Jaco b so n  (29) found 

t h a t  mouse a c u te  ly m p h o b la s t ic  leukem ic  c e l l s  have  low er e l e c t r o p h o r e t i c  

m o b i l i ty  th a n  norm al lymph node c e l l s .  However, W eiss and H auschka (30) 

found no c o r r e l a t i o n  b e tw een  e le c t r o p h o r e t i c  m o b i l i ty  and d e g re e  o f  

m alignancy  o f  mouse TA3 c e l l s .  They in d ic a te d  t h a t  i f  th e  s u r f a c e  

changes a re  a rra n g e d  h e te ro g e n e o u s ly ,  th en  a lth o u g h  c o n ta c t  be tw een  two 

c e l l  s u r f a c e  re g io n s  i s  e x p e c te d  to  be governed  by th e  d e n s i ty  o f  charged  

g roups w i th in  th e s e  r e g io n s ,  th e r e  may o r  may n o t be  an o b se rv e d  c o r r e l a ­

t i o n  be tw een  e l e c t r o p h o r e t i c  m o b il i ty  and c o n ta c t .

In  r e c e n t  y e a r s ,  th e  a l t e r e d  p r o p e r t i e s  o f  c u l tu r e d  c e l l s  

tra n s fo rm e d  by o ncogen ic  v i r u s  have been  s tu d ie d  in  g r e a t  d e t a i l .

Perm anent g e n e t ic  changes in d u c e d  by th e s e  v i r u s e s  in c lu d e ,  among o t h e r s ,  

th e  a c q u i s i t i o n  o f n e o p la s t i c  p r o p e r t ie s  and changes i n  co lo n y  m orphology, 

m ost p ro b a b ly  r e l a t e d  to  th e  f a i l u r e  o f t ra n s fo rm e d  c e l l s  to  resp o n d  to  

c o n ta c t  i n h i b i t i o n  o f  c e l l  movement and c e l l  r e p l i c a t i o n .  In  g e n e r a l ,  

th e  la c k  o f  c o n ta c t  i n h i b i t i o n  o f  tra n s fo rm e d  c e l l s  i s  c o r r e la t e d  w ith  

t h e i r  tu m o rig e n ic  c a p a c i ty ,  a lth o u g h  e x c e p tio n s  have  been  fo u n d . T here  

a re  i n d ic a t i o n s  th a t  th e  t r a n s fo rm a t io n  p ro c e s s  a l t e r s  th e  s u r f a c e  o f  

th e  c e l l .  O hta e t  a l .  r e p o r te d  t h a t  p o ly o m a -tran sfo rm e d  3T3 c e l l s  w ere 

d e f i c i e n t  i n  b o th  s u r f a c e  (n e u ra m in id a se -re m o v a b le )  and t o t a l  ( a c id  

h y d r o ly s i s )  s i a l i c  a c id  (3 1 ) .  T h is  r e s u l t  was f u r t h e r  co n firm ed  by Wu 

e t  a l .  ( 3 2 ) .  In  c o n t r a s t ,  F o r r e s t e r  e £  a l .  showed t h a t  a  c lo n e  o f  

p o ly o m a -v iru s - tra n s fo rm e d  h a m s te r  f i b r o b la s t s  have  s l i g h t l y  h ig h e r  

e l e c t r o p h o r e t i c  m o b il i ty  th a n  th e  n o n - tra n s fo rm e d  c e l l s  (3 3 ,3 4 ) .  K a la n t 

e t  a l . a l s o  in d ic a te d  an in c r e a s e  in  s i a l i c  a c id  i n  c a rc in o g e n - in d u c e d -
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p rim a ry  hepatom as compared w ith  t i s s u e  from  a d ja c e n t  norm al l i v e r  ( 3 5 ) .  

B e n e d e tt i  and Emmelot (36) s tu d ie d  i s o l a t e d  p lasm a  membranes from r a t  

l i v e r  and from hepatom a and a ls o  found an e le v a te d  s i a l i c  a c id  c o n te n t  

in  th e  hepatom a m em branes. R e c e n tly , Buck ejt showed t h a t  fu c o s e -  

c o n ta in in g  g ly c o p r o te in  i s  d e c re a se d  in  R a u s -sa rc o m a -v iru s - tra n s fo rm e d  

h a m s te r  c e l l s  (3 7 ) .

The in c o m p le te  s y n th e s i s  o r  s h o r te n in g  o f  th e  g ly c o l ip id  

c a rb o h y d ra te  c h a in  in  th e  v i r a l l y  tra n s fo rm e d  c e l l s  has been o b se rv ed  

as d e le t io n  o f  th e  s i a l o s y l  r e s id u e  o f h e m a to s id e  and concom itan t 

i n c r e a s e  o f  l a c t o s y l  o r  g lu c o sy lc e ra m id e  ( 3 8 ,3 9 ) .  More r e c e n t ly ,  a 

d e le t io n  o f  th e  s i a l o s y l  r e s id u e  was o b se rv ed  in  h ig h e r  g a n g lio s id e s  

o f  m a lig n a n t c e l l s  (4 0 ,4 1 ) .  I t  h a s  been  in d ic a te d  t h a t  g ly c o l ip id s  

a re  m ore p re d o m in a n tly  p r e s e n t  in  p lasm a membrane th a n  o th e r  membrane 

com ponents (3 4 , 42 and 4 3 ) . T h e re fo re , th e  q u a l i t a t i v e  p a t t e r n  o f  g ly c o ­

l i p i d s  c o u ld  be  one o f  th e  d i r e c t  i n d ic a to r s  o f  th e  i n t r i c a t e  p r o p e r t i e s  

o f  c e l l  membrane. The change o f  g ly c o l ip id  p a t t e r n  c o u ld  be r e l a t e d  to  

th e  im m uno log ical s u r f a c e  changes o f  tum or c e l l s ;  how ever, im m uno log ical 

s p e c i f i c i t i e s  o f  c e l l  s u r f a c e  a r e  governed  by more c o m p lic a ted  o r g a n i ­

z a t i o n a l  s t r u c t u r e s  (3 8 ,4 4 ) .  M arkedly enhanced  a c t i v i t i e s  o f  b o th  b i o ­

s y n th e t i c  and d e g ra d a t iv e  enzymes in v o lv e d  i n  g ly c o p r o te in  m etab o lism  

have been  o b se rv e d  in  e i t h e r  SV^Q- o r  p o ly o m a -v iru s - tra n s fo rm e d  3T3 

c e l l s  ( 4 5 ,4 6 ) .

The b io s y n th e s i s  o f  g ly c o p ro te in s  and g ly c o l ip id s  have b een  

approached  by a  number o f  i n v e s t i g a t o r s .  P o ly p e p tid e  c h a in s  o f  g ly c o ­

p r o te in s  a re  g e n e r a l ly  c o n s id e re d  to  be  s y n th e s iz e d  on ribosom es o f  

rough endop lasm ic  r e t ic u lu m  o f  th e  c e l l s .  I t  a ls o  seems w e l l - e s t a b l i s h e d



8
t h a t  th e  o l ig o s a c c h a r id e  c h a in s  a r e  e lo n g a te d  one s u g a r  a t  a tim e  by a 

t r a n s f e r  from a  n u c le o t id e  s u g a r  to  th e  grow ing o l ig o s a c c h a r id e  c h a in . 

T h is  p ro c e s s  o c c u rs  p r im a r i ly  in  th e  smooth endop lasm ic  r e t ic u lu m  and 

G olg i a p p a ra tu s  ( 4 7 ,4 8 ) .  The sequence  o f  su g a rs  in  such  an o l ig o s a c ­

c h a r id e  c h a in  depends on th e  s p e c i f i c i t y  o f  th e  t r a n s f e r a s e  f o r  th e  

g ly c o s y l  donor and f o r  th e  g ly c o s y l  a c c e p to r s .  The g e n e t ic  c o n tr o l  

fo r  th e  s p e c i f i c i t y  o f such  g ly c o s y I t r a n s f e r a s e s  h as  b een  e lu c id a te d  in  

s tu d ie s  o f th e  g e n e t ic  c o n tr o l  o f  th e  enzymes add ing  th e  te rm in a l  

su g a rs  to  form th e  A,B,H and L e w is -a c tiv e  b lo o d  group g ly c o p ro te in s  in  

body s e c r e t i o n s  (4 9 ) .

R e c e n tly , Caccam £ t  sd . (50) have  found t h a t  GDP-m annose-l-^^C 

in c u b a te d  w ith  s e v e r a l  mammalian t i s s u e s  i s  in c o r p o r a te d  as such  i n to  

a l i p i d  h av in g  some o f  th e  c h a r a c t e r i s t i c s  o f  a m a n n o s y l- l-p h o sp h o ry l 

p o ly is o p re n o l  compound (p o s s ib ly  a  d e r iv a t iv e  o f  V itam in  A ). A p o ly i s o -  

p re n o id - s u g a r  com plex has been  shown to  be in v o lv e d  i n  th e  b io s y n th e s is  

o f  c e l l  w a l ls  i n  b a c t e r i a .  The ap p e ara n ce  and lo s s  o f  r a d i o a c t i v i t y  in  

r a t  l i v e r  m a n n o lip id  have a  tem p o ra l c o r r e la t io n  e x p e c te d  f o r  a  p r e ­

c u rs o r  o f g ly c o p r o te in .

An a re a  o f  c o n s id e ra b le  i n t e r e s t  f o r  s tu d i e s  on th e  carb o h y ­

d r a te s  o f  c e l l  s u r f a c e s  concerns  th e  mechanisms by w hich th e  membrane 

components a re  s y n th e s iz e d ,  th e  m anner i n  w hich th ey  a re  i n s e r t e d  o r  

o rg a n iz e d  i n to  th e  c e l l  membrane s u r f a c e ,  and how th e y  a re  removed from 

th e  membrane and c a ta b o l iz e d ,  r e l e a s e d  in to  th e  medium o r  r e tu r n e d  to  th e  

c e l l s .  In  t h i s  r e s p e c t ,  W arren and C lic k  have shown t h a t  th e  s p e c i f i c  

a c t i v i t y  o f  r a d io a c t iv e  g lucosam ine  d e c re a s e s  a t  a r a t e  p r e d ic te d  by 

th e  grow th and co n seq u en t d i l u t i o n  i n  r a p id ly  grow ing L c e l l s  " p u ls e
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la b e le d "  w ith  r a d io a c t iv e  g lucosam ine  ( 5 1 ,5 2 ) .  On th e  o th e r  h a n d ,

Kraem er (53) and M olnar a l .  ( 5 4 ) ,  n o te d  t h a t  nongrow ing a s c i t e s  c e l l s  

c o n tin u o u s ly  r e l e a s e  new ly s y n th e s iz e d  c a rb o h y d ra te s -c o n ta in in g  m acro­

m o lecu le s  i n t o  th e  medium.

C a rb o h y d ra te s  a re  w e l l  s u i t e d  f o r  fo rm a tio n  o f s t e r e o s p e c i f i c  

s t r u c t u r e s .  They a r e  r e l a t i v e l y  r i g i d  m o le c u le s  i n  w hich th e r e  a r e  many 

g roups f o r  h y d rogen  b ond ing  and f o r  h y d r o p h i l ic  i n t e r a c t i o n .  The shape  

o f  th e  m o le c u le  and th e  p o s i t i o n  o f  th e  r e a c t i v e  groups can b e  m arked ly  

d i f f e r e n t  d epend ing  on th e  su g a rs  in v o lv e d , th e  h y d ro x y l p o s i t i o n  to  

w hich th e  n o n re d u c in g  s u g a r  i s  l in k e d ,  and th e  anom eric  c o n f ig u r a t io n  o f 

th e  g ly c o s id ic  l in k a g e .  I t  i s ,  t h e r e f o r e ,  n o t  s u r p r i s in g  to  f in d  p ro ­

found s p e c i f i c i t y  in  th e  c a rb o h y d ra te -c o n ta in in g  a n tig e n s  and in  th e  

r e a c t io n  o f  c a rb o h y d ra te s  w ith  a g g l u t i n i n s , v i r u s e s , a n t i b o d ie s , enzym es, 

and so  f o r t h .  I t  i s  i n t e r e s t i n g  in  t h i s  r e s p e c t  t h a t  g lu c o se  i s  r a r e ly  

i n  th e  o u te r  p o r t io n  o f  su g a rs  in  g ly c o p r o te in s  o r  g ly c o l ip id s  ( 4 ) .

T h is  i s  c o n s i s t e n t  w i th  th e  r e c o g n i t io n  s i t e  h y p o th e s is ,  s in c e  f r e e  

g lu c o se  in  th e  body f lu i d s  co u ld  o th e rw is e  i n h i b i t  r e c o g n i t io n  o f 

s p e c i f i c  b in d in g  o r  r e c e p to r  s i t e s .  In  c o n c lu s io n , i t  i s  c l e a r  t h a t  

th e r e  a re  com plex p o ly s a c c h a r id e s  i n  c e l l  s u r f a c e ,  and t h a t  c a rb o h y d ra te s  

c o n ta in e d  t h e r e in  p la y  a r o le  i n  c e l l  f u n c t io n — b u t what r o le  o r  r o le s  

i s  a  m a t te r  o f  s p e c u la t io n .

The c o r t i c o s t e r o i d s  have num erous and d i v e r s i f i e d  p h y s io lo g ic  

fu n c t io n s  and p h a rm a co lo g ic  a c t io n s  (5 5 ) .  They in f lu e n c e  c a rb o h y d ra te , 

p r o t e i n ,  f a t  and p u r in e  m etab o lism ; e l e c t r o l y t e  and w a te r  b a la n c e ;  and 

th e  f u n c t io n a l  c a p a c i t i e s  o f  th e  c a r d io v a s c u la r  sy s te m , th e  k id n e y , 

s k e l e t a l  m u sc le , th e  n e rv o u s sy s te m , and o th e r  o rg an s and t i s s u e s .
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F u rth e rm o re , t h e  c o r t i c o s t e r o i d s  endow th e  o rg an ism  w ith  th e  c a p a c i ty  

to  r e s i s t  n o t a  few b u t  a l l  ty p e s  o f  n o x io u s  s t im u l i  and e n v iro n m e n ta l 

ch an g es . The a d re n a l  c o r te x  i s  th e  o rg an  o f  h o m e o s ta s is , b e in g  re sp o n ­

s i b l e  fo r  th e  r e l a t i v e  freedom  t h a t  h ig h e r  o rg an ism s e x h ib i t  i n  a con­

s t a n t l y  ch an g in g  e n v iro n m e n t.

The means by w hich th e  c o r t i c o s t e r o i d s  a c c e l e r a te  g lu c o n e o -  

g e n e s is  has b e e n  th e  s u b je c t  o f  in te n s e  e x p e r im e n ta l  s tu d y  and d e b a te . 

E vidence has b een  b ro u g h t fo rw ard  to  s u p p o r t  a c t io n s  o f g lu c o c o r t ic o id s  

a t  each  o f  th e  v a r io u s  s te p s  from  t i s s u e  p r o t e i n  to  l i v e r  g ly c o g e n .

T here  i s  g e n e ra l  ag reem en t th a t  th e  g lu c o c o r t i c o id s  a re  e s s e n t i a l  f o r  

th e  m o b i l iz a t io n  o f  p r o te i n  and amino a c id s  from  t i s s u e  s t o r e .

The m o b i l iz a t io n  o f  p r o te in  from  d i f f e r e n t  t i s s u e s  i s  a f f e c te d  

i n  d i f f e r e n t  w ays. L ym phatic  t i s s u e  e v id e n c e s  such  e f f e c t s  d r a m a t ic a l ly  

r e s u l t i n g  in  l y s i s  and p y k n o s is  o f  th e  c e l l s ,  w h ile  s k e l e t a l  m uscle  

and s k in  show l i t t l e  e f f e c t .

C o r tis o n e  h a s  been  found to  in c r e a s e  th e  r a t e  o f  ^  novo 

s y n th e s i s  o f l i v e r  enzymes in v o lv e d  i n  th e  c o n v e rs io n  o f  amino a c id s  to  

g lycogen  (5 6 ) .

The m o b i l iz a t io n  o f  f a t  from  p e r i p h e r a l  f a t  d e p o ts  by 

e p in e p h r in e ,  n o r e p in e p h r in e ,  grow th horm one, o r  a d ip o k in e t ic  p e p t id e s  o f  

th e  adenohypophysis  i s  m arked ly  d e c re a s e d  i n  th e  absence  o f  th e  a d re n a l  

c o r te x .

C o r t i s o l  in d u c e s  sodium  r e t e n t i o n  and p o ta ss iu m  e x c r e t i o n ,  

b u t much l e s s  e f f e c t i v e l y  th a n  does a ld o s te r o n e .  The c o r t i c o s t e r o i d s  

a ls o  e x e r t  im p o r ta n t  a c t io n s  on th e  v a r io u s  e lem en ts  o f  th e  c i r c u l a t o r y  

sy s te m , th e  c a p i l l a r i e s ,  th e  a r t e r i o l e s ,  and th e  m yocardium . The
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c o r t i c o s t e r o i d s  n o t  on ly  p o t e n t i a t e  th e  p r e s s o r  re sp o n se  to  e p in e p h r in e  

and n o re p in e p h r in e  b u t ,  in  a d d i t io n ,  th ey  e x e r t  a p r o te c t iv e  a c t io n  

a g a in s t  th e  to x ic  e f f e c t s  o f  th e s e  c a te c h o la m in e s . The d i s s o lu t io n  o f 

lym phoid t i s s u e  i s  under th e  in f lu e n c e  o f  th e  a d re n a l  g la n d s .

C o r t i s o l  has th e  c a p a c i ty  to  p re v e n t o r  s u p p re s s  th e  d e v e lo p ­

ment o f  th e  l o c a l  h e a t ,  r e d n e s s ,  s w e l l in g  and te n d e rn e s s  by w hich 

in fla m m atio n  i s  re c o g n iz e d . At th e  m ic ro sc o p ic  l e v e l ,  th e y  i n h i b i t  n o t 

on ly  th e  e a r ly  phenomena o f th e  in flam m ato ry  p ro c e s s  (edem a, f i b r i n  

d e p o s i t io n ,  c a p i l l a r y  d i l a t a t i o n ,  m ig ra tio n  o f p h a g o cy te s  in to  th e  

in fla m e d  a r e a ,  and p h a g o c y tic  a c t i v i t y )  b u t  a ls o  th e  l a t e r  m a n if e s ta t io n s  

( c a p i l l a r y  p r o l i f e r a t i o n ,  f i b r o b l a s t  p r o l i f e r a t i o n ,  d e p o s i t io n  o f  

c o lla g e n  and c i c a t r i z a t i o n ) (5 7 ) .

The a n ti- in f la m m a to ry  and a n t i a l l e r g i c  e f f e c t s  o f  h y d ro ­

c o r t i s o n e  a r e  c o n s id e re d  to  be  i t s  m ost s t r i k i n g  p h y s io lo g ic  fu n c t io n s  

and th e  c l i n i c a l  a p p l i c a t io n s  o f  h y d r o c o r t is o n e  f a l l  i n to  th e s e  two 

c a te g o r i e s .  I t  h as  a ls o  been  u sed  w ith  v a ry in g  d e g re e  o f  s u c c e s s  in  

th e  t r e a tm e n t  o f m a lig n a n t lymphoma and ly m p h o cy tic  leu k em ia .

