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( i )
ABSTRACT ;

I
1. The t h r e e  brown seaw eeds ( H im a n th a l ia  l o r e a , B i f u r c a r i a  J 

b i f u r c a t a  and P a d ln a  p a v o n ia )  of. w id e ly  d i f f e r e n t  m orphology  | 

a r e  e a c h  shown t o  s y n t h e s i s e  D -m a n n i to l .  j

2 .  Aqueous o r  d i l u t e  a c id  e x t r a c t i o n  a f t e r  80^ e th a n o l  | 

e x t r a c t i o n  l e d  t o  th e  i s o l a t i o n  o f  complex m ix tu r e s  o f l a m i n a r a n , |  

" f u c a n s ” and a l g i n i o  a c i d .  The s e p a r a t i o n  o f  t h e s e  p o ly -
I

s a c c h a r i d e s  p roved  im p o s s ib l e .  , |

3 .  I t  was found  t h a t  a  2^ aqueous c a lc iu m  c h l o r i d e  e x t r a c t i o n  j
j

b e f o r e  a c id  e x t r a c t i o n  r e n d e r s  t h e  a l g i n i o  a c i d  c o m p le te ly  |

i n s o l u b l e  and a  v e ry  s m a l l  p r o p o r t i o n  o f  th e  ’’fucans'*  con tam - |
i

i n a t e d  t h e  l a m in a ra n  e x t r a c t e d  i n t o  t h e  aqueous s o l u t i o n .  

S u b seq u en t  e x t r a c t i o n  o f  th e  weed w i th  d i l u t e  a c id  gave " f u c a n s ”

v i r t u a l l y  f r e e  from  a l g i n i c  a c i d .  F u r t h e r  e x t r a c t i o n  o f  th e  |
I

r e s i d u a l  m a t e r i a l  w i t h  d i l u t e  a l k a l i  gave a  m ix tu re  o f  a l g i n i c  j 

a c i d  and g lu c u r o n o x y lo f u c a n s .  S e q u e n t i a l  e x t r a c t i o n s  o f  th e  ' | 

r e s i d u a l  m a t e r i a l  w i th  ammonium o x a l a t e - o x a l i c  a c i d  and a c id  

c h l o r i t e  gave a d d i t i o n a l  q u a n t i t i e s  o f  c ru d e  g lu c u r o n o x y lo fu c a n s  .|- 

and t h e  f i n a l  r e s i d u a l  a l g a l  m a t e r i a l .  The same p o l y -  j

s a c c h a r i d e s  i n  d i f f e r e n t  p r o p o r t i o n s  were i s o l a t e d  from  each  

o f  t h e  weeds.

4 .  P u re  la m in a ra n  was o b ta in e d  from  e a c h  o f  th e  t h r e e  weeds 

a f t e r  f r a c t i o n a t i o n  o f  th e  aqueous c a lc iu m  c h l o r i d e  e x t r a c t .

T h is  was c h a r a c t e r i s e d  a s  a  brown a l g a l - t y p e  g lu c a n  c o m p r is in g  

e s s e n t i a l l y  1 , 3 -  and 1 , 6 - l i n k e d  g lu c o s e  r e s i d u e s ,  b u t  d e v o id  o f  

m a n n i to l  t e r m in a t e d  c h a i n s .  ' H.H.C



( i i )

5. The f i n a l  r e s i d u a l  a l g a l  m a t e r i a l  from  H. l o r e a  was 

c h a r a c t e r i s e d  a s  a  P - 1 , 4 - l i n k e d  g lu c a n  admixed w i th  p r o t e i n .

6 .  " F u c a n s” e x t r a c t e d  from  elI I  t h r e e  weeds e i t h e r  by aqueous
■V

c a lc iu m  c h l o r i d e  o r  d i l u t e  a c i d  were s e p a r a t e d  i n t o  t h r e e  

d i s t i n c t  f r a c t i o n s :  a  u r o n i c  a c i d - r i c h  and low  s u l p h a te d  p o ly ­

s a c c h a r i d e  a  f u c o s e - r i c h  h i g h  s u lp h a te d  f r a c t i o n  and a  f r a c t i o n  

w i th  an  " i n t e r m e d i a t e "  c o m p o s i t io n .  The r e s p e c t i v e  f r a c t i o n s  

from  th e  two e x t r a c t i o n s  were s i m i l a r  from  e a c h  o f  th e  w eeds.

7 .  The m ix tu re  o f  th e  a l g i n i c  a c id  and g lu c u ro n o x y lo fu c a n s  

p r e s e n t  i n  t h e  a l k a l i  e x t r a c t  from  a l l  t h r e e  weeds w ere  a l s o  

s e p a r a t e d .  The fo rm e r  was shown t o  c o n t a i n  b o t h  m annuron ic  

a c id  and 'g u lu ro n ic  a c id  r e s i d u e s .

8 .  A ttem p ted  f r a c t i o n a t i o n  o f  t h e  c ru d e  g lu c u ro n o x y lo f u c a n s  . 

from  th e  a l k a l i  and ammonium o x a l a t e - o x a l i c  a c i d  e x t r a c t i o n s  

was c a r r i e d  o u t  a s  f o r  th e  o t h e r  f u c o s e - c o n t a i n i n g  p o ly ­

s a c c h a r i d e s  b u t  th e  m a jo r  f r a c t i o n s  were found t o  d i f f e r  from  

e a c h  o t h e r  o n ly  i n  t h e i r  s u l p h a t e  c o n t e n t .  These m a t e r i a l s  

were shown t o  re s e m b le  th e  " i n t e r m e d i a t e "  f r a c t i o n  o f  t h e  

" fu c a n s "  i n  t h e i r  u r o n i c  a c i d ,  s u l p h a t e  and c a r b o h y d r a te  

c o n te n t s  a s  w e l l  a s  th e  mole p r o p o r t i o n s  o f  th e  c o n s t i t u e n t  - 

s u g a r s .  Crude g lu c u ro n o x y lo f u c a n  was a l s o  o b ta in e d  by  a c i d  

c h l o r i t e  t r e a tm e n t  o f  t h e  r e s i d u a l  weed.

9 . M é th y la t io n  s t u d i e s  on t h e  v a r i o u s  f r a c t i o n s  o f  " fu c a n s "  

and g lu c u ro n o x y lo fu c a n s  showed t h a t  f r e e  f u c o s e ,  2 - 0 - m e th y l ,



( i i i )

3 -0 -m e th y l  and 3 ,4 - d i - O - m e th y l  f u c o s e a  ( i n  c a se  o f  u r o n i c  

a c i d - r i c h  m a t e r i a l  2 , 3 , 6 - t r i - O - m e t h y l g l u c o s e ,  d e r iv e d  from

I , 4 - l i n k e d  g lu c u r o n ic  a c id )  were th e  m a jo r  p r o d u c t s  from  a l l  

t h e  d i f f e r e n t  f r a c t i o n s ,  a l t h o u g h  th e  r e l a t i v e  p r o p o r t i o n s  o f  

t h e s e  s u g a r  d e r i v a t i v e s  v a r i e d  i n  d i f f e r e n t  e x t r a c t s .  In  

a d d i t i o n  s m a l l e r  p r o p o r t i o n s  o f  2 , 3 , 4 - t r i - O - m e t h y l g l u c u r o n i c  

a c i d ,  x y lo s e  and fu c o s e  t o g e t h e r  w i th  2 ,3 - d i - O - m e t h y l - g l u c u r o n i c  

a c id  and - x y l o s e  were a l s o  d e t e c t e d  and from  t h e  f u c o s e - r i c h  

f r a c t i o n  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g a l a c t o s e  was i d e n t i f i e d .

10. M é th y la t io n ,  p e r i o d a t e  o x i d a t i o n  and r e d u c t i o n ,  and 

S m ith  d e g r a d a t i o n  s t u d i e s  on t h e  f u c o s e - r i c h  f r a c t i o n  p ro ved  

t h a t  i t  was a  h i g h l y  b ran c h ed  p o ly f u c a n  o f  1 , 2 - l i n k e d  f u c o s e  

r e s i d u e s  w i th  a p p r e c i a b l e  p r o p o r t i o n s  o f  1 , 3 -  and t r i p l y  l i n k e d ,  

f u c o s e  r e s i d u e s .  As f a r  a s  co u ld  be  d e te rm in e d  a l l  t h e  x y lo s e  

and g l u c u r o n i c  a c id  r e s i d u e s  were on t h e  p e r i p h e r y  o f  t h e  m ole­

c u l e .  M o le c u la r  w e ig h t  a n a l y s i s  o f  th e  v a r i o u s  p r o d u c t s  by 

Sephadex GlOO c o n f i rm e d  t h a t  i t  was a  h i g h l y  b ra n c h e d  m o le c u le .

I I .  M é th y la t io n  s t u d i e s  on th e  u r o n i c  a c i d - r i c h  f r a c t i o n  

showed t h a t  t h e  g l u c u r o n ic  a c i d  r e s i d u e s  were l a r g e l y  1,4-* • 

l i n k e d ,  th e  f u c o s e  u n i t s  were l i n k e d  o r  s u l p h a t e d  a t  0 -2 ,  and

a t  0 -3  and 0 - 4 ,  a t *0-2 and 0 -4  and a t  0 -3  and a t  0 - 4 ,  and x y lo s e  

a s  w e l l  a s  g lu c u r o n ic  a c id  a l s o  o c c u r  a s  end g ro ups  and 1 , 4 -  

l i n k e d  u n i t s .

12. R e p e a te d  p e r i o d a t e  o x i d a t i o n  and r e d u c t i o n  showed t h a t  

i n  t h e  u r o n i c  a c i d - r i c h  f r a c t i o n  h e m ia c e t a l  f o r m a t io n  h in d e r e d  •



( i v )  ;

o x i d a t i o n  and t h a t  i n  a d d i t i o n  to  end g rou p  and 1 ,4 - l i n k e d  ' '
I

u n i t s  some o t h e r  ty p e s  o f  l i n k a g e s  i n  th e  g l u c u r o n i c  a c id  f

r e s i d u e s  a r e  p o s s i b l e .  Sm ith  d e g r a d a t i o n  l e d  t o  th e  i s o l a t i o n ,  j

a f t e r  m ild  h y d r o l y s i s ,  o f  e r y t h r o n i c  a c id  ( m a jo r ) ,  t h r e i t o l ,  |
I

g l y c e r o l  and p rop an e  1 , 2 - d i o l  d e r iv e d  from  th e  o x i d a t i o n  of- [

1 , 4 - l i n k e d  g lu c u r o n ic  a c i d ,  g a l a c t o s e ,  x y lo s e  and 1 ,2 - l i n k e d  

fu c o s e  r e s i d u e s  .respectively.

13. M o le c u la r  w e ig h t  a n a l y s i s  on Sephadex G100 o f  th e  u r o n ic  

a c i d - r i c h  p o l y s a c c h a r i d e  ■ and‘ i t s  v a r i o u s  a l c o h o l s  and d e g ra d e d  

po lym ers  o b ta in e d  from  r e p e a t e d  o x i d a t i o n  and r e d u c t i o n  a s  w e l l  

a s  from  r e p e a t e d  S m ith  d e g r a d a t i o n  c o n firm ed  t h a t  i t  was a  

h i g h l y  b ra n c h e d  m o le c u le  and t h a t  d e g r a d a t i o n  o n ly  o c c u r r e d  

from  th e  p e r i p h e r y  o f  t h e  m o le c u le .

14. P a r t i a l  h y d r o l y s i s  o f  t h e  u r o n i c  a c i d - r i c h  f r a c t i o n  l e * d  

t o  t h e  i s o l a t i o n  o f  two a ld o b io u r o n ic  a c i d s  and some o l i g o -  

u r o n i c  a c i d s .  One o f  t h e  a ld o b i o u r o n ic  a c i d s  was i d e n t i c a l  

w i th  3 - 0 - P - ( D - g lu c o p y r a n o s y lu r o n ic  a c i d ) - L - f u c o s e  i s o l a t e d  i n  

a  s i m i l a r  way from  A scophyllum  nodosum. The second  a ld o ­

b io u r o n ic  a c i d  co m p rised  g l u c u r o n ic  a c i d  and an  "unknown" s u g a r .  

These o l i g o u r o n i c  a c i d s  c o n s t i t u t e  im p o r ta n t  s t r u c t u r a l

f e a t u r e s  o f  t h e  p o ly m e rs .  [
[

13. S e l e c t i v e  d e g r a d a t i o n  o f  th e  u ro n o x y l  l i n k a g e s  by Hofmann |

r e a c t i o n  was a t t e m p te d .  T h is  removed a b o u t  60^ o f  th e  u r o n i c  |

a c id  r e s i d u e s  from  th e  " fu c a n s "  (0.5M KCl) w i t h  h ig h  l o s s  o f  |

th e  p o lym er.  ̂ |
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SEAWEED POLYSACCHARIDES , ,

The a lg a e  a r e  one o f  t h e  m ost p r i m i t i v e  g ro u p s  i n  th e  

p l a n t  kingdom and even  w i th  t h e  p a s sa g e  o f  t im e  t h e y  have 

r e t a i n e d  t h e i r  p r i m i t i v e  c h a r a c t e r s .  They have a  g r e a t  

d i v e r s i t y  o f  form  r a n g in g  from  t i n y  u n i c e l l u l a r  t o  g i a n t  m u l t i -  

c e l l u l a r  o rg a n is m s .  They grow i n  s o i l ,  f r e s h  and s a l t  w a te r ,  ‘ 

b u t  o c c u r  i n  g r e a t e s t  p r o f u s i o n  i n  t h e  l a t t e r .

A lgae a r e  e s s e n t i a l l y  p h o t o s y n t h e t i c  o rg an ism s  and hence  

a v a i l a b i l i t y  o f  l i g h t  i s  an  im p o r ta n t  f a c t o r  f o r  t h e i r  g ro w th .  

U n i c e l l u l a r  f r e e - f l o a t i n g  ty p e  a lg a e  a r e  found  a b u n d a n t ly  i n  

th e  u p p e r  l a y e r  o f  t h e  s e a  w h i le  t h e  l a r g e r  s p e c i e s  g e n e r a l l y  

grow i n  t h e  c o n t i n e n t a l  s h e l f  a r e a s  o r  w here t h e  a n ch o rag e  i s  

r e l a t i v e l y  e a s y .  I t  i s  th e  l a t t e r  g rou p  o f  a l g a e ,  commonly 

known a s  t h e  seaw eed s , w hich  have c o n s i d e r a b l e  i n d u s t r i a l  

s i g n i f i c a n c e  and w h ich  have  been  s t u d i e d  i n  more d e t a i l  t h a n  

t h e  f o r m e r .

The c l a s s i f i c a t i o n  o f  a lg a e  b a se d  on, p r i m a r i l y ,  t h e i r  

r e p r o d u c t i v e  sy s te m s  and o t h e r  m o rp h o lo g ic a l  f e a t u r e s  h a s ,  

how ever, been  e x te n d e d  t o  t h e  n a t u r e  o f  th e  p ig m e n ts  p r e s e n t  i n  

th e  v a r i o u s  s p e c i e s .  T h is  h a s  r e s u l t e d  i n  f o u r  m ain c l a s s e s  

o f  a l g a e ,  nam ely  brown (P h a e o p h y c e a e ) , r e d  (R h o d o p h y ceae ) , 

g re e n  (C h lo ro p h y c e a e )  and b l u e - g r e e n  (C yanophyceae) a l g a e .  

R e c e n t ly ,  a s  an  i n c r e a s i n g  nUmber o f  a l g a l  s p e c i e s  h a s  b e en  

s t u d i e d  c h e m ic a l ly ,  a n  e f f o r t  h a s  b e en  made t o  c o r r e l a t e  t h e



p re s e n c e  o r  a b se n c e  o f  a  p a r t i c u l a r  ty p e  o f  m e t a b o l i t e  a s  th e  

'm arker*  f o r  a  p h y lo g e n e t i c  c l a s s i f i c a t i o n .  T h is  a p p e a r s  to  

be c o n s i s t e n t  w i th  r e s p e c t  t o  P haeoph yceae , Rhodophyceae and to  

some e x t e n t  to  C h lo rop hyceae  b u t  th e  number o f  s p e c i e s  i n v e s t ­

i g a t e d  c h e m ic a l ly  i n  com p ariso n  w i t h  t h e  v a s t  number o f  a l g a l  

s p e c i e s  i s  r a t h e r  s m a l l  and hence  c l a s s i f i c a t i o n  o f  a lg a e  b ased  

a t  l e a s t  on th e  n a t u r e  o f  t h e  p a r t i c u l a r  c a r b o h y d r a te  may be 

r e g a r d e d  a s  t e n t a t i v e .

Seaweeds o f f e r  v a r i e t i e s  o f  p o l y s a c c h a r i d e s  w hich  d i f f e r  

c o n s i d e r a b ly  from  th o s e  o b ta in e d  from  la n d  p l a n t s .  T h is  i s  

n a t u r a l  a s  t h e  e n v iro n m e n ts  a r e  v e r y  d i f f e r e n t .  C e l l - w a l l s  o f  

l a n d  p l a n t s  a r e  u s u a l l y  composed o f  c e l l u l o s e ,  hemicelluloses and 

l i g n i n  m a t e r i a l s .  They p r o v id e  t h e  c h a r a c t e r i s t i c  r i g i d i t y  

n e c e s s a r y  f o r  t h e  l a n d  p l a n t  c e l l s  e n v iro n m e n t .  I n  c o n t r a s t ,  

seaw eeds r e q u i r e  f l e x i b i l i t y  and e a se  o f  movement f o r  t h e i r  

s u r v i v a l  and hence  have s k e l e t a l  s t r u c t u r e s  w i t h  a  h ig h  p r o p o r ­

t i o n  o f  m u c i la g in o u s  m a t e r i a l s .  C e l l u l o s e  when p r e s e n t  i s  i n  

s m a l l  p r o p o r t i o n ,  h e m i c e l lu l o s e s  and l i g n i n  a s  su ch  a r e  a b s e n t  

o r  i f  p r e s e n t  a r e  i n  v e r y  s m a l l  q u a n t i t i e s .  A n o th e r  c h a r a c t ­

e r i s t i c  f e a t u r e  o f  th e  seaw eed p o l y s a c c h a r i d e s  i s  t h e  p re s e n c e  

o f  h a l f  e s t e r  s u l p h a t e  g ro u p s  l i n k e d  to  t h e  h y d ro x y l  g ro u p s ,  

l a n d  p l a n t  p o l y s a c c h a r i d e s  a r e  d e v o id  o f  t h e s e  b u t  t h e y  a r e  

common to  a n im a l  p o l y s a c c h a r i d e s .



The seaweed p o l y s a c c h a r i d e s  can  c o n v e n i e n t l y  he d iv id e d  

i n t o  ( a )  food  r e s e r v e  (b )  s t r u c t u r a l  and ( c )  a c i d i c  p o ly ­

s a c c h a r i d e s  w hich  c o u ld  be food  r e s e r v e  o r  s t r u c t u r a l .  These 

a r e  d e a l t  w i th  i n  d e t a i l  u n d e r  t h e  a p p r o p r i a t e  c l a s s  o f  a l g a e .

