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INTERACTION BETWEEN POLYSACCHARIDES AND OTHER SUBSTANCES. 
NON-EQUILIBRIUM CONDITIONS 
B. N .  Preston (Clayton, V ic to r i a ,  Aus t ra l ia )  

I t  i s  genera l ly  agreed t h a t  so lu t ions  of polysaccharides  may be regarded a s  
a model f o r  t he  e x t r a c e l l u l a r  space of connective t i s sues .  There i s  evid- 
ence which suggests  t h a t  the  polysaccharide cha ins ,  i n  t h e  form of high mol- 
e c u l a r  weight proteoglycans,  entangle  and form continuous th ree  dimensional 
networks which may be considered as occupying t h e  space between the  connect- 
i v e  t i s s u e  cells .  Furthermore, macromolecular so lu t e s  such a s  polysacchar- 
i d e s ,  represent  micro-heterogeneous regions i n  a so lu t ion .  I n  p a r t i c u l a r ,  
t h e  s p a t i a l  d i s t r i b u t i o n  of mass, charge dens i ty  and mobi l i ty  is  very d i f f -  
e r e n t  from t h a t  found i n  so lu t ions  of small  molecules. I t  i s  expected 
the re fo re  t h a t  such microheterogeneity may p lay  an important r o l e  i n  the  
t r a n s p o r t  p rope r t i e s  of the so lu t ions  and hence by inference may inf luence  
d i f f u s a n t  behaviour i n  b io log ica l  processes.  

The dynamic i n t e r a c t i o n s  t h a t  occur between the  migrat ing spec ies  and the  
network s t r u c t u r e  may depend upon many f a c t o r s  including (1) t h e  s i z e  and 
shape of d i f fusan t  and ( 2 )  t he  concentrat ion and molecular weight of t he  
network forming polymer. Present  s tud ie s  have shown t h a t  polysaccharides  
(e.9. dextran)  markedly r e t a r d  the  d i f fus ion  of var ious  s m a l l  s o l u t e s  (mono- 
sacchar ides ,  sodium ion  e t c . ) .  A semi-quant i ta t ive explanat ion of these 
f ind ings  can be made i n  t e r m s  of the  v i s c o s i t y  of t he  microenvironment o r  
by evoking the  concept of mechanical obs t ruc t ion  by the  hydrated polysacch- 
a r i d e  chains .  E a r l i e r  s tudies’’  
t h e  t r a n s p o r t  of var ious  g lobular  p ro te ins  and p a r t i c l e s  i n  so lu t ions  of 
hyaluronate and of sulphated proteoglycan. A t h e o r e t i c a l  t reatment  of t h i s  
behaviour based upon obs t ac l e  hindered d i f fus ion  has been developed by 
Ogston, Preston and Wells2; 
particles however has been questioned . 
Studies  on the  r o t a t i o n a l  d i f fus ion  of p ro te ins  ind ica t e  t h a t  t he  e f f e c t -  
i v e  microviscosi ty  of the  polysaccharides is low and support  t h e  idea  t h a t  
t he  r e t a rda t ion  of the  t r a n s l a t i o n a l  movements cannot be a microviscous 
e f f e c t .  

The t r a n s p o r t  of assymetr ic  o r  f l e x i b l e  macromolecules i n  polysaccharide 
so lu t ions  d isp lay  complex behaviour. 
i d e ,  it has been shown5 t h a t  the  t r a n s l a t i o n a l  migration of l i n e a r  molecules 
such a s  DNA is re ta rded .  However, the  r e t a rda t ion  is  cons i s t en t  with an 
end-on motion. A t  h igher  concentrat ions of t h e  network polymer, very marked 
enhancement of migration r a t e s  i s  observed. Detai led s t u d i e s  have ind ica ted  
that a hydrodynamic coupling may occur between t h e  network polymer and the  
migrat ing spec ies  bu t  no evidence f o r  convectional bulk flow can be found. 

Changes i n  the  configurat ion of f l e x i b l e  macromolecules caused by the  pre- 
sence of the  polysaccharide network has  been inves t iga t ed  by viscometry. 
Regarding the  system a s  pseudo-binary, the hydrodynamic volume of  the  f lex-  
i b l e  polymer (e.g.  polyvinylpyrol l idone)  displayed a ten-fold decrease with 
increas ing  concentrat ion of polysaccharide.  
t h i s  decrease can be of fe red  by a modified vers ion6 of the  Flory t h e o r e t i c a l  
d i scuss ion  of the  e f f e c t  of a s ing le  so lvent  on chain configurat ion7.  
s i m i l a r  s t u d i e s  on the  hydrodynamic volume of compact s t r u c t u r e s ,  such as 
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albumin and col lagen,  i n  the  presence of polysaccharide revea l  l i t t l e  
conf igura t iona l  change. 

I n  order  t o  c l a r i f y  the  s i t u a t i o n  e x i s t i n g  i n  the  te rnary  system (polymer- 
polymer-solvent) , extensive s tud ie s  on the  simpler binary system (polymer- 
so lvent )  has been undertaken. 
s h i p ,  %= Ds(l-cv) (1+2A2Mc+ ... ) ,  t h a t  e x i s t s  between t h e  two phys ica l ly  
d i s t i n c t  coe f f i c i en t s  required t o  descr ibe  the  t r a n s l a t i o n a l  d i f fus ion  of 
molecules i n  so lu t ion .  One of these ,  the  mutual c o e f f i c i e n t ,  character-  
i z e s  the  r e l axa t ion  of a concentrat ion gradien t  w h i l s t  t h e  o t h e r ,  t he  s e l f ,  
t r a c e r  o r  i n t r a d i f f u s i o n  c o e f f i c i e n t  D,, cha rac t e r i zes  the  random motions 
of  an ind iv idua l  so lu t e  molecule. c ,  v ,  A2 and M a r e  respec t ive ly  the  
concentrat ion,  p a r t i a l  specific volume, second v i r i a l  c o e f f i c i e n t  and molar 
mass of t he  polymer. With so lu t ions  of dextran,  a twenty f o l d  d i f f e rence  
i n  these  c o e f f i c i e n t s  is  observed. I t  i s  evident  t h a t  t he  presence of con- 
cen t r a t ion  gradien ts  i n  the  microenvironment has s i g n i f i c a n t  e f f e c t s  on the  
d i f f u s i o n a l  movements of polymers'. 

The importance of t he  above observat ions w i l l  be discussed i n  r e l a t i o n  t o  
b io log ica l  processes.  

These inves t iga t ions  have been supported by g ran t s  from the  Aus t ra l ian  
Research Grants Committee. 
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