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POLYSACCHARIDE CONFORMATION I N  SOLUTIONS AND GELS. 
D.A. Rees (Unilever Research, Sharnbrook, Bedford, England). 

In t roduct ion  
Possible  conformational s t a t e s  f o r  polysaccharides i n  so lu t ions  and 

g e l s  a r e :  ( i )  Ordered: ( i i )  Disordered;- ( k i )  A mixture of ( i )  and ( i i ) ;  
( i v )  An equilibrium between ( i )  and ( i i ) .  
ex t en t  t o  which methods are ava i l ab le  f o r  d i s t inguish ing  between these  four  
conformational s t a t e s ,  the c h a r a c t e r i s t i c  physical  p roper t ies  t h a t  a r e  
assoc ia ted  with each, and the  possible  b io logica l  relevance. 

This l e c t u r e  w i l l  ou t l i ne  the  

Charac te r iza t ion  of Conformational S t a t e s  
The t r a d i t i o n a l  approach f o r  polysaccharides has  been t o  i n f e r  the  

ove ra l l  form of the chain from the  hydrodynamic proper t ies  i n  terms of such 
models a s  the  random c o i l ,  r i g i d  rod, sphere o r  e l l ipsoid. '  
used more r ecen t ly  and which a r e  more sens i t i ve  f o r  the  de tec t ion  of ordered 
domains, include the  inves t iga t ion  of cooperat i  e t r ans i t i ons ,  p a r t i c u l a r l y  
when these  are induced by change of temperature 

Other methods 

5 and the  measurement of a 
nucle  r magnetic resonance parameter, Ti, which i s  the  spin-spin re laxa t ion  
time. 394 

When an ordered s t a t e  i s  present ,  the  charac te r iza t ion  of i t s  de t a i l ed  
geometry must r e l y  heavi ly  on co r re l a t ion  with s o l i d  s t a t e  conformations 
t h a t  have been character ized by X-ray d i f  rac t ion .  
achieved i n  favourable cases, f o r  example' by comparison of t he  observed and 
ca lcu la ted  values  f o r  spec i f i c  op t i ca l  ro t a t ion ,  comparison of c i r c u l a r  
dichroism spec t ra  i n  the  so lu t ion  and s o l i d  s t a t e s ,  and ana lys i s  of t he  
s toichiometry of the  order-disorder t r ans i t i on .  

This co r re l a t ion  may be 

Types of Ordered Conformation 
The wealth of information now ava i lab le  from X-ray d i f f r a c t i o n  

V s tud ie s ,  confirms t h  general  conclusion suggested e a r l i e r  from model 
bu i ld ing  calculations' t h a t  l i n e a r  carbohydrate chains having a per iodic  
sequence of sugar res idues  can usua l ly  be c l a s s i f i e d  i n t o  the  ribbon family 
(sub-types: f l a t ,  twis ted,  buckled, twist-buckled) and the  h e l i x  family 
(sub-types: hollow, entwined, and nested). All  of these requi re  i n t e r -  as 
w e l l  as iBtramolecular i n t e r a c t i o n s  f o r  s t a b i l i t y .  
important of these i n t e r a c t i o n s  a re :  

Among the  most 

F l a t  ribbons and twis ted  ribbons packed i n  dense f ib rous  
aggregates and a re  p a r t i c u l a r l y  common i n  ex t r a  c e l l u l a r  
composites, e.g. ce l lu lose ,  c h i t i n ,  xylan, manna. 
Buckled ribbons formed by uronic ac id  polymers can be s t a b i l i s e d  
by i n t e p c h a i n  eeg-box complexes with su i t ab le  d iva len t  ca t ions ,  
e.g. a lg ina te ,  pec t in .  
Hollow he l i ces  a re  s t a b i l i s e d  i n  inc lus ion  complexes, e.g. 
amylose-iodine, palmitate-CoA binding polysaccharides of 
Myc obac t erium sme,gmatum. 
Entwined h e l i c e s  a re  s t ab l i s ed  bv inter-s t rand i n t s r a c t i o n s  
i n  double (carrageenan, agarose, probably hyaluronate) o r  
t r i p l e  (PI, +glucan, k 1 , 3  xylan) he l i ces .  
Nested h e l i c e s  s t a b i l i s e d  by side-to-side packing a s  i n  most 
of the glycosaminoglycan s t ruc tu res  i n  or ien ted  f i lms.  

I n  cont ras t ,  it seems t h a t  a t  l e a s t  some branched polysaccharides can 
achieve s t a b i l i t y  through intramolecular  i n t e rac t ions  between s ide  chains 
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and backbone. 3,9 
polysaccharides can be analogous t o  t h a t  of chain fo ld ing  i n  globular  
pro te ins .  
f u r t h e r  i n  t h i s  l ec tu re ,  t h a t  such p r inc ip l e s  may extend t o  carbohydrate- 
carbohydrate and carbohydrate-peptide in t e rac t ions  i n  some glycoproteins. 

p rope r t i e s  assoc ia ted  with Conformational S ta tes .  

c u l a r l y  of a polye lec t ro ly te ,  i s  of course an expanded domain i n  which i s  
ex t ra ined  a l a r g e  volume of solvent. 

requirement f o r  intermolecular  s t a b i l i s a t i o n  (see above) of ten  implies  
i n s o l u b i l i t y  unless ,  a s  happens i n  r e l a t i v e l y  r a r e  cases, chain a s soc ia t ion  
i s  l imi t ed  t o  two o r  t h ree  s t rand.  

For per iodic  polysaccharides with in t e r rup ted  sequences, the  tendency 
t o  complete phase separat ion 
a r e  more s t ab le  a s  soluble  random co i l s .  Such a mixture of ordered and 
disordered conformations along the  length  of each chain can therefore  l e a d  
t o  t he  g e l  s t a t e .  

When fast  equi l ibr ium e x i s t s  between a disordered s t a t e  and an ordered 
chain-associated s t a t e ,  t he  r e s u l t  i s  the appearance of marked visco-elast ic  
p rope r t i e s  a t  concentrat ions much lower than would be expected from the  mere 
entanglement of random c o i l s .  Evidence w i l l  be discussed t h a t  the  conforma- 
t i o n  of hyaluronate i s  t o  be explained i n  terms of such a model which 
involves  the  f l e e t i n g  appearance of an ordered state which may be formed 
from nested he l ices .  

I n  t h i s  sense, t he  funct ion of chain branching i n  

This r a i s e s  the  exc i t i ng  p o s s i b i l i t y  t h a t  w i l l  be discussed 

The c h a r a c t e r i s t i c  property of a disordered chain i n  so lu t ion ,  pa r t i -  

For l i n e a r ,  per iodic  polysaccharides i n  ordered conformations, t he  

can be a r r e s t ed  i f  t he  t7 in t e rmpt ion  segments" 
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