Among th e  many r e c e n t  advances in  immunology m ust be  coun ted  

th o se  i n  th e  f i e l d  o f im m unosuppressive  th e ra p y . The u l t im a te  g o a l o f  

th e  th e ra p y  i s  to  a c h ie v e  th e  a b i l i t y  to  su p p re s s  th e  re sp o n se  to  a 

s in g l e  a n t ig e n ,  o r  c o n s t e l l a t i o n  o f  a n t ig e n s ,  w h ile  le a v in g  a l l  o th e r  

immune re s p o n s e s , i n t a c t .  C o r t ic o s te r o id s  a re  among th e  im m unosuppressive 

a g e n ts  b e in g  u sed  (5 8 ,5 9 ) .  R a ts ,  m ice and r a b b i t s  a r e  e x tre m e ly  

s e n s i t i v e  to  im m unosuppressive a c t i v i t y  o f  th e  c o r t i c o s t e r o i d s  w hich  

cause  d e p le t io n  o f  th e  sm a ll ly m p h o c y te s . However, th e r e  a re  o th e r  

s p e c ie s — among them , man— t h a t  a r e  r e s i s t a n t ,  o r  a t  l e a s t  whose sm a ll
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lym phocytes a re  r e s i s t a n t  to  c o r t i c o s t e r o i d s .  However, one canno t 

ig n o re  th e  fa c e  t h a t  in  c l i n i c a l  p r a c t i c e ,  th e  c o r t i c o s t e r o id s  have 

p roved  m ost im p o rta n t in  th e  t re a tm e n t  o f  im m unologic d is o r d e r s  and in  

f a c i l i t a t i n g  hom ograft a c c e p ta n c e . In  g r a f t  r e j e c t i o n  th e  c e n t r a l  

b io lo g ic  e v e n t i s  th e  i n t e r a c t i o n  betw een  a n tib o d y  and a n t ig e n , w hich 

in  i t s e l f  o f te n  evokes a s tr o n g  in flam m ato ry  r e a c t io n .  The p o s s i b i l i t y  

th e r e f o r e  e x i s t s  th a t  c o r t i c o s t e r o id s  may enhance th e  chances o f  g r a f t  

a c c e p ta n c e  by s u p p re s s in g  in fla m m atio n  and th e re b y  im prov ing  th e  h o s t  

env ironm en t f o r  th e  g r a f t .  In  c o n t r a s t ,  c o r t i c o s t e r o id s  have b e e n  known 

to  enhance i n f e c t io n s  by a number o f b a c t e r i a ,  to  i n h i b i t  v a r io u s  a s p e c ts  

o f  p h a g o c y tic  p r o c e s s ,  in c lu d in g  th e  r e l e a s e  o f  ly sosom al enzymes from 

g ra n u lo c y te s .  Thus, th e  mechanism o f  im m unosuppressive a c t i v i t y  from  

such  m u lt i f a c e te d  s u b s ta n c e s  such  as th e  c o r t i c o s t e r o id s  s t i l l  a w a its  

f u r t h e r  i n v e s t i g a t io n .

L in  and Knox (60) have shown t h a t  r a t - l i v e r  ty r o s in e  t r a n s ­

am inase a c t i v i t y  i s  e le v a te d  r a p id ly  i n  re sp o n se  to  g lu c o c o r t i c o id s ,  

w ith  a maximum in c r e a s e  o f  abou t f iv e f o ld  o c c u r r in g  w ith in  3-4 h o u rs .

T here  i s  c o n s id e ra b le  ev id e n c e  t h a t  a l t e r a t i o n s  o f  RNA m etabo lism  a re  

in v o lv e d  i n  enzyme r e g u la t io n  in  an im al t i s s u e ,  r e s u l t i n g  in  an in c r e a s e  

o f th e  r a t e  o f  enzyme s y n th e s i s  ( 6 1 ,6 2 ) .

C o r t i s o l  and r e l a t e d  g lu c o c o r t ic o id s  have  b een  known to  

im p a ir  bone fo rm a tio n  when a d m in is te re d  in  p h a rm a c o lo g ic a l doses to  

human b e in g s  and e x p e r im e n ta l  a n im a ls . They m arkedly  i n h i b i t  th e  

s y n th e s is  o f  c o lla g e n  and n o n c o lla g e n  p r o te in  i n  c u l tu r e d  bone c e l l s  (6 3 ) , 

They a ls o  a l t e r  th e  m etabo lism  o f  b o n e - c e l l  n u c le o s id e  and ENA (6 4 ) .

In  ra t- th y m o c y te  c e l l s ,  c o r t i s o l  d e c re a s e s  th e  a c t i v i t y  o f
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RNA p o ly m erase  r e s u l t i n g  in  i n h i b i t i o n  o f ENA s y n th e s i s  (6 5 ) . C o r t i s o l  

a ls o  i n h i b i t s  th e  t r a n s p o r t  and u t i l i z a t i o n  o f  amino a c id s  and p re c u r s o r s  

o f  RNA and DNA in  lym phoid c e l l s  i n  v i t r o  (66) ; i t  does n o t have 

d i f f e r e n t i a l - i n h i b i t o r y  e f f e c t  on a  s p e c i f i c  s p e c ie s  o f  RNA. In  c o n t r a s t ,  

K idson r e p o r te d  th a t  in c u b a t io n  o f  lym phoid c e l l s  ^  v i t r o  w ith  c o r t i s o l  

r e s u l t e d  i n  an e a r ly  i n h i b i t i o n  o f  s y n th e s i s  o f a  r a p id ly  tu rn in g  o v e r 

RNA s p e c ie s  (6 7 ,6 8 ) . A l t e r a t i o n s  i n  s p e c i f i c  RNA s p e c ie s  have a ls o  been  

re p o r te d  i n  s tu d ie s  o f c o r t i s o l  a c t io n  on ra t-h e p a to m a  c e l l s  (6 9 ) .

I t  i s  ex tre m e ly  d i f f i c u l t  to  know i f  th e  horm onal o r  n u t r i ­

t i o n a l  s t im u lu s  a c ts  d i r e c t l y  o r  i s  a consequence o f  s e c o n d a ry , com­

p e n s a to ry  re sp o n se s  o f  th e  i n t a c t  a n im a l. To b y p ass  some o f  th e s e  

c o m p le x i t ie s , u se  h as  been  made o f i s o l a t e d  o rg an  and c e l l  c u l tu r e  

sy s te m s . Two HeLa c lo n e s ,  HeLa 65 and HeLa 71, have been  c a r r ie d  

c o n tin u o u s ly  in  o u r la b o r a to r y  f o r  y e a r s ,  and a r e  th e  e x p e r im e n ta l  

sy s tem s u t i l i z e d  f o r  th e s e  s t u d i e s .  HeLa i s  a  name a p p lie d  to  a  human- 

d e r iv e d  e p i t h e l i a l  c e l l  l i n e  o f c e r v i c a l  o r ig i n .  The p rim ary  adeno­

carc inom a was a d a p te d  to  grow th i n  t i s s u e  c u l tu r e  by Gey e t  a l .  i n  1951 

(7 0 ) , and th e  c u l tu r e  h as  been  c a r r i e d  c o n tin u o u s ly  s in c e .  A lthough 

t i s s u e  c u l t u r e  p ro v id e s  us w ith  an e x c e l le n t  sy stem  i n  w hich to  u n ra v e l 

th e  m o le c u la r  m echanism  and th e  c e l l - s u r f a c e  phenomena o f  horm ones, we 

have to  b e a r  in  mind t h a t  th e  c u l tu r e d  c e l l s  e x h ib i t  no c h a r a c t e r i s t i c  

t r a i t s  o f  th e  t i s s u e  o f  o r ig i n .

HeLa 65 c e l l s  c o n tin u o u s ly  sub c u l tu r e d  w ith  3 pM c o r t i s o l  

(H er s t a t e )  p o s s e s s  a m em brane-bound enzyme, a lk a l in e  p h o s p h a ta s e , w ith  

an in c r e a s e d  s p e c i f i c  phosphom onoesterase  a c t i v i t y  (7 1 , 72 and 7 3 ).

When HeLa 71 c e l l s  a re  c o n tin u o u s ly  s u b c u ltu re d  w ith  3 pM c o r t i s o l .
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th ey  have an ex te n d e d  c e l l  g e n e ra t io n  tim e (35 h o u r s ) .  T h is  i s  m ain ly  

due to  an e x te n s io n  o f th e  l a t e  p o r t io n  o f  th e  c e l l  c y c le .  In  con­

t r a s t ,  th e  g row th  o f  HeLa 65 c e l l s  w ith  c o r t i s o l  i s  te m p o ra r i ly  r e ta r d e d  

in  th e  f i r s t  g e n e ra t io n  c y c le ,  b u t  i t  l a t e r  r e tu r n s  to  th e  c o n tr o l  

r a t e  (1 8 -h o u r  d o u b lin g  t im e ) ( 7 4 ) .  The amount o f s i a l i c  a c id ,  a c e l l -  

membrane m o ie ty , r i s e s  in  HeLa 65 c e l l s  a f t e r  s h o r t - te r m  c u l t i v a t i o n  

w ith  c o r t i s o l  (7 5 ) .  Mammalian c e l l  s u r f a c e s  a re  r e p o r te d ly  m o d if ie d  by 

grow th w ith  g lu c o c o r t i c o id s .  For i n s ta n c e ,  a  c lo n e  o f  r a t - l i v e r  

hepatom a c e l l s  grown w ith  c o r t i s o l  changes in  c e l l  a d h e s iv e n e s s , e l e c ­

t r o p h o r e t i c  m o b i l i ty ,  and a n t ig e n ic  p r o p e r t ie s  (7 6 ) .

T hese s tu d i e s  w ere d e s ig n e d  to  q u a n t i t a t e  and c h a r a c te r iz e  

such  membrane com ponents a s  s i a l i c  a c id ,  hexosam ine and t h e i r  c a r r i e r  

m o le c u le s . We a ls o  p lan n e d  e x p e rim e n ts  to  d e te rm in e  th e  r e l a t i v e  

c o n te n t  o f  th e s e  com ponents in  c e l l  s u b f r a c t io n s  by th e  u se  o f  c e l l -  

membrane f r a c t i o n a t i o n  te c h n iq u e s .  The s i a l i c  a c id  c o n te n t  o f  s ia lo g ly c o ­

p r o te in s  in c r e a s e d  in  th e  p lasm a  membrane and th e  n u c le u s  o f  HeLa 71 

Her r e l a t i v e  to  HeLa 71 c o n t r o l .  T h is  in c r e a s e  was p a r a l l e l e d  by a 

r i s e  i n  g ly c o p r o te in  C M P -sia lic  a c id  t r a n s f e r a s e  a c t i v i t y .  The in c r e a s e d  

s i a l i c  a c id  may have been due to  a  c o r t i s o l - m e d ia te d  in c r e a s e  in  th e  

amount o f  s i a l i c  a c id  p e r  g ly c o p r o te in  m o lecu le  a n d /o r  in c r e a s e d  amounts 

o f  t o t a l  c e l l u l a r  s ia lo g ly c o p r o te in s .
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CHAPTER I I  

MTERIALS AND METHODS

C e ll  c u l tu r e s  and m edia 

Two HeLa c lo n e s ,  HeLa 65 and 71, named f o r  t h e i r  modal 

chromosome number ( 7 7 ) ,  w ere grown i n  m onolayer c u l tu r e  e i t h e r  in  

m ilk  d i l u t i o n  b o t t l e s  o r  B lake  b o t t l e s  (E .H . S a rg e n t and C o.) a s c e r ­

t a in e d  to  b e  f l a t  on one s u r f a c e .  Growth medium was an a u to c la v a b le  

p r e p a r a t io n  o f  E a g l e 's  M inim al E s s e n t i a l  Medium (MEM) (78) (Auto Row, 

Flow L a b o r a to r ie s )  su p p lem en ted  by 10% c a l f  serum  (C o lo rado  Serum C o .) ,  

5 mM g lu ta m in e , 50 u n i t s /m l  o f  p e n i c i l l i n  and 50 pg/m l each  o f s t r e p ­

tom ycin  and kanam ycin . The c a l f  serum  was h e a t - i n a c t i v a t e d  a t  56° f o r  

30 m in u te s  b e fo r e  b e in g  added to  th e  medium. The pH o f  th e  medium was 

m a in ta in e d  a t  a b o u t 7 .2  w ith  5 p e rc e n t  CO2  i n  b a la n c e d  a i r .  C e l ls  in  

th e  H er s t a t e  w ere  s u b c u l tu re d  w ith  c o r t i s o l  (1 .0  pg/m l o f  medium) 

o b ta in e d  from  Sigma f o r  a t  l e a s t  th r e e  weeks b e fo r e  b e in g  s tu d ie d .  

T echn iques f o r  s u b c u l tu r in g  and h a r v e s t in g  c e l l s  have been  d e s c r ib e d  

e lse w h e re  (7 9 ) . Each e x p e rim e n t u t i l i z e d  r e p l i c a t e  b o t t l e  c u l tu r e s  

in c lu d in g  one w hich  was used  f o r  th e  c e l l  c o u n tin g . B lake b o t t l e s  

a t  a c o n flu e n c y  o f  1 1 - 1 2  x  1 0 ^ c e l ls /c m ^  w ere u sed  f o r  m ost o f  th e  

e x p e r im e n ts . T h is  r e p r e s e n t s  an e x p o n e n t ia l ly  d iv id in g  asynchronous 

p o p u la t io n  o f  c e l l s  i n  l a t e  lo g a r i th m ic  g row th .
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C e l l  coun ts

C e ll  c o u n ts  w ere done w ith  a B r ig h t-L in e  hem acytom eter from 

A.O. In s tru m e n t Company, S c i e n t i f i c  In s tru m e n t D iv is io n ,  B u f fa lo ,  N.Y.

C e ll-v o lu m e  m easurem ents 

C e l ls ,  w hich had  been  removed from  th e  m onolayer w ith  v e rs e n e -

t r y p s in  (7 9 ) , w ere suspended  i n  com plete  medium. The c e l l  su sp e n s io n

was th e n  sed im en ted  a t  400 x  g f o r  15 m in u tes  in  a B auer-S chenck  s e d i ­

m e n ta tio n  tu b e  (K ontes G lass  C o ., V in e la n d , N . J . ) ,  c a l i b r a t e d  in  4 p i  

in c re m e n ts . A f te r  t h i s  t r e a tm e n t ,  no f u r t h e r  d e c re a s e  in  p e l l e t  volume 

was o b ta in e d . The f i n a l  re a d in g  r e p r e s e n t s  th e  c lo s e s t  packed  volume 

o f  th e  c e l l s  s in c e  c e l l  d e fo r m a b i l i ty  ex c lu d ed  e s s e n t i a l l y  a l l  e x t r a ­

c e l l u l a r  f l u i d  when packed  u n d e r th e s e  c o n d i t io n s .

S e p a ra t io n  o f g ly c o p r o te in s  and g ly c o l ip id s  

C e ll  m ono layers w ere w ashed tw ic e  w ith  i s o t o n i c  s a l i n e  in  

0 .0 2 5  M T r is -H C l, pH 7 .2 ,  (ST b u f f e r ) ,  suspended  in  t h i s  b u f f e r ,  and 

se d im e n te d  by c e n t r i f u g a t i o n .  C e l l  p e l l e t s  w ere e x t r a c t e d  w ith  20

volum es o f c h lo ro fo rm :m e th a n o l 2 :1  (v /v )  f o r  20 m in u te s  a t  37°. The

in s o lu b le  r e s id u e  was sed im e n te d  and r e e x t r a c te d  as d e s c r ib e d  above.

The ch lo ro fo rm rra e th a n o l la y e r s  w ere combined and u sed  f o r  l i p i d  and 

g ly c o l ip i d  a n a ly s i s .  The p r e c i p i t a t e  from  th e  ch lo ro fo rm rm e th a n o l 

e x t r a c t  was a i r - d r i e d  and m e c h a n ic a lly  (Model AAZC170, P r e c i s io n  

S c i e n t i f i c  C o.) hom ogenized in  w a te r .  To t h i s  s u s p e n s io n  was added an 

e q u a l volume o f  2% p h o s p h o tu n g s t ic  a c id  in  1 .0  N HCl. The p r e c i p i t a t e  

was sed im en ted  by c e n t r i f u g a t i o n ,  w ashed by r e s u s p e n s io n  in  1 % phospho­

tu n g s t i c  a c id  in  0 .5  K HCl, and re s e d im e n te d . The p e l l e t  was used  f o r
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s u g a r  a n a ly s i s  o f  g ly c o p r o te in s .  G lycop ro te in , su g a rs  w ere l i b e r a t e d  

by h y d r o ly s is  in  2 N HCl a t  100° f o r  6  h o u rs . Hexosamine was d e te rm in ed  

on th e  a c id  h y d r o ly s a te .  N e u tra l  su g a rs  w ere a ssay ed  a f t e r  column 

ch ro m ato g rap h ic  s e p a r a t i o n ,  as d e s c r ib e d  f o r  g ly c o p ro te in  n e u t r a l  su g a rs  

(8 0 ) . S i a l i c  a c id  was l i b e r a t e d  by h y d r o ly s is  o f th e  p r e c i p i t a t e d  p e l l e t  

in  0 .1  N H2 S0 /̂  a t  80° f o r  1 h o u rs  and d e te rm in ed  as d e s c r ib e d  l a t e r .

S i a l i c  a c id  a ssa y  

S i a l i c  a c id  was a ssa y e d  as N -a c e ty ln e u ra m in ic  a c id  by th e  

m ethod o f  W arren (81) a f t e r  t h i s  compound had been  s e p a r a te d  by io n -  

exchange column ch rom atography  u s in g  co u p led  columns w ith  two r e s in s  

(Dowex 50W-X8 [H"*"], 20 to  50 mesh and Dowex I-X 8  [ fo rm a te ] ,  50 to  100 

m esh, from Sigma) (7 5 ) .  P ap e r chrom atography was used  to  r e s o lv e  th e  

s i a l i c  a c id s  o f th e  p u r i f i e d  n u c le a r  f r a c t i o n  in to  N -a c e ty ln e u ra m in ic  

a c id  and N -g ly c o ly ln e u ra m in ic  a c id .  The m a te r i a l  was a p p lie d  to  p r e ­

washed Whatman No. I  ch rom atography  p aper and th e  chrom atogram  was 

deve loped  by d escen d in g  i r r i g a t i o n  w ith  b u ta n o l :p r o p a n o l :0 .1  M HCl 

( 1 : 2 : 1 , v /v /v )  (8 2 ) .

Hexosamine a ssa y  

Hexosamine was e s t im a te d  by th e  m ethod o f  G a tt  and Berman (8 3 ) .

Hexosam ines w ere f u r t h e r  s e p a r a te d  in to  g lu co sam in e  and g a la c to sa m in e  on

a B io -G al Bio-Chrom amino a c id  a n a ly z e r  (R o c k v il le  C e n te r ,  N .Y .) . The 

a c id  h y d ro ly s a te  o f  g ly c o p r o te in  was d e s ic c a te d  over KOH p e l l e t s  and 

th en  d is s o lv e d  in  0 .2  N c i t r a t e  b u f f e r  (pH 2 .2 ) .  The sam ple was a p p lie d  

to  a s ta n d a rd  amino a c id  a n a ly z in g  column (50 x 0 ,9  cm) and e lu t e d  w ith

0 .2  N c i t r a t e  b u f f e r  (pH 4 .2 5 ) ,  to  which s o l i d  NaCl was added t o  b r in g

th e  n o rm a l i ty  to  0 .3 8 .
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N e u tra l  su g a r  a ssa y  

The a c id  h y d ro ly s a te  o f  g ly c o p ro te in  in  2 N HCl was d i lu te d  

w ith  a t  l e a s t  1 0  volum es o f d i s t i l l e d  w a te r  and th e n  p a s se d  s e q u e n t i a l ly  

th ro u g h  Dowex 50W-X8 (H t) and Dowex I~X8  ( fo rm a te )  co lum ns. The e f f l u e n t  

was c o l l e c te d  and ly o p h i l iz e d  ( V i r t i s  R esearch  E quipm ent, G arden , N .Y .). 