P o ly s a c c h a r id e s  o f  Phaeophyceae  

S in c e  th e  p o l y s a c c h a r i d e s  o f  H im a n th a l ia  l o r e a , B i f u r c a r i a  

b i f u r c a t a  a n d . P a d in a  p a v o n ia  a r e  th e  s u b j e c t  m a t t e r  o f  t h i s  

t h e s i s ,  t h e  p o l y s a c c h a r i d e s  a l r e a d y  i n v e s t i g a t e d  i n  t h i s  g ro u p  

w i l l  be d i s c u s s e d  l a t e r .

P o ly s a c c h a r id e s  o f  Rhodophyceae 

The p o l y s a c c h a r i d e s  n o rm a l ly  found  i n  t h i s  c l a s s  o f  a lg a e  

a r e  f l o r i d e a n  s t a r c h ,  c e l l u l o s e ,  x y l a n s ,  mannans and g a l a c t a n s .  

Of t h e s e  g a l a c t a n s  c o n s t i t u t e  t h e  m a jo r  p o l y s a c c h a r i d e s  and 

t h e s e  have been  i n v e s t i g a t e d  i n  c o n s i d e r a b l e  d e t a i l .

F l o r i d e a n  s t a r c h . The fo o d  r e s e r v e  m a t e r i a l  i n  t h e  Rhodo-
1 2phyceae  i s  a  g lu c a n  c a l l e d  f l o r i d e a n  s t a r c h .  ’ D -G lucose  i s

th e  s o l e  m o n o sa cc h a r id e  o f  t h i s  ty p e  o f  p o ly s a c c h a r id e  and i t s

a r ra n g e m e n t  i n  th e  m acrom olecu le  a p p e a r s  to  be s i m i l a r  to  t h a t  
1 3o f  a m y lo p e c t in  * o f  l a n d  p l a n t s .  The m ain c o re  c o n s i s t s

e s s e n t i a l l y  o f  & - 1 ,4 - l in k e d  g lu c o s e  r e s i d u e s ,  i n  some c a s e s

o c c a s i o n a l l y  i n t e r s p e r s e d  by û- 1 , 3 - l i n k a g e s ^ a n d  an  a v e ra g e  
5 6c h a in  l e n g t h  * o f  1 1 -1 5 . The T ,3 - l i n k a g e  and th e  somewhat 

s h o r t e r  c h a in  l e n g t h  may s e r v e  t o  d i s t i n g u i s h  f l o r i d e a n  s t a r c h  

from  a m y lo p e c t in  o f  h i g h e r  p l a n t s .



4

X y la n s . X y la n s ,  a l th o u g h  exam ined from  few s p e c i e s  o f  r e d  

a lg a e  a r e  o f  two t y p e s .  A p u re  w a t e r - s o l u b l e  x y la n  from  

Rhodymenia p a lm a ta , th o u g h t  t o  be food  r e s e r v e ,  h a s  b e en  

s t u d i e d  e x t e n s i v e l y  and found  to  have a  l i n e a r  s t r u c t u r e , ®

th e  c h a in  c o n t a i n i n g  P - 1 , 4 - l i n k e d  and P - 1 ,3 - l i r k e d - D - x y l o s e  

u n i t s .  E nzym atic  s t u d i e s  s u g g e s t  t h a t  t h e s e  two t y p e s  o f  l i n k ­

a g e s  a r e  a r r a n g e d  i n  random  manner i n  th e  m ac ro m o le cu le .
,Q

E x t r a c t i o n  w i th  o t h e r  s o l v e n t s  l e d  t o  t h e  i s o l a t i o n  o f  e s s e n t ­

i a l l y  s i m i l a r  x y la n s  c o n t a i n i n g  d i f f e r e n t  p r o p o r t i o n s  o f  th e  two 

ty p e s  o f  l i n k a g e s .

- 4 x ( l —4 4 ) x ( l —> 4 ) x ( l —> 3 ) x ( l —> 4 ) x ( l -  )

X « P -x y lo p y ra n o s y l

On t h e  o t h e r  h an d , x y la n s  from  P o rp h y ra  u m b i l i c a l i s  and B ang ia

f u s c o p u r p u r e a  a r e  s a i d  t o  be b u i l t  up  e n t i r e l y  o f  1 , 3 - l i n k e d - D -  
10

x y lo s e  u n i t s .  T h is  c o n c l u s i o n  h a s  b een  d e r i v e d  s o l e l y  from  

X - r a y  d i f f r a c t i o n  s t u d i e s .
g

R e c e n t ly ,  x y lo s e  r i c h  p o l y s a c c h a r i d e s  have  b een  i n v e s t i ­

g a te d  from  R. p a lm a ta , P . u m b i l i c a l i s , L a u r e n t i a  p i n n a t i f i d a  and 

R h o d oco rton  f l o r i d u l u m . P o l y s a c c h a r id e s  o f  R. p a lm a ta  e x t r a c t e d  

by  d i f f e r e n t  s o l v e n t s  a r e  s i m i l a r  to  th e  one d i s c u s s e d  e a r l i e r .  j 

The e x t r a c t i o n  o f  t h e  s k e l e t a l  m a t e r i a l  w i t h  a l k a l i  gave a  x y la n  i  

o f  e x c l u s i v e l y  1 , 4 - l i n k e d  x y lo s e  r e s i d u e s .  r

The d i l u t e  a l k a l i  e x t r a c t  o f  L. p i n n a t i f i d a  and t h e  c h l o r i t e  

e x t r a c t  o f  P. u m b i l i c a l i s  a r e  s i m i l a r  t o  one a n o th e r  and t o . t h a t
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from  R# p a lm a ta . Each c o n ta in s  1 , 3 - and 1 , 4 - l i n k s  i n  d i f f e r e n t   ̂

p r o p o r t i o n s  and o n ly  a  s m a l l  amount o f  b r a n c h in g  a s  ju d g ed  by  

th e  y i e l d  o f  2 - 0 - m e th y lx y lo s e .  The two f r a c t i o n s  o f  x y la n  

from  R. f l o r id u l u m  however i n d i c a t e d  a  c o n s i d e r a b le  d e g re e  o f  

b r a n c h in g .  F u r th e rm o re ,  t h e  h ig h  y i e l d  o f  t r i - 0 - m e t h y l x y l o s é  

compared t o  2 -0 -m e th y lx y lo s e  s u g g e s t  t h a t  i n  a d d i t i o n  to  s h o r t  

x y lo s e  c h a in s  from  x y lo s e  t h e r e  a r e  s h o r t  x y lo s e  b r a n c h e s ,  

p o s s i b l y  on a  g lu c a n  b a c k b o n e .^

M annans. Mannans from  P. u m b i l i c a l i s  and B. f u s c o p u r p u r e a  a r e  

e s s e n t i a l l y  l i n e a r  po lym ers  o f  P - 1 , 4-1‘in k ed  D- mannose u n i t s .  

Mannans and x y la n s  o f  r e d  a lg a e  a r e  g e n e r a l l y  c o n s id e r e d  t o  

s e r v e  a s  t h e  s t r u c t u r a l  po lym ers  a l t h o u g h  th e  w a t e r - s o l u b l e  

x y la n  from  R. p a lm a ta , a s  p r e v i o u s l y  s t a t e d ,  may be a  food  

r e s e r v e  m a t e r i a l .

C e l l u l o s e . C e l l u l o s e ,  i n  s m a l l  p r o p o r t i o n s ,  h a s  b e en  r e p o r t e d  

from  d i f f e r e n t  s p e c i e s  o f  r e d  a lg a e  b u t  s u f f e r s  from  th e  l a c k  

o f  any d e t a i l e d  s t r u c t u r a l  s t u d i e s .

G a l a c t a n s . The p o l y s a c c h a r i d e s  t h a t  a r e  f a r  more e c o n o m ic a l ly  

im p o r ta n t  t h a n  o t h e r s  i n  r e d  a l g a e ,  a r e  t h e  g a l a c t a n s .  They 

a r e  composed o f  g a l a c t o s e ,  3 ,6 - a n h y d ro  D- and L - g a l a c t o s e  and  

6 -0 -m e th y l  g a l a c t o s e  u n i t s  and e s t e r  s u l p h a t e  u n i t s .  These 

u n i t s  o f f e r  a  b ro ad  sp e c tru m  o f  p o l y s a c c h a r i d e s  c o m p r is in g
I

a l t e r n a t e  1 ,3 - a n d  1 , 4 - l i n k e d  g a l a c t o s e  o r  m o d if ie d  g a l a c t o s e  

u n i t s .  The i n d i v i d u a l  po ly m ers  d i f f e r  i n  t h e i r  f i n e r  d e t a i l s  

o f  s t r u c t u r e  p o s s i b l y  due t o  a  p a r t i c u l a r  e n v iro n m e n t .  The



v a r i o u s  g a l a c t a n s  found  i n  t h i s  c l a s s  o f  a lg a e  can  be con­

v e n i e n t l y  d iv id e d  i n t o  t h r e e  g ro u p s ;  a g a r ,  p o rp h y ra n  and 

c a ra g e e n a n  ty p e  o f  p o l y s a c c h a r i d e s ,  a l t h o u g h  t h e r e  a r e  many 

s i m i l a r i t i e s  be tw een  t h e s e  g ro u p s .

A gar . The a g a r - t y p e  o f  p o ly s a c c h a r id e  i s  iri f a c t  a  m ix tu r e  o f  

two c l o s e l y  r e l a t e d  p o l y s a c c h a r i d e s :  a g a r o s e  and a g a r o p e c t i n .

A garose  c o n s i s t s  o f  a  l i n e a r  c h a in  o f  a l t e r n a t i n g  1 ,3 - l i n k e d - D -  

g a la c to p y r a n o s e  and 1 ,4 - l i n k e d - 3 ,6 - a n h y d r o - L - g a l a c to p y r a n o s e  

u n i t s .  E v idence  f o r  t h i s  s t r u c t u r a l  p a t t e r n  a r e  d e r iv e d  from  

p a r t i a l  h y d r o l y s i s , m éthylation**^ and e n zy m a tic  stud ies .**^®  

P a r t i a l  h y d r o l y s i s  gave a  n e a r l y  t h e o r e t i c a l  y i e l d  (8 2 ^ )  o f  

d e r i v a t i v e s  o f  th e  d i s a c c h a r i d e - a g a r o b i o s e , 4 - 0 - P - D - g a l a c t o -  ! 

p y r a n o s y l - 3 , 6 - a n h y d r o - L - g a l a c to s e  and n e o a g a r o b io s e ,  0 - 3 , 6 -  .

a n h y d r o - ^ ^ L - g a la c to p y r a n o s y l  (1—> 3 ) - D - g a l a c t o s e  ( P i g .  1 ) .  i
i

The l a t t e r  two t e c h n iq u e s  a l s o  i n d i c a t e d  t h a t  3 , 6 -a n h y d ro -L -  ' | 

g a l a c t o s e  o c c u r s  a t  t h e  n o n re d u c in g .en d ^  w h i le  D - g a la c to s e  l i e s  

a t  t h e  r e d u c in g  end o f  th e  m o le c u le .  A garose  i s  e s s e n t i a l l y

d e v o id  o f  h a l f  e s t e r  s u l p h a te  g roup  and s t a n d s  u n iq u e  i n  t h i s
.

r e s p e c t  w i t h  o t h e r  g a l a c t a n s  o f  t h e  c l a s s .  A g e n e r a l  fo rm u la  

f o r  a g a ro s e  i s  shown in  P i g .  2 .

[ —3—D—G a l( 1—̂  4 )—1—A g a l( 1 J > L3)—D—G al( 1—^ 4 ) —L—A g a l( l  —

6
OMe

PIG. 2
G a l,  g a l a c to p y r a n o s e ;  A g a l,  3 ,6 - a n h y d r o g a l a c to p y r a n o s e  

Me, m e th y l .
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F i g .  1

R ecen t  s t u d i e s  on a g a r o s e  f ro m  d i f f e r e n t  s p e c i e s  r e v e a l e d  th e  

p r e s e n c e  o f  v a r i a b l e  am ounts o f  6 - 0 - m e th y l - D - g a l a c to s e  (and
4 C

i n  G e lid iu m  amansi i  4 - 0 - m e th y l - L - g a l a o to 8 e  ) b u t  t h e i r  p o s i t i o n  

i n  t h e  m acrom olecu le  i s  n o t  y e t  e s t a b l i s h e d  a l t h o u g h  i t  c an  be 

s a i d  w i th  r e a s o n a b le  c e r t a i n t y  t h a t  t h e  g e n e r a l  p a t t e r n  o f  

a g a ro s e  i s  w e l l  e s t a b l i s h e d ,

A g a r o p e c t in , The s t r u c t u r e  o f  a g a r o p e c t i n ,  on th e  o t h e r  hand ,

i s  r e l a t i v e l y  l e s s  e s t a b l i s h e d  th a n  a g a r o s e .  I t  i s  p o s s i b l y  a

m ix tu re  o f  p o l y s a c c h a r i d e s  m a in ly  b u i l t  up o f  D - g a la c to p y r a n o s e ,

3 , 6 - a n h y d r o h - g a la c to p y r a n o s e ,  D - g lu c u ro n ic  a c i d  u n i t s  and h a l f

e s t e r  s u l p h a t e  g ro u p s ,  * The b a s i c  s i m i l a r i t y  o f  th e  a g a r o p e c t i n
1As t r u c t u r e  w i th  a g a ro s e  i s  deduced  from  d e g r a d a t i v e  s t u d i e s .

These i n v e s t i g a t i o n s  have y i e l d e d  s i m i l a r  d i - a n d  o l i g o s a c c h a r i d e s

t o  t h o s e  foun d  i n  a g a r o s e .  I n  a d d i t i o n ,  p y ru v ic  a c i d  i n  a c e t a l



l i n k a g e  t o  D - g a la c to s e  r e s i d u e s  i s  found  i n  a g a r o p e c t i n  from
17G-, amans i i  and G-, su b c o so ta tu m . A h n f e l t i a  p l i c a t a  a l s o

1 8  *  Ic o n t a i n s  L - a r a b in o s e  u n i t s .  The c o n t r i b u t i o n  o f  t h e  g l u c u r ­

o n ic  a c i d  r e s i d u e s  and L - a r a b in o s e  u n i t s  to  t h e  s t r u c t u r e  o f  i

th e  m acrom olecu le  i s  n o t  known. The s i t e s  o f  a l l  t h e  e s t e r  

s u l p h a t e  g ro u p s  a r e  n o t  e s t a b l i s h e d  e i t h e r .  I t  seems m ost i

l i k e l y  t h a t  w i th  th e  a d v e n t  o f  new er and e f f e c t i v e  f r a c t i o n a t i n g  

t e c h n iq u e s  a g a r o p e c t i n  w i l l  be found  to  be a  m ix tu re  o f  p o ly m ers  | 

r a t h e r  th a n  a  s i n g l e  e n t i t y .
k  '

P o r p ^ r a n . The p o rp h y ra n  ty p e  o f  g a l a c t a n  found  i n  P o rp h y ra  

and L a u r e n t ! a  sp p . and i n  B ang ia  f u s c o p u r p u r e a  c o m p r is e s  D- • !

g a l a c t o s e ,  L - g a l a c t o s e - 6 - s u l p h a t e ,  6 - 0 - m e th y l - D - g a l a c to s e  and • ■
1 Q 20 « I3 ,6 - a n h y d r o - L - g a l a c t o s e  r e s i d u e s .  ’ T h is  i s  a  l i n e a r  po lym er,:

I

l i k e  a g a r o s e ,  w i t h  a l t e r n a t i n g  1 ,3 -a n d  1 , 4 -  g l y c o s i d i c  l i n k a g e s .  ;
21 22Prom p e r i o d a t e  and p a r t i a l  h y d r o l y s i s  s t u d i e s  ’ i t  h a s  b e e n  |

I
e s t a b l i s h e d  t h a t  D - g a la c to s e  and i t s  6 -0 -m e th y l  e t h e r  a r e  l i n k e d  |

I
a t  0 -3  w h i le  L - g a l a c to s e  and i t s  3 ,6 - a n h y d r o d e r i v a t i v e  a t  0 - 4 .  . |

The e s s e n t i a l  s i m i l a r i t y  w i t h  a g a ro s e  h a s  a l s o  been  deduced  from  :
23 'a l k a l i n e  e l i m i n a t i o n  o f  t h e  s u l p h a t e  g ro u p s  w hich  r e s u l t s  i n  i

th e  f o r m a t io n  o f  th e  3 , 6 - a n h y d r i d e ,  t h i s  i s  t h e n  fo l lo w e d  by |

m é t h y l a t i o n  o f  t h e  a l k a l i  m o d if ie d  p o ly m er. The p r o d u c t  i s  [
I

i d e n t i c a l  w i th  m e th y la te d  a g a r o s e  ( F ig .  3 ) .  T h is  h a s  a l s o  |

r e v e a l e d  t h a t  th e  r e g u l a r i t y  o f  t h e  r e p e a t i n g  ,a r r a n g e m e n ts  i s  

b e in g  masked by th e  o c c a s i o n a l  p re s e n c e  o f  6 - 0 - m e th y l - D - g a l a c to s e
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and L - g a l a c to s e - ô - s u lp h a - t e ,  Enzymic s tu d ie s ^ ^ * ^ ^  s u g g e s t  

t h a t  t h e  6 - 0 - m e th y l - D - g a l a c to s e  i s  r a t h e r  i r r e g u l a r l y  d i s t r i ­

b u te d  th ro u g h o u t  th e  po lym er c h a in .

C a r ra g e e n a n s . The c a r r a g e e n à n s  l i k e  a g a r ,  r e p r e s e n t  a  f a m i ly

o f  com plex p o l y s a c c h a r i d e s .  The b a s i c  monomers a r e  D - g a la c t o s e
26and i t s  3 » 6 - a n h y d r o d e r iv a t iv e .  The l a t t e r  d i s t i n g u i s h e s  i t

from  t h e  a g a r  f a m i ly  where i t  i s  t h e  L -e n a n t io m e r  w hich  i s

p r e s e n t  a s  t h e  3 ,6 - a n h y d r i d e .  The c o m p le x i ty  a r i s e s  from  th e

d e g re e  and p o s i t i o n  o f  s u l p h a t i o n  on th e  monomeric r e s i d u e s .

