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STRUCTURE-FUNCTION RELATIONSHIPS FOR HEPARIN-LIKE POLYSACCHARIDES 

M. H66k (Uppsala, Sweden) 

The dramat ic  e f f e c t s  o f  hepar in-1 i k e  polysacchar ides i n  v a r i o u s  b i o l o g i c a l  
systems a r e  probably  o f t e n  due t o  i n t e r a c t i o n s  between the polysacchar ide 
and a t a r g e t  p r o t e i n .  For example, t he  a c t i o n  o f  hepar in  as an a n t i c o a g u l a n t  
can be exp la ined  by the  s p e c i f i c  i n t e r a c t i o n  o f  t he  polysacchar ide w i t h  
a n t i t h r o m b i n  I l l ,  a protease i n h i b i t o r  a c t i n g  on several  o f  t h e  s e r i n e  pro-  
teases i n  the  coagu la t i on  cascade. B ind ing  o f  hepar in  t o  the  p r o t e i n  g r e a t l y  
p o t e n t i a t e s  the  a c t i v i t y  o f  a n t i t h r o m b i n  I l l ,  thus l ead ing  t o  an e f f e c t i v e  
blockage o f  t h e  s e l e c t i v e  p r o t e o l y t i c  t rans fo rma t ion  o f  zymogens t o  a c t i v e  
coagu 1 a t  i on  f a c t o r s .  

i n j e c t i o n  o f  hepar in  i n t o  the  b lood o f  an animal a f f e c t s  n o t  o n l y  the  co- 
a g u l a t i o n  system b u t  a l s o  the  plasma concen t ra t i on  o f  t r i g l y c e r i d e s .  Th is  
l i p o l y t i c  e f f e c t  o f  hepar in  i s  probably  caused by t h e  re lease  o f  l i p o p r o t e i n  
1 ipase, a t r i g l y c e r i d e  degrading enzyme, f rom t i s s u e  s i t e s  t o  t h e  c i r c u -  
l a t i n g  b lood.  L i p o p r o t e i n  l i p a s e  r e a d i l y  b inds  t o  c e r t a i n  po lyanions and i s  
p robab ly  released as a complex w i t h  hepar in .  

Heparan s u l f a t e ,  a po lysacchar ide s t r u c t u r a l l y  r e l a t e d  t o  hepar in ,  occurs 
assoc ia ted  w i t h  the  c e l  1 su r face  o f  several  mammal i an  c e l l  types. Recent 
work i n  ou r  l a b o r a t o r y  has shown t h a t  p a r t  o f  t h e  c e l l  su r face  heparan s u l -  
f a t e  i s  bound t o  s p e c i f i c  b ind ing  s i t e s  i n  the  plasma membrane. I n  t h e  pres- 
e n t  communication t h e  s t r u c t u r a l  requirements for b i n d i n g  o f  hepar in-1 i k e  
polysacchar ides t o  a n t i t h r o m b i n  I I I ,  1 i p o p r o t e i n  l i p a s e  and s p e c i f i c  s i t e s  
on the  su r face  o f  r a t  l i v e r  c e l l s  w i l l  be discussed. 

B ind ing  t o  a n t i t h r o m b i n  I l l .  Hepar in i s  t he  o n l y  glycosaminoglycan t h a t  
b i n d s  w i t h  h i g h  a f f i n i t y  t o  a n t i t h r m b i n  I I I .  Furthermore, n o t  a l l  hepar in  
molecules c o n i a i n  the  s t r u c t u r a l  f e a t u r e s  r e q u i r e d  f o r  h i g h  a f f i n i t y  b i n d i n g  
t o  t h e  p r o t e i n ;  and hepar in  can i n  f a c t  be separated i n t o  two d i s t i n c t  f r a c -  
t i o n s  having h i g h  and low a f f i n i t y  f o r  a n t i t h r o m b i n ,  r e s p e c t i v e l y .  Ana lys i s  
o f  chemica l l y  m o d i f i e d  hepar ins suggests t h a t  t h e  a n t j t h r o m b i n - s t i m u l a t i n g  
a c t i v i t y  i s  l o s t  when N - s u l f a t e  groups a re  removed from the  polymer and r e -  
s to red  on r e - N - s u l f a t i o n  bu t  n o t  on N - a c e t y l a t i o n  o f  t he  N-desul fa ted p o l y -  
sacchar ide.  A hepar in  fragment w i t h  a molecular  weight  o f  about 5 000 con- 
t a i n i n g  the  an t i t h romb in -b ind ing  s i t e  and possessing ant i thrombin-enhancing 
a c t i v i t y  c o u l d  be i s o l a t e d  a f t e r  d i g e s t i o n  o f  t h e  hepar in -an t i t h romb in  
complex w i t h  a b a c t e r i a l  hepar inase. The s t r u c t u r e  o f  t h i s  fragment w i l l  be 
d i scussed. 