The su g a rs  w ere r e c o n s t i t u te d  i n  1 ml o f  w a te r .  An a l i q u o t  o f  th e  

m ix tu re  was a n a ly z e d  f o r  th e  t o t a l  n e u t r a l  s u g a rs  by th e  P ark -Jo h n so n  

f e r r ic y a n id e  m ethod (8 0 ) . The r e s t  o f  th e  s u g a r  m ix tu re  was s e p a ra te d  

and q u a n t i ta t e d  as  r ib o s e ,  m annose, g a la c to s e  by g a s - l i q u i d  chrom ato­

graphy u s in g  th e  te c h n iq u e  o f  Holme e ^  ( 8 5 ) ,  w ith  m o d if ic a t io n s  

su g g e s te d  by Dr. A.A. L in d b e rg . The su g a r  m ix tu re  was red u ced  to  th e  

co rre sp o n d in g  a l d i t o l s  w ith  sodium  b o ro h y d rid e  (15 mg/mg s u g a r ) . A f te r  

sodium  b o ro h y d rid e  was d is s o lv e d  ( in  th e  i c e  b a t h ) , th e  m ix tu re  was 

a llow ed  to  s ta n d  a t  room te m p e ra tu re  f o r  one to  two h o u rs  and th en  

s to r e d  o v e rn ig h t a t  4 ° . Excess b o ro h y d rid e  was d e s tro y e d  by p la c in g  

th e  sam ple on a Dowex 50W-X8 (H"*") colum n, e lu t i n g  w ith  10 ml o f  d i s ­

t i l l e d  w a te r  i n to  a  25 ml ro u n d -b o tto m  f l a s k ,  and e v a p o ra tin g  th e  

e lu a t e  to  d ry n e s s . B o ric  a c id  was removed as m ethy l b o r a te  by d i s t i l l a ­

t io n  from  m ethanol (5 ml) u n d er reduced  p r e s s u r e  and th e  p ro c e s s  was 

re p e a te d  fo r  two more t im e s . T o luene (5 m l) was added and th e  reduced  

s u g a r  m ix tu re  e v a p o ra te d  to  d ry n e s s . T h is  p ro c e s s  was r e p e a te d  one 

more tim e . The m ix tu re  was a c e ty la te d  w ith  a c e t i c  a n h y d rid e  i n  p y r id in e  

(1 ml each ) a t  80° f o r  10 min i n  a g la s s - s to p p e r e d  f l a s k .  The r e a c t io n  

m ix tu re  was co o led  in  an i c e  b a th  and e v a p o ra te d  to  d ry n e ss  under reduced  

p r e s s u r e .  Excess a c e t i c  an h y d rid e  and p y r id in e  was removed by add ing  

w a te r  and th e  r e s u l t i n g  s o lu t i o n  e v a p o ra te d  to  d ry n e s s .  The r e s u l t i n g
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m ix tu re  o f  f u l l y  a c e ty la te d  a l d i t o l s  was d is s o lv e d  in  a c e to n e  and th e  

in d iv id u a l  compounds w ere s e p a r a te d  by g a s - l iq u id  ch rom atography . The 

s o lu t i o n  (1 p i )  was in je c te d  in to  a  3% ECNSS ( p o ly e s t e r - s i l i c o n e )  

(S u p e lco  I n c . ,  Supelco  P a rk , B e l l e f o n te ,  P a .)  g la s s  column ( 6  f t  x 5 mm 

i n t e r n a l  d iam e te r)  f i t t e d  in  a  B arber-C olem an Model 5000 gas chrom ato­

g ra p h . The i n j e c t i o n  te m p e ra tu re  was 22 0 ° , column te m p e ra tu re  188°, 

d e te c to r  te m p e ra tu re  245° and gas flow  (argon ) 54 m l/m in . The a re a s  

o f  th e  re s o lv e d  peaks w ere d e te rm in e d  and th e  amount o f  s u g a r  was 

c a lc u la te d  u s in g  x y lo se  as i n t e r n a l  s ta n d a r d .  S ugar s ta n d a rd s  were 

o b ta in e d  from R egis Chem ical C o ., C h icag o , 111.

G lucose was a ssa y e d  by th e  g lu c o se  o x id a s e  m ethod (8 4 ) .

L ip id  and p h o s p h o lip id  a ssa y s  

T o ta l  l i p i d  was d e te rm in e d  g r a v im e t r i c a l l y .  The ch lo ro fo rm : 

m eth an o l c e l l  e x t r a c t  was e v a p o ra te d  to  d ry n ess  u n d er a s tre a m  o f  n i t r o ­

g en . The re s id u e  was r e d is s o lv e d  i n  c h lo ro fo rm , and an a l iq u o t  was 

p la c e d  on an a lu m in u m -fo il w e ig h in g  pan and w eighed on an a n a ly t i c a l  

Model G Cahn Gran E le c tro m ic ro b a la n c e  (V entron  In s tru m e n ts  C o rp ., 

P aram oun t, C a l i f . ) .

P h o sp h o lip id s  w ere s e p a r a te d  by tw o -d im e n sio n a l t b in - l a y e r  

chrom atography  by th e  m ethod o f  R ouser e t  ( 8 6 ) .  The sam ple was 

a p p lie d  on prew ashed S i l i c a  G el G p l a t e  (20 x 20 cm a t  0 .5  mm d e p th , 

from  Brinkman In s t r u m e n ts ,  I n c .  W estb u ry , New Y o rk ). The p l a t e  was 

t r a n s f e r e d  to  TLC cham bers and was d eve loped  in  th e  f i r s t  d im ension  

w ith  c h lo ro fo rm :m e th a n o l:28% aqueous ammonia ( 6 5 :2 5 :5 ,  v / v / v ) .  A f te r  

d ry in g  f o r  about 1 0  m in u te s , th e  chrom atogram  was dev e lo p ed  i n  th e  

seco n d  d im ension  w ith  c h lo ro fo rm :a c e to n e :m e th a n o l :a c e t ic  a c id :  w a te r
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( 3 : 4 : 1 : 1 : 0 . 5 ) . L ip id s  w ere d e te c te d  by io d in e  v a p o r. The s p o ts  w ere 

sc ra p e d  from th e  p l a t e s  and th e  l i p i d s  e x t r a c t e d  w ith  c h lo ro fo rm : 

m e th a n o lrw a te r :fo rm ic  a c id  ( 9 7 :9 7 :4 :2 )  a c c o rd in g  to  Abramson and B le c h e r  

(8 7 ) . The e x t r a c t  was e v a p o ra te d  in  a h o t  w a te r  b a th  and phosphorus 

was d e te rm in e d  ( 8 6 ) .  The n e u t r a l  l i p i d s  w ere p o o r ly  r e s o lv e d  and w ere 

e lu te d  as one f r a c t i o n  and w eighed  on th e  m ic ro b a la n c e .

P r o te in  a ssay

P r o te in  was d e te rm in e d  by th e  m ethod o f  Lowry e ^  ( 8 8 ) .

RNA a ssa y

RNA was d e te rm in e d  s p e c t r o p h o to m e t r ic a l ly .  The sam ple was 

in c u b a te d  i n  0 .2 3  N NaOH a t  37° o v e rn ig h t .  P r o te in  and DNA w ere p re ­

c i p i t a t e d  by  th e  a d d i t io n  o f HCIO4  to  8 % c o n c e n t r a t io n .  A f te r  th e  

sam ple had  been  c e n t r i f u g e d  f o r  30 m in u tes  to  remove in s o lu b le  m a t e r i a l ,  

th e  o p t i c a l  d e n s i ty  o f  th e  s u p e rn a ta n t  f l u i d  was re a d  a t  260 nm. 

O c c a s io n a l ly ,  t h i s  m ethod o f  a lk a l in e  h y d r o ly s is  o f  RîîA was checked by 

h y d r o ly s is  w ith  p a n c r e a t i c  r ib o n u c le a s e  (S ig m a). Both m ethods gave 

s im i la r  r e s u l t s .

DNA a ssa y

DNA was d e te rm in e d  by  th e  m ethod o f  B u rto n  ( 8 9 ) .

P h o sp h a ta se  a s sa y s

A lk a lin e  p h o s p h a ta s e  a c t i v i t y  was e s t im a te d  by th e  method 

p re v io u s ly  d e s c r ib e d  u s in g  8  mil p a r a - n i t r o p h e n y l  p h o sp h a te  (p-NPP)

(Sigma) i n  0 .2 5  M T r is -H C l, pH 1 0 .0 ,  as s u b s t r a t e  ( 7 9 ) .  5 '- N u c le o t id a s e

a c t i v i t y  was d e te rm in e d  as th e  amount o f  p h o sp h a te  r e l e a s e d  when a l i q u o t s
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o f  v a r io u s  f r a c t i o n s  w ere in c u b a te d  w ith  5 ’-AMP (Sigm a) a t  pH 7 .5 .  

P h o sp h a te  was m easu red  by th e  m ethod o f  King ( 9 0 ) .

C o lo r im e tr ic  d e te rm in a tio n s  o f  p r o t e i n ,  DNA, SNA, s i a l i c  

a c id ,  h ex o sam in e , n e u t r a l  s u g a r  and phosp h o ru s  w ere r e a d  on a G i l fo rd  

s p e c tro p h o to m e te r .

Membrane s e p a r a t io n  

A ll  o p e ra t io n s  w ere  p erfo rm ed  a t  4 ° . The c e l l  m onolayers o f 

r e p l i c a t e  B lake b o t t l e s  (20 to  30) w ere w ashed tw ic e  w ith  ST b u f f e r  and 

sc ra p e d  (w ith  ru b b e r  p o licem en ) i n to  ST b u f f e r .  The c e l l s  w ere 

sed im e n te d  by c e n t r i f u g a t i o n  a t  200 x g f o r  10 m in u te s , p o o led  in  ST 

b u f f e r ,  and re se d im e n te d  as d e s c r ib e d  above. In  t h i s  w ay, abou t 4 -5  x 

10® c e l l s  w ere o b ta in e d  f o r  each  membrane p r e p a r a t io n  e x p e rim e n t. The 

c e l l s  w ere su spended  i n  9 ml o f  0 .0 5  M T ris -H C l (pH 7 .5 ) ,  c o n ta in in g  

5 mM MgCl2  (TMG b u f f e r ) . They w ere a llo w ed  to  s w e l l  f o r  10 m in u tes  

and w ere th e n  hom ogenized w ith  2 0  com plete  s t r o k e s  i n  a t i g h t  g l a s s -  

t o - g l a s s  Bounce hom ogen izer (K ontes G lass  C o .) .  The hom ogenate was 

c e n t r i f u g e d  a t  200 x g f o r  10 m in u te s . The p e l l e t  was used  f o r  th e  

p lasm a membrane and n u c le a r  p r e p a r a t io n .

The s u p e rn a ta n t  f l u i d  was c e n t r i f u g e d  in  a S o r v a l l  (Model RC-2) 

r e f r i g e r a t e d  c e n t r i f u g e  f o r  20 m in u tes  a t  4000 x g . The p e l l e t ,  c a l l e d  

F r a c t io n  VI, c o n ta in e d  ly so so m es, m ito c h o n d r ia  and c y to p la sm ic  membranes 

was n o t f u r t h e r  r e s o lv e d .  The s u p e rn a ta n t  f l u i d  from  th e  4000 x g 

c e n t r i f u g a t i o n  was made 45% w ith  r e s p e c t  to  r ib o n u c le a s e - f r e e  s u c ro s e  

(S ch w artz /M an n ); th e  volum e was 20 m l. T h is  s u s p e n s io n  was s u c c e s s iv e ly  

la y e r e d  w ith  13 ml o f  35% s u c ro s e ,  13 ml o f  30% s u c r o s e ,  and 10 ml o f  

25% s u c ro s e  ( a l l  i n  TMG b u f f e r ) , i n  a 60 ml c a p a c i ty  c e l l u lo s e  n i t r a t e
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tu b e . The d is c o n tin u o u s  g r a d ie n t  was o v e r la y e re d  w ith  a  s n a i l  volume o f 

TMG b u f f e r .  I t  was th e n  s u b je c te d  to  c e n t r i f u g a t io n  (Beckman Model L-2 

u l t r a c e n t r i f u g e )  a t  70 ,000  x g f o r  16 h o u rs  in  an SW-25.2 sw ing ing  

b u c k e t r o t o r  (S p in c o ) . The s u p e rn a ta n t  f l u i d  from  th e  4000 x g c e n t r i ­

f u g a t io n  w hich  was f u r t h e r  c e n tr i f u g e d  in  a d is c o n tin u o u s  s u c ro s e  

g r a d ie n t  was re s o lv e d  i n to  fo u r  d i s t i n c t  f r a c t i o n s  (See F ig u re  l a ) . The 

upperm ost o f th e s e  was l i g h t  and was combined w ith  th e  f r a c t i o n  below  

i t  ( F r a c t io n  I ) .

The p e l l e t  from  c e n t r i f u g a t i o n  a t  200 x g f o r  10 m in u tes  was 

suspended  i n  20 ml o f  45% s u c ro s e  and s o n i f i e d  in  a B ronson s o n i f i e r  

u s in g  th e  m ic ro p ro b e  o p e ra t in g  a t  70% e f f i c i e n c y  w ith  a  14 k c y c le  o u tp u t.  

The sam ple r e c e iv e d  t h r e e  8 -se c o n d  b u r s t s  o f sound w ith  tho ro u g h  c o o lin g  

in  i c e  d u r in g  and a f t e r  each  s o n i f i c a t i o n .  The s o n ic a te  was la y e r e d  

w ith  th e  o th e r  s u c ro s e  s o lu t i o n s  to  form  a  d is c o n tin u o u s  g r a d ie n t  as 

d e s c r ib e d  above. T h is  f r a c t i o n  was a ls o  c e n tr i f u g e d  f o r  16 h o u rs  a t  

70,000 X g i n  th e  SW-25.2 r o t o r .  The s o n ic a te  from  th e  200 x  g c e n t r i ­

f u g a t io n ,  w hich was c e n t r i f u g e d  in  a d isc o n tin u o u s  s u c ro s e  g r a d i e n t ,  

was s e p a r a te d  i n to  t h r e e  f r a c t i o n s  (F ig u re  l b ) , one o f  w hich  was l i g h t  

and was com bined w ith  th e  f r a c t i o n  below  i t  (F ra c t io n  IV ) .

Each f r a c t i o n  o b ta in e d  by th e  d is c o n tin u o u s  s u c ro s e  g r a d ie n t  

was d i lu t e d  a t  l e a s t  f o u r f o ld  w ith  TMG b u f f e r .  I t  was th e n  sed im en ted  

by h ig h -s p e e d  c e n t r i f u g a t i o n  and washed once more w ith  b u f f e r  , as 

d e s c r ib e d  above.

E le c t ro n  m icroscopy  

Q u a l i t a t i v e l y ,  b io c h e m ic a l  c h a r a c t e r i s t i c s  w ere  s im i la r  f o r  

any membrane f r a c t i o n  from  one c lo n e  to  th e  o th e r .  T h e re fo re  HeLa 71
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Hcr was chosen  as th e  p ro to ty p e  f o r  e le c t r o n  m ic ro sc o p ic  s t u d i e s .

Membrane f r a c t i o n s  w ere f ix e d  f o r  2 h o u rs  in  6.25% g lu ta r a ld e h y d e  in  

0 .1  M p h o sp h a te  b u f f e r  (pH 7 .2 )  c o n ta in in g  5% s u c ro s e .  A f te r  f i x a t i o n ,  

th e  membrane f r a c t i o n s  w ere w ashed in  p h o sp h a te  b u f f e r  (pH 7 .2 )  f o r  2 

h o u rs  and f ix e d  w ith  1% D a l to n 's  chrome osmium f o r  2 h o u rs . The 

m a te r i a l  was th e n  w ashed w ith  b u f f e r ,  d e h y d ra ted  in  g raded  e th a n o l  

s o lu t i o n s ,  and embedded in  A r a ld i te  6005 ( C a r g i l l e 's  Epoxy R e s in , C a r g i l le  

L a b o r a to r ie s ,  I n c . ) .  S e c tio n s  (made on a  P o rte r-B lu m  u ltra m ic ro to m e )  

o f  800-1000 A w ere s ta in e d  w ith  u ra n y l a c e t a te  and le a d  c i t r a t e  and w ere 

p h o to g rap h ed  on a  H i ta c h i  HU-llB e le c t r o n  m icro scope  (P e rk in -E lm e r  C o rp .) .

G ly c o p ro te in  s i a l y l t r a n s f e r a s e  a ssay  

S i a l y l t r a n s f e r a s e  a c t i v i t y  was m easured by m o d if ic a t io n s  o f  

th e  method o f  Grimes (9 1 ) .  As exogenous a c c e p to r s ,  b o th  b o v in e  f e t u i n  

and b o v in e  s u b m a x illa ry  m ucin (Sigma) w ere s t r ip p e d  o f  s i a l i c  a c id  by 

h e a t in g  a t  80° f o r  1 h o u r  in  0 .1  N H2 SO4 . T his was fo llo w e d  by n e u t r a l ­

i z a t i o n ,  e x h a u s t iv e  d i a l y s i s ,  and l y o p h i l i z a t i o n  to  d ry n e s s . C e l ls  w ere 

washed tw ic e  w ith  a b u f f e r  composed o f  0.8% NaCl, 0.05% KCl, 1 mM EDTA, 

and 1 mM p h o sp h a te  (pH 7 .4 ) .  The c e l l s  w ere s c ra p e d  from th e  g la s s  in  

t h i s  b u f f e r  and c e n t r i f u g e d .  The c e l l  p e l l e t  was resu sp e n d e d  in  10 mM 

p h o sp h a te  (pH 6 .5 ) ,  hom ogenized in  a  t i g h t - f i t t i n g  Bounce a p p a r a tu s ,  and 

c e n tr i f u g e d  a t  2 0 0  x  g f o r  1 0  m in u tes  to  sed im en t th e  n u c le a r  f r a c t i o n .

The p e l l e t  was re su sp e n d e d  in  th e  p h o sp h a te  b u f f e r  and c e n t r i f u g e d  a t  

2 0 0  X g f o r  1 0  m in u te s , and th e  s u p e rn a ta n t  f l u i d  was com bined w ith  th e  

p re v io u s  one . T h is  s te p  was r e p e a te d  once m ore. The combined s u p e rn a ta n t  

f l u i d s  o f  th e  c e l l  hom ogenate w ere th e n  c e n tr i f u g e d  in  an SW-25.2 sw ing ing  

b u c k e t r o to r  a t  70 ,000  x g f o r  3 h o u r s .  The r e s u l t i n g  p e l l e t  was



24

suspended  in  10 mil p h o sp h a te  b u f f e r  (pH 6 .5 ) .  T h is  s e rv e d  as th e  

enzyme p r e p a r a t io n  f o r  s i a l y l t r a n s f e r a s e  a s s a y .

The s ta n d a r d  r e a c t i o n  m ix tu re  c o n s is te d  o f  250 yg enzyme 

p r o t e i n ,  500 yg a c c e p to r  p r o t e i n ,  50 nC CM P-[14C4,5,6 ,7 ,8 ,9 ]  N -a c e ty l­

n e u ra m in ic  a c id  (NANA) ( s p e c i f i c  a c t i v i t y  223 nC /nm ole) (New England 

N u c le a r  C o r p .) ,  0.3% T r i to n  X-100 (Rohm and H a a s ), and 5 mM MnCl2  in  a 

t o t a l  volume o f  0 .1 2  m l. A f te r  a  p e r io d  o f  in c u b a t io n  a t  3 7 ° , 1 ml o f 

1% p h o s p h o tu n g s t ic  a c id  in  0 .5  N HCl was added . The r e a c t io n  m ix tu re  

was co o led  i n  i c e  f o r  30 m in u te s . The in s o lu b le  m a t e r i a l  was c o l le c te d  

by c e n t r i f u g in g  th e  m ix tu re  a t  500 x g f o r  15 m in u te s . The p r e c i p i t a t e  

was washed th r e e  tim es  by r e p e a te d ly  c e n t r i f u g in g  i t  from  a 5% t r i c h l o r o ­

a c e t i c  a c id  s o lu t i o n  (1 .5  ml p e r  w ash ). The p e l l e t  was d is s o lv e d  in  

0 .3  ml o f  0 .1  N NaOH; 0 .2  ml o f  0 .1  N HCl was added a f t e r  s o lu t io n  was 

a t t a in e d .  The r a d i o a c t i v i t y  o f  t h i s  s o lu t io n  was d e te rm in e d  i n  15 ml 

A quasol (New E ngland  N u c le a r)  in  a  Mark I  s c i n t i l l a t i o n  s p e c tro m e te r .

The a u to m a tic  e x t e r n a l  s ta n d a r d  was used  to  c o r r e c t  c o u n ts  to  d i s i n t e g r a ­

t io n s  p e r  m in u te . The e f f i c i e n c y  v a r ie d  betw een  70% and 78% f o r  l^C .

S ia lo g ly c o p r o te in  i s o l a t i o n  and e l e c t r o p h o r e t i c  a n a ly s i s

S ia lo g ly c o p r o te in s ,  such  as a lk a l in e  p h o s p h a ta s e ,  can be re n ­

d e red  s o lu b le  by  e x t r a c t i n g  an aqueous c e l l  s u s p e n s io n  w ith  n -b u ta n o l 

(3  to  1) ( 7 2 ,7 3 ) .  About 80 x 10^ c e l l s  o f  each  c lo n e  i n  each  s t a t e  

su spended  in  9 ml o f  ST b u f f e r  w ere  e x t r a c te d  w ith  3 ml o f  n -b u ta n o l  by 

a g i t a t i n g  on a  v o r te x  m ix e r  ru n  a t  f u l l  speed  f o r  a  minimum o f  3 m in u te s . 