D epending  on t h e  s o l u b i l i t y  i n  d i l u t e  p o ta s s iu m  c h l o r i d e  
27s o l u t i o n  c a r r a g e e n a n s  may be o b ta in e d  a s  i n s o l u b l e  k - c a r r a -  

geenan  and s o l u b l e  > l - c a r r a g e e n a n .  k -C a r ra g e e n a n  i s  e s s e n t i a l l y  

a  l i n e a r  po lym er h a v in g  a  masked r e p e a t i n g  s t r u c t u r e  b a se d  on 

a l t e r n a t i n g  1 ,3 - a n d  1 , 4 -  l i n k e d - D - g a l a c t o s e  r e s i d u e s .  T h is  

s t r u c t u r a l  p a t t e r n  i s  c o n f i rm e d  by t h e  i s o l a t i o n  o f  c a r r a b i o s e ,  

0 - P - D - g a la c to p y r a n o s y l (  1—> 4 ) -  3 , 6 - a n h y d r o - D - g a la c to s e  d i t h i o -  

a c e ta ? ^ * ^ ^  (E ig .  3 )  from  m e r c a p t o l y s i s  o f  t h e  p o ly m er.

E nzym atic  s t u d i e s , o n  t h e  o t h e r  h an d , y i e l d  n e o - c a r r a b i o s e  

s u l p h a t e , O - a - 3 , 6 - a n h y d r o - D - g a la c to p y r a n o s y l ( 1—> 3 ) - D - g a l a c t o s e -

4 -  s u l p h a t e  ( F ig .  3 ) and an  enzym ic r e s i s t a n t  f r a c t i o n .  The 

l a t t e r  f r a c t i o n  has  h i g h e r  s u l p h a t e  c o n te n t  t h a n  k - c a r r a g e e n a n  

and can  u n d e rg o  f u r t h e r  e n z y m a tic  a t t a c k  a f t e r  a l k a l i  m o d i f i ­

c a t i o n  i n d i c a t i n g  th e  p r e s e n c e  o f  D - g a l a c t o s e - 6 - s u l p h a t e  (w h ich  

i s  t h e r e b y  c o n v e r te d  i n t o  a n h y d r i d e ) .  The 1 , 3 - l i n k e d  g a l a c t o s e  

r e s i d u e s  a r e  o f t e n  s u l p h a te d  a t  0 -4  a l t h o u g h  a  p o r t i o n  may be
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s u l p h a te d /C -ô  o r  d i s u l p h a t e d  a t  0 -2  and 0 - 6 .  The 4 - l i n k e d  

6 - s u l p h a t e  i s  r e v e a l e d  by i t s  o o n v e r t i o n  i n t o  th e  3 , 6 -  

a n h y d r id e  by  r e d u c t i o n  o f  t h e  r e d u c in g  u n i t  w i t h  b o ro h y d r id e  

f o l lo w e d  by a l k a l i n e  r e a c t i o n , a n d  from  s p e c t r o s c o p y .^ ^  

The p o ta s s iu m  c h l o r i d e  s o l u b l e  A - c a r r a g e e n a n s  a r e  m ix - 

t u r e s  o f  p o l y m e r s . ^  V a r io u s  f r a c t i o n a t i o n  e x p e r im e n ts  

e i t h e r  b e f o r e  o r  a f t e r  a l k a l i  t r e a tm e n t  have l e d  to  th e  i s o ­

l a t i o n  o f  d i f f e r e n t  p o ly m e rs ,  a l l  o f  w hich  a r e  b a se d  on an  

a l t e r n a t i n g  sequ en ce  o f  1 ,3 - a n d  1 ,4 - l i n k e d  g a l a c t o s e  u n i t s  

e ach  d i f f e r i n g  from  t h e  o t h e r  i n  th e  p r o p o r t i o n s  o f  3 , 6 -  

anhydro  s u g a r  and s u l p h a t e  and i n  th e  v a r i o u s  s i t e s  o f  th e  

l a t t e r .

O th e r  s u lp h a te d  g a l a c t a n s . R e c e n t ly ,  s u lp h a te d  g a l a c t a n s

from  Aeodes o r b i t o s a ^^*^^ and P h y l ly m e n ia  C ornea^^ b o th  o f

w h ich  b e lo n g  to  t h e  .G -ra te lo u p tia c e a e , have been  i n v e s t i g a t e d .

From t h e  fo rm e r  s p e c i e s  th e  p o ly s a c c h a r id e  c h i e f l y  c o n s i s t s

o f  D - g a la c to s e  and i t s  2 - 0 - m e t h y le t h e r  d e r i v a t i v e  t o g e t h e r

w i th  s m a l l  p r o p o r t i o n s  o f  D -x y lo se  and g l y c e r o l  w h i le  th e

p o ly s a c c h a r id e  from  th e  l a t t e r  s p e c i e s  m a in ly  c o m p r ise s

D - g a la c to s e  and i t s  2 -0 ,-4 -0 -  and 6 - 0 - m e th y ] /d e r iv a t iv e s .  A

s m a l l  q u a n t i t y  o f  3 , 6 - a n h y d r o g a l a c t ose  and D -x y lo se  have a l s o  
•57

been  r e p o r t e d . ^  They a r e  a l l  h i g h ly  s u lp h a te d  polymej?s and 

th e  h a l f  e s t e r  s u l p h a t e  g ro u p s  a r e  a l k a l i  s t a b l e .  T h e i r  

i n i t i a l  i n v e s t i g a t i o n ? ^  i n d i c a t e d  th e  a b se n c e  o f  a l t e r n a t i n g

1 ,3 - a n d  1 , 4 - l i n k a g e s ,  an  e x c e p t io n  from  th e  g a l a c t a n s  so f a r  .
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d i s c u s s e d , '  a l t h o u g h  e q u a l  p r o p o r t i o n s  o f  1 ,3 -a n d  1 , 4 - l i n k a g e s  " 

had been  r e c o g n i s e d .  W ith  f u r t h e r  u n d e r s t a n d i n g  o f  t h e  

n a t u r e  o f  th e  s k e l e t o n  from  p e r i o d a t e  o x i d a t i o n ,  p a r t i a l  

h y d r o l y s i s  and m e th y la t io n  s t u d i e s ,   ̂ how ever, i t  i s  c l e a r  

t h a t ,  a t  l e a s t  i n  some r e g i o n s  o f  th e  m o le c u le ,  a l t e r n a t i n g

1 ,3 - a n d  1 ,4 - l i n k a g e s  o c c u r  a s  w i th  o t h e r  g a l a c t a n s  o f  th e  

Rhodophyceae,

P o l y s a c c h a r id e s  o f  C h lo ro p h y ceae

T h is  c l a s s  o f  a lg a e  i n c l u d e s  b o th  f r e s h  w a te r  and 

m ar in e  s p e c i e s ,  b u t  m ost o f  t h e  c h e m ic a l  i n v e s t i g a t i o n s  have 

been  made on th e  l a t t e r .  F u r th e rm o re ,  d e t a i l e d  s t u d i e s  on 

th e  c a r b o h y d r a t e s  a r e  c o m p a r a t iv e ly  l e s s  t h a n  th o s e  on t h e  

more e c o n o m ic a l ly  im p o r ta n t  Phaeophyceae  and R hodophyceae.

The m a jo r  p o l y s a c c h a r i d e s  t h a t  have b e en  fo und  so f a r  a r e  

s t a r c h - t y p e  g lu c a n s ,  x y l a n s ,  m annans, c e l l u l o s e  and w a te r  

s o l u b l e  com plex s u lp h a te d  p o l y s a c c h a r i d e s .

S t a r c h - t y p e  g l u c a n s . A l l  th e  s p e c i e s  so  f a r  i n v e s t i g a t e d  

c h e m ic a l ly  a r e  found  t o  have s t a r c h - t y p e  g lu c a n s ^ ^ ’ *̂* s i m i l a r  

t o  t h a t  o f  th e  l a n d  p l a n t s  c o m p r is in g  b o th  am ylose  and am ylo­

p e c t i n .  Aqueous e x t r a c t i o n  o f  C a u l e r p a f l l i f o r m i s , E n te r o -  

m orpha c o m p re ssa , U lva  l a c t u c a  and Chaetom orpha c a p i l l a r i s  

y i e l d e d  t h e s e  g lu c a n s  t o g e t h e r  w i t h  s u l p h a te d  p o l y s a c c h a r i d e s .  

They were s e p a r a t e d  a s  s t a r c h - i o d i n e  com plexes o r  a s  g lu c a n s
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$
l e f t  i n  aqueous s o l u t i o n  a f t e r  com plex ing  th e  s u lp h a te d  

p o l y s a c c h a r i d e s  w i th  c e ty l t r im e th y la n u n o n iu m  h y d ro x id e .

The s e p a r a t e d  s t a r c h ,  a p a r t  from  m o le c u la r  s i z e ,  had th e  

c h a r a c t e r i s t i c  p r o p e r t i e s  o f  la n d  p l a n t  s t a r c h .  These 

s t a r c h e s  were f r a c t i o n a t e d  by thym ol i n t o  am ylose and amylo­

p e c t i n .  The l a t t e r  had a p p ro x im a te ly  one mole o f  p e r i o d a t e  

u p ta k e  p e r  a n h y d ro g lu c o se  u n i t .  The o x o p o ly s a c c h a r id e  

r e c o v e r e d  a f t e r  p e r i o d a t e  o x i d a t i o n  was d e v o id  o f  any  ■

u n a t t a c k e d  g lu c o s e  u n i t s  i n d i c a t i n g  1 ,4 - l i n k a g e  and a b se n c e  I

o f  1 , 3 - l i n k e d  u n i t s .  T h is  was f u r t h e r  c o n f irm e d  from  m e th y l -  ;
1

a t i o n  s t u d i e s  w hich  a l s o  p roved  th e  p r e s e n c e ,o f  1 ,6 - b r a n c h  

p o i n t s .  These a m y lo p e c t in s  re s e m b le d  p o t a t o  a m y lo p e c t in .  •

The e s s e n t i a l  s i m i l a r i t y  o f  g r e e n  a l g a l  am ylose w i t h  

p o t a t o  am ylose h a s  been  deduced  from  h ig h  p o s i t i v e  r o t a t i o n ,  

r e a d y  r é t r o g r a d a t i o n  i n  aqueous s o l u t i o n ,  P -a m y lo y s is  and ;
I

p e r i o d a t e  u p t a k e .  X -ra y  d i f f r a c t i o n  p a t t e r n  o f  t h e s e  s t a r c h e s  ;
42showed a  re se m b la n c e  t o  p o t a t o - s t a r c h  ty p e  m a t e r i a l s .  |

X y la n s . The x y la n s  c o n s t i t u t e  th e  m ain  c e l l - w a l l  m a t e r i a l s  I
*  • i

o f  a  number o f  g r e e n  a l g a e ,  a l t h o u g h  s m a ll  p r o p o r t i o n s  o f  I
i

p o l y s a c c h a r i d e s  c o m p r is in g  o t h e r  s u g a r  u n i t s  may a l s o  be j

p r e s e n t . T h e  p u re  x y la n ,  o b t a in e d  by  a l k a l i n e  e x t r a c t i o n  !• I
43 'o f  £ .  f l l i f o r m i s , on m é th y l a t i o n  and h y d r o l y s i s  gave  l a r g e l y

-'p-
2 ,4 -d i -O -m e th y ^ k y lo s e  i n d i c a t i n g  1 , 3 - l i n k a g e .  P e r i o d a t e  

o x i d a t i o n  s t u d i e s  f u r t h e r  c o n f i rm e d  th e  r e s u l t s  o f  m é t h y l a t i o n .
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These r e s u l t s  p ro ved  t h a t  th e  x y la n  o f  C* f i l i f o r m i s  con­

s i s t s  e s s e n t i a l l y  o f  a  l i n e a r  c h a in  o f  1 , 3 - l i n k e d  x y lo s e

u n i t s .  From th e  amount o f  p e r i o d a t e  u p ta k e  and th e  q u a n t i t y
and

o f  fo rm ic  a c i d  r e l e a s e d , / f r o m  th e  end g ro u p  a s s a y  o f  t h e  

m e th y la te d  x y la n  i t  h a s  been  s u g g e s te d  t h a t  i t  h a s  an  a v e ra g e  

c h a i n - l e n g t h  o f  a b o u t  47 x y lo s e  r e s i d u e s .  The n e g a t iv e  - 

r o t a t i o n  i n d i c a t e s  t h a t  th e  u n i t s  a r e  P - l i n k e d .  S i m i l a r  

r e s u l t s  have a l s o  been  o b ta in e d  f o r  B ry o p s is  maxima, C a u le rp a  

b r a c h y p u s , C a u le rp a  racem osa  and H alim eda c u n e a t a ,^^*^^  

a l t h o u g h  t h e  D .P . h a s  been  found  t o  be h i g h e r  t h a n  t h a t  o f  

C ,  f i l f o r m i s . E nzym atic  s t u d i e s ^ ^  on H. c u n e a ta  x y la n  con­

f i rm e d  th e  p r e s e n c e  o f  1 , 3 - l i n k a g e  and th e  a b se n c e  o f  1 , 4 -  

l i n k a g e .  A l l  t h e s e  s t u d i e s  m e re ly  i n d i c a t e  t h a t  th e  x y la n s  

so  f a r  i n v e s t i g a t e d  i n  g re e n  a l g a e ,  a r e  e s s e n t i a l l y  l i n e a r  

c h a in s  o f  P - 1 ,3 - l i n k e d  x y lo s e  u n i t s .  T h is  i s ,  how ever, i n
Q

c o n t r a s t  t o  Shodym enia x y la n .  X -ra y  i n v e s t i g a t i o n s  o f  

g re e n  a lg a e  x y la n s  s u g g e s t  a  h e l i c a l  s t r u c t u r e .

M annans. The mannans co m p rise  t h e  m ain component i n  some 

S ip h o n aceo u s  a lg a e  su c h  a s  A c e t a b u l a r i a  c a l y c u l u s  and 

H a l ic o ry n e  w r i g h t i i .^ ^  A mannan from  Codium f r a g i l e ^^ h a s  

b e en  s t u d i e d  i n  d e t a i l .  E nzym atic  d e g r a d a t i o n  gave manp- 

b io s e  (4 -0 -P -D -m a n n o p y ran o sy l-D -m a n n o se ) , t r i o s e ,  t e t r a o s e  

and a  s m a l l  q u a n t i t y  o f  o l i g o s a c c h a r i d e s .  A c e t o l y s i s  f u r t h e r  

s u b s t a n t i a t e d  t h e s e  r e s u l t s .  M é th y la t io n  and p e r i o d a t e
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o x i d a t i o n  s t u d i e s  t o g e t h e r  w i th  t h e  n e g a t iv e  r o t a t i o n  

e s t a b l i s h e d  t h a t  t h e  C. f r a g i l e  mannan, l i k e '  t h e  mannans 

o f  t h e  Rhodophyceae and h i g h e r  p l a n t s ,  c o m p r ise s  P - 1 , 4 - l i n k e d  

mannose u n i t s .

C e l l u l o s e . The p r e s e n c e  o f  c e l l u l o s e  h as  been  r e c o g n i s e d

i n  some s p e c i e s  o f  C h lo ro p h y ceae  b u t  i n  m ost c a s e s  i t  h a s

been  found  to  be mixed w i th  u ^ o n ic  a c id  and n e u t r a l  s u g a r
51 52p o ly m e rs .  A ttem p ted  i s o l a t i o n  o f  a  p u re  c e l l u l o s e ^  * has  

n o t  been  a c h ie v e d  and so a w a i t s  i t s  s t r u c t u r a l  s t u d i e s .

S u lp h a te d  p o l y s a c c h a r i d e s . The c h a r a c t e r i s t i c  m u c i la g in o u s  

p o l y s a c c h a r i d e s ,  a s  i n  R hodophyceae, c o n s t i t u t e  th e  m a jo r  

p o l y s a c c h a r i d e s  o f  t h i s  c l a s s  o f  a l g a e .  They may be d i v id e d  

i n t o  two c a t a g o r i e s  d e p e n d in g  on t h e i r  s u g a r  u n i t s .  On th e  

one hand , t h o s e  from  U lva  l a c t u c a , E n te rom orpha  com p ressa  and 

A c ro s ip h o n ia  a r c t a  a r e  b a sed  on L -rham nose , E -x y lo s e  and 

E - g lu c u r o n ic  a c i d  r e s i d u e s .  On th e  o t h e r  han d , p o ly s a c c ­

h a r i d e s  b a se d  on E - g a l a c t o s e ,  L - a r a b in o s e  and P - x y lo s e  a r e  

o b ta in e d  from  C la d o p h o ra , O haetom orpha. C a u le rp a  and Codium 

s p e c i e s .

The fo rm e r ,  a  g lu c u ro n o  c z .x y lo rh am n an , i s  found  to  be a  

h e te ro p o ly m e r  and t o  c o n t a i n  L-rham nose a s  t h e  m a jo r  s u g a r  

r e s i d u e  t o g e t h e r  w i th '  l e s s e r  q u a n t i t i e s  o f  E -x y lo s e  and t r a c e s  

o f  E - g l u c o s e . '  The p r o p o r t i o n  o f  g lu c u r o n ic  a c i d  i s  found  to  

be f a i r l y  c o n s t a n t  and i s  a b o u t  20^ w h i le  t h e  p e r c e n ta g e  o f
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e a t e r  s u l p h a t e  i s  r a t h e r  v a r i a b l e .  P a r t i a l  a c i d  h y d r o l y s i s ,  

on a l l  t h r e e  above m en tioned  rham nans, gave a  r e l a t i v e l y  h ig h  

p r o p o r t i o n  o f  an a ld o b i^ u ro n ic  a c i d ,  4 - 0 - P - D - g lu o o p y r a n o s y l -  

u r o n io  acid-L-rham nose^^^**^ ( P ig .  4 ) .