B ind ing  t o  1 i p o p r o t e i n  I ipase. Beside hepar in  a l s o  heparan s u l f a t e  and 
dermatan s u l f a t e  a r e  capable o f  b ind ing  t o  1 i p o p r o t e i n  1 ipase. The enzyme 
appears to b i n d  much s t ronger  t o  hepar in  than t o  t h e  l ow-su l fa ted  g l ycos -  
aminoglycans; however, t he  a f f i n i t y  o f  t h e  l i p a s e  f o r  t h e  polysacchar ides 
does n o t  depend s o l e l y  on charge d e n s i t y  o f  t he  glycosaminoglycan as chon- 
d r o i t i n  s u l f a t e  o n l y  b inds  smal l  amount o f  enzyme a l though i t s  charge den- 
s i t y  i s  s i m i l a r  t o  t h a t  o f  dermatan [ s u l f a t e  and heparan s u l f a t e .  Ana lys i s  
o f  chemica l l y  m o d i f i e d  hepar ins suggests t h a t  N-acetyl  groups can be sub- 
s t i t u t e d  f o r  N -su l fa te  groups w i t h o u t  s i g n i f i c a n t l y  a f f e c t i n g  t h e  a f f i n i t y  
f o r  1 i p o p r o t e i n  1 ipase. 
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A f t e r  p a r t i a l  degradat ion o f  hepar in ,  a fragment w i t h  a molecular  
weight  o f  about 3 500  w i t h  app rec iab le  a f f i n i t y  f o r  1 i p o p r o t e i n  1 ipase 
cou ld  be i s o l a t e d .  These r e s u l t s  i n d i c a t e  t h a t  t h e  b i n d i n g  s i t e s  f o r  l i p o -  
p r o t e i n  1 ipase and a n t i t h r o m b i n  I I I  i n  t h e  hepar in  molecule a r e  d i f f e r e n t .  
I n  support  o f  t h i s  conc lus ion  the  two hepar in  species separated by a f f i n i t y  
chromatography on ant i thrombin-Sepharose gave e s s e n t i a l l y  i d e n t i c a l  e l u t i o n  
p r o f i l e s  when chromatographed on imnobi l  ized 1 i p o p r o t e i n  1 ipase. 

B ind ing  t o  r a t  l i v e r  c e l l s .  The heparan s u l f a t e  syn the t i sed  i n  r a t  l i v e r  
c e l l s  u l t i m a t e l y  appears a t  t h e  c e l l  su r face  where p a r t  o f  t he  molecules 
occurs associated w i t h  a "receptor" .  Th i s  po lysacchar ide can be re leased 
by hepar in  and by some heparan s u l f a t e s .  Polysacchar ides capable o f  r e -  
l eas ing  endogenous r a t  l i v e r  heparan s u l f a t e  f rom the  c e l l s  a l s o  b i n d  t o  
the  c e l l s .  Resu l t s  w i l l  be presented suggest ing t h a t  b i n d i n g  o f  heparan 
s u l f a t e  t o  c e l l s  depends on the  con ten t  o f  e s t e r  s u l f a t e  bu t  n o t  on the  
presence o f  N - s u l f a t e  groups i n  the  polymer. 

Conclusions: The presented r e s u l t s  i n d i c a t e  d i f f e r e n t  s t r u c t u r a l  r e q u i r -  
ments f o r  b i n d i n g  of h e p a r i n - r e l a t e d  polysacchar ides t o  a n t i t h r o m b i n  I I I ,  
1 i p o p r o t e i n  1 ipase and r a t  1 i v e r  c e l  Is,  r e s p e c t i v e l y .  
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