The aqueous l a y e r  was rem oved, and th e  c e l l  b u ta n o l  l a y e r  was r e e x t r a c te d  

w ith  ST b u f f e r .  The f i r s t  and seco n d  aqueous e x t r a c t s  w ere p o o le d , 

d ia ly z e d  e x h a u s t iv e ly  a g a in s t  25 mM T ris -H C l (pH 7 .4 ) ,  ly o p h i l iz e d  and
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r e c o n s t i t u t e d  w ith  w a te r  to  abou t 1 mg p r o te i n  p e r  m i l l i l i t e r .  The 

d u p l ic a te  a l i q u o t s  o f  p r o t e i n s ,  one o f  w hich was t r e a t e d  w ith  C lo s tr id iu m  

p e r f r in g e n s  n e u ra m in id a se  (10 pg p e r  200 yg g ly c o p r o te in )  (Sigma) f o r  

3 h o u rs  a t  3 7 ° , w ere a n a ly z e d  by a c ry la m id e  g e l  e le c t r o p h o r e s i s  by a 

m ethod p r e v io u s ly  d e s c r ib e d  (9 2 ) .  The amount o f  s i a l i c  a c id  in  th e  

e x t r a c t  was a ls o  d e te rm in e d .

N u c le a r  f r a c t i o n  i s o l a t i o n

The n u c le a r  f r a c t i o n  o f  HeLa c e l l s  was i s o l a t e d  and p u r i f i e d  

by th e  m ethod o f  Penman e t  a l .  ( 9 3 ) .  About 9 x 10^ c e l l s  o f  each  c lo n e  

in  each  s t a t e  w ere su spended  i n  4 ml o f  RSB b u f f e r  (NaCl 10 mM, MgCl2  

1 .5  mM, T ris -H C l 10 mM, pH 7 .4 )  and a llo w e d  to  s w e l l  f o r  15 m in u te s .

The s u s p e n s io n  was th e n  hom ogenized w ith  20 com ple te  s t r o k e s  i n  a Bounce 

h o m o g en izer. The hom ogenate was c e n tr i f u g e d  a t  1800 x g f o r  one m in u te . 

The p e l l e t  was resu sp e n d e d  in  4 ml o f  RSB b u f f e r ,  m ixed and c e n tr i f u g e d  

as d e s c r ib e d  above. The p e l l e t  was w ashed in  0.5% Tween 40 ( in  RSB 

b u f f e r )  f o r  15 m in u te s  by m ix ing  c o n s ta n t ly ,  and c e n t r i f u g e d .  The 

p e l l e t  was th e n  re su sp e n d e d  i n  4 ml o f  RSB b u f f e r  c o n ta in in g  0 .6  ml o f  

d e te r g e n t  (10% deoxycho la te :10%  Tween 4 0 , 1 :2 ,  v / v ) .  The su sp e n s io n  was 

m ixed on  a  v o r te x  f o r  3 seco n d s and c e n t r i f u g e d .  The n u c le a r  p e l l e t  

o b ta in e d  was su spended  i n  w a te r  f o r  th e  d e te rm in a t io n s  o f  a lk a l in e  phos­

p h a ta s e  a c t i v i t y ,  5 ’- n u c le o t id a s e  a c t i v i t y ,  s i a l i c  a c id ,  p r o t e i n ,  RNA, 

and DNA.
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CHAPTER I I I

RESULTS

G ly c o p ro te in  c a rb o h y d ra te s  o f  HeLa c e l l s

T a b le s  1 and 2 show th e  s i a l i c  a c id ,  hexosam ine and n e u t r a l  

s u g a r  c o n te n t  o f  HeLa 65 and 71 in  c o n tr o l  and c o r t i s o l - r e g u l a t e d  (H er) 

s t a t e s .  HeLa 71 had a p ronounced  in c r e a s e  i n  g ly c o p ro te in  s i a l i c  a c id  

(84%) and hexosam ine (71%) in  th e  Her s t a t e  on a c e l l  b a s i s ,  (T ab le  1 ) .  

However, on a p e r - m i l l ig r a m - o f - p r o te in  b a s i s ,  s i a l i c  a c id  in c re a s e d  51% 

and hexosam ine in c re a s e d  35% in  HeLa 71 Her (T ab le  2 ) .  In  c o n t r a s t  to  

HeLa 71, HeLa 65 showed no s i g n i f i c a n t  d i f f e r e n c e  in  s i a l i c  a c id  and 

hexosam ine c o n te n t  in  th e  Her s t a t e  when e x p re s s e d  e i t h e r  on a  c e l l  o f  

p r o te i n  b a s i s .  The av erag e  c e l l  d ia m e te r s ,  as c a lc u la te d  from  th e  

m easured  c e l l  volume in  a B auer-Schenck  s e d im e n ta t io n  tu b e ,  w ere 18 p 

i n  HeLa 71 and 19 p i n  HeLa 71 H er. To c a l c u l a t e  th e  a v e ra g e  d e n s i ty  

o f  s i a l i c  a c id  p a r  s u r f a c e  a r e a ,  we c a lc u la t e d  th e  mean s u r f a c e  a re a  

o f  th e  c e l l  by th e  fo rm u la , a re a  = 4 .8 4  and assum ed 60% o f  th e

t o t a l  s i a l i c  a c id  m o lecu les  to  be  c o n c e n tra te d  on th e  s u r f a c e  o f  th e  

c e l l  (9 4 ) . U sing th e s e  a p p ro x im a tio n s , th e  a v e ra g e  d e n s i ty  o f  s i a l i c  

a c id  p e r  s u r f a c e  a re a  o f  HeLa 71 was 7 .1  x 10^ m o le c u le s /p 2 ; f o r  HeLa 

71 H er, i t  was 12 .1  x 10^ m o le c u le s /p 2  (T a b le  3 ) .

A m o d if ie d  H a le ’s c o l l o id a l  i r o n  s t a i n  showed t h a t  s i a l i c
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TABLE 1

CARBOHYDRATE CONTENT OF GLYCOPROTEINS OF CONTROL AND HCR 
HeLa CLONES EXPRESSED PER MILLION CELLS

C arb o h y d ra te

HeLa 65 

C o n tro l  Her 

n m o le s /10^ c e l l s

HeLa

C o n tro l

n m o le s /10^

71

H er

c e l l s

S i a l i c  Acid 2 .2  + 0 .5 1 .8  + 0 . 3 1. 9 +  0 . 2 3. 5 +  0 . 3

Hexosamine 6 .9  + 1 .5 5 .7  + 0 .1 4 .9  + 0 .7 8 .2  + 1 .4

N e u tra l  S ugars 105 + 19 199 + 39 62 + 15 109 + 19

C e ll  c o u n ts  w ere perfo rm ed  on one r e p l i c a t e  B lake b o t t l e  by 
t r y p s i n i z a t i o n  o f  th e  c e l l s  and th e  c e l l s  from  th e  o th e r  th r e e  b o t t l e s  
w ere s c ra p e d  i n t o  ST B u ffe r  and g ly c o p r o te in  s u g a r  d e te rm in ed  as i n  
M ethods. The d a ta  r e p r e s e n t  th e  mean o f  a t  l e a s t  th r e e  e x p e rim e n ts  + 
s ta n d a r d  e r r o r  and a l l  d e te rm in a tio n s  w ere done i n  d u p l ic a te .
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TABLE 2

CARBOHYDRATE CONTENT OF GLYCOPROTEINS OF CONTROL AND HCR 
HeLa CLONES EXPRESSED PER MILLIGRAM PROTEIN

C arb o h y d ra te
HeLa 65 

C o n tro l Her 
nm oles/m g p r o t e i n

HeLa 71 
C o n tro l Her 

nm oles/m g p r o te in

S i a l i c  Acid 9 .9  + 2 .4 7 .7  + 1 .3 9 .9  + 0 .8  14 .9  + 1 . 3

Hexes amine 31 + 5 .8 24 + 0 .6 2 6 + 3 . 2  3 5 + 5 . 3

N e u tra l  S ugars 471 + 48 842 + 174 327 + 71 462 + 77

See leg en d  in  T a b le  1.
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TABLE 3

SIALIC ACID CONTENT OF HeLa 71 CELLS

C o n tro l Her

A verage d ia m e te r  (y) 18 19

Mean c e l l  volume (y3) 3054 3541

M olecu les  p e r  c e l l ,  t o t a l  (x  10®) 1 2 2 2 . 8

M olecu les  p e r  c e l l  on s u r f a c e  (x  10®) 7.2 1 3 .8

Mean c e l l  s u r f a c e  a r e a  (4 .8 4  v 2 /3 )(p 2 ) 1016 1133

M o le c u le s /y ^  a re a  on s u r f a c e  (x  10^) 7 .1 1 2 . 1

The av e rag e  c e l l  d ia m e te r  i s  c a lc u la te d  from  th e  m easured  c e l l  
volume i n  a  B auer-S chenck  s e d im e n ta t io n  tu b e .  S i a l i c  a c id  c o n te n t 
in  nanom oles as shown in  T ab le  1 was c o n v e r te d  to  m o lecu le s  by 
A v o g ad ro 's  num ber. Mean s u r f a c e  a r e a  o f  th e  c e l l  was c a lc u la te d  w ith  
th e  fo rm u la , a re a  = 4 .8 4  v 2 /3 ,  and 60% o f  th e  t o t a l  s i a l i c  a c id  
m o le c u le s  w ere assumed to  be  c o n c e n tra te d  on th e  s u r f a c e  o f  th e  c e l l  (94)
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a c id  was c o n c e n tra te d  i n  th e  n u c l e i ,  th e  c e l l  p e r ip h e r y ,  and th e  membrane 

j u n c t io n  o f  th e  c e l l s .  Some o f  th e  n u c le i  s ta in e d  much more h e a v i ly  th a n  

o t h e r s ,  p ro b a b ly  r e f l e c t i n g  th e  asynchronous c e l l  p o p u la t io n  s tu d ie d .

Hexosam ines l i b e r a t e d  from g ly c o p r o te in  by a c id  h y d r o ly s is  

w ere s e p a r a te d  in to  g lucosam ine  and g a la c to s a m in e  peaks by u se  o f  an 

amino a c id  a n a ly z e r ,  as d e s c r ib e d  in  M ethods. G a lac to sam in e  r e p re s e n te d  

o n ly  2% to  5% o f th e  t o t a l  hexosam ine o f  e i t h e r  c e l l  c lo n e ’ s g ly c o p ro te in  

in  th e  c o n t r o l  o r  th e  Her s t a t e .  The p re p o n d e ra n ce  o f  g lucosam ine  i n d i ­

c a te d  t h a t  m ost o f  th e  HeLa c e l l  g ly c o p r o te in s  w ere  th e  " f e t u in "  o r  p lasm a 

ty p e .

B oth  c lo n e s  doub led  t h e i r  c o n te n t  o f  n e u t r a l  s u g a rs  in  th e  

g ly c o p r o te in  f r a c t i o n  o f  th e  Her s t a t e  (T a b le  1 ) .  Of th e  n e u t r a l  s u g a r s , 

85% was g lu c o s e ,  as d e te rm in e d  by g lu c o s e  o x id a s e  a s s a y . T h is  g lu c o se  

o c c u rre d  in  th e  form  o f  p ro te in -b o u n d  g ly co g e n . P a r t i a l  c h a r a c te r i z a t i o n  

o f  t h i s  com plex w i l l  be  d is c u s s e d  l a t e r .  N e u tra l  s u g a rs  o f  HeLa c e l l  

g ly c o p ro te in s  w ere s e p a r a te d  and q u a n t i t a t e d  by g a s - l i q u i d  ch rom atography . 

The r e s u l t s  o f  t h i s  a n a ly s i s  a re  shown in  T ab le  4 . R ib o se , p ro b ab ly  

d e r iv e d  from c e l l  RNA, was n o t  s i g n i f i c a n t l y  a l t e r e d  in  e i t h e r  c lo n e  in  

e i t h e r  s t a t e .  Mannose d e r iv e d  from  g ly c o p r o te in  was n o t s i g n i f i c a n t l y  

changed i n  e i t h e r  c lo n e  i n  e i t h e r  s t a t e .  G a la c to s e  in c r e a s e d  49% in  

HeLa 71 H er, b u t  no s i g n i f i c a n t  change o c c u rre d  i n  HeLa 65 H er. A lthough  

0 .0 6  nm oles o f  fu co se  p e r  1 0 ^ c e l l s  c o u ld  have  b een  d e te c te d  by t h i s  

m ethod, no fu c o se  was found i n  th e s e  s t u d i e s .

L ip id  co m p o s itio n  o f HeLa c e l l s

The t o t a l  l i p i d  was in c r e a s e d  by 30% i n  HeLa 65 H er (T ab le  5 ) .

No s i g n i f i c a n t  change was found betw een  HeLa 71 c o n t r o l  and Her (T a b le  5 ) .
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TABLE 4

NEUTRAL SUGARS OF GLYCOPROTEINS OF CONTROL AND BCR 
HeLa CLONES EXPRESSED PER MILLION CELLS

HeLa 65 HeLa 71

Sugar C o n tro l H er C o n tro l Her

n m o le s /1 0 ^ c e l l s nm oles/lO ^ c e l l s

R ibose 21 + 6 .3 25 + 9 .2 18 + 6 .3 27 + 15

Mannose 4 .8  + 1 .0 4 .3  +  1 .1 4 .5  + 1 .5 5 .1  + 0 .9 9

G a la c to se 2 .8  + 0 .4 4 3 .2  +  1 .4 2 .7  + 0 .76 4 .1  + 0 .7 3

N e u tra l  s u g a rs  w ere  a n a ly z e d  by g a s - l i q u i d  chrom atography  as 
d e s c r ib e d  in  M ethods. The num bers r e p r e s e n t  th e  mean o f  t h r e e  e x p e r i ­
m ents + s ta n d a rd  e r r o r .
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TABLE 5

TOTAL LIPIDS OF CONTROL AND HCR HeLa CLONES

Clone L ip id s  
p g / 1 0 ° c e l l s

HeLa 65 C o n tro l 6 7 . 3  + 3. 7

HeLa 65 Her 8 6 .7  + 2 .5

HeLa 71 C o n tro l 8 3 .8  + 7 .8

HeLa 71 Her 9 3 .2  + 8 . 8

L ip id s  w ere o b ta in e d  by w hole c e l l  e x t r a c t i o n  w ith  ch lo ro fo rm : 
m eth an o l as d e s c r ib e d  i n  M ethods. The d a ta  r e p r e s e n t  th e  mean o f  a t  
l e a s t  t h r e e  e x p e rim e n ts  +  s ta n d a r d  e r r o r .
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The p h o s p h o lip id  co m p o sitio n  o f  b o th  c lo n e s  i n  b o th  s t a t e s  was i d e n t i f i e d  

as p h o s p h a tid y lc h o l in e ,  p h o s p h a tid y le th a n o la m in e , ly o p h o s p h a t id y lc h o lin e ,  

and p h o s p h a t id y ls e r in e .  N e ith e r  th e  t o t a l  amount n o r  th e  d i s t r i b u t i o n  o f 

each  c la s s  o f  p h o sp h o lip id  changed s i g n i f i c a n t l y  in  HeLa 71 Her s t a t e  as 

compared to  t h a t  in  c o n t r o l  s t a t e  ( t a b l e  6 ) .  The t o t a l  p h o s p h o lip id s  

d e c re a se d  s l i g h t l y  in  HeLa 65 Her compared to  th o s e  in  th e  c o n t r o l .  How­

e v e r ,  th e  r e l a t i v e  d i s t r i b u t i o n  o f each  c la s s  o f  p h o sp h o lip id s  d id  n o t 

change s i g n i f i c a n t l y  i n  HeLa 65 in  th e  Her s t a t e  compared to  t h a t  in  

th e  c o n tr o l  s t a t e .  The in c re a s e d  l i p i d s  o f  HeLa 65 Her w ere due to  

n e u t r a l  l i p i d s  (composed p r im a r i ly  o f  c h o le s t e r o l  and t r i g l y c e r i d e ) .  The 

l i p i d  d i s t r i b u t i o n  w i th in  th e  HeLa c e l l  was i n v e s t ig a t e d  by h i s t o l o g i c  

s t a i n in g  o f  f ix e d  c e l l  m onolayers w ith  Sudan b la c k  B. No e v id e n c e  o f 

l i p i d  d r o p le t s  was o b se rv e d , b u t  th e  membrane p o r t io n s  o f  th e  c e l l  w ere 

s t a in e d .  T h is i n d ic a te s  t h a t  th e  in c re a s e d  l i p i d s  o f  HeLa 65 H er p ro b a b ly  

r e p r e s e n t  in c re a s e d  m em b ran e -lo c a liz ed  l i p i d s .

G ly c o lip id  s i a l i c  a c id  in c r e a s e d  40% i n  HeLa 71 Her (T a b le s  7 

and 8 ) .  No s i g n i f i c a n t  change was shown i n  any o th e r  l ip id -b o u n d  c a rb o ­

h y d ra te  m o ie ty  from c o n tr o l  o r  Her c e l l s  i n  e i t h e r  c lo n e .

S e p a ra t io n  and p a r t i a l  c h a r a c te r i z a t i o n  o f  HeLa c e l l  membranes

Both c e l l  c lo n e s  in  c o n t r o l  and H er s t a t e s  had  th e  same 

membrane b and ing  p a t t e r n .  A t y p i c a l  membrane s e p a r a t io n  p a t t e r n  ap p ears  

i n  F ig u re  1 . S ix  f r a c t i o n s  w ere  o b ta in e d , and each  was a n a ly z e d  and 

exam ined by e le c t r o n  m icro scopy  (F ig u re  2 ) .  P l a t e  I  shows sm ooth 

endop lasm ic  r e t ic u lu m , G olg i and plasm a membrane v e s ic l e  ( F ra c t io n  I ) . 

P l a te  I I  shows smooth endop lasm ic  re t ic u lu m  and p o s s ib ly  p lasm a membrane 

v e s ic le  ( F ra c t io n  IT) .  P la te  I I I  shows rough endop lasm ic  r e t ic u lu m



34

TABLE 6

NATURE OF THE CLASSES OF PHOSPHOLIPIDS ISOLATED 
FROM CONTROL AND HCR HeLa CLONES

HeLa 65 HeLa 71
P h o sp h o lip id C o n tro l H er C o n tro l Her

n m o le s /1 0 & c e l l s n m o le s /1 0 ^ c e l l s

S phingom yelin  and 
L y s o p h o s p h a tid y lc h o lin e 9 .2 5 .8 6 . 1 5 .7

P h o s p h a tid y lc h o lin e 2 1 16 15 15

P h o sp h a tid y le th a n o la m in e 6 .5 7 .0 6 .3 4 .5

P h o s p h a tid y ls e r in e 3 .4 1 . 6 1 . 6 1 .7

The m ethods o f s e p a r a t io n  and d e te rm in a t io n  o f  p h o s p h o lip id s  a re  
d e s c r ib e d  i n  M ethods.
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TABLE 7

CARBOHYDRATE CONTENT OF GLYCOLIPIDS OF CONTROL AND HCR 
HeLa CLONES EXPRESSED PER MILLION CELLS

C arb o h y d ra te

HeLa 65 

C o n tro l  Her 

nm oles/lO ^  c e l l s

HeLa 71

C o n tro l

n m o le s /1 0 ^

Her

c e l l s

S i a l i c  A cid 0 .1 2  +  0 . 0 3 0 .1 5  + 0 . 0 1 0 .1 5  + 0 .0 2 0 . 2 1  + 0 . 0 1

H exosam ine 0 .5 7  +  0 .1 8 0 .7 1  + 0 .2 5 0 .65  + 0 . 23 0 .6 9  + 0 .09

N e u tr a l  Sugars 4 .0  +  1 .2 4 .1  + 0 .4 3 .9  + 0 . 1 4 . 4  + 1 , 3

G ly c o lip id s  w ere  o b ta in e d  by w hole c e l l  e x t r a c t i o n  w ith  ch lo ro fo rm : 
m eth an o l as d e s c r ib e d  i n  M ethods. The d a ta  r e p r e s e n t  th e  mean o f  a t  l e a s t  
th r e e  e x p e rim e n ts  +  s ta n d a r d  e r r o r .
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TABLE 8

CARBOHYDRATE CONTENT OF GLYCOLIPIDS OF CONTROL AND HCR 
HeLa CLONES EXPRESSED PER MILLIGRAM LIPID

C arb o h y d ra te
HeLa 65 

C o n tro l H er 
nm oles/m g l i p i d

HeLa 71 
C o n tro l H er 
nm oles/m g l i p i d

S i a l i c  Acid 1 . 8 1 .7 1 . 8 2 . 2

Hexosamine 8 .5 8 . 2 7 .7 7 .4

N e u tra l  S ugars 60 47 46 47



>Fr.î

F rU

Fr.m

Fr.m

Fr.Y

SUCROSE CONCENTRATION
2 5 %

3 0 %

3 5 %

—  4 5 %

F ig u re  1— T y p ic a l  b a n d in g  p a t t e r n  o f  HeLa c e l l  m em branes. P r e p a r a t i o n  and c e n t r i f u g a t i o n a l  
f l o t a t i o n  o f  t h e s e  b a n d s  a r e  d e s c r ib e d  i n  M ethods. The c h a r a c t e r i z a t i o n  and nam ing o f  th e  
b a n d s  a r e  d e s c r ib e d  i n  R e s u l t s .  Shaded  a r e a s  r e p r e s e n t  h eav y  o p a le s c e n t  b a n d s  and u n sh ad ed  
a r e a s  b a r e l y  v i s i b l e  b a n d s .
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F ig u re  2

E le c tro n  M icrographs o f  HeLa C e l l  Membrane F ra c t io n s

P l a t e  I — Smooth en d o p lasm ic  r e t ic u lu m , G olg i ( in d ic a te d  by t )  and p lasm a 
membrane v e s ic l e s  (x  2 7 ,0 0 0 ) .