C OOH

H O H  i

HO OH I
Fig 4 . I

The p o ly s a c c h a r id e  o f  Ulva l a c t u c a  has been  exam ined i n  • |

g r e a t e r  d e t a i l .  , M é th y la t io n  and s u b s e q u e n t  r e a c t i o n  o f  th e  

p a r t i a l l y  d e s u lp h a te d  po lym er has  i n d i c a t e d  t h a t  1 , 4 - l i n k e d  

and 1 , 3 , 4 - l i n k e d  rhamnose u n i t s ,  1 , 4 - l i n k e d  x y lo s e  and 1 ,3 -  

l i n k e d  g l u c o s e / g lu c u r o n i c  a c id  c o n s t i t u t e  t h e  m a jo r  s t r u c t u r a l  ’
I

u n i t s .  The p o s s i b i l i t y  o f  1 , 3 , 6 - l i n k e d  g lu c o s e ,  1 , 4 - l i n k e d ’ 

g l u c u r o n ic  a c i d ,  1 , 3 - l i n k e d  x y lo s e  and 1 , 2 , 3 - l i n k e d  rham nose j

h as . a l s o  been  r e c o g n i s e d .  P a r t i a l  h y d r o l y s i s  o f  th e  i n i t i a l  ! 

p o ly s a c c h a r id e  has  g iv e n ,  b e s id e s  th e  above m en tio n ed  a l d o -  

b k u ro n ic  a c i d ,  s m a l l e r  am ounts o f  0 -D -g lu c o p y ra n o sy T u ro n io  a c i d  [
,  I

( 1—» 3 ) D - x y lo p y r a n o s e ,  O -D -g lu c o p y ra n o s y lu ro n ic  a c id  ( l —> 4 )  |

D -x y lo p y ra n o se  and O -D -g lu c o p y ra n o s y lu ro n io  a c id  ( 1—^ 4 ) L -  |

rh am n o p y ran o sy l  (1—> 3 ) P - g lu c o p y r a n o s y lu r o n ic  a c i d  (1—» 3 ) P - x y l o - |

p y ra n o s e .  These r e s u l t s  have  c o n firm ed  t h a t  t h e  p o l y s a c c h a r i d e  j
i

i s  n o t  a  m ix tu r e  o f  h o m o p o ly sa c c h a r id e s  b u t  i s  a  .p o l y d i s p e r s e  j 

h e te ro p o ly m e r .  . |
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P e r i o d a t e  o x i d a t i o n  o f  th e  p a r t i a l l y  d e s u lp h a te d  po lym er

gave a  r e d u c e d  rham nose c o n te n t  i n  t h e  d e r iv e d  a l c o h o l  com-
■oolymer

p a re d  w i th  th e  c o r r e s p o n d in g  a l c o h o l  from  th e  f u l l y  s u lp h a te ^ /  

i n d i c a t i n g  t h a t  0 - 2 /3  p o s i t i o n  i n  rham nose was i n i t i a l l y  s u l ­

p h a te d .  E v iden ce  o f  s u l p h a t e  g roup  a t  0 -2  o f  x y lo s e  u n i t s

has a l s o  b een  o b ta in e d  from  th e  a l k a l i n e  r e a c t i o n  w hich  r e s -
55u l t e d  i n  t h e  f o rm a t io n  o f  D - a r a b in o s e .  S m ith  d e g r a d a t i o n  

o f  t h e  i n i t i a l  p o ly s a c c h a r id e  has c l e a r l y  r e v e a l e d  t h a t  a  

number o f  g lu c o s e ,  x y lo s e  and g lu c u r o n ic  a c i d  r e s i d u e s  th r o u g h ­

o u t  t h e  m acrom olecu le  a r e  v u l n e r a b l e  t o  p e r i o d a t e  and t h a t  

a d j a c e n t  g lu c o s e  and a d j a c e n t  x y lo s e  u n i t s  a r e  s t r u c t u r a l  

f e a t u r e s ,  b u t  t h e  o v e r a l l  s t r u c t u r e  o f  t h e  m acrom ol^% as n o t  

been  e s t a b l i s h e d  f o r  t h i s  g ro u p  o f  p o ly m e rs .

The seco nd  g rou p  o f  p o ly m e rs ,  so f a r  i n v e s t i g a t e d ^ ^ ” ^^ 

have a  h ig h  p r o p o r t i o n  o f  P - g a l a c t o s e  and p o s s i b l y  w i th  th e  

e x c e p t io n  o f  C a u le rp a  f i l i f o r m i s  ,L - a r a b i n o s e .  A l l  o f  them

c o n t a i n  a p p r e c i a b l e  p r o p o r t i o n s  o f  D -x y lo se  and v e r y  l i t t l e ,  

i f  any , u r o n i c  a c i d .  T race  q u a n t i t i e s  o f  rham nose have a l s o

b e en  r e c o g n i s e d .  The h a l f  e s t e r  s u l p h a t e  c o n te n t  i s  fo u n d
«

t o  be f a i r l y  c o n s t a n t  i n  a l l  c a s e s  and i s  t o  some e x t e n t  

a l k a l i  l a b i l e .  They a l l  c o n ta in  1 ,3 - a n d  1 , 6 - l i n k e d - D - g a l a c -  

t o s e  u n i t s  h a v in g  e s t e r  s u l p h a t e  a t  some o f  t h e  0 -6  o f  t h e  

g a l a c t o s e  r e s i d u e s .  M oreover, C lad o p h o ra  and Ohaetom orpha 

have s u l p h a t e  g ro u p s  on 0 -3  o f  a r a b i n o s e  u n i t s  w h i le  t h e
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e v id e n c e  f o r  0 -4  s u l p h a t e  b o th  i n  g a l a c t o s e  and f o r  1 , 3 -  

l i n k e d  a r a b in o s e  i n  Codium h a s  been  e s t a b l i s h e d .  F r a c t i o n ­

a t i o n  o f  t h e s e  m a t e r i a l s  i n t o  s im p le  homopolymers h as  n o t  

been  a c h ie v e d .

R e c e n t ly ,  t h e  p o l y s a c c h a r i d e ,  O lad op ho ran , from  O lado- 

p h o ra  r u p e s t r i s  has  b een  i n v e s t i g a t e d  i n  d e t a i l .

H y d r o ly t ic  s t u d i e s  o f  th e  i n i t i a l  and p a r t i a l l y  d e s u lp h a te d  

p o l y s a c c h a r i d e s  have y i e l d e d  a  number o f  h e t e r o o l i g o s a c c h a r ­

id e s  c o n ta in i n g  g a l a c t o s e  and x y l o s e ,  a r a b in o s e  and g a l a c t o s e  

and s u lp h a te d  o l i g o s a c c h a r i d e s  w i t h  h i g h e r  p r o p o r t i o n s  o f  

a r a b in o s e  t o  g a l a c t o s e .  These c o n c l u s i v e l y  p ro ve  n o t  o n ly  

th e  h e te r o p o ly m e r ic  n a t u r e  o f  t h e  m u c i la g e  b u t  a l s o  t h e  w ide 

d i v e r s i t y  o f  th e  s t r u c t u r a l  u n i t s  p r e s e n t .  Sm ith  d e g r a d a t i o n  

s t u d i e s  have i n d i c a t e d  t h a t  t h e  po lym er i s  h i g h ly  b ra n c h e d  and 

t h a t  1 , 4 - l i n k e d  and end g rou p  x y lo s e  a r e  p r e s e n t .  M éthy l­

a t i o n  s t u d i e s  have shown c l e a r l y  t h a t  1 , 4 - l i n k e d  a r a b in o s e  

c o n s t i t u t e s  an  im p o r ta n t  s t r u c t u r a l  f e a t u r e  o f  th e  m acro -  

m o le c u le  and t h a t  much o f  i t  i s  s u l p h a te d  a t  0 - 3 .  I t  i s  m ost 

l i k e l y  t h a t  no s i n g l e  s u g a r  c o n s t i t u e s  t h e  backbone o f  t h e  

m o le cu le  a l th o u g h  i t  i s  a p p a r e n t ,  from  t h e s e  s t u d i e s ,  t h a t  t h e  

i n n e r  c o re  c o n ta in s  a  h ig h  p r o p o r t i o n  o f  a r a b i n o s e .
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C a rb o h y d ra te s  o f  Phaeophyoeae

The c a r b o h y d r a te s  o f  Phaeophyoeae may be d iv id e d  i n t o  

two b ro ad  g ro u p s :  Low and h ig h  m o le c u la r  w e ig h t  and w i l l

be d i s c u s s e d  u n d e r  t h e s e  h e a d in g s .

Low m o le c u la r  w e ig h t  c a r b o h y d r a t e s . Of t h e  low m o le c u la r

w e ig h t  c a r b o h y d r a te s  D -m a n n i to l  h a s  b een  found  to  be p r e s e n t

i n  a l l  t h e  s p e c i e s  o f  brown a lg a e  so f a r  exam ined . I t s
a.

c o n te n t  i n  t h e  f ro n d  o f  some a lg a e  may v a ry  f ro m /fe w  p e r c e n t

o f  t h e  d ry  weed t o  ab o u t 25^ i n  l a t e  s u m m e r . B e s i d e s
70m a n n i to l ,  a  sev en  c a rb o n  a l c o h o l ,  D - v o le m i to l ,  1 - D -m a n n i to l -

P -D -g lu c o p y ra n o s id e  and 1 ,6 - 0 - D - m a n n i to l - d i - P - D - g lu c o p y r a n o -
71 72s i d e  were found  i n  Pucus v e s i c u l o s u s  and P .  s p i r a l i s . ’

T race  q u a n t i t i e s  o f  s u c r o s e ,  g a l a c t o s e ,  and mannose have a l s o  
73been  r e p o r t e d .

The h y p o th e s i s  o f  a  c lo s e  m e ta b o l ic  r e l a t i o n  be tw een  

m a n n i to l  and la m in a r a n  (a  h ig h  m o le c u la r  w e ig h t  g lu e a n )  

r e c e i v e d  e x p e r im e n ta l  e v id e n c e  from  B id w e ll^ ^  who o b se rv e d  

i n  P . v e s i c u l o s u s  t h a t  l a b e l l e d  l a m in a r a n  i s  r a p i d l y  form ed 

from  C ^ ^ - l a b e l le d - D - m a n n i to l .

High m o le c u la r  w e ig h t  C a r b o h y d r a te s : P o l y s a c c h a r id e s  o f

P haeo p h y o eae . The*brown seaw eeds (P haeoph yoeae )  have been  

found  t o  c o n t a i n  g l u e ans ( fo o d  r e s e r v e s  and s t r u c t u r a l )  a s  

w e l l  a s  a c i d i c  p o l y s a c c h a r i d e s .  The l a t t e r  c o m p r is in g  two
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d i s t i n c t  t y p e s  o f  p o ly m e rs .  The f i r s t  g ro up  i s  t y p i f i e d  

by  a l g i n i c  a c id  w hich  c o n s i s t s  s o l e l y  o f  u r o n ic  a c i d  

r e s i d u e s .  The a c i d i t y  o f  th e  second  g roup  o f  po lym ers i s  

due n o t  o n ly  to  t h e  p re s e n c e  o f  u r o n io  a o id  r e s i d u e s  b u t  

a l s o  t o  h a l f  e s t e r  s u lp h a te  g ro u p s  s u b s t i t u t i n g  some o f  th e  

h y d ro x y l  g ro u p s  o f  th e  s u g a r  u n i t s .  I t  i n c l u d e s  what i s  

g e n e r a l l y  a c c e p te d  i n  t h e  l i t e r a t u r e  a s  'fu c o id a n *  and th e  

more r e c e n t l y  c o in e d  te rm  ' g lu c u r o n o x y lo f u c a n * .

S t r u c t u r a l  g l u c a n : C e l l u l o s e . The p r e s e n c e  o f  c e l l u l o s e

i n  brown a lg a e  was p o s t u l a t e d  by a  number o f  w o r k e r s . .  The 

i n s o l u b l e  r e s i d u e  a f t e r  rem ova l o f  a l g i n i c  a c id  from  th e  s e a ­

weeds was c a l l e d  ' a l g i o  c e l l u l o s e '  by S t a n f o r d . K y l i n ^ ^

showed t h a t  i t  g a v e / c o lo u r  r e a c t i o n  w ith ^ d j/d in e  and s u l p h u r i c
65a c i d .  R u s s e l l - W e l l s  showed i t s  s o l u b i l i t y  i n  cuprammonium 

h y d ro x id e  and p r e p a re d  an  a c e t a t e .  D i l l o n  and O'Tuama^^ 

were f i r s t  t o  p rove  c e l l u l o s e  from  L a m in a r la  d i g i t a t a . They 

were a b le  t o  p r e p a re  a  v i s c o s e  and c h lo ro fo rm  s o l u b l e  a c e t y l  

and m ethy l d e r i v a t i v e  • S t r u c t u r a l  i n v e s t i g a t i o n  o f  brown
Cr-t

a l g a l  c e l l u l o s e  was made by P e r c i v a l  and R o ss .  They 

s e p a r a t e d  c e l l u l o s e  from  L. h y p e rb o r e a , L. d i g i t a t a  and Pucus 

v e s i c u l o s u s . P ro o f  o f  P - 1 ,4 - l i n k a g e  i n  t h e s e  c e l l u l o s e s  

was o b ta in e d  from  t h e ’ i s o l a t i o n  o f  c e l l o b i o s e  o c t a - a c e t a t e  

(3 1 ^ 0 . P e r i o d a t e  o x i d a t i o n  s t u d i e s  e x c lu d e d  th e  p re s e n c e  

o f  1 ,3 -a n d  1 , 6 - l i n k a g e s .  . Prom th e  m easurem ent o f  fo rm ic
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a c i d  r e l e a s e d ,  th e  c h a in  l e n g t h  was e s t im a te d  t o / a b o u t  160. |

Z - ra y  d i f f r a c t i o n  s t u d i e s  gave t h e  same p a t t e r n  a s  t h a t  ■ |

o f  norm al c e l l u l o s e ,  |
I

Pood r e s e r v e  g l u c a n : L am in a ran . L am in aran , f i r s t  d i s c o v e r e d  }

by S c h ie d e lb e r g ,  i s  p r e s e n t  i n  a l l  th e  brown a lg a e  so f a r  |

exam ined . I t s  p r o p o r t i o n  i n  a  s p e c i e s  v a r i e s  w i th  s e a s o n ,  

be tw een  autumn and w i n t e r  i t  c o m p r ise s  a  h ig h  p r o p o r t i o n  o f

75-79:

d ry  w e ig h t  o f  some w eeds. I t  h a s  b een  r e c o g n i s e d  a s  two 
Rofo rm s:  s o l u b l e  and i n s o l u b l e ,  d e p en d in g  on t h e i r  s o l u b i l i t y

i n  c o ld  w a te r .  Both fo rm s ,  how ever, d i s s o l v e  i n  h o t  w a te r

and a r e  a lm o s t  i n d i s t i n g u i s h a b l e  c h e m ic a l ly .

Lam inaran  i s  g e n e r a l l y  e x t r a c t e d  from  th e  weed by w a te r ,
81c o ld  and h o t , a n d  by d i l u t e  a c i d s .  The i n s o l u b l e  l a m in a r a n  

i s  s p o n ta n e o u s ly  d e p o s i t e d  from  th e  aqueous a c id  e x t r a c t  o f  

t h e  weed on s t a n d in g  and th e  p r e c i p i t a t i o n  o f  t h e  s o l u b l e
op O "7

form  i s  a c h ie v e d  by a l c o h o l ,  *

Com plete h y d r o l y s i s  o f  l a m in a r a n  g e n e r a l l y  g iv e s  s o l e l y  

D -g lu c o s e ^ ^ ’ ®^*^^ b u t  i n  some c a s e s ^ ^ ’ ^^ s m a l l  p r o p o r t i o n s  

o f  mannose (and  m a n n i to l  from  some s p e c i e s ,  se e  l a t e r )  have 

a l s o  b een  r e p o r t e d .  However, e x a m in a t io n  o f  a  r a n g e  o f  

sam ples  showed a b o u t  0 .2 ^  mannose c o n te n t  and i t  was b e l i e v e d  

t o  be s t r u c t u r a l l y  i n s i g n i f i c a n t .
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L am inaran  from  L a m in a r la , L am inaran  p a r t i c u l a r l y  from  t h e

genus L a m ln a r ia ^ ^ ,8 4 ,8 7  -91 f r e q u e n t l y  been  i n v e s t i g a t e d ,
fir)E a r ly  m é t h y l a t io n  s t u d i e s  on i n s o l u b l e  l a m in a r a n  t o g e t h e r  

w i th  i t s  n e g a t iv e  r o t a t i o n ,  = - 1 2 - 1 4 ° ,  i n d i c a t e d  t ^ a t

i t  i s  e s s e n t i a l l y  a  l i n e a r  po lym er o f  P - 1 , 3 - l in k e d - D - g lu c o s e
I O Q

u n i t s .  T h is  h a s  been  c o n firm ed  by p a r t i a l *  h y d r o l y s i s  and
Q2enzym atic  h y d r o l y s i s  w hich  gave a  homologous s e r i e s  o f  

P - 1 , 3 - l in k e d .  o l i g o s a c c h a r i d e s  from  w hich  t h e  l a m i n a r i b i o s e  

( P ig .  5 ) was i s o l a t e d  and c h a r a c t e r i s e d , ^ ^  F u r t h e r  con­

f i r m a t i o n  o f  1 ,3 - l i n k e d  g lu c o s e  r e s i d u e s  h a s  been  o b ta in e d  

by th e  i s o l a t i o n  o f  •. 4 0 -4 5 ^  D - g lu c o m e ta s a c c h a r in ic  a c i d  

a f t e r  t r e a t i n g  th e  l a m in a ra n  w i th  l im e  w a t e r . S )

The P re s e n c e  o f  M a n n i to l  i n  L am in a ran . Prom th e  r e s u l t s  

o f  p a r t i a l  h y d r o l y s i s  w hich y i e l d e d  s m a l l  q u a n t i t i e s  o f 

g e n t i o b l o s e ,  3 - 0 - g e n t i o b i o s y l g l u c o s e , l - O - P - g lu c o p y r a n o s y l - L -  

m a n n i to l  ( P i g . 5 ) and 1 - 0 - l a m in a r i b io s y l - D - m a n n i t o l  t o g e t h e r

w i th  much h i g h e r  p r o p o r t i o n s  o f  l a m i n a r i b i o s e  ( P ig .  5 ) and 

h i g h e r  l a m i n a r i o l i g o s a c c h a r i d e s  i t  was c o n c lu d e d  t h a t  1 , 6 -  

l i n k s  and m a n n i to l  were p r e s e n t  i n  t h e  p o l y s a c c h a r i d e .

Prom th e  p r o p o r t i o n  o f  m a n n i to l  i t  was c o n c lu d e d  t h a t  a b o u t  

40^ o f  t h e  m o le c u le s  a r e  t e r m in a t e d  by a  m a n n i to l  r e s i d u e ,  

M -chains  ( P i g . 6 ) g l y c o s i d i c a l l y  l i n k e d  th ro u g h  one o f  th e  

two p r im a ry  h y d ro x y l  g ro u p s .  The r e m a in in g  m o le c u le s  a r e  

t e r m in a t e d  by r e d u c in g  g lu c o s e  r e s i d u e s ,  G -c h a in s  ( P i g . 6 )•
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□ 5
F u r t h e r  s t u d i e s  on s o l u b l e  and i n s o l u b l e  l a m in a r a n

have l e d  t o  t h e  c o n c lu s io n  t h a t  i n  t h e  fo rm e r  c a se  a b o u t  75^ 

o f  l a m in a ra n  c h a in s  a r e  t e r m in a t e d  by a  m a n n i to l  r e s i d u e  

w h i le  i n  t h e  l a t t e r  cabe  i t  i s  a b o u t  46 ^ .