P l a t e  I I — Smooth en d o p lasm ic  r e t ic u lu m  ( in d i c a t e d  by f )  and p lasm a  mem­
b ra n e  v e s ic l e s  (x  2 5 ,2 0 0 ) .

P l a t e  I I I — Rough endop lasm ic  r e t ic u lu m  (x  1 8 ,7 5 0 ) .

P l a t e  IV— Plasm a membrane g h o s t  (pm ). The p re s e n c e  o f  in n e r  c y to p la sm ic  
membrane such  as m ito c h o n d r ia  (m) i s  a ls o  n o te d  (x  1 5 ,0 0 0 ) .
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W
y

P la te  I P l a t e  I I

"1a

1 '%y>.

P la te  I I I P l a t e  IV

F ig u re  2 . E le c tro n  M icrog raphs o f  HeLa C e ll  Membrane F ra c t io n s
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( F r a c t io n  I I I ) .  P l a te  IV shows w hole p lasm a membrane g h o s ts  ( F r a c t io n  

IV ) . F r a c t io n  V i s  th e  n u c le a r  f r a c t i o n  p lu s  c o n ta m in a tin g  c y to p la sm , 

w h ile  f r a c t i o n  VI c o n s i s t s  o f  ly so so m es, m ito c h o n d r ia ,  and c o n ta m in a tin g  

c y to p la sm . These membrane p r e p a r a t io n  e x p e rim e n ts  w ere p erfo rm ed  a t  

l e a s t  th r e e  tim es  f o r  each  c lo n e  in  each  s t a t e .  The r e s u l t s  a re  r e p r e ­

s e n t a t i v e  o f  any s in g l e  ex p e rim e n t and a r e  r e p o r te d  from  th e  b e s t  

ex p e rim e n t o f  a  s e r i e s .

The membrane f r a c t i o n s  w ere a n a ly z e d  f o r  p r o t e i n ,  RNA, a lk a l in e  

p h o sp h a ta se  a c t i v i t y ,  5 ’- n u c le o t id a s e  a c t i v i t y ,  s i a l i c  a c id ,  and h e x o s ­

am ine. T hese a s sa y s  w ere p erfo rm ed  to  s tu d y  th e  e f f e c t  o f  h y d ro c o r t is o n e  

on th e  c e 11-membrane sy stem  and a ls o  to  s u p p o r t  th e  n o m en c la tu re  a s s ig n e d  

by e le c t r o n  m icro scopy  f o r  e a ch  f r a c t i o n .  T a b le  9 shows th e  p r o te i n  

c o n te n t  o f  i s o l a t e d  membrane f r a c t i o n s .  The amount o f  p r o te in  i n  rough 

en d o p la sm ic  r e t ic u lu m  in c r e a s e d  i n  th e  Her s t a t e  i n  b o th  c lo n e s  ( F r a c t io n  

I I I ,  T ab le  9 ) .  In  HeLa 65 H e r, th e  sm ooth e n d o p la sm ic  r e t ic u lu m  ( F r a c t io n  

I I ,  T a b le  9) was in c r e a s e d  i n  p r o te in  c o n te n t ,  c o r r e l a t i n g  w ith  th e  

in c r e a s e d  amount o f  l i p i d  found in  HeLa 65 H er. In  HeLa 71 H er, th e  

amount o f  p r o te in  i n  th e  sm ooth en d o p lasm ic  r e t ic u lu m  was somewhat l e s s  

th a n  c o n t r o l  ( F r a c t io n  I I ,  T a b le  9 ) .  P lasm a membrane p r o te in  in c r e a s e d  

i n  HeLa 71 H er by 52% o v e r  c o n t r o l ,  w hereas  no s i g n i f i c a n t  changes 

o c c u rre d  in  HeLa 65 H er ( F r a c t io n  IV, T a b le  9 ) .

RNA was m ain ly  l o c a l i z e d  i n  rough  en d o p la sm ic  re t ic u lu m  

f r a c t i o n  ( F r a c t io n  I I I )  and n u c le a r  f r a c t i o n  ( F r a c t io n  V) (T ab le  1 0 ) .

The amount o f  RNA found  i n  F r a c t io n  VI i n d i c a t e s  t h a t  a  l a r g e  p r o p o r t io n  

o f  th e  rough  en d o p lasm ic  r e t ic u lu m  se d im e n te d  w ith  lysosom es and m ito ­

c h o n d ria  a t  4000 X g f o r  20 m in . DNA d e te r m in a t io n  o f  th e s e  f r a c t i o n s
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TABLE 9

PROTEIN DISTRIBUTION IN MEMBRANES OF 
CONTROL AND HCR HeLa CLONES

Membrane F r a c t io n
HeLa 65

C o n tro l H er
HeLa 71 

C o n tro l Her

p r o te in ( p g / 1 0 6  c e l l s ) p ro te in (p g /1 0 ^ c e l l s )

Whole c e l l 240 220 190 260

F r a c t io n  I 0 .0 9 0 .0 3 1 .7 1 .1

F r a c t io n  I I 0 .4 0 1 .4 2 .5 1 .9

F r a c t io n  I I I 2 .9 5 .3 4 .4 6 .1

F r a c t io n  IV 6 .1 5 .4 2 .3 3.5

F r a c t io n  V 84 67 78 83

F r a c t io n  VI 9 .1 16 15 12

R e s u lts  a re  e x p re s s e d  on a  p e r  c e l l  b a s i s .  C e l l  c o u n ts  w ere o b ta in e d  
from  a r e p l i c a t e  B lake  b o t t l e  w h ich  was t r y p s in iz e d  and co u n ted  b u t  n o t  
u sed  i n  th e  membrane p r e p a r a t i o n .  The num bers a re  r e p r e s e n t a t i v e  o f  th e  
b e s t  s in g l e  ex p e rim e n t chosen  from  th r e e  s e p a r a te  e x p e r im e n ts . The p re p a ­
r a t i o n  o f  th e  c e l l  f r a c t i o n s  and th e  p r o te i n  a ssa y  a r e  d e s c r ib e d  in  
M ethods.
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TABLE 10

RNA DISTRIBUTION IN MEMBRANES DE 
CONTROL AND HCR HeLa CLONES

Membrane F r a c t io n
HeLa

C o n tro l

RNA(yg/10^

65
Her

c e l l s )

HeLa
C o n tro l

RNA(pg/10^

71
Her

c e l l s )

Whole c e l l 33 27 22 17

F r a c t io n  I 0 .0 4 4 0 .096 0 .3 2 0 .4 6

F r a c t io n  I I 0 .1 3 0 .3 8 0 .2 4 0 .3 8

F r a c t io n  I I I 2 .0 2 .9 2 .1 3 .0

F r a c t io n  IV 0 .8 0 .6 4 0 .3 8 0 .5 2

F r a c t io n  V 8 .5 5 .9 6 .0 4 .7

F r a c t io n  VI 4 .1 2 .9 2 .2 2 .8

See le g e n d  in  T ab le  9 . The RNA a ssa y  i s  d e s c r ib e d  in  M ethods,
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showed t h a t  o v e r  90% o f  th e  t o t a l  c e l l  DNA was l o c a l i z e d  in  th e  n u c le a r  

f r a c t i o n  ( F ra c t io n  V) (1 2 .2  yg /10^  c e l l s  in  n u c le u s ;  1 yg/10^ c e l l s  

t o t a l  i n  th e  o th e r  f r a c t i o n s ) .

A lk a lin e  p h o sp h a ta se  a c t i v i t y  f o r  w hole c e l l  and F ra c t io n s  I  

th rough  VI a re  shown i n  T ab les  11 and 12 . The d a ta  a re  d e p ic te d  i n  

two w ays; (a )  on a p e r - c e l l  b a s i s  and (b ) on a  p e r - m i l l ig r a m - o f - p r o te in  

b a s i s .  HeLa 65 underw ent a lm o st a  f iv e f o ld  i n c r e a s e  in  a lk a l in e  phos­

p h a ta s e  a c t i v i t y  in  th e  c o r t i s o l  r e g u la te d  s t a t e .  T h is  in c r e a s e  in  

a lk a l in e  p h o sp h a ta se  a c t i v i t y  was r e f l e c t e d  i n  t h e  p lasm a membrane 

( F ra c t io n  IV , T ab le  11 and 12) o f  HeLa 65 H er com pared to  t h a t  o f  th e  

c o n t r o l .  In  HeLa 71, c lo n e d  f o r  i t s  h ig h  c o n s t i t u t i v e  l e v e l  o f  a lk a l in e  

p h o s p h a ta s e , th e  enzym ic a c t i v i t y  rem ained  u n a l t e r e d  i n  th e  Her s t a t e .

T h is  was r e f l e c t e d  i n  th e  a lk a l in e  p h o sp h a ta se  a c t i v i t y  o f  HeLa 71 p lasm a 

membrane f r a c t i o n  from  c o n tr o l  and Her c e l l s  ( F r a c t io n  IV , T ab les  11 and 

1 2 ) . 5 '- N u c le o t id a s e ,  a n o th e r  p la sm a -m em b ran e -lo c a liz e d  enzyme, e x h ib i te d

th e  same a l t e r a t i o n s  i n  th e  Her s t a t e  a s  a lk a l in e  p h o sp h a ta se  (T a b le s  13 

and 1 4 ) , We b e l ie v e  t h i s  to  b e  th e  f i r s t  r e p o r t  o f  c o r t i s o l  " in d u c t io n "  

o f  5 '- n u c l e o t i d a s e  in  HeLa 65 c e l l s .  A lthough  th e s e  two enzymes a r e  con­

s id e r e d  m arkers f o r  p lasm a m em brane, and w ere shown to  be r e l a t i v e l y  con­

c e n t r a te d  i n  F ra c t io n  IV ( s u p p o r t in g  th e  e l e c t r o n  m ic ro sc o p ic  f i n d i n g ) , 

th ey  w ere a ls o  a s s o c ia te d  w ith  F r a c t io n s  I  and I I .  E x p ressed  on a  p e r -  

m i l l ig r a m - o f - p r o te in  b a s i s ,  th e  enzyme a c t i v i t i e s  o f  F ra c t io n s  I  and I I  

w ere as h ig h  o r  h ig h e r  th an  t h a t  o f  th e  p lasm a membrane (T ab le s  12 and  1 4 ). 

T h e re fo re ,  we s u s p e c t  t h a t  th e  s m a l le r  amounts o f  th e s e  enzymes i n  F ra c ­

t io n s  I  and I I  w ere a c tu a l l y  a s s o c ia te d  w ith  sm ooth  endop lasm ic  r e t ic u lu m , 

a n d /o r  G o lg i , and can n o t b e  a c c o u n te d  f o r  s im p ly  by  th e  p re s e n c e  o f  p lasm a
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TABLE 11

SPECIFIC ACTIVITY OF ALKALINE PHOSPHATASE IN 
MEMBRANES OF CONTROL AND HCR HeLa CLONES 

EXPRESSED PER MILLION CELLS

Membrane F ra c t io n
HeLa 65

C o n tro l

nm oles

Her

; p-N PP/m in/10

HeLa
C o n tro l 

^  c e l l s

71
Her

Whole c e l l 1 .5 7 .7 190 190

F ra c t io n  I 0 .011 0 .1 0 14 14

F r a c t io n  I I 0 .017 0 .3 5 14 9 .9

F r a c t io n  I I I 0 .011 0 .0 8 4 5 .4 1 .1

F r a c t io n  IV 0 .1 7 0 .9 1 13 19

F r a c t io n  V 0 .4 0 1 .9 31 36

F r a c t io n  VI 0 .2 2 2 .3 17 29
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TABLE 12

SPECIFIC ACTIVITY OF ALKALINE PHOSPHATASE IN 
MEMBRANES OF CONTROL AND HCR HeLa CLONES 

EXPRESSED PER MILLIGRAM PROTEIN

Membrane F ra c t io n
HeLa 65 HeLa 71

C o n tro l  H er C o n tro l Her
nm oles p-NPP/min/mg p r o te in

Whole c e l l 6 .2 36 1000 720

F r a c t io n  I 120 3200 8400 14000

F r a c t io n  I I 44 260 5700 5200

F r a c t io n  I I I 3 .7 16 1200 170

F r a c t io n  IV 29 170 5700 5300

F r a c t io n  V 4 .8 28 400 430

F r a c t io n  VI 25 140 1100 2400
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TABLE 13

SPECIFIC ACTIVITY OF 5 ' -NUCLEOTIDASE IN MEMBRANES 
OF CONTROL AND HCR HeLa CLONES EXPRESSED 

PER MILLION CELLS

Membrane F r a c t io n
HeLa

C o n tro l
65

Her

nm oles P i/m in /1 0 ^

HeLa
C o n tro l

c e l l s

71
Her

Whole c e l l 0 .5 5 2 .3 7 .5 4 .9

F r a c t io n  I ND 0 .0 1 8 0 .8 6 0 .2 5

F r a c t io n  I I ND 0.096 0 .4 7 0 .2 0

F r a c t io n  I I I ND ND 0 .1 4 0 .027

F r a c t io n  IV 0 .1 5 0 .2 6 0 .4 1 0 .4 0

F r a c t io n  V 0 .2 1 0 .6 0 1 .8 1 .2

F r a c t io n  VI 0 .1 4 0 .7 7 2 .1 1 .0

ND: not detectable
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TABLE 14

SPECIFIC ACTIVITY OF 5 '-NUCLEOTIDASE IN 
MEMBRANES OF CONTROL AND HCR HeLa CLONES 

EXPRESSED PER MILLIGRAM PROTEIN

Membrane F r a c t io n
HeLa 65 

C o n tro l  Her
HeLa 71 

C o n tro l H er
nm oles P i/m in /m g p r o t e i n

Whole c e l l 2 .3 I I 39 19

F ra c t io n  I ND 560 510 230

F r a c t io n  I I ND 71 190 n o

F r a c t io n  I I I ND ND 30 4 .4

F r a c t io n  IV 24 48 180 120

F r a c t io n  V 2.5 9 .0 23 14

F r a c t io n  VI 15 48 140 86

ND: not detectable
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membrane v e s i c l e s  i n  th o s e  two f r a c t i o n s .

The changes i n  s i a l i c  a c id  o f  th e  w hole c e l l  (T ab le s  1 and 

2) a re  r e f l e c t e d  in  th e  membrane a s sa y s  shown in  T ab le  15. The plasm a 

membrane f r a c t i o n  (F ra c t io n  IV) o f  HeLa 71 Her had a tw ofo ld  in c r e a s e  

i n  th e  amount o f  s i a l i c  a c id  compared to  t h a t  in  th e  c o n t r o l ,  w h ile  th e  

o th e r  c y to p la sm ic  f r a c t i o n s  o f  HeLa 71 Her ( F r a c t io n s  I ,  I I  and I I I )  

showed no s i g n i f i c a n t  changes v e rs u s  c o n t r o l .  The s i a l i c  a c id  o f  th e  

n u c le a r  f r a c t i o n  o f  HeLa 71 H er ro s e  m arked ly  ( F r a c t io n  V, T ab le  1 5 ) . 

HeLa 65 d id  n o t resp o n d  to  c o r t i s o l  by s i g n i f i c a n t  a l t e r a t i o n  o f  s i a l i c  

a c id  c o n te n t  in  th e  w hole c e l l  g ly c o p r o te in ;  t h i s  was r e f l e c t e d  in  th e  

membrane f r a c t i o n s  i s o l a t e d  (T ab le  1 5 ) . The d a ta  o f  T ab le  15 , e x p re s se d  

as nm oles o f  s i a l i c  a c id  p e r  m il l ig ra m  membrane p r o te in  i s  shown in  

T ab le  16. The p lasm a membrane f r a c t i o n  ( F ra c t io n  IV) o f  HeLa 71 Her had  

on ly  29% in c r e a s e  i n  s i a l i c  a c id  on a  p e r - m i l l ig r a m - o f - p r o te in  b a s i s ,  

w h ile  th e  F ra c t io n s  I  and I I  had  100% and 50% in c r e a s e  r e s p e c t iv e ly .  

F ra c t io n  I  o f  HeLa 65 ro s e  m arked ly  i n  s i a l i c  a c id  c o n te n t p e r  m il lig ra m  

membrane p r o t e i n ,  w h ile  F r a c t io n  I I  d ropped by 50%. D i s s im i l a r i t i e s  in  

th e  d i r e c t i o n  o f  change in  F r a c t io n s  I  and I I  w ere  e v id e n t ,  when one 

compares th e  r e s u l t s  i n  T ab le  15 to  th o se  i n  T ab le  16 . T h is m igh t 

in d ic a te  t h a t  d i f f e r e n t  d e g re e s  o f  g ly c o s y la t io n  o f  membrane p r o te in s  

occu r i n  th e s e  f r a c t i o n s .

F r a c t io n  IV (p lasm a membrane) o f  HeLa 71 H er doubled  i t s  

hexosam ine c o n te n t  compared to  c o n t r o l  ( F ra c t io n  IV , T ab le  1 7 ) . On a 

p e r - m i l l ig r a m - o f - p r o te in  b a s i s .  F r a c t io n  IV o f  HeLa 71 Her had on ly  25% 

in c r e a s e  i n  hexosam ine compared to  t h a t  o f  th e  c o n t r o l  ( F ra c t io n  IV , 

T ab le  1 8 ) . A lthough  F r a c t io n s  I ,  I I  and I I I  o f  HeLa 71 Her showed no
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TABLE 15

SIALIC ACID CONTENT IN MEMBRANES OF 
CONTROL AND HCR HeLa CLONES 
EXPRESSED PER MILLION CELLS

Membrane F ra c t io n C o n tro l
HeLa 65

Her
HeLa

C o n tro l
71

Her

S i a l i c  a c id (n m o le s /1 0 ^  c e l l s )

Wliole c e l l 2 .2 1 .8 1 .9 3 .5

F ra c t io n  I 0 .0 1 3 0.016 0 .1 0 0 .1 3

F ra c t io n  I I 0 .019 0 .031 0 .0 9 0 .1 1

F ra c t io n  I I I 0 .0 0 8 0 .0 1 1 0 .0 2 5 0 .0 2 3

F ra c t io n  IV 0 .1 3 0 .1 0 0 .0 9 7 0 .19

F ra c t io n  V 0 .3 0 0 .3 6 0 .1 0 0 .1 7

F ra c t io n  VI 0 .2 2 0 .3 1 0 .2 1 0 .3 6

See leg e n d  in  T ab le  9 . S i a l i c a c id  a ssa y  i s d e s c r ib e d  i n  M ethods
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TABLE 16

SIALIC ACID CONTENT IN MEMBRANES OF CONTROL AND HCR 
HeLa CLONES EXPRESSED PER MILLIGRAM PROTEIN

HeLa 65 HeLa 71
Membrane F ra c t io n  C o n tro l H er C o n tro l H er

nm oles/m g p r o te i n  nm oles/m g p r o te in

Whole c e l l 9 .9 7 .7 9 .9 14 .9

F r a c t io n  I 150 510 61 120

F r a c t io n  I I 47 23 37 57

F r a c t io n  I I I 2 .9 2 .0 5 .5 3 .7

F r a c t io n  IV 22 19 42 54

F r a c t io n  V 3 .5 5 .4 1 .3 2 .1

F r a c t io n  VI 24 19 26 30
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TABLE 17

HEXOSAMINE CONTENT IN MEMBRANES OF CONTROL 
AND HCR HeLa CLONES EXPRESSED 

PER MILLION CELLS

Membrane F r a c t io n
HeLa 65 

C o n tro l  Her

nm o les /lO ^  c e l l s

HeLa
C o n tro l 

nm o les/lO ^

71
Her

c e l l s

Whole c e l l 6 .9 5 .7 4 .9 8 .2

F r a c t io n  I ND 0 .0 5 0 .1 2 0 .1 7

F r a c t io n  I I 0 .0 6 3 0 .1 5 0 .1 2 0 .1 5

F r a c t io n  I I I 0 .2 5 0 .9 1 0 .1 9 0 .1 5

F r a c t io n  IV 0 .1 2 0 .1 6 0 .1 1 0 .2 1

F r a c t io n  V 2 .9 0 2 .3 0 1 .1 0 1 .30

F r a c t io n  VI 0 .2 8 0 .6 9 0 .2 8 0 .9 0

See le g e n d  i n  T ab le  9 . Hexos amine a ssa y  i s d e s c r ib e d  i n  M ethods . ND:
not detectable.
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s i g n i f i c a n t  changes v e rsu s  c o n tr o l  on a  p e r  c e l l  b a s i s  (T ab le  1 7 ) ,  two 

showed m arked in c r e a s e  (F ra c t io n s  I  and I I )  and one showed a  d e c re a s e  

(F ra c t io n  I I I )  in  hexosam ine on a p e r - m i l l ig r a m - o f - p r o te in  b a s i s  (T ab le  

1 8 ) . A lthough w h o le -c e l l  a n a ly s i s  r e v e a le d  no s i g n i f i c a n t  changes in  

th e  amount o f  hexosam ine i n  HeLa 65 H er c e l l s  com pared to  t h a t  i n  th e  

c o n t r o l .  F r a c t io n s  I ,  I I ,  I I I  and VI o f  HeLa 65 H er had  more hexosam ine 

th a n  t h a t  i n  th e  c o n t r o l ,  w hereas F ra c t io n  V had l e s s .  On a p e r -  

m i l l ig r a m - o f - p r o te in  b a s i s .  F ra c t io n s  I ,  I I I ,  IV and VI in c r e a s e d  h ex o s­

amine c o n te n t  i n  HeLa 65 H er, w h ile  F r a c t io n  I I  d e c re a s e d  s l i g h t l y .  T h u s , 

m inor d i f f e r e n c e s  e x is t e d  betw een  th e  l o c a l i z a t i o n  o f  hexosam ine and 

s i a l i c  a c id  i n  th e  membrane f r a c t i o n s  o f  th e  HeLa 65 c o n tr o l  and Her 

c e l l s .

P u r i f i c a t i o n  o f  th e  n u c le a r  f r a c t i o n  

and i t s  p a r t i a l  c h a r a c te r i z a t i o n

C y to p lasm ic  c o n ta m in a tio n  o f  th e  n u c le a r  f r a c t i o n  u n av o id a b ly  

a t te n d s  th e  s im p le  h o m o g en iza tio n  m ethod u se d  f o r  p re p a r in g  membrane 

f r a c t i o n s .  T h e r e f o r e ,  th e  n u c le i  w ere i s o l a t e d  by a  te c h n iq u e  u s in g  a 

c o n c e n tra te d  d e te r g e n t  wash (9 3 ) ;  th e  p u r i t y  o f  th e  n u c le i  was a s c e r ta in e d  

by e l e c t r o n  m ic ro sc o p y . Whole n u c le i  w ere th e  m ajo r s p e c ie s  p r e s e n t .

Over 60% w ere  e s t im a te d  to  have  i n t a c t  n u c le a r  m em branes. No c o n ta m in a t­

in g  c y to p la sm  was e v id e n t .  I n t e r e s t i n g l y ,  a l l  n u c le a r  f r a c t i o n s  c o n ta in e d  

s i g n i f i c a n t  am ounts o f  s i a l i c  a c id ,  a lk a l in e  p h o s p h a ta s e , and 5 '- n u c l e o ­

t i d a s e  a c t i v i t i e s  (T ab le  1 9 ) . A ll  th e s e  p a ra m e te rs  c o r r e la t e d  w ith  th e  

a l t e r a t i o n s  i n  th e  w hole c e l l  and membrane f r a c t i o n s  o f  b o th  c lo n e s .

S i a l i c  a c id  in c r e a s e d  2 .6 - f o ld  in  HeLa 71 H er, w hereas no changes o c c u rre d  

in  HeLa 65 H er com pared to  t h a t  in  th e  c o n t r o l  (T ab le  1 9 ) . P ap e r
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TABLE 18

HEXOSAMINE CONTENT OF CONTROL AND HCR HeLa CLONES 
EXPRESSED PER MILLIGRAM PROTEIN

HeLa 65 HeLa 71
Membrane F r a c t io n C o n tro l Her C o n tro l  Her

nm oles/m g p r o te in nm oles/m g p r o te in

Whole c e l l 31 24 26 35

F ra c t io n  I ND 1600 68 170

F r a c t io n  I I 158 108 46 80

F r a c t io n  I I I 85 170 41 25

F r a c t io n  IV 19 30 48 60

F r a c t io n  V 34 34 13 16

F r a c t io n  VI 31 43 36 74

ND; n o t d e te c ta b le
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TABLE 19

CHARACTERISTICS OF THE PURIFIED NUCLEAR FRACTION 
OF CONTROL AND HCR HeLa CLONES

HeLa 65 HeLa 71

C o n tro l Her C o n tro l H er

P r o te in
(pg /lO ^  n u c le i ) 34 75 47 57

RNA
(pg /loG  n u c le i ) 11 15 13 21

S i a l i c  A cid 
(nm o les/10^  n u c le i ) 0 .2 2 0 .2 3 0 .086 0 .2 2

A lk a lin e  P h o sp h a ta se  
(nm ole p -N P P /m in /10^ n u c le i ) 0 .1 1 1 .1 25 6 .4

5 '- N u c le o t id a s e
(nm ole P i/m in /1 0 ^  n u c le i ) 0 .2 5 0 .6 3 0 .9 3 0 .2 9

N u c le a r  f r a c t i o n  was p re p a re d  as d e s c r ib e d  in  M ethods. A ll v a lu e s  
have  been  c o r r e c te d  f o r  th e  re c o v e ry  o f  n u c le i  b a sed  on th e  av e rag e  DNA 
c o n te n t  o f  a HeLa c e l l  (12 pg /10^  c e l l s ) . S i a l i c  a c id  was d e te rm in ed  
in  m a te r i a l  p r e c i p i t a t e d  by 1% p h o s p h o tu n g s t ic  a c id  ( in  1 N HCl) w ith ­
o u t e x t r a c t i o n  o f  l i p i d .
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chrom atography o f  th e  a c id  h y d ro ly s a te s  I n d ic a te d  t h a t  a l l  th e  s i a l i c  

a c id  i s o l a te d  was in  th e  form  o f  N -a c e ty ln e u ra m in ic  a c id .  T h e re fo re ,  

th e  t r a c e  o f  N -g ly c o ly ln e u ra m in ic  a c id  found in  HeLa c e l l s  (95) was 

p ro b ab ly  a s s o c ia te d  w ith  th e  c e l l  s u r f a c e .  S in ce  th e  s i a l i c  a c id  

re c o v e re d  in  th e  p u r i f i e d  n u c le a r  f r a c t i o n  r e p r e s e n te d  a t  l e a s t  70% o f  

t h a t  found in  th e  c o n ta m in a te d  n u c le a r  f r a c t i o n  o b ta in e d  by h o m o g en iza tio n  

(com pare T ab le  15 w ith  T a b le  1 9 ) , s i a l i c  a c id  w ould seem to  be  an i n t e g r a l  

p a r t  o f  th e  HeLa n u c le u s ,  as a component o f g ly c o p r o te in  o f th e  membrane 

a n d /o r  c h ro m a tin . A 1 0 - fo ld  " in d u c t io n "  o f a lk a l in e  p h o s p h a ta s e  a c t i v i t y  

o c c u r re d , as w e l l  as a 2 .5 - f o l d  " in d u c t io n "  o f  5 '- n u c l e o t i d a s e  a c t i v i t y  

in  p u r i f i e d  n u c le i  from  HeLa 65 Her compared to  th o se  in  th e  c o n t r o l .

P a r t i a l  c h a r a c t e r i z a t i o n  o f  th e  g ly co g en  p r o t e i n  com plex 

E le c t ro n  m ic ro sco p y  and b io c h e m ic a l a n a ly s i s  f o r  n e u t r a l  

s u g a rs  and g lu c o s e  i n d ic a te d  t h a t  F ra c t io n  I I I  o f  each  c lo n e  c o n ta in e d  

a t  l e a s t  50% o f  th e  t o t a l  r e c o v e ra b le  g ly co g en  p r o t e i n  complex o f  th e  

c e l l .  S ince t h i s  membrane f r a c t i o n  i s  e n r ic h e d  i n  g ly co g en  complex 

and s in c e  HeLa 65 c e l l s  h av e  th e  g r e a t e s t  amount o f  t h i s  com plex. F r a c t io n  

I I I  o f  HeLa 65 H er c e l l s  was used  to  c h a r a c te r iz e  th e  com plex. In  

a d d i t io n  to  th e  a b i l i t y  to  q u a n t i t a t i v e l y  p r e c i p i t a t e  t h i s  g ly co g en  

complex w ith  p h o s p h o tu n g s t ic  a c id ,  th e  s u s c e p t i b i l i t y  o f t h i s  m a te r i a l  

to  a -am y lase  t r e a tm e n t  gave a d d i t io n a l  s u p p o r t in g  b io c h e m ic a l  e v id e n c e  

f o r  th e  a s s o c ia t io n  o f  g ly co g e n  w ith  p r o t e i n .  When f r a c t i o n  I I I  m a te r i a l  

was in c u b a te d  w ith  a -a m y la se  f o r  s e v e r a l  h o u rs  a t  3 7 ° , l e s s  th a n  5% of 

th e  h y d ro ly z a b le  g lu c o s e  was s o lu b i l i z e d ,  a s  d e te rm in e d  by g lu c o s e  

o x id a se  and re d u c in g  s u g a r  a s s a y s .  I f  one p r e - e x t r a c t s  t h i s  complex 

w ith  c h lo ro fo rm :m e th a n o l ( 2 : 1 ) ,  th e  complex i s  now e n z y m a tic a lly
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h y d ro ly z e d  to  g r e a t e r  th a n  90%. T h is  complex was f u r t h e r  c h a r a c te r iz e d  

a f t e r  p ro n a s e  d ig e s t io n  and p u r i f i c a t i o n .  F r a c t io n  I I I  was d ig e s te d  

w ith  p ro n a se  (10 pg p ronase /m g  p r o te in )  f o r  4 days a t  37°. The d ig e s t io n  

m ix tu re  was a p p lie d  to  a  1 x  60 cm Sephadex G-200 column and g ly co g en  

was e lu t e d  a t  th e  v o id  volum e. A f te r  c o n c e n t r a t io n  by c o l lo d io n  membrane 

f i l t r a t i o n  th e  m a te r i a l  was d ia ly z e d  a g a in s t  1 mM p h o sp h a te  pH 7. T h is  

m a te r i a l  was 99.6% g lu c o s e  and 0.4% p r o te in .  The complex was th e n  h y d ro ­

ly z e d  i n  6 N HCl a t  110° f o r  22 h o u rs  and amino a c id  c o m p o s itio n  o f  th e  

h y d r o ly s a te  as d e te rm in e d  on an amino a c id  a n a ly z e r  gave 15 d i f f e r e n t  

ty p e s  o f  amino a c id s .  S in c e  a  minimum m o le c u la r  w e ig h t o f  th e  t o t a l  

g ly co g en  com plex was found to  be  ab o u t 4 x 10^ D a lto n s  as e s t im a te d  from  

c a l i b r a t e d  e le c t r o n  m ic ro sc o p ic  p h o to g ra p h s , we e s t im a te  th e  m o le c u la r  

w e ig h t o f  th e  p o ly p e p t id e  a s s o c ia te d  w ith  th e  g ly co g en  to  b e  ab o u t 1 7 ,5 0 0 . 

F u r th e r  c e n t r i f u g a t i o n  o f  F r a c t io n  I I I  on a  d is c o n tin u o u s  s u c ro s e  g r a d ie n t  

(45%, 50%, and 60% s u c ro s e )  f a i l e d  to  s e p a r a te  th e  g ly c o g e n - p ro te in  

com plex from  rough en d o p la sm ic  r e t ic u lu m . T rea tm en t o f  F r a c t io n  I I I  w ith  

r ib o n u c le a s e  fo llo w e d  by C s C l-g ra d ie n t  c e n t r i f u g a t io n  may p ro v id e  

s e p a r a t i o n ,  p u r i f i c a t i o n ,  and c h a r a c te r i z a t i o n  o f t h i s  g ly c o g e n - p ro te in  

( p o s s ib ly  membrane) com plex. E xperim en ts  such  as th e s e  a r e  p la n n e d  f o r  

th e  n e a r  f u tu r e .

G ly c o p ro te in  s i a l y l t r a n s f e r a s e  s tu d i e s

ITie a c t i v i t y  o f  HeLa s i a l y l t r a n s f e r a s e  was m easu red  w ith  

endogenous and exogenous a c c e p to r s .  U sing 0.3% T r i to n  X -100, 0 .5  mg 

o f  d e s i a l i z e d  f e t u i n  p e r  r e a c t i o n  s t im u la te d  endogenous s i a l y l t r a n s ­

f e r a s e  a c t i v i t y  4 0 - f o ld .  T h e re fo re  exogenous a c c e p to rs  w ere  u sed  i n
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a l l  f u r t h e r  s tu d i e s .  The o p tim a l  pH f o r  s i a l y l t r a n s f e r a s e  a c t i v i t y  

ranged  betw een  6 .5  and 6 .8  (F ig u re  3 ) . I t  was s im i l a r  f o r  b o th  c lo n e s  

in  b o th  s t a t e s .  P h o sp h a te  b u f f e r  was optimum a t  10 mM c o n c e n t r a t io n ,  

and h ig h e r  c o n c e n t r a t io n s , such  as 100 mM, i n h ib i t e d  th e  r e a c t io n  o v e r 

90%. T r i to n  X-100 c o n c e n t r a t io n  was found to  b e  optimum a t  0.3% .

B ecause th e  i n i t i a l  r e a c t i o n  r a t e  was l i n e a r  from  0 .1  to  0 .5  rag o f  HeLa 

c e l l  c y to p la sm ic  hom ogenate p e r  r e a c t i o n ,  0 .2 5  rag p e r  r e a c t io n  was u sed  

t h e r e a f t e r .  The r e a c t i o n  r a t e  rem ained  l i n e a r  up to  30 rain . Mn 

s t im u la te d  t h i s  r e a c t i o n  2 .4  tim es  more e f f i c i e n t l y  a t  i t s  optimum 

c o n c e n t r a t io n  (5 mM) th a n  Mg"^ a t  i t s  optimum c o n c e n t r a t io n  (10 mM)

(F ig u re  4 ) .  T h e re fo re ,  Mn"*  ̂ (5 mM) was used th ro u g h o u t th e  s tu d y . When 

d e s ia l i z e d  m ucin was used  as exogenous a c c e p to r ,  5 mM o f  Mn"*  ̂ o r Mg"*  ̂

was o p t im a l ,  p ro d u c in g  th e  same d e g ree  o f  s t im u la t io n .  Enzyme a c t i v i t y  

o f  th e  c e l l  c lo n e s  w ere  com pared under o p tim a l r e a c t i o n  c o n d i t io n s .

W ith d e s ia l i z e d  f e t u i n  as  exogenous a c c e p to r ,  HeLa 71 H er e v id e n c e d  a 

70% in c r e a s e  in  s i a l y l t r a n s f e r a s e  a c t i v i t y  compared to  t h a t  i n  HeLa 71 

c o n t r o l  (T ab le  2 0 ) . On a  p e r  c e l l  b a s i s ,  an even  g r e a t e r  i n c r e a s e  was 

s e e n  f o r  th e  HeLa 71 H er c e l l  (0 .3 2  pm oles NANA/min/10^ c e l l s  f o r  c o n t r o l  

compared to  0 .9 0  p m o les/m in /1 0 ^  c e l l s  f o r  H e r) . However, when d e s ia l i z e d  

mucin was used  as a c c e p to r ,  a l l  c e l l  c lo n es  had s i m i l a r  a c t i v i t i e s  

(T a b le  2 0 ) . The a c t i v i t y  was betw een  30 and 50% o f t h a t  o b ta in e d  by 

u s in g  d e s ia l i z e d  f e t u i n  as a c c e p to r .  These d a ta  c o r r e l a t e  w ith  o u r  

p re v io u s  f in d in g  t h a t  " p la sm a " - ty p e  g ly c o p r o te in s  su ch  as f e t u i n  a r e  th e  

m ajo r c o n s t i tu e n t  o f  HeLa c e l l  g ly c o p r o te in s .  The r e s u l t s  a re  a ls o  

c o n s i s t a n t  w ith  th e  o b s e rv a t io n  t h a t  p r e d n is o lo n e  in c r e a s e s  th e  a g g lu t in -  

a b i l i t y  o f  HeLa c e l l s  by w heat germ l ip a s e  a g g lu t in in  (w hich  i s  s p e c i f i c
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F ig u re  3— The e f f e c t  o f  pH on HeLa NANA g ly c o p r o te in  s i a l y l ­
t r a n s f e r a s e  a c t i v i t y .  The pH o f  th e  r e a c t io n  m ix tu re  was a d ju s te d  w ith  
a c id  o r  b a s e  w ith o u t  in c r e a s in g  p h o sp h a te  c o n c e n t ra t io n .
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F ig u re  4—The e f f e c t  o f  io n s  on HeLa CMP-[^^CJ NANA g ly c o p r o te in  s i a l y l ­
t r a n s f e r a s e  a c t i v i t y .  See le g e n d  in  T ab le  20.

-®*, MnCl2  i n  mM; -A; MgCl2  i n  mM.
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TABLE 20

CMP-[14c] NANA glycoprotein  SIALYLTRANSFERASE ACTIVITY 
OF CONTROL AND HCR HeLa CLONES

A ccep to r
HeLa 65 HeLa 71 

C o n tro l  Her C o n tro l H er 
pm oles t^4c]NANA/min/mg p r o te in

D e s ia l iz e d
f e t u i n 3 .9  3 .1 3 .1  5 .2

D e s ia l iz e d
mucin 1 .7  1 .7 1 .1  1 .5

Enzyme and a c c e p to r  p r o te i n  w ere o b ta in e d  as  d e s c r ib e d  i n  M ethods, 
Optimum c o n d it io n s  f o r  th e  a s sa y  w ere a ls o  d e s c r ib e d  in  R e s u l ts .
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f o r  N -a c e ty l  g lu co sam in e ) b u t  n o t  by soybean  a g g lu t in in  (w hich i s  

s p e c i f i c  f o r  N -a c e ty lg a la c to s a m in e ) (9 6 ) . A lthough  c y to p la sm ic  e x t r a c t s  

w ere u sed  f o r  th e s e  s t u d i e s ,  w hole  c e l l  hom ogenates gave v e ry  s im i l a r  

r e s u l t s  on a  p e r  c e l l  b a s i s ,  i n d ic a t in g  th e  p re p o n d e ra n t c y to p la sm ic  

l o c a l i z a t i o n  o f  s i a l y l t r a n s f e r a s e  a c t i v i t y .