I t  has  a l r e a d y  b een  m en tio n ed  t h a t  la m in a r a n  on t r e a t ­

ment w i th  l im e  w a te r^ ^  y i e l d s  a b o u t  45^ m e ta s a c c h a r in ic  

a c i d .  T h is  i s  due t o  p e e l i n g  a c t i o n  on G* c h a i n s ,  M -chains 

a r e  a l k a l i  immune. R e d u c t io n  o f  la m in a ra n ^ ^ * ^ ^  on th e  

o t h e r  han d , h a s  g iv e n  S - c h a in s  from  G -c h a in s  w h i le  M -cha in s  

re m a in  u n a f f e c t e d .  O x id a t io n  o f  l a m in a ra n  w i th  brom ine^^  

gave r i s e  to  g lu c o n ic  a c i d  a t  th e  r e d u c in g  end. M -chains 

a r e  n o t  a f f e c t e d  u n d e r  t h e s e  c o n d i t i o n s .  By t h i s  r e a c t i o n  

i t  h a s  been  p o s s i b l e  t o  s e p a r a t e  t h e s e  two m o le c u la r  s p e c i e s  

on an  a n io n  e x c h a n g e r .

P e r i o d a t e  o x i d a t i o n  u n d e r  m ild  c o n d i t i o n s  has been  v e r y

u s e f u l  i n  d e te r m in in g  th e  p o s i t i o n  o f  m a n n i to l  i n  l a m in a r a n .
o f

D u rin g  o x i d a t i o n / a b o u t  0 .4 ^  s o l u t i o n  o f  l a m in a r a n  i n  0.015M 

s o l u t i o n  o f  p e r i o d a t e  a t  2 ^ , t h e  M -chain s  r e l e a s e  one mole 

o f  fo rm a ld e h y d e .  The G -c h a in s ,  how ever, do n o t  r e a c t  u n d e r

su ch  c o n d i t i o n s .  R e d u c t io n  and su b s e q u e n t  m ild  h y d r o l y s i s

o f  th e  o x o p o ly s a c c h a r id e  l e d  t o  t h e  f o r m a t io n  o f  e th y le n e

g l y c o l  ( F ig .7 a )*  T h is  p ro v e s  t h a t ,  t h e  m a n n i to l  r e s i d u e  i s

s i n g l y  l i n k e d  th r o u g h  0-1 ( o r  0-6^ due t o  t h e  symmetry o f  t h e  

m a n n i to l  m o le c u le ) .
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Absence o f  e th y le n e  g l y c o l  a f t e r  S m ith  d e g r a d a t i o n

s t u d i e s  o f  M -chains  l e d  t o  t h e  s u g g e s t i o n  t h a t  th e  m a n n i to l
qa

r e s i d u e  i s  d i s u b s t i t u t e d  a t  C-1 and C-2 . Such l i n k a g e s

sh o u ld  r e s u l t  i n  th e  f o r m a t io n  o f  g l y c e r o l  i n s t e a d  o f  e th y l e n e

g l y c o l  a f t e r  Sm ith  d e g r a d a t i o n  (F ig .7 b )«
97R e -e x a m in a t io n  o f  an  a c i d  h y d r o l y s a t e  o f  l a m in a r a n

a f t e r  p e r i o d a t e  o x i d a t i o n  and r e d u c t i o n  r e v e a l e d  th e  p r e s e n c e

o f  e th y l e n e  g l y c o l .  T h is  was s e p a r a t e d  on r e s i n  and c e l l u l o s e

and was f i n a l l y  c h a r a c t e r i s e d  a s  t h e  d i - p - n i t r o b e n z o a t e .

F u r t h e r  c o n f i r m a t io n  o f  s i n g l y  l i n k e d  m a n n i to l  h a s  been
90 99made from  th e  e s t i m a t i o n  o f  fo rm ic  a c i d  ' r e l e a s e d  on 

o x i d a t i o n  o f  l a m in a r a n  u n d e r  e x c e p t i o n a l l y  m ild  c o n d i t i o n s .  

M -chains s i n g l y  l i n k e d  a t  0-1 ( o r  0 -6 )  o r  d o u b ly  l i n k e d  a t  

0-1 and 0-2  sh o u ld  r e l e a s e  3 and 2 m oles o f  fo rm ic  a c i d  

( F ig .  7 a  & b )  r e s p e c t i v e l y .  I t  was found  t h a t  t h r e e  d i f f ­

e r e n t  sam ples  o f  la m in a ra n ^ ^  gave 3 .0 - 3 .1  m oles  o f  fo rm ic  

a c id  p e r  m a n n i to l  r e s i d u e .

The P re s e n c e  o f  1 , 6 - l i n k a g e s  i n  L am in a ran . I n  a d d i t i o n  t o

P - 1 , 3 - l i n k e d  g lu c o s e  u n i t s ,  th e  p r e s e n c e  o f  P - 1 , 6 - g l y c o s i d i c

l i n k a g e s  i n  la m in a r a n  was f i r s t  s u g g e s te d  by P e a t  and h i s  
88c o -w o rk e r s .  On p a r t i a l  h y d r o l y s i s ,  a s  a l r e a d y  m e n t io n e d , 

l a m in a ra n  y i e l d s  n o t  o n ly  l a m i n a r i b i o s e  and h i g h e r  l a m i n a r i ­

o l i g o s a c c h a r i d e s  b u t  a l s o  g e n t i o b i o s e  and 3 - 0 - g e n t i o b i o s y l -  

g lu c o s e .  A lth o u g h  th e y  p rove  1 , 6 - g l y c o s i d i c  l i n k a g e s  i n
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t h e y
la m in a r a n / r a i 8e th e  q u e s t i o n :  a r e  t h e s e  l i n k a g e s  i n t e r ­

r e s i d u e  o r  p r e s e n t  a s  b r a n c h - p o i n t s .  P e a t  and h i s  oo-

]
88

87w ork e rs  ' i n i t i a l l y  assumed t h a t  1 , 6 - l i n k a g e s  were r e s p o n ­

s i b l e  f o r  b ran c h ed  s t r u c t u r e ,  b u t  l a t e r  on t h e y  r e p o r t e d  

t h a t  l a m in a r a n ’ i s  e s s e n t i a l l y  a  l i n e a r  m o le cu le  i n  w hich  t h e  j

m ain c h a in  o f  P - 1 , 3 - l i n k e d  g lu c o s e  r e s i d u e s  a r e  o c c a s i o n a l l y  !

i n t e r r u p t e d  by P - 1 , 6 - i n t e r - r e s i d u e  l i n k a g e s .  Absence o f  ;

3 :6 - D i - 0 -P - D - g lu c o s y l - D - g lu c o s e  i n  th e  p a r t i a l  h y d r o l y s i s  |

p r o d u c t s  was th e  main b a s i s  f o r  t h i s  c o n c lu s io n .  ^

F u r t h e r  s u p p o r t  o f  1 , 6 - i n t e r - r e s i d u e  l i n k a g e s  i n  , j

l a m in a ra n  came from  m é th y la t io n  s t u d i e s .  M e th y la te d  l a m in -  I
I

a r a n  on h y d r o l y s i s  gave i n  a d d i t i o n  t o  2 ,4 , 6 - t r i - O - m e t h y l - D -  

g lu c o s e ,  a  s m a l l  amount o f  2 ,3 ,4 - t r i - O - m e t h y l - D - g l u c o s e .   ̂ |

U n le s s  t h i s  r e s u l t e d  from  t h e  d é m é th y la t io n  o f  t h e  t e t r a - 0 -  |

m e th y lg lu c o s e ,  i t  c o u ld  o n ly  be d e r iv e d  from  1 , 6 - i n t e r -
t

r e s i d u e  l i n k a g e .  I
I n  c o n t r a s t ,  a  b r a n c h e d - s t r u c t u r e  f o r  l a m in a r a n  has  b een  I

t89 Is u g g e s te d  by s e v e r a l  w o rk e r s .  A nderson  ^  have p ro v id e d
I

e v id e n c e  from  m é th y la t io n  and d e g r a d a t iv e  s t u d i e s .  M e th y la te d  I  

l a m in a ra n  was p r e c i p i t a t e d  w i th  l i g h t  p e t ro le u m  s p i r i t  ( b . p .  |

4 0 - 6 0 ^ ) .  The p r e c i p i t a t e d  m a t e r i a l  amounted to  a b o u t  78^ |

o f  th e  m e th y la te d  p o l y s a c c h a r i d e s .  ' T h is  on h y d r o l y s i s  gave |

2 ,3 ,4 ,6 - t e t r a - O - m e t h y l - D - g l u o o s e  ( 4 .4 ^ 0 ,  2 , 4 , 6 - t r i - O - m e t h y l -  |
I

D -g lu c o se  ( 8 6 .4 ^ 0 ,  u n i d e n t i f i e d  d i - ( 7 . 2 ^ )  and m ono-O -m ethyl-  i
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D -g lu c o se  ( 1 . 9 ^ ) .  The p r o p o r t i o n  o f  t e t r a - O - m e th y l  t o  , ;

t r i - 0 -  and d i - 0 -  m e th y l-D -g lu o o s e  c o r re s p o n d s  to  an  a v e ra g e  I

c h a in  l e n g t h  o f  23 . M o le c u la r  w e ig h t  d e te rm in e d  by i s o -  |

th e rm a l  d i s t i l l a t i o n  was I2 0 0 jw h io h  c o r r e s p o n d s  t o  a  d e g re e  |

o f  p o l y m e r i s a t i o n  o f  58. From t h e s e  two f a c t s  i t  may be !,

c a l c u l a t e d  t h a t  la m in a r a n  has  an  a v e ra g e  o f  two b r a n c h  p o i n t s  |
I

p e r  m o le c u le .  .. '

M oreover, r e p e a t e d  a p p l i c a t i o n  o f  B a r ry  degradation**^^  j

on l a m in a r a n ( w i th  D . P . d i d  n o t  g iv e  any  sm a ll  f r a g m e n ts  |

w h ich  on d i a l y s i s  co u ld  p a s s  th ro u g h  a  c e l lo p h a n e  membrane. |

P e r i o d a t e  o x i d a t i o n  and p h e n y lh y d ra z in e  d e g r a d a t i o n  (B a r ry  I
1

d e g r a d a t i o n )  c le a v e  o n ly  th e  1 ,6 - l i n k a g e s  i n  t h e  la m in a r a n  |

m o le c u le ,  a s  1 , 3 - l i n k a g e s  a r e  immune to  p e r i o d a t e  a t t a c k .  j

The p re s e n c e  o f  1 , 6 - i n t e r - r e s i d u e  l i n k a g e s  i n  l a m in a r a n  !

m o le c u le s  h a v in g  c h a in  l e n g t h  on an a v e ra g e  o f  23 g lu c o s e  !

u n i t s  sh o u ld  l e a d  t o  t h e  f ra g m e n ts  o f  d i a l y s a b l e  s i z e .  I f ,
1

how ever, 1 , 6 - l i n k s  o c c u r  o n ly  a s  i n t e r - c h a i n  l i n k a g e s  t h e n  |

c h a in s  o f  a p p ro x im a te ly  th e  same l e n g t h  would rem a in  a f t e r  I

B a r ry  d e g r a d a t i o n .  I n  f a c t  a f t e r  t h r e e  o x i d a t i o n s  and two !

d e g r a d a t i o n s  t h e . r e s i d u a l  p o ly s a c c h a r id e  r e t a i n s  t h e  c h a r -  |
[

a c t e r i s t i c  p r o p e r t i e s  o f  i n i t i a l  i n s o l u b l e  l a m in a r a n .  From |
!

t h e s e  r e s u l t s  th e  a u th o r s  su g g e s te d  t h a t  u n l e s s  1 , 6 - l i n k s  |

o c c u r  e x c l u s i v e l y  n e a r  t h e  end o f  th e  c h a i n s ,  b ra n c h e d -  ' !

s t r u c t u r e  f o r  la m in a ra n  m o le cu le  i s  more l i k e l y .
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S m ith  d e g r a d a t i o n  s t u d i e s  on l a m in a r a n  a l s o  s u p p o r t  

t h e  b r a n c h e d - s t r u c t u r e  f o r  i n s o l u b l e  l a m in a ra n  from  L. h y p e r ­

b o re a  and f o r  s o l u b l e  l a m in a r a n  from  L, d i g i t a t a . The se q ­

uence  o f  o x i d a t i o n ,  r e d u c t i o n  and m ild  h y d r o l y s i s  c o n v e r t s  

r e d u c in g  g lu c o s e  end g ro u p s  t o  2 - 0 - s u b s t i t u t e d - D - a r a b i n i t o l  

r e s i d u e s ,  a t  t h e  same t im e  1 , 6 - l i n k e d  i n t e r - r e s i d u e  g lu c o s e  

u n i t s  a r e  c le a v e d  w i th  t h e  p r o d u c t io n  o f  3 - 0 - s u b s t i t u t e d  g ly ­

c e r o l  r e s i d u e s .  A second  p e r i o d a t e  o x i d a t i o n  o f  t h e s e  p ro ­

d u c t s  sh o u ld  l i b e r a t e  one mole o f  fo rm a ld eh y d e  from  each  

o r i g i n a l  r e d u c in g  g lu c o s e  r e s i d u e  and an  a d d i t i o n a l  m o le c u le  

o f  formaldehyde" f o r  e v e ry  1 , 6 - i n t e r - r e s i d u e  l in k a g e  ( F i g .S  )• 

A sam ple o f  la m in a ra n  h a v in g  D .P . 24 and 43^ o f  G -c h a in s  gave 

0 .0 1 9  mole ( r e q u i r e d  f o r  1 , 6 - i n t e r - c h a i n  l i n k a g e  0 .0 1 8  m o le s )  

o f  fo rm a ld eh y d e  p e r  an hydro g lu c o s e  u n i t .  These r e s u l t s ,  

t h e r e f o r e ,  p ro v id e  f u r t h e r  e v id e n c e  f o r  t h e  a b se n c e  o f  any  

s i g n i f i c a n t  p r o p o r t i o n  o f  1 , 6 - i n t e r - r e s i d u e  l i n k a g e s .

L am inaran  from  o t h e r  g e n e r a . So f a r  t h e  l a m in a r a n  o f  

l a m i n a r i a  have been  d i s c u s s e d .  O th e r  g e n e ra  t h a t  have b een  

s t u d i e d  o f  th e  c l a s s  Phaeophyoeae  a r e  Pucus s e r r a t u s ,

E i s e n i a  b i c y c l i s  and I s h i g e  o k a m u ra i . .

Pucus L am in a ran . S o lu b le  la m in a ra n  h a s  b een  i n v e s t i g a t e d
101by F lem ing  and Manners i n  an  a t t e m p t  t o  d i s t i n g u i s h  

be tw een  s o l u b l e  and i n s o l u b l e  l a m in a r a n s .  From t h e  fo rm ic
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a c i d  r e l e a s e d  on m ild  p e r i o d a t e  o x i d a t i o n  o f  t h e  s o l u b l e  

la m in a r a n  w i th  a  c o r r e c t i o n  f o r  th e  fo rm ic  a c id  p rodu ced  |

from  m a n n i to l  end g ro u p s ,  th e  c h a in  l e n g t h  (CL) was d e t e r -  i

mined from  v a r i o u s  sa m p le s .  T h is  was c o r r e l a t e d  w i th  DP j

d e te rm in e d  by th e  m easurem ent o f  fo rm a ld eh y d e  p roduced  on |

p e r i o d a t e  o x i d a t i o n  o f  b o ro h y d r id e  re d u c e d  l a m in a r a n s /  I

/Under t h e  c o n d i t i o n s  i n  w hich  b o th  M- and S - c h a in s  y i e l d  one . |

m o lecu le  o f  fo rm ald eh y d e  p e r  c h a in .  Sam ples o f  s o l u b l e  |

l a m in a r a n  from  L* d i g i t a t a  and Pucus s e r r a t u s  gave (TL v a lu e s .

7 -10  and DP v a lu e s  26-31 i n d i c a t i n g  an  a v e ra g e  o f  2 to  3 :

b ra n c h  p o i n t s  p e r  m o le c u le .  Sam ples o f  i n s o l u b l e  l a m in a r a n  

from  L. h y p e rb o re a  s im i la r ^ j f y  i n d i c a t e d  a n  a v e ra g e  o f  1 .6  

b ra n c h  p o i n t s  p e r  m o le c u le ,

E l s e n i a  b i c y c l i s  l a m i n a r a n . S o lu b le  l a m in a r a n ,  = -4 3 ^ ,
102 103d e v o id  o f  m a n n i to l  h a s  been  i n v e s t i g a t e d  by N is iz aw a  ^  a ^ .  *

The a b sen c e  o f  m a n n i to l  was c o n f irm ed  by th e  f a c t  t h a t  DP( l 8 ) -  

found  by m e a su r in g  r e d u c in g  power was a p p ro x im a te ly  t h e  same 

a s  o b ta in e d  c r y o s c o p i c a l l y .  I t  gave on p a r t i a l  a c id  h y d r o l ­

y s i s  c o n s i d e r a b le  am ounts o f  g e n t i o - o l i g o s a c c h a r i d e s  i n  

a d d i t i o n  to  l a m i n a r i o l i g o s a c c h a r i d e s ,  b ran c h ed  t r i s a c c h a r i d e  

su c h  a s  3 , 6 -d i -O - P - g lu c o p y r a n o s y l -D - g lu c o s e  co u ld  be d e t e c t e d  

from  th e  p a r t i a l  h y d r o l y s i s  p r o d u c t s .  C h a r a c t e r i s a t i o n  o f  

g e n t i o t e t r a o s e  and l a m i n a r i c t e t r a o s e  s t r o n g l y  i n d i c a t e  t h a t  a  

c o n s i d e r a b le  p r o p o r t i o n  o f , t h e  1 , 6 - l i n k e d  g lu c o s e  r e s i d u e s



■ 33
*

o c c u r  a s  b lo c k s  among 1 ,3 - l i n k e d  g lu c o s e  r e s i d u e s  to  form

an e s s e n t i a l l y  l i n e a r  h e te ro p o ly m e r .

. ‘ A lk a l in e  d e g r a d a t io n  o f  E i s e n i a  l a m in a r a n  c e a se d  a f t e r  '

t h e  l o s s  o f  a b o u t  one t h i r d  o f  th e  w e ig h t .  I f  i t  i s  assumed

t h a t  p e e l in g  a c t i o n  i s  a r r e s t e d  a t  1 , 6 - l i n k a g e ,  t h e n  t h i s

i n d i c a t e s  t h a t  1 ,3  and 1 ,6 - l i n k a g e s  e x i s t  a t  a  r a t i o  o f  2 : 1 .
103L a t e r  i t  was found  from  Sm ith  d e g r a d a t i o n  s t u d i e s  to  be 

o f  3 : 1 .  ' -

M e th y la te d  E i s e n i a  l a m in a r a n  on h y d r o l y s i s  gave 2 , 3 , 4 , 6 -  

t e t r a - O - m e th y l g l u c o s e ,  2 , 3 , 4 -  and 2 , 4 , 6 - t r i - O - m e t h y l  g l u c o s e s .