S ia lo g ly c o p r o te in  s tu d ie s  

A n a ly s is  o f th e  aqueous phase  o f  c e l l - b u t a n o l  e x t r a c t s  f o r  

s i a l i c  a c id  gave be tw een  70% and 90% o f th e  t o t a l  amount o f  s i a l i c  a c id  

o b ta in a b le  from  g ly c o p r o te in  o f  th e s e  c e l l s .  A n a ly t ic a l  p o ly a c ry la m id e  

d i s c  g e l  e l e c t r o p h o r e s i s  showed sev en  m ajo r bands in  HeLa 71 and HeLa 

71 H er (F ig u re  5 ) .  P r e tr e a tm e n ts  o f  a l iq u o ts  o f  th e s e  e x t r a c t s  w ith  Ĉ . 

p e r f r in g e n s  n e u ra m in id a se  r e ta r d e d  th e  movement o f  m ost bands on d i s c -  

g e l  a n a l y s i s ,  i n d i c a t i n g  th e  s i a l i c  a c id  m o ie ty  to  b e  a  common f e a t u r e  

o f  a l l  th e s e  p r o t e i n s .  A lk a lin e  p h o sp h a ta se  was d e te c te d  i n  r e p l i c a t e  

g e ls  h i s to c h e m ic a l ly ;  i t  ap p eared  to  be  a  m ajo r b an d . When th e  p r o t e i n  

o f  th e s e  s i a l o g ly c o p r o te in s  w ere compared on a c ë l l  b a s i s ,  i t  becam e 

e v id e n t  t h a t  th e  50% in c r e a s e  i n  s ia lo g ly c o p r o te in  i n  HeLa 71 Her o v e r  

HeLa 71 c o n t r o l  c o u ld  ac co u n t f o r  much o f  th e  86% in c r e a s e  o f  s i a l i c  

a c id  i n  t h i s  c lo n e  i n  th e  H er s t a t e  (T ab le  2 1 ) . The amount o f  s i a l i c  

a c id  i n  th e  b u ta n o l  e x t r a c t  was 1 .4 2  nm oles/lO ^ c e l l s  f o r  HeLa 71 c o n t r o l ;  

2 .6 8  n m o les /1 0 ^  c e l l s  f o r  HeLa 71 Her (T ab le  2 1 ) .
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F ig u re  5— D is c -g e l  e le c tro p h o re to g ra m  o f HeLa 71 and HeLa 71 H er g ly c o ­
p r o t e i n s .  E le c t r o p h o r e s is  was perfo rm ed  as d e s c r ib e d  i n  M ethods. In  
each  sam ple g e l  200 pg o f  p r o te in  was p la c e d  and e le c t r o p h o r e s i s  was 
ru n  f o r  5 .5  h o u rs  a t  2 mA c o n s ta n t  c u r r e n t .  R e p l ic a te  gens w ere s ta in e d  
f o r  a lk a l in e  p h o sp h a ta se  a c t i v i t y .  A lk a lin e  p h o sp h a ta se  p o s i t i v e  bands 
a re  in d ic a te d  by th e  h o r iz o n t a l  a rro w s . 1 = HeLa 71 c o n t r o l ,  2 = HeLa 
71 c o n t r o l  in c u b a te d  w ith  n e u ra m in id a se , 3 = HeLa 71 H er, and 4 = HeLa 
71 H er in c u b a te d  w ith  n e u ra m in id a se .
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TABLE 21

SIALIC ACID AND PROTEIN CONTENT OF GLYCOPROTEIN SOLUBILIZED 
BY TREATMENT WITH n-BUTANOL EXTRACTION

HeLa 65 

C o n tro l H er

HeLa

C o n tro l

71

Her

S i a l i c  a c id
(nm o les/lO ^  c e l l s ) 1 .05 2 .26 1 .4 2 2 . 6 8

S i a l i c  a c id
(nraoles/m g p r o te in ) 1 2 . 0 1 8 .5 2 2 . 2 31.0

P r o te in
( p g / 1 0 & c e l l s ) 80 8 8 70 105

The e x t r a c t i o n ,  c o n c e n t r a t io n  and a s sa y s  o f  th e s e  p r o te in s  a re  
d e s c r ib e d  in  M ethods.
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CHAPTER IV

DISCUSSION

Two HeLa c e l l  c lo n e s  have  been  shown to  have m arked grow th 

d i f f e r e n c e s  in  re sp o n se  to  c u l t i v a t i o n  w ith  c o r t i s o l .  HeLa 71, b u t 

n o t HeLa 6 5 , h as  a  p ro lo n g e d  c e l l  g e n e ra t io n  tim e in  th e  Her s t a t e ,  

m ain ly  a t  th e  expense  o f  th e  p o r t io n  o f  th e  c e l l  c y c le  (7 4 ) .  I t  

has been s u g g e s te d  th a t  th e  e f f e c t  o f  h y d ro c o r t is o n e  i s  m a n ife s te d  

by changes in  th e  HeLa c e l l  membranes (9 7 ) . C a r u b e l l i  and G r i f f i n  (75) 

showed t h a t  HeLa 65 resp o n d s  to  s h o r t - te r m  grow th (72 h o u rs )  w ith  

c o r t i s o l  by an in c r e a s e  in  c e l l u l a r  s i a l i c  a c id ,  more th a n  one h a l f  o f  

w hich was s e d im e n ta b le  a t  100,000 x g f o r  1 h o u r . In  t h i s  s tu d y ,  we 

found th a t  HeLa 65 c e l l s  c o n tin u o u s ly  sub c u l tu r e d  w ith  c o r t i s o l  hav e  a  

s im i l a r  amount o f  s i a l i c  a c id  compared to  t h a t  in  th e  c o n t r o l  c e l l s .

On th e  o th e r  h a n d , HeLa 71 H er h as  an 84% in c r e a s e  in  s i a l i c  a c id  con­

ta in e d  in  g ly c o p r o te in ,  and a  40% in c r e a s e  in  g ly c o l ip id  s i a l i c  a c id ,  

compared to  t h a t  i n  th e  c o n t r o l  c e l l s .  S i a l i c  a c id  i s  one o f  th e  

te rm in a l  s u g a rs  found in  th e  p r o s t h e t i c  group o f  many g ly c o p r o te in s .

I t  i s  a ls o  found in  th e  p e r ip h e r a l  p o s i t i o n  o f  some g l y c o l ip i d s .  These 

g ly c o p ro te in  and g ly c o l ip id  a r e  n o rm a lly  com ponents o f  c e l l  m em branes. 

About 60% o f  p r o l i f e r a t i n g  mammalian c e l l  s i a l i c  a c id  i s  b e l i e v e d  to  be  

lo c a te d  on th e  s u r f a c e  membrane ( 9 4 ,9 8 ) .  B ecause th e  a v e ra g e  c e l l
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s u r f a c e  a re a s  o f  HeLa 71 c o n t r o l  and H er c e l l s  do n o t d i f f e r  a p p re c ia b ly ,  

th e  70% in c r e a s e  in  s i a l i c  a c id  p e r  av e ra g e  HeLa 71 H er c e l l  s u r f a c e  

m igh t e i t h e r  r e p r e s e n t  a u n ifo rm ly  d i s t r i b u t e d  in c r e a s e  in  n e t  n e g a t iv e  

ch a rg e  on th e  c e l l  s u r f a c e ,  o r  in c r e a s e  in  n e g a tiv e  c h a rg e  l im i te d  to  

d i s c r e t e  a r e a s .  The l a t t e r  p o s s i b i l i t y  i s  most p ro b a b le  i f  t h i s  in c r e a s e  

i s  due to  g r e a t e r  amounts o f  te r m in a l  s u g a rs  on s im i l a r  numbers o f  

g ly c o p r o te in  m o le c u le s . The f a c t  t h a t  HeLa 65 Her h a s  an a c u te ,  b u t  n o t 

c h ro n ic ,  i n c r e a s e  i n  s i a l i c  a c id  c o n te n t  may r e l a t e  to  th e  in c r e a s e d  

l i p i d  e v id e n t  i n  th e  Her s t a t e .  I t  w ould b e  i n t e r e s t i n g  to  l o c a l i z e  

th e s e  in c r e a s e d  amounts o f  l i p i d s  in  membrane sub f r a c t i o n s  i n  HeLa 65 

H er. An in c r e a s e  i n  l i p i d s  o f  HeLa c e l l s  grown w ith  c o r t i s o l  h a s  been  

r e p o r te d  ( 9 9 ) .  A lthough  no s i g n i f i c a n t  a l t e r a t i o n  i n  th e  d i s t r i b u t i o n  

o f  th e  p h o s p h o lip id  was n o te d  i n  th e  HeLa c e l l s  grown w ith  c o r t i s o l ;  

th e  p o s s i b i l i t y  t h a t  d i f f e r e n c e s  i n  s p e c i f i c i t y  of p h o s p h o lip id  d i s t r i ­

b u t io n  in  membrane sub f r a c t i o n s  m igh t o c c u r  i s  n o t e x c lu d e d . E a g ls te in  

e t  a l . have  shown t h a t  h y d ro c o r t is o n e  n o t o n ly  s t a b i l i z e s  th e  membrane 

w hich h as  been  m o d if ie d  by p h o s p h o lip a s e  C, b u t a ls o  i n t e r f e r e s  w ith  th e  

h y d r o ly t ic  a c t i v i t y  o f  th e  l ip a s e  (1 0 0 ). G ly c o lip id s  have b een  

im p l ic a te d  as p o s s ib le  in te r m e d ia te s  i n  g ly c o p r o te in  b io s y n th e s i s  (4 7 , 

1 0 1 ). The a c t i v i t i e s  and d i s t r i b u t i o n  o f  th e  g ly c o s y l t r a n s f e r a s e s  

w hich c a ta ly z e  th e  t r a n s f e r  o f  mannose and N -a c e ty lg lu c o sa m in e  from  

t h e i r  g l y c o l ip id  form s in to  g ly c o p r o te in  may be  r e l e v a n t  to  th e  f a c t  

t h a t  th e  s i a l i c  a c id  c o n te n t  o f  HeLa 65 c e l l s  c h r o n ic a l ly  grown w ith  

c o r t i s o l  r e tu r n s  to  th e  c o n t r o l  l e v e l .

H exosam ine, a n o th e r  c a rb o h y d ra te  component o f  g ly c o p r o te in  

and g l y c o l i p i d ,  was found to  be  m ain ly  g lucosam ine  i n  g ly c o p r o te in s  o f
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HeLa c e l l s .  I t  in c re a s e d  71% i n  HeLa 71 H er g ly c o p r o te in ,  b u t  

rem ained  unchanged in  th e  g l y c o l ip i d  f r a c t i o n .  S ince  g lu co sam in e  i s  th e  

c h a r a c t e r i s t i c  hexosam ine o f  p la s m a -ty p e  g ly c o p ro te in  ( 4 ) ,  we assume 

t h a t  p la s m a -ty p e  g ly c o p r o te in  p red o m in a te s  i n  HeLa c e l l  m em branes. 

G a la c to s e ,  a n o th e r  c a rb o h y d ra te  component o f  p la sm a -ty p e  g ly c o p r o te in ,  

in c r e a s e d  49% i n  HeLa 71 H er g ly c o p r o te in s  o v e r  c o n tr o l  v a lu e s .  M annose, 

on th e  o th e r  h an d , d id  n o t i n c r e a s e  i n  HeLa 71 H er g ly c o p r o te in s .  I f  we 

assum e t h a t  f e t u i n - l i k e  g ly c o p r o te in s  a r e  th e  m ajo r g ly c o p r o te in s  in  

HeLa c e l l s ,  two p o s s ib le  p o ly s a c c h a r id e  s t r u c tu r e s  c o u ld  e x p la in  th e  

d i s p r o p o r t io n a te  changes be tw een  th e  amount o f  mannose and th e  amounts 

o f  s i a l i c  a c id ,  hexosam ine and g a la c to s e  i n  HeLa 71 H er compared to  

th o se  i n  th e  c o n t r o l .  F i r s t ,  th e  m annose c o re  [ - (m a n n o s e )x - ] , w hich 

h as  b een  shown to  b e  lo c a te d  i n  th e  in n e r  p o r t io n  o f  th e  o rd e re d  p o ly ­

s a c c h a r id e  c h a in  o f  f e t u i n  ( 4 ) ,  seem s to  b e  lo n g e r  in  HeLa 71 g ly c o ­

p r o te in s  (m annose/hexose  = 0 .5  i n  f e t u i n ;  m annose/hexose  = 0 .9  i n  HeLa 

g ly c o p r o te in ) .  T hus, i n  HeLa 71 H er, th e  number o f  t e r m in a l  p o ly sa c ­

c h a r id e  c h a in s  b ra n c h in g  from  t h i s  mannose c o re  cou ld  b e  g r e a t e r  th a n  

t h a t  in  th e  c o n t r o l  p r o t e i n s .  The amount o f  s u g a rs  on th e  b ra n c h in g  

c h a in s  (N -a c e ty lg lu c o s a m in e , g a la c to s e  and s i a l i c  a c id )  w ould th e n  be  

in c r e a s e d  in  HeLa 71 Her g ly c o p r o te in ,  w h ile  th e  amount o f  mannose and 

number o f  g ly c o p ro te in  m o le c u le s  w ould  rem ain  s im i l a r  i n  c o n t r o l  and 

Her c e l l s .  I f  t h i s  was an  e x c lu s iv e  m echanism , th e  m ajo r p a r t  o f  i n ­

c re a s e d  c a rb o h y d ra te  w ould b e  due to  g r e a t e r  b ra n c h in g  o f  th e  p o ly sa c ­

c h a r id e  c h a in  on s im i la r  num bers o f  p r o te in s  i n  th e  H er c e l l  compared to  

t h a t  i n  th e  c o n t r o l .  T h e r e f o r e ,  th e  in c r e a s e  o f  50% p r o t e i n  i n  HeLa 71 

Her n - b u ta n o l  e x t r a c t  co u ld  n o t  be  s o le l y  g ly c o p r o te in .  On th e  o th e r
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h a n d , i f  th e  in c r e a s e d  amount o f  p r o te in  in  HeLa 71 Her n -b u ta n o l  

e x t r a c t  i s  p red o m in an tly  g ly c o p r o te in ,  th e  p o ly s a c c h a r id e  s t r u c tu r e s  

o f  g ly c o p ro te in s  from  c o n tr o l  and H er c e l l s  a re  l i k e l y  to  d i f f e r  o n ly  

i n  th e  amount o f  mannose in  t h e i r  co re  p o r t io n s  ( th e  HeLa Her g ly co ­

p r o te in s  w ould have  l e s s ) .  The in c r e a s e  i n  more d i s t a l  su g a rs  cou ld  be  

acco u n ted  f o r  by in c r e a s e d  g ly c o p r o te in  c o n te n t .  The r e s u l t s  from 

g ly c o p ro te in  i s o l a t i o n  and e l e c t r o p h o r e t i c  a n a ly s i s  in d ic a te  t h a t ,  a t  

l e a s t  in  p a r t ,  HeLa 71 H er i n c r e a s e s  i t s  c e l l u l a r  s ia lo g ly c o p r o te in .  

Q u a n t i ta t io n  o f  each  in d iv id u a l  s u g a r  on one m a jo r  HeLa s ia lo g ly c o p r o te in  

p e r  c e l l  would be  u s e f u l  in  s o lv in g  t h i s  p rob lem . A n a ly s is  o f  g ly co ­

p r o te in s  s o lu b i l i z e d  by n - b u ta n o l  and s e p a r a te d  by i s o e l e c t r i c  fo c u s in g  

c o u ld  p ro v id e  t h i s  in fo r m a t io n . A p p ro p r ia te  e x p e rim e n ts  a re  now in  

p r o g re s s .

Shen and G insburg  (102) r e p o r te d  t h a t  HeLa S 3  (HeLa 65) 

su sp e n s io n  c u l tu r e s  c o n ta in e d  0 . 6  nm oles o f fu c o se  p e r  1 0 ^ c e l l s ,  con­

t r i b u t e d  m ain ly  by g ly c o p r o te in .  Bosraann e t  a l .  (103) a ls o  d e m o n stra ted  

two g ly c o p r o te in  f u c o s y l t r a n s f e r a s e s  in  HeLa c e l l s .  These enzymes w ere 

r e s p o n s ib le  f o r  th e  t r a n s f e r  o f  L -fu c o se  from  GD P-fucose to  th e  s p e c i f i c  

p r e c u r s o r  f o r  f u c o s e - c o n ta in in g  g ly c o p r o te in s .  We f a i l e d  to  d e te c t  any 

fu c o se  in  HeLa c e l l s  from  m o no layer c u l tu r e s  i n  b o th  c lo n e s . The m ethod 

we used  co u ld  d e te c t  0 .0 6  nm oles o f fu c o se  p e r  1 0 ^ c e l l s ,  and fu co se  

w ould n o t h ave  b een  d e s tro y e d  u n d er o u r h y d r o ly t i c  c o n d i t io n s .  Fucose i s  

b e l ie v e d  to  b e  an a l t e r n a t i v e  to  s i a l i c  a c id  as th e  te r m in a l  s u g a r  in  

g ly c o p r o te in s  and g ly c o l ip id s  ( 4 ) .  Our d a ta  i n d i c a t e  g r e a t e r  amounts o f  

s i a l i c  a c id  i n  HeLa 65 m onolayer c u l tu r e  (2 .2  n m o les/1 0 ^  c e l l s )  th a n  th o se  

r e p o r te d  by Shen and G ingsburg  f o r  HeLa S3  i n  s u s p e n s io n  c u l tu r e  ( 1 .3
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nm oles/10^  c e l l s  (1 0 2 ) . The d i f f e r e n c e  i n  s i a l i c  a c id  (0 .9  nm oles/10^  

c e l l s )  c o r r e l a t e s  w ith  th e  amount o f  fu c o se  th e y  r e p o r te d  ( 0 . 6  nm oles/lO ^ 

c e l l s ) .  The amount o f fu c o s e  i n  HeLa c e l l  g ly c o p ro te in s  may be  l im i te d  

by a n u t r i t i o n a l  re q u ire m e n t o r  c u l tu r e  c o n d i t io n s .  A d d itio n  o f  m annose, 

b u t  n o t  L - fu c o s e , h as  b een  r e p o r te d  to  a l t e r  th e  m orphology o f  HeLa Ch 

(HeLa 7 1 )(1 0 4 ) . L - fu c o s e , how ever, was r e p o r te d  to  a l t e r  th e  m orphology 

o f  3T3 mouse f i b r o b l a s t s .  M oreover, S V 4 0 -v iru s - tra n s fo rm e d  3T3 c e l l s  

r e s u l t e d  i n  a  lo s s  in  s u s c e p t i b i l i t y  to  changes caused  by L -fu c o se  (1 0 5 ). 

The q u e s t io n  a r i s e s  w h e th e r  th e  fu c o s y l  t r a n s f e r a s e  i s  i n a c t iv a t e d  by 

v i r u s  i n f e c t i o n  and w h e th e r  fu c o s y l  t r a n s f e r a s e  f o r  g ly c o p ro te in  and 

g ly c o l ip i d  p la y s  a  m ajo r r o l e  in  r e g u la t i o n  o f  n o n v i r u s - in f e c te d  3T3 

c e l l s .  A n a ly s is  o f  s i a l i c  a c id  and fu co se  o f  g ly c o p ro te in s  and g ly c o ­

l i p i d s  o f  th e s e  c e l l s  m ig h t p ro v id e  c lu e s  to  th e  b io c h e m ic a l changes 

u n d e r ly in g  th e  m o rp h o lo g ic  a l t e r a t i o n s  o b s e rv e d . R e c e n tly , I n b a r  e t  a l .  

(106) f a i l e d  to  d e te c t  th e  fu c o s e -b in d in g  s i t e s  on th e  s u r f a c e  membranes 

o f  c e r t a i n  c e l l s  such  a s  ra t-e m b ry o  c e l l s ,  seco n d a ry  c u l tu r e  o f  go lden  

h a m s te r ,  mouse 3T3 c e l l s  and a l l  th e s e  c e l l s  tra n s fo rm e d  w ith  v i r u s e s .

HeLa c e l l  membrane f r a c t i o n s  w ere o b ta in e d  by Bounce homogen­

i z a t i o n  fo llo w e d  by d is c o n tin u o u s  s u c ro s e  d e n s i ty  f l o t a t i o n  o f  v a r io u s  

c e l l u l a r  s u b f r a c t io n s .  Much o f  th e  p lasm a membrane was se d im e n te d  w ith  

n u c l e i  a t  2 0 0  x  g f o r  1 0  m in u te s ;  on ly  a m inor p a r t  o f th e  p lasm a membrane 

in  v e s i c l e s  f lo a t e d  w ith  th e  o th e r  c y to p la s m ic  membranes. P lasm a membrane 

g h o s ts  w ere s e p a r a te d  from  n u c le i  by m ild  s o n ic a t io n  and f l o a t e d  a t  th e  

i n t e r f a c e  o f  35-45% s u c r o s e .  Our m ethod o f  p lasm a membrane p r e p a r a t io n  

c lo s e ly  resem b led  t h a t  o f  Boone e ^  (1 0 7 ) , who used  g e n t le  Bounce 

h o m o g en iz a tio n  o f  h y p o to n ic a l ly  sw o lle n  HeLa c e l l s  and i s o l a t e d  th e  g h o s ts
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i n  a d isc o n tin u o u s  s u c ro s e  d e n s i ty  g r a d ie n t .  A lthough no s in g l e  pu re  

membrane f r a c t i o n  c o u ld  be  re s o lv e d  by ou r m ethods, th e s e  te c h n iq u e s  

a ffo rd e d  a r e l a t i v e l y  h ig h  y i e ld  o f  th e  c e l l  membrane f r a c t i o n .  For 

i n s ta n c e ,  s i a l i c  a c id ,  w hich i s  b e l ie v e d  to  be  p r im a r i ly  a  component 

o f  m em b ran e -lo c a liz ed  m o le c u le s , was o b ta in e d  in  y ie ld s  ra n g in g  from 35% 

to  47% o f  th e  am ounts o b ta in e d  from  th e  r e s p e c t iv e  whole c e l l  p re p a ra ­

t io n s  (from  d a ta  i n  T ab le  1 5 ) . Emmelot and Bos (108) have  shown t h a t  

a lk a l in e  p h o sp h a ta se  and 5 '- n u c l e o t id a s e  a r e  l o c a l iz e d  in  p lasm a membrane 

o r  r a t - l i v e r  h e p a to c y te s .  A tk in son  and Summers (109) a ls o  d em o n stra ted  

t h a t  50% o f 5 '- n u c l e o t i d a s e  i s  lo c a te d  on HeLa S-j p lasm a membrane.