No e v id e n c e  o f .d i - O - m e th y lg lu c o s e  was o b ta in e d  i n  th e  h y d ro ly ­

s a t e .  From t h e s e  o b s e r v a t i o n s  i t  h a s  been  c o n c lu d ed  t h a t  

E. b i c y c l i s  l a m in a ra n  i s  a  l i n e a r  po lym er c o n t a i n i n g  1 ,3 -  !

l in k e d  and 1 , 6 - i n t e r - r e s i d u e  l i n k e d  g lu c o s e  r e s i d u e s .  >

I s h i g e  okam urai l a m in a r a n . S o lu b le  la m in a r a n ,  = —3 7 .5 ^ ,

d e v o id  o f  m a n n i to l  h a s  been  r e p o r t e d  by  Maeda e t  

from  _I. o k a m u ra i . H y p o io d i te  and p e r i o d a t e  o x i d a t i o n  i n d i c a t e d  

DP a b o u t  19. P a r t i a l  a c id  h y d r o l y s i s  s t u d i e s  r e v e a l e d  t h a t  

l a m in a r a n  c o n ta in s  b o th  *1,3 and 1 , 6 - l i n k e d  g lu c o s e  r e s i d u e s .  ;

The p r o p o r t i o n s  o f  1 ,6  t o  1 ,3  l i n k a g e s  were found  t o  be 1 : 6 .  ;

M e th y la te d  %. okam urai la m in a r a n  y i e l d e d  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l ,

2 , 4 , 6 - t r i - O - ,  2 , 3 , 4 - t r i - O -  and 2 ,4 - d i - O - m e th y lg lu c o s e s  i n  t h e

i m o la r  r a t i o i o f  1 . 1 : 6 . 2 3 : 1 * 6 : 0 . 4 2 ,  r e s p e c t i v e l y .  Hence t h i s
• • '

l a m in a ra n  h as  1 , 3 - l i n k s  and 1 , 6 - i n t e r - r e s i d u e  l i n k a g e s  i n  & 

p r o p o r t i o n  o f  a p p r o x i m a t e ly ^ l :4 .  ;
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P r o p o r t i o n  o f  2 ,4 -d i -O -n ie t l iy lg lu c o s e  i n d i c a t e s  on a v e ra g e  • 

no more t h a n  a  s i n g l e  b ra n c h  p o i n t  b u t  th e  p o s i t i o n  of 

b ra n c h in g  i s  u n c e r t a i n .  I s h i g e  l a m in a ra n ,  a l th o u g h  e s s e n ­

t i a l l y  l i n e a r ,  i s  an  exam ple where 1 ,6 - l i n k a g e s  o c c u r  b o th  

a s  i n t e r - r e s i d u e  a s  w e l l  a s  i n t e r - c h a i n  s t r u c t u r e .

Lam inaran  from  o t h e r  a l g a e . C h ry so la m in a ra n  o b ta in e d  from  

mixed d ia to m s  o f  O hrysophyceae h a s  b e en  s t u d i e d  by B e a t t i e  

a t  I t  i s  e s s e n t i a l l y  a  l i n e a r  g lu c a n  h a v in g  P - 1 ,3 -

and P - 1 , 6 - l i n k e d  g lu c o s e  r e s i d u e s .  I t  has  CL 11 and DP 21. 

M e th y la te d  c h ry s o la m in a ra n  gave s m a l l  q u a n t i t i e s  o f  2 , 4 - d i - O -  

m e th y lg lu c o s e  i n  a d d i t i o n  to  2 , 4 , 6 - t r i - O - ,  2 , 3 , 4 - t r i - O -  and

2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s e s .  These r e s u l t s  i n d i c a t e d  a  

s i n g l e  b r a n c h - p o i n t  a t *0-6 i n  t h e  m o le c u le .  Prom th e

p e r i o d a t e  o v e r 'o x i d a t i o n  r e s u l t s  i t  h a s  b e en  s u g g e s te d  t h a t  |
!

t h e  b ra n c h  p o i n t  i s  s i t u a t e d  p o s s i b l y  on a v e ra g e  h a l f  way 

a lo n g  th e  c h a in .  T h is  la m in a ra n  i s  d e v o id  o f  m a n n i to l  t e r m -  r

i n a t e d  c h a i n s .  j
107 iS t u d i e s  on t h e  l a m in a r a n  from  P haeodac ty lu m  t r i c o r n u t u m  i

o f  B a c i l l a r io p h y c e a e  r e v e a l e d  t h a t  i t  c l o s e l y  re s e m b le s  t h e  Î

c h ry s o la m in a ra n  i n  i t s  s t r u c t u r a l  p a t t e r n .  |

Prom th e  f o r e g o in g  d i s c u s s i o n  i t  i s  c l e a r  t h a t  t h e  te rm  |

l a m in a r a n ,c o v e r s  a  wide ra n g e  o f  g l u e ans w h ich  a r e  e s s e n t i a l l y  |

l i n e a r  m o le c u le s  c o n t a i n i n g  b o th  1 ,3 - a n d  1 ,6 - l i n k e d  g lu c o s e  |

u n i t s  w i th  m ino r  s t r u c t u r a l  d i f f e r e n c e s  i n  some s p e c i e s  o f  |
ttt
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a l g a e ,  L am inaran  from  some s p e c i e s  a r e  m i x t u r e s 'o f  two
i

m o le c u la r  fo rm s one i s  t e r m in a t e d  by m a n n i to l  r e s i d u e s  and |
I !

th e  o t h e r  i s  t e r m in a t e d  by r e d u c in g  g lu c o s e  r e s i d u e s .  I n  j

c o n t r a s t ,  some s p e c i e s  have o n ly  r e d u c in g  g lu c o s e  t e r m in a t e d  |

m o le c u le s .  The 1 ,6 - l i n k a g e  a p p e a r  t o  be p r e s e n t  a s  i n t e r ­

c h a in  and i n t e r - r e s i d u e  a n d /o r  b o th  i n  some s p e c i e s .  I t  i s  

p ro b a b le  t h a t  v a r i a t i o n  i n  s o l u b i l i t y  o f  la m in a ra n  may be 

due n o t  o n ly  to  t h e  d e g re e  o f  b r a n c h in g  b u t  a l s o  t o  t h e  amount i

o f  1 , 6 - l i n k a g e s .
' I

A lg in ic  Acid

A p o ly u r o n id e ,  a l g i n i c  a c i d ,  c o n s t i t u t e s  one o f  th e  p r i n ­

c i p a l  c a r b o h y d r a te s  o f  brown seaw eeds. I t  was f i r s t  d i s ­

c o v e re d  i n  a b o u t  I 88O by S t a n f o r d ^ a n d  h a s  s in c e  t h e n  become 

a  p r o d u c t  o f  com m ercial i n t e r e s t .  The h y d r o p h i / l i c  c o l l o i d a l  • j 

p r o p e r t i e s  and th e  a b i l i t y ,  a t  low c o n c e n t r a t i o n ,  t o  form  g e l s  |

o r  v i s c o u s  s o l u t i o n s  a r e  t h e  main c h a r a c t e r i s t i c s  f o r  commer -  |

c i a l  u s e s .  I

A lg in ic  a c i d  has  b een  found  i n  a l l  t h e  brown seaw eeds so  i
!

f a r  exam ined b u t  t h e  c o n te n t  v a r i e s  w i t h i n  a  ra n g e  o f  14 t o
109-112

40^ from  s p e c i e s  to  s p e c i e s  and a l s o  from  s e a s o n  to  s e a s o n .  i

I t  i s  u s u a l l y  low d u r in g  t h e  p e r io d  o f  r a p i d  g row th  i n  summer I

and i s  h i g h e r  i n  c o ld e r  m on ths . I t  i s  i n s o l u b l e  i n  w a te r  |

and i s  u s u a l l y  e x t r a c t e d  w i t h  d i l u t e  sodium  c a r b o n a te  s o l u t i o n  

a s  s o l u b l e  sodium a l g i n a t e  w i t h  a p p r o p r i a t e  p r i o r  t r e a t m e n t s  |
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o f  th e  weed so a s  to  remove s a l t s ,  m a n n i to l ,  l a m in a ra n ,  

f u c o id a n  and some c o lo u r i n g  m a t t e r .  Sodium a l g i n a t e  can  

be o b ta in e d  a f t e r  p r e c i p i t a t i o n  and r e p r e c i p i t a t i o n ^ ^ ^ * ^ ^ ^  

i n  a l c o h o l  and f i n a l  c o l l e c t i o n  a f t e r  f r e e z e - d r y i n g .  I t  

can  be o b ta in e d  a s  f r e e  a c id  by t r e a t i n g  t h e  sodium a l g i n a t e  

s o l u t i o n  w i th  h y d r o c h l o r i c  a c i d  o r  a s  th e  c a lc iu m  s a l t  by 

t r e a t i n g  w i t h  d i l u t e  c a lc iu m  c h l o r i d e  s o l u t i o n .

A lth o u g h  a l g i n i c  a c id  i s  known t o  be p r e s e n t  i n  brown 

seaw eeds and h as  been  u se d  f o r  com m erc ia l p u rp o s e s  f o r  some 

40 y e a r s ,  , , i t s  m o le c u la r  s t r u c t u r e  has  n o t  y e t  been  c o m p le te ly ^  

e s t a b l i s h e d .  T h is  i s  m a in ly  b e c a u se  o f  i t s  marked r e s i s ­

t a n c e  to  h y d r o l y s i s  u n d e r  th e  c o n d i t i o n s  t h a t  do n o t  d e s t r o y  

th e  p r o d u c t s .  I n i t i a l l y  i t  was c o n s id e r e d  t o  be a  n i t r o -
4 4 C

geneous o r g a n ic  a o id  ^ b u t  l a t e r  work p roved  i t  t o  be a

p o l y s a c c h a r i d e .^ ^  I n  f a c t  th e  work o f  N e lso n  and Cretcher^**^

proved  t h a t  m annuronic  a c i d  was a  c o n s t i t u e n t  o f  a l g i n i c  a c i d .

By d e c a r b o x y l a t i o n  o f  a l g i n i c  a c id  w i th  h y d r o c h l o r i c  a c id

th e y  o b ta in e d  c a rb o n  d io x id e  ( 2 4 .2 ^ )  c o r r e s p o n d in g  to  a  u r o n i c

a c i d  c o n te n t  o f  100^. F u r t h e r  e v id e n c e  was o b ta in e d  by th e

i s o l a t i o n  o f  L -m annuron ic  a c id  and i t s  l a c t o n e  from  th e
117h y d r o l y s a t e  o f  M a c ro c y s t i s  p y r i f e r a .

S t r u c t u r a l  i n v e s t i g a t i o n s  on a l g i n i c  a c i d  u s i n g  m e th y l -  

a t i o n  t e c h n iq u e  d i f f i c u l t  due t o  th e  p r e s e n c e  o f  carboxy! 

g ro u p s .  However, a f t e r  t r e a tm e n t  w i t h  m e th a n o l io  h y d ro g en
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c h l o r i d e  (10^J a  w a te r  s o l u b l e  d e g ra d e d  po lym er o f  c o n s id ­

e r a b l y  lo w e r  v i s c o s i t y  t h a n  th e  o r i g i n a l  po lym er^^^  was 

o b ta in e d .  I t  was p o s s i b l e  to  m e th y la t e  t h i s  w i t h  t h a l l o u s  

h y d ro x id e  and m e th y l j io d id e .  M e th a n o ly s is  o f  th e  m eth y lated  

m a t e r i a l  gave th e  m e t h y l e s t e r  o f  2 ,3 -d i-O -m e th y l-D -m a n n u ro n -  

o s id e  w hich  on d e g r a d a t i v e  'o x i d a t i o n  gave 2 ,3 - d i - O - m e th y l -  

e r y t h r a r i c  a c id  (P ig .  9 ) [p 40* .

M é th y la t io n  te c h n iq u e  l a t e r  on was e x te n d e d  t o  a  l e s s
11 q

d e g ra d ed  a l g i n i c  a c i d .  A f t e r  Haworth m é th y la t io n  and

h y d r o l y s i s  w i th  fo rm ic  a c i d ,  t h e  p r o d u c t s  were c o n v e r te d  i n t o  

t h e  m e t h y l e s t e r  m e th y lg ly c o s id e s .  These were re d u c e d  w i th  

l i t h i u m  alum in ium  h y d r id e  and th e  d e r iv e d  m e th y lg ly c o s id e s  

were h y d r o ly s e d .  The m a jo r  component o f  t h e  h y d r o l y s a t e  was 

c h a r a c t e r i s e d  a s  2 ,3 -d i-O -m e th y l-D -m a n n o se  by c o n v e r t in g  i t  

i n t o  2 ,3 - d i - O - m e t h y l - D - e r y t h r a r i c  a c id  ( P ig .  S ) .  These 

r e s u l t s  t o g e t h e r  w i th  t h e  n e g a t iv e  r o t a t i o n  l e d  to  t h e  con­

c l u s i o n  t h a t  th e  m ain s t r u c t u r a l  f e a t u r e  o f  t h e  a l g i n i c  a c id  

m o le cu le  i s  a  l i n e a r  c h a in  o f  P - 1 ,4 - l in k e d -D -m a n n u ro n ic  a c id

r e s i d u e s .  T h is  c o n c lu s io n  was in d e e d  i n  a c c o rd a n c e  w i t h  t h e
120r e s u l t s  o b ta in e d  from  p e r i o d a t e  and b rom ine  o x i d a t i o n s

121a s  w e l l  a s  x - r a y  d i f f r a c t i o n  s t u d i e s .

However, t h e  m a jo r  advance  i n  a l g i n i c  a c id  c h e m is t r y  

came from  P i s c h e r  and D o r f e l . ^ ^ ^  They, w i th  im proved 

c h ro m a to g ra p h ic  t e c h n iq u e s ,  were a b l e  t o  show t h a t  g u l u r o n ic  

a c i d  i n  a d d i t i o n  t o  m annuron ic  a c i d  was p r e s e n t  i n  a l g i n i c



38

a c i d  from  v a r i o u s  s p e c i e s  o f  brown a l g a e .  They were a l s o
123a b le  t o  s e p a r a t e  two c r y s t a l l i n e  l a c t o n e s ;  ^ D -m annurono-and

Ir-guluronO 'lactones, from th e  a c id  h y d r o ly sa te  o f  a lg in ic

a c id  and c o n c lu d ed  from  i n f r a r e d  m easurem ents  t h a t  b o th  t h e

l a c t o n e s  were p y ran o se  3 , 6 - l a c t o n e s .  The r a t i o  o f  th e  two

l a c t o n e s  v a r i e d  a c c o rd in g  t o  t h e  p a r t i c u l a r  weed and t h e

c o n d i t i o n s  o f  h y d r o l y s i s .  P ro lo n g e d  h e a t i n g  w i t h  0 .5 N -

s u l p h u r i c  a c i d ,  how ever, c au se d  more d e g r a d a t i o n  o f

L - g u lu r o n o la c to n e  th a n  D -m an n u ro n o lac to n e .

However, f u r t h e r  p r o o f  t h a t  g u lu r o n ic  a c id  u n i t s  a r e

in d e e d  p r e s e n t  i n  th e  n a t i v e  a l g i n i c  a c id  and have n o t

r e s u l t e d  d u r in g  a l k a l i n e  e x t r a c t i o n ,  was o b ta in e d  by th e

a c i d i c  h y d r o l y s i s  o f  t h e  weed i t s e l f  where b o th  a c i d s  were

p r e s e n t  i n  t h e  h y d r o l y s a t e .  I n  o r d e r  t o  p r o v id e  a d d i t i o n a l

e v id e n c e  t h a t  g u lu r o n ic  a c i d  was n o t  an  a r t e f a c t  o f  a c id

h y d r o l y s i s  and a l s o  t o  o b t a i n  e v id e n c e  o f  t h e  n a t u r e  o f  i t s

l in k a g e  i n  t h e  m acro m o lecu le ,  p e r i o d a t e  o x i d a t i o n  fo l lo w e d

by brom ine o x i d a t i o n  o f  t h e  d e r iv e d  a ld e h y d e  t o  c a r b o x y l i c

g ro ups  was c a r r i e d  o u t .  1 , 4 - l i n k e d  L - g u lu r o n ic  a c id  sh o u ld

u n d e r  t h e s e  c o n d i t i o n s  g iv e  r i s e  t o  L - ( + ) t a r t a r i c  a c id  w h i le

1 , 4 - l i n k e d  D-m annuronic a c i d  y i e l d s  m e s o t a r t a r i c  a c id

( P i g . 1 0 ) .  I n  f a c t  b o th  t h e  a c i d s  were i s o l a t e d  and c h a r -  
12ka c t e r i s e d .  S i m i l a r  r e s u l t s  have a l s o  b een  o b ta in e d  by

125th e  h y p o c h l o r i t e  o x i d a t i o n  o f  a l g i n i c  a c i d .
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I s o l a t i o n  and c h a r a c t e r i s a t i o n  o f  2 ,3 -d i - O -m e th y l - D -

m annose, 1 ,6 - a n h y d r o - 2 ,3 - d i - 0 - m e t h y l - l - g u l o s e  'and 2 ,3 - d i - O -

m e th y l -L -g u lo s e  a s  th e  p r o d u c t s  o f  th e  re d u c e d  m e th y la te d

p o ly sa c c h a r id e * '^ ^  c o n firm ed  th e  1 , k - l i n k a g e s  i n  b o th

D -m annuronic and L - g u lu r o n ic  a c i d  r e s i d u e s  i n  a l g i n i c  a c i d .

O th e r  t y p e s  o f  l i n k a g e s  were e x c lu d e d  by m é t h y l a t io n  s t u d i e s
127o f  v a r io u s  sam ples o f  a lg i n a t e s , .

D e s p i te  th e  e v id e n c e  t h a t  a l g i n i c  a c id  i s  a  l i n e a r  m ole­

c u le  and i s  b u i l t  up o f  1 , k - g l y c o s i d i c ' l i n k a g e s ,  i t  d oes  n o t ,  

u n d e r  c o n d i t i o n s  t h a t  av o id  o v e r  o x i d a t i o n ,  consume more 

t h a n  0 .5 5  m oles o f  p e r i o d a t e  p e r  a n h y d ro h e x u ro n ic  a c i d  r e s i d u e .

V a r io u s  e x p la n a t i o n s  have b e en  p u t  fo rw a rd  t o  a c c o u n t  f o r  t h i s  
1 12*1d i s c r e p a n c y .  * R e c e n t ly ,  e v id e n c e  has  been  advanced

t h a t  th e  abnorm al o x i d a t i o n  l i m i t  i s  due t o  i n t e r - r e s i d u e ,
128 129i n t e r - m o l e c u l a r  h e m ia c e ta l  f o r m a t io n .  *

Sodium a l g i n a t e  on o x i d a t i o n  w i th  0.01M sodium  m e ta -  

p e r i o d a t e  consumed 0 .4 5  m oles o f  p e r i o d a t e  p e r  h e x u ro n ic  a c id  

r e s i d u e s .  The o x o p o ly s a c c h a r id e  a f t e r  r e d u c t i o n  to  p o ly ­

a lc o h o l  w i th  sodium b o ro h y d r id e  a g a in  became v u l n e r a b l e  t o  

p e r i o d a t e  and f u r t h e r  o x i d a t i o n  p ro c e e d e d  sm o o th ly  up t o  a  

second  o x i d a t i o n  l i m i t ,  c o r r e s p o n d in g  t o  a  t o t a l  consu m ptio n  

o f  0 .9 5  m oles  o f  p e r i o d a t e  p e r  h e x u ro n ic  a c i d  r e s i d u e .  A 

second  r e d u c t i o n  w i t h  b o ro h y d r id e  t h e n  p e r m i t t e d  f u r t h e r  

r e d u c t i o n  o f  p e r i o d a t e ,  b r i n g i n g  th e  t o t a l  co n su m ptio n  c lo s e  

to  th e  t h e o r e t i c a l  l i m i t  o f  1 .0  m oles p e r  h e x u ro n ic  a c id
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r e s i d u e  f o r  a  1 , 4 - l i n k e d  p o ly u r o n id e .  P r e - t r e a t ment o f  th e  

[ a l g i n a t e  w i th  b o r o h y d r id e ,  how ever, d id  n o t  a l t e r  t h e  f i r s t  

o x i d a t i o n  l i m i t  o f  0 .4 5  m oles p e r  .h e x u ro n ic  a c id  r e s i d u e .

Assuming ( i )  t h a t  o x i d a t i o n  i n i t i a l l y  p ro c e e d s  i n  a  r a n ­

dom m anner, ( i i )  t h a t  o n ly  one r e s i d u e  i n  t h e  c h a in  s u f f e r s  

o x i d a t i o n  a t  any  i n s t a n t  o f  t im e ,  and ( i i i )  t h a t  th e  two 

n e a r e s t  n e ig h b o u rs  a r e  th e n  i n s t a n t a n e o u s l y  p r o t e c t e d  from  >

th e  f u r t h e r  o x i d a t i o n ,  t h e  o x i d a t i o n  l i m i t  o b ta in e d  i n  p r a c -
1 2 9t i c e  was v e ry  c l o s e  t o  th e  c a l c u l a t e d  v a lu e .  E x p la n a t io n s

o f  t h e s e  r e s u l t s  were advanced  on th e  b a s i s  o f  f o r m a t io n  o f  

an  i n t e r - r e s i d u e  h e m ia c e ta l  r i n g .  # i

orfOH

0

OH

0- ' *

An o x id i s e d  a l g i n i c  a c id  c h a in  show ing s i n g l e  

p r o t e c t i o n  o f  two n e a r e s t  n e ig h b o u r s

A lth o u g h  i t  i s  c l e a r  t h a t  a l g i n i c  a c id  i s  b u i l t  up from  

two ty p e s  o f  monomerss D -m annuronic  and L - g u lu r o n ic  a c i d  

r e s i d u e s ,  i t  h a s  n o t  b e en  e s t a b l i s h e d  w h e th e r  i t  i s  a  h e t e r o  

o r  hom oglyean . F r a c t i o n a t i o n  i n t o  two ho m op o ly u ro n id es  h a s

n o t  been  a c h ie v e d  b u t  p a r t i a l  f r a c t i o n a t i o n  i n t o  m annurone-
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and g u l u r o n e - r i c h  m a t e r i a l s  h a s  been  a cc o m p lish e d  by p r e -
150c i p i t a t i o n  o f  th e  fo rm e r  w i t h  p o ta s s iu m  c h l o r i d e  o r  by

th e  a d d i t i o n  o f  a  m ix tu re  o f  manganous s u lp h a te  and p o ta s s iu m  
151c h l o r i d e  t o  a  sodium a l g i n a t e  s o l u t i o n  when th e  g u lu r o n e -

r i c h  f r a c t i o n  i s  p r e c i p i t a t e d .

I n  o r d e r  t o  d e c id e  be tw een  homo and h e te r o p o ly m e r io

n a tu r e  o f  a l g i n i c  a c id  i t  was s u b j e c t e d  to  p a r t i a l  a c id  
1 52h y d r o l y s i s .  From th e  hydro  l y s a t e  m ix tu r e s  o f  o l i g o u r o n i c

and u r o n ic  a c i d s  were o b t a i n e d .  These r e s u l t s ,  how ever,

gave no p ro o f  t h a t  b o th  u r o n ic  a c i d s  o c c u r  i n  a  s i n g l e  m o le -
■*

c u l e .  F u r t h e r  e f f o r t  to  s o lv e  t h i s  p rob lem  was made by

H i r s t  e t  a l . ^ ^ ^  A lg in ic  a c id  was c o n v e r te d  to  d i - 0 -
»

p r o p i o n y l a l g i n a t e  w hich  was th e n  s o l u b l e  i n  o r g a n ic  s o l v e n t s  

and co u ld  be re d u c e d  w i th  d ib o r a n e  i n  e t h e r  and th e  r e s u l t i n g  

n e a r l y  n e u t r a l  po lym er on p a r t i a l  a c i d  h y d r o l y s i s  gave some 

o l i g o s a c c h a r i d e s .  From t h e s e  4 -0 -P -m a n n o s y lg u lo s e  and 

P -1 ,4 -m a n n o b io se  were i s o l a t e d  and c h a r a c t e r i s e d .  These 

r e s u l t s  i n d i c a t e d  t h a t  a t  l e a s t  some o f  t h e  p o ly m e r ic  m ole­

c u le s  c o n ta in  b o th  m annuron ic  and g u l u r o n ic  a c id  r e s i d u e s  and 

a l s o  t h a t  m annuronic  a c id  r e s i d u e s  a re  a d j a c e n t .

I n f o r m a t io n  a b o u t  th e  sequ en ce  o f  u r o n i c  a c id  r e s i d u e s  

i n  th e  a l g i n a t e  m o lé cu le  h a s  been  o b ta in e d  b y  an  e l e g a n t  

method o f  h e te ro g e n o u s  h y d r o l y s i s . H y d r o l y s i s  o f  sodium  

a l g i n a t e  from  L a m in a r ia  d i g i t a t a  w i th  M -o x a l ic  a c i d  ( i n  

w hich  sodium  a l g i n a t e  i s  i n s o l u b l e  hence  i t  i s  c o n s id e r e d
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a s  a  h e te ro g e n o u s  h y d r o l y s i s )  a t  100^ f o r  a b o u t  10 h o u rs  

d i s s o l v e d  ab o u t  30^ o f  th e  t o t a l  a l g i n a t e  i n d i c a t i n g  t h a t  

some p a r t s  o f  th e  m a t e r i a l  were more r e a d i l y  h y d r o ly s e d  t h a n  

o t h e r s .  When th e  r e s i s t a n t  ( i n s o l u b l e )  m a t e r i a l  was d i s s ­

o lv ed  i n  a l k a l i  and t h e n  th e  pH was a d j u s t e d  t o  2 ,8 5  i n  

d i l u t e  sodium  c h l o r i d e  s o l u t i o n ,  two f r a c t i o n s  s o l u b l e  and 

i n s o l u b l e  s e p a r a t e d .  Both t h e  f r a c t i o n s  were o f  DP a b o u t  

20 u n i t s  b u t  s o l u b l e  f r a c t i o n  was made up a lm o s t  e n t i r e l y  o f  

m annuron ic  and th e  i n s o l u b l e  f r a c t i o n  o f  g u lu r o n ic  a c i d  r e s i ­

d u e s .

When th e  r e s i s t a n t  m a t e r i a l  was d i s s o l v e d  i n  a l k a l i  and 

r e p r e c i p i t a t e d  a s  a c id  (b u t  n o t  f r a c t i o n a t e d )  and h y d ro ly s e d  

f o r  a  f u r t h e r  10 h o u rs  a b o u t  19^ o f  i t  d i s s o l v e d ,  and t h e  

same happened a f t e r  a  second  d i s s o l u t i o n  and p r e c i p i t a t i o n  

and a  t h i r d  10 h o u rs  p e r io d  o f  h y d r o l y s i s .

The r a t e  o f  f o r m a t io n  o f  r e d u c in g  end g roup s  was th e  

same d u r in g  a l l  t h r e e  s t a g e s  o f  h y d r o l y s i s ,  b u t  a  r a p i d  

d e p o ly m e r iz a t io n  was o b se rv e d  i n  t h e  f i r s t  p e r io d  i n d i c a t i n g  

random a t t a c k  on g l y c o s i d i c  l i n k a g e s ,  A s m a l l  r e d u c t i o n  i n  

th e  a v e ra g e  DP o f  t h e  i n s o l u b l e  m a t e r i a l  to o k  p l a c e  i n  th e  

second  and t h i r d  p e r io d s  s u g g e s t in g  t h e  rem ova l o f  h y d r o ly -  

s a b l e  m a t e r i a l  from  th e  c h a in  e n d s .

The h y d r o l y s a te  from  f i r s t  t e n - h o u r  p e r io d  c o n ta in e d  

b o th  m annuronic  and g u lu r o n ic  r e s i d u e s  t o g e t h e r  w i t h  d i u r o -  

n i d e s  o f  two d i f f e r e n t  m o b i l i t i e s .  I n  c o n t r a s t ,  t h e
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h y d r o ly s a te  o f  t h e  second  t e n - h o u r  o r  t h i r d  t e n - h o u r  p e r io d  

c o n ta in e d  o n ly  one d iu r o n id e  and t h a t  to o  was o f  th e  same 

m o b i l i t y  a s  t h e  m inor component o f  th e  f i r s t  t e n - h o u r  

h y d r o l y s i s .

The m ajo r  d iu r o n id e  o f  f i r s t  t e n - h o u r  p e r io d  was found

t o  be b u i l t  up o f  m annuronic  and g u lu r o n ic  a c i d  r e s i d u e s
■fhe.

w h i le  t h e  m a jo r  d iu r o n id e  o f / l a s t  two p e r io d s  was composed 

o f  d im an n u ro n ic  and d i g u lu r o n i c  a c id  r e s i d u e s .  These 

r e s u l t s  th u s  i n d i c a t e  t h a t  a l g i n a t e  m o le cu le  c o n ta in s  b lo c k s  

o f  m annuronic  a c id  r e s i d u e s  and g u l u r o n ic  a c id  r e s i d u e s  and 

a t  t h e  same t im e  a  p o r t i o n  w i th  p re d o m in a n t ly  a l t e r n a t i n g  

s t r u c t u r e .

To s u b s t a n t i a t e  th e  r e s u l t s  o f  h e te ro g e n e o u s  h y d r o l y s i s ,
135s i m i l a r  s t u d i e s  w ere e x te n d ed  t o  homogeneous h y d r o l y s i s  

o f  a l g i n a t e  from  th e  same s p e c i e s .  L ik e  t h e  p r e v io u s  s t u d i e s  

t h i s  to o  su g g e s te d  t h a t  th e  a l g i n a t e  m o le cu le  i s  a  b lo c k  co­

polym er o f  m annuronic  and g u lu r o n ic  a c i d s ,  20 -30  u n i t s  lo n g ,  

s e p a r a t e d  by b lo c k s  h a v in g  a  h ig h  p r o p o r t i o n  o f  a l t e r n a t i n g  

m annuron ic  and g u lu r o n ic  a c i d  r e s i d u e s .

b lo c k s  c o n ta in i n g  e s s e n t i a l l y  one ty p e  o f

r e s i d u e ,  t h e  r e s i s t a n t  p a r t .

b lo c k s  c o n t a i n i n g  a lm o s t  a l t e r n a t e  r e s i d u e s ,

th e  h y d r o ly s a b le  p a r t . '
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F u co id an

F u c o id a n ,  f o r m e r ly  known a s  f u o o i d l n ,  l i k e  a l g i n i c  a c i d ,  

i s  one o f  t h e  p r i n c i p a l  p o l y s a c c h a r i d e s  o f  brown a lg a e .

I t s  p r o p o r t i o n  i n  v a r i o u s  a lg a e  depends on s p e c i e s  and to  a
156 157 2l e s s  e x t e n t  on l o c a t i o n  and s e a s o n .  * K y l in  f i r s t

i s o l a t e d  fu c o id a n  from  v a r i o u s  s p e c i e s  o f  L a m in a r ia  and

F u c u s . From th e  h y d r o l y s a t e . o f  f u c o id a n  he s e p a r a t e d  fu c o s e

and c h a r a c t e r i s e d  i t a s t h e  p h e n y l-L - fu c o s a z o n e  and c la im e d  t h a t

p e n to s e s  were a l s o  p r e s e n t  i n  th e  h y d r o l y s a t e .
1 58B ird  and Eads ^ i s o l a t e d  f u c o id a n  by s o a k in g  f r e s h

f r o n d s  o f  L. d i g i t a t a  i n  w a te r  and p r e c i p i t a t i n g  a  c ru d e

f u c o id a n  from  th e  e x t r a c t  w i th  e t h a n o l .  The m a t e r i a l  a f t e r

p u r i f i c a t i o n  gave 3 0 .9 ^  a s h ,  30.37» s u l p h a t e  and 7*3^ u r o n i c

a c i d .  S in c e  th e  t o t a l  s u l p h a t e  c o n te n t  was a p p ro x im a te ly

d o u b le  t h a t  found i n  t h e  a s h ,  f u c o id a n  was c o n s id e r e d  t o  be

a  c a r b o h y d r a te  e t h e r e a l  s u l p h a t e .

At th e  same tim e  a n o th e r  w a te r  s o l u b l e  p o ly s a c c h a r id e

v e ry  s i m i l a r  t o  f u c o id a n  was i s o l a t e d  from  th e  g i a n t
159M a c ro c y s t i s  p y r i f e r a  and was found to  c o n t a i n  L - fu c o s e ,  

a  h ig h  p r o p o r t i o n  o f  h a l f  e s t e r  s u l p h a te  and a b o u t  2 .6 ^  

u r o n i c  a c i d .

F u c o id a n  was a l s o  o b ta in e d  from  t h e  e x u d a te  from  f r e s h l y  

c o l l e c t e d  L. d i g i t a t a . A f t e r  p u r i f i c a t i o n  from  b o i l i n g  

e t h a n o l ,  a  p ro d u c t  c o n t a in i n g  26 -30^  a s h  o f  w hich  th e  s u l p h a t e  

c o n te n t  was a b o u t  h a l f  t h e  t o t a l  o f  s u l p h a t e  i n  t h e  p o ly ­



46

s a c c h a r id e  was o b ta in e d .  The main i n o r g a n ic  c a t i o n  was 

sodium . D i s t i l l a t i o n  w i th  h y d r o c h l o r i c  a c id  gave a  v a lu e  " 

c o r r e s p o n d in g  to  o n ly  33-377» o f  th e  m e th y lp e n to s e  f o r  a 

fo rm u la  (RR'-O-SOg-OMjn, where R, f u c o s e ;  R’ , o t h e r  s u g a r s  

and M, m e ta l .

Advancement on th e  s t r u c t u r e  o f  f u c o id a n  was made by

P e r c i v a l  and R oss .^^^  They examined f u c o id a n s  from

P. -v e s i c u l o s u s , F. s p i r a l i s , L. h y p e rb o re a  and H im a n th a l ia

l o r e a  by e x t r a c t i n g  w i t h  h o t  w a te r .   ̂ I t  was p u r i f i e d  to

remove a l g i n a t e  and p r o t e i n ,  by  l e a d  a c e t a t e  and su b s e q u e n t

t r e a tm e n t  w i th  b a rium  h y d ro x id e  l e d  to  th e  s e p a r a t i o n  o f  th e

f u c o i d a n - l e a d  com plex w hich  was decomposed w i th  d i l u t e

s u l p h u r i c  a c i d .  The r e s u l t i n g  s o l u t i o n  was f r e e d  from  a

c o n s id e r a b le  amount o f  c o lo u r i n g  m a t t e r  by f i l t r a t i o n  th ro u g h

F i l t e r - c e l ,  T h th y d ro ly sa te  o f  F. v e s i c u l o s u s  was found to

c o n ta in  p e n to s e  i n  a d d i t i o n  t o  f u c o s e .
\ k i

A c ru d e  f u c o id a n  from  H. l o r e a  was p u r i f i e d  a f t e r  

d i a l y s i s  and c o n c e n t r a t i o n ,  by p r e c i p i t a t i o n  w i th  a l c o h o l .  

F u r t h e r  p u r i f i c a t i o n  was c a r r i e d  ou t by t r e a tm e n t  w i th  c h a r c o a l  

and F i l t e r - c e l .  The f u c o id a n  i s o l a t e d  had = - 1 4 0 ° ,

and c o n ta in e d  a p p ro x im a te ly  44^  f u c o s e ,  3 2 .5 ^  s u l p h a t e ,  2 2 .5 ^  

a s h  and 7 .0 ^  m e ta l .  I n  c o n t r a s t  to  th e  f i n d i n g s  o f  Lund e t  

a l^ ^ ^  th e  m ain in o r g a n i c  io n  was found  to  be c a lc iu m .

S in c e  c a lc iu m  fu c a n  m o n o su lp h a te  r e q u i r e s  fu c o s e  66^»,
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s u l p h a t e  3 9 .0 ’/o and c a lc iu m  8 .0 ^ ;  44/» fu c o s e  was r a t h e r  low .

P ro lo n g e d  s e a r c h  by v a r i o u s  m ethods i n c l u d i n g  p e r i o d a t e  

o x i d a t i o n  o f  th e  h y d r o l y s i s  p r o d u c t s  and c h ro m a to g ra p h ic  

a n a l y s i s ,  f a i l e d  to  show th e  p re s e n c e  o f  more - t h a n  s m a l l  

q u a n t i t i e s  o f  any o t h e r  s u g a r s .  T h is  d i s c r e p a n c y  was acco u n ­

t e d  f o r  when i t  was o b se rv e d  t h a t  th e  p o l y s a c c h a r i d e s  r e t a i n e d  

w a te r  ( c a ' I O ^ )  and e th a n o l  ( c a  6^) d e s p i t e  d r y in g  a t  4 0 ° /

0 .1  mm f o r  l8  h o u r s .  A f t e r  making c o r r e c t i o n s  f o r  t h e  

a b so rb e d  s o l v e n t s  t h e  m ost h i g h ly  p u r i f i e d  sam ples  o f  H. l o r e a  

f u c o id a n  gave s u lp h a te  3 8 .3 ^  and m e ta l  8 .2 ^  and from  fu c a n  

h y d r o l y s a t e  th e  f o l lo w in g  p e rc e n ta g e  o f  s u g a r s  were o b ta in e d :  

f u c o s e ,  5 6 . 7^ ;  u r o n i c  a c id  3 .3 ^ ;  x y lo s e  1 .5 ^  and g a l a c t o s e  

4 .1 ^ .  These v a lu e s  a r e  i n  c lo s e  ag reem en t w i th  c a lc iu m  

f u c a n  m o n o su lp h a te  and t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  p r i n ­

c i p a l  c o n s t i t u e n t s  o f  th e  f u c o i d a n  a r e  f u c o s e  r e s i d u e s  and 

s u l p h a t e  g ro u p s .  The s m a l l  p r o p o r t i o n s  o f  o t h e r  s u g a r  r e s i ­

du es  were c o n s id e r e d  t o  be i m p u r i t i e s .