W idnell and U nkeless (110) r e p o r te d  t h a t  5 '- n u c l e o t id a s e  o c c u rs  i n  th e  

smooth and rough m icrosom e o f  r a t  l i v e r  c e l l s ,  i n  a d d i t io n  to  th e  p lasm a 

membrane. R e c e n tly , W id n e ll (111) p re s e n te d  f u r t h e r  s u p p o rt  f o r  t h i s  

s ta te m e n t  by c y to c h e m ic a l l o c a l i z a t i o n  o f  5 '- n u c l e o t id a s e  i n  i s o l a t e d ,  

u n f ix e d  r a t  l i v e r  m icrosom es. T h is  r e p o r t  shows t h a t  a lk a l in e  phospha­

ta s e  and 5 '- n u c l e o t i d a s e  a c t i v i t i e s  a re  c o n c e n tra te d  on th e  p lasm a mem­

b ra n e . However, a  s m a ll  amount o f th e s e  two enzymes was o b se rv e d  in  

smooth en d o p lasm ic  r e t ic u lu m  a n d /o r  G olg i and t h e i r  a c t i v i t i e s  cou ld  n o t 

b e  a s s ig n e d  s o le ly  to  p lasm a membrane c o n ta m in a tio n  o f  th e s e  f r a c t i o n s .  

A lk a lin e  p h o sp h a ta se  h a s  b een  " in d u ced "  f o u r -  to  t e n f o ld  i n  HeLa 65 in  

th e  c o r t i s o l - r e g u l a t e d  s t a t e  (7 2 ,7 3 ) .  Our d a ta  show t h a t  a lk a l in e  

p h o sp h a ta se  a s s o c ia te d  w ith  p lasm a membrane, endop lasm ic  r e t ic u lu m , 

and G o lg i i s  in d u ce d  i n  HeLa 65 H er. 5 '- N u c le o t id a s e  r i s e s  ab o u t fo u r ­

f o ld  i n  HeLa 65 H er, b u t  d rops ab o u t 30% i n  HeLa 71 H er. Thus i t  seems 

to  be  r e g u la te d  i n  a  m anner s im i l a r  to  a lk a l in e  p h o sp h a ta se  i n  th e s e  

HeLa c lo n e s .
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C o r t ic o s te ro n e  h a s  b e e n  shown to  I n c r e a s e  th e  r a t e  and th e  

e x te n t  o f  polysom e b in d in g  to  sm ooth m icrosom e i n  r a t  l i v e r .  I t  com petes 

w i th  a f l a t o x i n  a t  a  s i t e  on th e  membrane r e s p o n s ib le  f o r  polysom e b in d ­

in g  (1 1 2 ,1 1 3 ) . Oka and T opper (114) a ls o  r e p o r te d  t h a t  h y d r o c o r t is o n e  and 

i n s u l i n  w ere e s s e n t i a l  f o r  th e  a c cu m u la tio n  o f  rough endop lasm ic  r e t ic u lu m  

i n  mouse mammary e p i t h e l i a l  c e l l s  i n  v i t r o . I n  t h e i r  s tu d y ,  h y d r o c o r t i ­

sone  in c r e a s e d  m em brane-linked  NADH-cytochrome C r e d u c ta s e ,  as w e l l  as 

p o t e n t i a t i n g  th e  e f f e c t  o f  i n s u l i n  w hich in c r e a s e d  th e  RNA c o n te n t  o f  

rough endop lasm ic  re t ic u lu m . T hese r e s u l t s  may b e  q u i te  p e r t i n e n t  i n  

u n d e rs ta n d in g  t h i s  s tu d y . An in c r e a s e  i n  HeLa 71 rough en d o p lasm ic  r e t i ­

culum in  th e  Her s t a t e  co u ld  a c c o u n t f o r  an in c r e a s e d  r a t e  o f g ly c o p r o te in  

b io s y n t h e s i s ,  w h ich , in  t u r n ,  c o u ld  r e s u l t  i n  in c r e a s e d  amounts o f  c e l l  

membrane g ly c o p r o te in .

From th e s e  s t u d i e s , s i a l i c  a c id  was found  to  be  c o n c e n tra te d  

on th e  p lasm a membrane. Emmelot and Bos (108) r e p o r te d  t h a t  mouse l i v e r  

and hepatom a p lasm a membrane c o n ta in e d  28 nm oles o f  s i a l i c  a c id  p e r  

m il l ig ra m  o f  p r o te in ;  M olnar (115) a ls o  showed t h a t  p lasm a membrane o f  

E h r l ic h  a s c i t e s  c e l l s  had 27 nm oles o f  s i a l i c  a c id  p e r  m il l ig ra m  o f  

p r o t e i n .  From th e  d a ta  i n  T a b le  1 6 , HeLa 65 c o n t r o l  and Her have  20 

nm oles o f  s i a l i c  a ic d  p e r  m il l ig ra m  o f  p lasm a membrane p r o t e i n ,  w h ere ­

as HeLa 71 c o n tr o l  h as  42 nm oles and HeLa 71 H er h a s  54 nm o les . M arcus 

e t  a l . (116) showed t h a t  th e  n u c le a r  s u r f a c e  o f  a  HeLa c e l l  c lo n e  con­

t a in e d  0 .0 7  nm oles o f  s i a l i c  a c id  p e r  10^ c e l l s .  Our p u r i f i e d  n u c le a r  

p r e p a r a t i o n s ,  shown by e l e c t r o n  m icro scopy  to  b e  r e l a t i v e l y  f r e e  o f  con­

ta m in a t io n  by c y to p la sm ic  m a t e r i a l ,  a ls o  c o n ta in e d  s i g n i f i c a n t  am ounts o f  

s i a l i c  a c id  (T ab le  1 9 ) . R obbins and P ed e rso n  (117) r e p o r te d  t h a t  HeLa
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c e l l s  c o n ta in  a  l a r g e  amount o f  n u c le a r  i r o n  a s s o c ia te d  w ith  a  p o ly ­

s a c c h a r id e .  P o s s ib ly  t h i s  n u c le a r  i r o n  i s  a s s o c ia te d  w ith  s i a l i c - a c i d -  

c o n ta in in g  p o ly s a c c h a r id e ( s ) , s in c e  h is to c h e ra ic a l  s t a i n i n g  f o r  s i a l i c  

a c id  i s  b a se d  on i t s  b in d in g  w ith  F e ^ .  Comings and K akefuda (118) 

showed t h a t  n u c le a r  membrane i s  th e  i n i t i a t i o n  s i t e  o f  DNA r e p l i c a t i o n  

in  mammalian c e l l s .  F i s h e r  and Yeh (119) s u g g e s te d  t h a t  th e  i n i t i a t i o n  

o f  grow th  r e s u l t i n g  from  c e l l - t o - c e l l  c o n ta c t  in  m ono layer c u l tu r e  

cou ld  be removed by e n z y m a tic  h y d r o ly s is  o f  s u r f a c e  g roups su ch  as N- 

a c e ty ln e u ra m in ic  a c id .  T re a tm e n t o f  such  c e l l s  w ith  n e u ra m in id a se  was 

fo llo w e d  by su b seq u e n t c e l l  d iv i s io n .  Caso (120) a ls o  d e m o n s tra ted  t h a t  

HeLa c e l l s  in  m onolayer c u l tu r e  w ere s u s c e p t ib l e  to  s t im u la t io n  o f  DNA 

s y n th e s i s  by in c u b a t io n  w ith  n e u ra m in id a se . M oreover, N o rd lin g  and 

Mayhew (121) p re s e n te d  some e v id e n c e  t h a t  n e u ra m in id a se  was n o t  o n ly  

a c t iv e  on th e  c e l l ' s  s u r f a c e  membrane, i t  e n te r e d  th e  cy to p lasm  and even 

th e  n u c le u s .  Culp e t  a l .  (122) su g g e s te d  t h a t  th e  s i a l i c  a c id  c o n te n t  

o f  p lasm a membrane m ig h t p la y  an e s s e n t i a l  r o l e  i n  r e g u la t i n g  no rm al 

c e l l - t o - c e l l  i n t e r a c t i o n .  P a rd ee  (123) s p e c u la te d  t h a t  th e  s u r f a c e  mem­

b ran e  was th e  t a r g e t  f o r  r e g u la t i n g  an im al c e l l  d i v i s i o n .  A d e c re a s e  in  

e x p re s s io n  o f  H-2 a n t ig e n  was n o te d  d u r in g  th e  S p e r io d ,  in d ic a t in g  

a  "m asking" o r  o th e r  re a r ra n g e m e n t o f a n t ig e n ic  d e te rm in a n ts  on th e  s u r ­

fa c e  membrane d u rin g  th e  c e l l  c y c le  (1 2 4 ). HeLa 71 H er i s  c h a r a c te r iz e d  

by an e x te n d e d  p h ase  o f  th e  c e l l  c y c le  and by  an in c r e a s e  o f  s i a l o ­

g ly c o p r o te in  a s s o c ia te d  w i th  th e  s u r f a c e  membrane and th e  n u c le u s .  We 

p ropose  t h a t  s u r f a c e  membrane c a r r i e s  s e n s o r  m o le c u le s  ( s i a lo g ly c o p r o te in s )  

w hich a c t  in  c e l l - t o - c e l l  i n t e r a c t i o n s  w hich  a re  im p o r ta n t  i n  r e g u la t i n g  

c e l l  g e n e ra t io n  t r a n s i t i o n s  su ch  as th e  p a s sa g e  from  i n to  S p h a se  o f
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th e  c e l l  c y c le .  We a ls o  p ro p o se  t h a t  n u c le a r  membrane s ia lo g ly c o ­

p r o te in s  may p la y  a r o le  as e f f e c t o r  m o lecu le s  w hich r e g u la te  i n i t i a t i o n  

o f  DNA-mediated DNA p o ly m erase  a t  membrane s i t e s .  I t  would b e  u s e f u l  

to  compare th e  amounts o f  s ia lo g ly c o p r o te in  i n  th e  n u c le u s  and th e  

p lasm a membrane o f  a sy nch ronous p o p u la tio n  o f  HeLa 71 c o n tr o l  and H er 

c e l l s  a t  mid-G]^, and a t  G^-S p e r io d s  o f th e  c e l l  c y c le .  I t  w ould  a ls o  

be i n t e r e s t i n g  to  see  w h e th e r  t re a tm e n t  w ith  n e u ra m in id a se  c o u ld  

p o t e n t i a t e  th e  a c t i v i t y  o f  DNA-mediated DNA po lym erase  iji  v i t r o .

However, in  i n t e r p r e t i n g  th e s e  r e s u l t s  c a u tio n  has  to  be ta k e n , s in c e  

P ard ee  in d ic a te d  th a t  s u r f a c e  membrane changes and DNA r e p l i c a t i o n  m ight 

n o t be d i r e c t l y  c o u p led , b u t  r a t h e r  a re  r e l a t e d  th ro u g h  a seq u en ce  o f  

e v e n ts ,  some o f  w hich m ig h t o c c u r in  th e  cy to p lasm  (1 2 3 ).

G ly c o p ro te in  s i a l y l t r a n s f e r a s e  a c t i v i t y  h a s  been  d e m o n s tra te d  

i n  v a r io u s  mammalian c lo n e s  such  as mouse 3T3 c e l l s  (87) and human 

e r y th r o c y te  membrane (1 2 5 ) . In  HeLa c e l l s ,  t h i s  enzyme i s  m a in ly  

l o c a l i z e d  i n  cy to p lasm . I t  i s  i n t e r e s t i n g  to  know t h a t  c y t id in e  5 * - 

m o n o p h o sp h o s ia lic  a c id  s y n th e t a s e ,  th e  enzyme a c t i v a t i n g  s i a l i c  a c id  

f o r  th e  b io s y n th e s is  o f  g ly c o p r o te in  and g l y c o l ip i d ,  i s  lo c a l iz e d  i n  

th e  n u c le u s .  T ha t a g e o g ra p h ic  s e p a r a t io n  w i th in  th e  c e l l  be tw een  

th e s e  two enzymes may p la y  a  r o l e  i n  th e  c o n t r o l  o f  b io s y n th e s is  o f  

com plex c a rb o h y d ra te s  i n  g ly c o p r o te in  o r g l y c o l ip i d  (1 2 6 ). Kim e t  a l .  

(125) showed t h a t  t h i s  enzyme a c t i v i t y  from e r y th r o c y te  membrane i s  

i n h i b i t e d  by Mn"^. However, th e  f e tu in -p r im e d  s i a l y l t r a n s f e r a s e  

a c t i v i t y  o f  th e s e  HeLa c lo n e s  i s  o p tim a lly  s t im u la te d  by Mn"*̂  ( 5 mM). 

S i a l y l t r a n s f e r a s e  a c t i v i t y  o f  HeLa c e l l s  re sp o n d s  d i f f e r e n t l y  t o  two 

d i f f e r e n t  exogenous p r o te i n  a c c e p to r s — d e s i a l i z e d  f e t u i n  and d e s i a l i z e d
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m ucin . HeLa 71 H cr shows a  70% in c r e a s e  i n  t h i s  a c t i v i t y  o n ly  w ith  

d e s ia l i z e d  f e t u i n .  T h is  p a r a l l e l s  th e  in c r e a s e d  s i a l i c  a c id  i n  th e  

w h o le -c e l l  s ia lo g ly c o p r o te in s  o f  HeLa 71 H er and th e s e  p r o te in s  a re  

c o n c e n tra te d  on th e  p lasm a  membrane. I t  w ould be i n t e r e s t i n g  to  s e e  

w h e th e r s i a l y l t r a n s f e r a s e  a c t i v i t y  i s  a l s o  c o n c e n tra te d  i n  th e  HeLa 

p lasm a  membrane, s in c e  Roth e ^  a l .  (127) have r e p o r te d  th e  p re se n c e  o f  

U D P-galactose g ly c o s y l t r a n s f e r a s e  on em bryonic  n e u ra l  r e t i n a  c e l l  

s u r f a c e .  P r i c e r  and A shw ell (128) have  a l s o  d em o n s tra ted  th e  p re se n c e  

o f  s i a l y l t r a n s f e r a s e  in  th e  h e p a t i c  p lasm a membrane. E i th e r  two 

d i f f e r e n t  s i a l y l t r a n s f e r a s e  s p e c ie s  e x i s t  in  HeLa c e l l s ,  one s p e c i f i c  

f o r  each  a c c e p to r  p r o t e i n ,  o r  one g ly c o p r o te in  s i a l y l t r a n s f e r a s e  i s  

p r e s e n t  which shows d i f f e r e n t  s p e c i f i c i t y  tow ard  d i f f e r e n t  exogenous 

a c c e p to r s .  F u r th e r  s tu d i e s  a re  needed  to  r e s o lv e  th e s e  a l t e r n a t i v e s .
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CHAPTER V

SUMMARY

T h is  s tu d y  was d e s ig n e d  to  i n v e s t i g a t e  th e  b io c h e m ic a l 

changes in  HeLa c e l l  membranes e l i c i t e d  by grow th w ith  c o r t i s o l .  

C o r t i s o l  p ro lo n g s  th e  p o p u la t io n -d o u b lin g  tim e  in  HeLa 71 b u t  n o t in  

HeLa 65 . HeLa 71 and HeLa 65 a re  named f o r  t h e i r  m ajo r m odal chromo­

som al num ber. S i a l i c  a c id  and g lucosam ine a s s o c ia te d  w ith  g ly c o p ro te in  

b o th  in c r e a s e  s i g n i f i c a n t l y  i n  HeLa 71 Her b u t  n o t in  HeLa 65 H er 

com pared to  c o n t r o l s .  ("H er"  d e s ig n a te s  th e  s te a d y  s t a t e  a c h ie v e d  by 

c o n tin u o u s ly  s u b c u ltu r in g  HeLa c lo n e s  w ith  3 pM c o r t i s o l . )  HeLa 71 

H er h a s  an in c r e a s e d  amount o f  g ly c o p ro te in  g a la c to s e ,  b u t  h a s  th e  

same amount o f  g ly c o p ro te in  m annose compared to  t h a t  in  th e  c o n t r o l .

Two p o s s ib le  p o ly s a c c h a r id e  s t r u c tu r e s  have been  s u g g e s te d  to  e x p la in  

th e  d i s p r o p o r t io n a te  changes betw een  th e  amount o f  mannose and th e  

am ounts o f  s i a l i c  a c id ,  hexosam ine and g a la c to s e  i n  HeLa 71 Her com­

p a re d  to  th o s e  in  th e  c o n t r o l .  E i th e r  th e  amount o f mannose in  th e  

c o re  p o r t io n  o f  th e  p o ly s a c c h a r id e  i s  l e s s  i n  th e  H er g ly c o p r o te in  o r  

th e  d e g re e  o f  g ly c o s y la t io n  from  a  un ifo rm  m annose co re  i s  in c r e a s e d .

Membrane f r a c t i o n s  w ere i s o l a t e d  by  f l o t a t i o n  on a  d i s ­

c o n tin u o u s  s u c ro s e  g r a d i e n t ,  w ere  c h a r a c te r iz e d  by e le c t r o n  m ic ro sc o p y , 

and w ere a ssa y e d  f o r  th e  fo llo w in g :  5 '- n u c l e o t i d a s e ,  a lk a l in e  p h o sp h a -
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t a s e ,  p r o t e i n ,  DNA, RNA, h exosam ines, and s i a l i c  a c id .  B oth  5 * -n u c le o -  

t i d a s e  and a lk a l in e  p h o sp h a ta se  a c t i v i t i e s  w ere in c r e a s e d  i n  HeLa 65 H er. 

In  a l l  c lo n e s  s tu d i e d ,  th e s e  enzymes w ere c o n c e n tra te d  in  a plasma-mem­

b ra n e -e n r ic h e d  f r a c t i o n .  S ince  s ia lo g ly c o p r o te in s  c o n ta in in g  g lucosam ine 

a re  c o n c e n tra te d  p re d o m in a n tly  in  th e  p lasm a  membrane f r a c t i o n ,  one 

m ajo r s i t e  a l t e r e d  by grow th w ith  c o r t i s o l  m ust be th e  p lasm a membrane.

C o n s is te n t  w ith  th e  above, p la sm a -ty p e  g ly c o p r o te in  s i a l y l ­

t r a n s f e r a s e  a c t i v i t y  was in c r e a s e d  i n  HeLa 71 Her com pared to  t h a t  in  

th e  c o n t r o l .  Optimum c o n d it io n s  f o r  th e  HeLa g ly c o p r o te in  s i a l y l t r a n s ­

f e r a s e  w ere : 0.3% T r i to n  X-100, 5 mM Mn"*”^, 10 mM p h o s p h a te , pH 6 .5 ,  p lu s  

d e s ia l i z e d  b o v in e  f e t u i n  as  exogenous a c c e p to r .  T h is  enzyme was l o c a l i z e d  

p re p o n d e ra n tly  i n  th e  cy top lasm  o f  th e  HeLa c e l l s .

In  a c c o rd  w ith  an in c r e a s e  o f s ia lo g ly c o p r o te in s  on p lasm a 

membrane o f  HeLa 71 H er, s i a l i c  a c id  a s s o c ia te d  w ith  th e  n u c le i  a ls o  

ro s e  m arked ly  com pared to  t h a t  in  th e  c o n t r o l .  These two e v e n ts  may 

r e p r e s e n t  th e  m ajo r p h y s io lo g ic a l  changes i n  s u r f a c e  and n u c le a r  membrane, 

a c c o u n tin g  fo r  enhanced  c o n ta c t  i n h i b i t i o n  o f  c e l l - d o u b l in g  i n  HeLa 

71 H er.
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