S i m i l a r l y ,  fu c o id a n ^ ^ ^  was o b ta in e d  from  P. v e s i c u l o s u s  

b u t  th e  p r o c e s s  o f  p u r i f i c a t i o n  was r e l a t i v e l y  l e s s  i n t e n s i v e .  

I t  had [ a l g  = - 118° ,  fu c o s e  38^ and s u l p h a t e  3 2 .8 ^ .  I t  

was found  by a l k a l i  t r e a tm e n t  t h a t  a p p ro x im a te ly  10^ o f  t h e  

e s t e r  s u lp h a te  was a l k a l i  l a b i l e  i n d i c a t i n g  t h a t  onlya s m a l l  

p r o p o r t i o n  o f  th e  s u l p h a t e  g ro u p s  were l i n k e d  to  0 -2  o r  0 -3  

o f  1 , 4 - l i n k e d  f u c o s e  r e s i d u e s .  T h is  a l s o  r e q u i r e s  t h a t  th e  

m ain  l i n k a g e  o f  L - fu c o p y ra n o s e  u n i t s  i n  f u c o id a n  c a n n o t  be
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1 , 4 - l i n k e d ,  s i n c e  t h i s  would r e n d e r  s u l p h a t e  g rou p s  a l k a l i

l a b i l e  ( F i g . l l a ) .

The m a t e r i a l  on m é t h y l a t i o n  y i e l d e d  a  p o l y s a c c h a r i d e  

( fo  OCH^, 15.8^0 which on h y d r o l y s i s  gave 3 - 0 - m e t l i y l - L - f u o o s e  

( 5 7 ^ ) ,  f r e e  L - fu c o s e  (20^)  and 2 , 3 - d i - O - m e t h y l - L - f u c o s e  ( 2 0 ^ ) .  

S in c e  t h e  m a jo r  p r o p o r t i o n s  o f  s u l p h a t e  g ro up s  a r e  s t a b l e  i n  

a l k a l i  and 3 - 0 - m e t h y l f u c o s e  i s  t h e  m a jo r  p r o d u c t#  o f  m e t h y l -  j 

a t i o n ,  f u c o s e  r e s i d u e s  i n  th e  n a t i v e  po lym er  must be 1 , 2 -  

l i n k e d  w i t h  s u l p h a t e  g r o u p ,o n  0 - 4 .  The s t r o n g l y  n e g a t i v e  

r o t a t i o n s  o f  f u c o i d a n  and i t s  d e r i v a t i v e s  i n d i c a t e  t h a t  t h e s e  

l i n k a g e s  a r e  p r e d o m in a n t ly  o f  t h e  &-type (Fig.11 ) .  E x c lu d in g  

t h e  p o s s i b i l i t y  o f  i n c o m p le te  m é t h y l a t i o n  t h e s e  a u t h o r s  

s u g g e s t e d  t h a t  f r e e  f u c o s e  can  a r i s e  f rom  a  d i s u l p h a t e d  r e s i -  j 

due (F ig . l i t ) ,  f rom t h e  p r o p o r t i o n  o f  s u l p h a t e  t h i s  i s  n e c e s s a r y ,  ' 

a t  t h e  same tiine it  cou ld  be d e r i v e d  f rom  a  b r a n c h - p o i n t  c a r r y i n g  

a  t e r m i n a l  group  h a v in g  f r e e  h y d ro x y l  on 0-2  and 0 - 3 ,  From 

t h e  p r o p o r t i o n s  o f  v a r i o u s  f u c o s e  d e r i v a t i v e s  i s o l a t e d  t h e r e  

c o u ld  be an  a v e ra g e  o f  one su c h  b r a n c h  f o r  e v e r y  f i v e  f u c o s e ,  ! 

r e s i d u e s  (î4rg. ; j

D e g r a d a t i v e  s t u d i e s  by 0*N e i l l * * a n d  by Oote**^^ con­

f i rm e d  t h e s e  f i n d i n g s .  F u c o id a n  p r e p a r e d  from F. v e s i c u l o s u s  

was s u b j e c t e d  t o  m i ld  a c e t o l y s i s  and th e  r e s u l t i n g  p r o d u c t  was 

c o n v e r t e d  t o  a c e t y l a t e d  a l d i t o l s .  Oolumn c h ro m a to g r a p h ic  

s e p a r a t i o n  l e d  t o  t h e  i s o l a t i o n  o f  a  r e d u c e d  d i s a o c h a r i d e  

which was d e a c e t y l a t e d  and c h a r a c t e r i s e d  by p e r i o d a t e  o x i d -  

a t i o n / a  2 - 0 - o - L - f u c o p y r a n o s y l - L - f u c i t o l  ( F i g .13
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A comm erc ia l  sample  o f  f u c o i d a n  f rom t h e  same s p e c i e s  

was p a r t i a l l y  h y d r o ly s e d  a f t e r  a c e t o l y s i s .  From t h e  h y d ro ­

l y s a t e  n o t  o n ly  1 , 2 - l i n k e d  f u c o b i o s e  b u t  a l s o  a p p r e c i a b l e  

amounts o f  1 , 4 - l i n k e d  f u c o b i o s e  and a  s m a l l  p r o p o r t i o n  o f  1, 3 -  

l i n k e d  f u c o b i o s e  were i s o l a t e d  by C o te .  These r e s u l t s  sub ­

s t a n t i a t e  t h e  s t r u c t u r e  o f  f u c o i d a n  as  p ro p o se d  by Conchie.
142and P e r c i v a l ,  b u t  a t  t h e  same t im e  s u g g e s t  t h e  p o s s i b i l i t y  

o f  s i g n i f i c a n t  p r o p o r t i o n s  o f  1 , 4 - l i n k a g e s  i n  t h e  fuooidan(Rgf3). 

The a u t h o r ,  however,  s u g g e s t e d  t h a t  t h e  two t y p e s  o f  l i n k a g e s  

m igh t  a r i s e  f rom two d i f f e r e n t  p o l y s a c c h a r i d e s .

From t h e  f o r e g o i n g  d i s c u s s i o n  i t  i s  e s t a b l i s h e d  t h a t  

f u c o i d a n  i s  g e n e r a l l y  r e g a r d e d  t o  be a  po lym er  o f  1 , 2 - l i n k e d -  

L - f u c o s e  r e s i d u e s  w i t h  a  s m a l l  p r o p o r t i o n  o f  o t h e r  l i n k a g e s . -  

S u l p h a t e  g ro u ps  a r e  u s u a l l y  a t  0 -4  and o f t e n  a t  0 -3  and 0 - 4 .

The o t h e r  s u g a r  r e s i d u e s  a r e  c o n s i d e r e d  t o  be p r e s e n t  a s  im p u r -  

i t i e s (  Fig 12 . (?49J.

L a t e r  work on f u c o i d a n  c o n f i rm ed  t h i s  s t r u c t u r e ,  b u t  a t  

t h e  same t im e  i n d i c a t e d  t h a t  t h e  o t h e r  s u g a r  r e s i d u e s  m igh t  

c o n s t i t u t e  an i n t e g r a l  p a r t  o f  t h e  f u c o i d a n  m ac ro m o le cu le .  

D i l l o n  and h i s  c o - w o r k e r s * * i s o l a t e d  a  s u l p h a t e d  p o l y s a c c ­

h a r i d e  f rom t h e  seed  m u c i la g e  o f  Ascophyllum nodosum w i t h  ' 

d i l u t e  h y d r o c h l o r i c  a c i d .  On h y d r o l y s i s  t h i s  gave f u c o s e  

and g a l a c t o s e  i n  t h e  r a t i o  8 t o  1. F u c o id a n  f rom F. v e s i ­

c u l o s u s  was f r a c t i o n a t e d  i n  Bangor on a  L E A E -c e l lu lo s e  column 

and r e s u l t e d  i n  t h e  s e p a r a t i o n  o f  a  s m a l l  q u a n t i t y  o f  p u re  

x y l a n  i n  t h e  f i r s t  i n s t a n c e ,  but . i n  t h e  l a r g e  s c a l e  s e p a r a t i o n
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t h e  x y l a n  f r a c t i o n  was found  t o  c o n t a i n  u r o n i c  a c i d  r e s i -
d u e s . 1 4 6

F u c o id a n  from t h e  e x u d a te  o f  M p y r i f e r a  was examined by 

Schw eiger  a f t e r  v a r i o u s  p u r i f i c a t i o n s  by p r e c i p i t a t i o n  i n  

i s Q ^ r o p y l a l c o h o l  and by t r e a t m e n t  w i t h  c h a r c o a l  and F i l t e r -  

c e l .  ' From c ru d e  and p u r i f i e d  sam ples  o f  f u c o i d a n  t h e  

p r o p o r t i o n  o f  f u c o s e  to  g a l a c t o s e  was a lm o s t  c o n s t a n t  a t  18 

t o  1. The p r o p o r t i o n  o f  f u c o s e  t o  x y l o s e ,  however ,  v a r i e d  

be tw een  0 .5  and 2 .5^ ',  These r e s u l t s  i n d i c a t e d  t h a t  t h e  

f u c o i d a n  o f  M. p y r i f e r a  was a  h e t e r o p o ly m e r  w i t h  L - fu c o s e  

and L - g a l a c t o s e ,  r e s i d u e s .  No u r o n i c  a c i d  r e s i d u e  was o b t a i n e d  

i n  t h e  h y d r o l y s a t e  o f  t h i s  po lym er .

About t h e  same t im e  Bernard! ' e_t a l . ^ ^ ^  o b t a i n e d  p u r i f i e d  

f u c o i d a n  f rom F.  v e s i c u l o s u s  by s e q u e n t i a l  f r a c t i o n a l  p r e ­

c i p i t a t i o n  w i t h  e t h a n o l  c o n t a i n i n g  0 . 3 ^  sodium a c e t a t e ;  

e t h a n o l  and a c e t o n e ,  and w i t h  ce ty ld im e thy lb en zy lam m o n ium  

c h l o r i d e .  Two f r a c t i o n s  were o b t a i n e d  h a v i n g ' r e s p e c t i v e l y ,  

f u c o s e  63 and 65^,  e s t e r  s u l p h a t e  30 and 29^* B oth  on 

h y d r o l y s i s  showed t h e  p r e s e n c e  o f  f u c o s e ,  t r a c e  q u a n t i t i e s  

o f  x y l o s e  and an  u n i d e n t i f i e d  f a s t  moving s p o t  w i t h  ch rom ato­

g r a p h i c  m o b i l i t y  s l i g h t l y  d i f f e r e n t  f rom  3 - 0 - m e t h y l f u c o s e .

These f r a c t i o n s  were d e v o id  o f  u r o n i c  a c i d  and g a l a c t o s e  

r e s i d u e s .

A h i g h l y  p u r i f i e d  f u c o i d a n  was i s o l a t e d  f rom  P e l v e t i a  

w r i g h t i i 1 ^ 9  by d i l u t e  h y d r o c h l o r i c  a c i d  e x t r a c t i o n  a f t e r
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m e th a n o l  e x t r a c t i o n  o f  t h e  weed. P u r i f i c a t i o n  o f  t h e  f u c o i ­

dan  was a c h i e v e d  by t r e a t m e n t  w i t h  c a l c iu m  c h l o r i d e  s o l u t i o n  

and t h e n  by f r a c t i o n a t i o n  u s i n g  c e t y l p y r i d i n i u m  c h l o r i d e  

s o l u t i o n .  The p u r i f i e d  f u c o i d a n  had [&]^ = - 1 4 1 ^ ,  s 'o lp h a te  

3 6 .8 ^  and a s h  26^ and was com pr ised  o f  f u c o s e  and g a l a c t o s e  

s u g a r  r e s i d u e s  i n  a  r a t i o  o f  a p p r o x i m a t e ly  1 0 :1 .  T h is  r a t i o  

was in d e p e n d e n t  o f  t h e  d e g r e e  o f  p u r i f i c a t i o n .  There  was no 

e v id e n c e  o f  u r o n i c  a c i d  and o t h e r  s u g a r  r e s i d u e s  i n  t h e  f u c o i ­

dan ,  and i t  was c o n s i d e r e d  t o  be a  g a l a c t o f u c a n  s u l p h a t e .

The h e t e r o g e n e i t y  o f  t h e  f u c o i d a n  has  been  shown by  f r e e  

b ou n da ry  e l e c t r o p h o r e s i s  on t h e  m a t e r i a l  e x t r a c t e d  from
1 3  Ascophyllum -icq ' *

P. v e s i c u l o s u s  and from  £ ,  nodosum. Two bands  were

o b se rv e d  i n  th e  fo r m e r  c a s e  and t h e  l a t t e r  showed t h r e e , c o m ­

p o n e n t s  i n  c i t r a t e  b u f f e r  a t  pH 2.

R e c e n t l y ,  f u c o i d a n  h a s  been  s e p a r a t e d  from A. nodosum 

w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a t  room t e m p e r a t u r e .  The 

i s o l a t e d  p o l y s a c c h a r i d e  was deg raded  w i t h  d i l u t e  h y d r o c h l o r i c  

a c i d  a t  80^ and s u b s e q u e n t  f r a c t i o n a t i o n  was a c h i e v e d  w i t h  

aqueous  magnesium c h l o r i d e  and e t h a n o l .  The magnesium 

s o l u b l e  f r a c t i o n  was t h e  f u c o i d a n  w h ich ,  t h e  a u t h o r s  b e l i e v e ,  

had r e s u l t e d  from t h e  d e g r a d a t i o n  o f  a  complex m acrom olecu le  

i n  t h e  i n i t i a l  a c i d  e x t r a c t .  On t h e  o t h e r  hand ,  a  s i m i l a r  

a c i d  e x t r a c t i o n  o f  P. v e s i c u l o s u s  gave f r e e  f u c o i d a n  t o g e t h e r

w i t h  t h e  complex m ac ro m o le cu le .  P u c o id a n s  o f  b o t h  t h e  weeds
151c o n t a i n  g a l a c t o s e  and g l u c u r o n i c  a c i d  i n  s m a l l  p r o p o r t i o n s .
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P r o o f  t h a t  C-4 of  L - fu c o s e  i n  f u c o i d a n  i s  s u l p h a t e d  has

r e c e n t l y  been  o b t a i n e d  by t h e  i s o l a t i o n  o f  L - f u c o s e  4 - s u l p h a t e
1 52f rom p r o d u c t s  o f  p a r t i a l  h y d r o l y s i s  o f  P. w r i g h t i i  f u c o i d a n .  .

I t  emerges from t h e  above d i s c u s s i o n s  t h a t  o t h e r  s u g a r ,  

r e s i d u e s  s u c h  a s  g l u c u r o n i c  a c i d ,  x y l o s e  and g a l a c t o s e  i n  

f u c o i d a n  n o t  o n ly  v a r y  from s p e c i e s  t o  s p e c i e s  b u t  a l s o  from 

sample t o  sample  i n  t h e  same s p e c i e s  d e p e n d in g  on t h e  method o f  ' 

e x t r a c t i o n  o r  f r a c t i o n a t i o n .  S i g n i f i c a n t l y ,  t h e r e  has  been  

no r i g o r o u s  e f f o r t  t o  f i n d  o u t  t h e  a r ra n g e m e n t  n o r  t h e  mode o f  

l i n k a g e s  o f  t h e s e  s u g a r  r e s i d u e s  i n  t h e  m ac ro m olecu le .

The s i t u a t i o n  has  become more c o n fu s e d  by t h e  s e p a r a t i o n  

o f  a t  l e a s t  t h r e e  d i s t i n c t  f u c o s e - c o n t a i n i n g  p o l y s a c c h a r i d e s  

f rom A. nodos um. A l l  t h e s e  p o l y s a c c h a r i d e s  c o n t a i n  v a r y i n g  

p r o p o r t i o n s  o f  f u c o s e ,  x y l o s e ,  g l u c u r o n i c  a c i d  and e s t e r -

s u l p h a t e .  S in c e  no f r a c t i o n  c o n t a i n s  l e s s  t h a n  5^ u r o n i c  a c i d
o 155 15 5t h e s e  a r e  d e a l t  w i t h  u n d e r  g lu c u ro n jx y lo fu c a n s .  ’

1 53G -lu cu ron o xy lo fu can s . L a r s e n  e t  a l  examined f u c o s e  con­

t a i n i n g  p o l y s a c c h a r i d e s  o f  A. nodosum. D i l u t e  sodium h y d ro ­

x i d e  t r e a t m e n t ,  a f t e r  rem oval  o f  t h e  d i l u t e  a c i d  s o l u b l e  

p o l y s a c c h a r i d e s ,  o f  t h e  weed gave a  m ix tu r e  o f  a l g i n i c  a c i d  

and g l u c u r o n o x y l o f u c a n s . The a l g i n i c  a c i d  was removed by 

a d j u s t i n g  t o  pH 1 * 3 -1 .5  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  and t h e  

g l u c u r o n o x y l o f u c a n s  were r e c o v e r e d  b y . f r a c t i o n a l -  p r e c i p i t a t i o n  

o f  t h e  s u p e r n a t a n t .  The m a jo r  f r a c t i o n ,  a b o u t  6^ o f  t h e  d r y
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weed, was te rm ed  by t h e  a u t h o r s  ' a s c o p h y l l a n * • I t  has  

a p p r o x i m a t e ly  25^ f u c o s e ,  26j'o x y l o s e ,  19^ u r o n i c  a c i d ,  13^ 

s u l p h a t e  and 12^ p r o t e i n .  Two o t h e r  f r a c t i o n s  PI and P2, 

each  a b o u t  1 ,5 ^  o f  th e"w eed ,  d i f f e r  f rom a s c o p h y l l a n  o n ly  i n  

t h e  r e l a t i v e  p r o p o r t i o n s  o f  t h e  c o n s t i t u e n t s .  B oth  a s c o ­

p h y l l a n  and P2 were  e l e c t r o p h o r e t i c a l l y  homogeneous w h i l e  P I _ 

was n o t  pu re  and h a s / c o m p o s i t i o n  somewhat be tw een  a s c o p h y l l a n  

and P2, A l l  t h r e e  f r a c t i o n s  gave s i m i l a r  c h ro m a to g r a p h ic  

p a t t e r n s  on a u t o h y d r o l y s i s  a l t h o u g h  v a r i a t i o n  i n  t h e  i n t e n s i t y  

o f  -va r ious ,  p r o d u c t s  .was a p p a r e n t .

A s c o p h y l l a n  on h y d r o l y s i s  i n  a d d i t i o n  t o  ï r f u c o s e ,  

B - x y lo s e  and D - g l u c u r o n i c  a c i d  gave 18 common amino a c i d s  

d e r i v e d  f r o m / p o l y p e p t i d e  p o r t i o n .  At tempts  t o  f r a c t i o n a t e  t h e  

p o l y p e p t i d e  from t h e  c a r b o h y d r a t e  were u n s u c c e s s f u l .  T h is  

t o g e t h e r  w i t h  t h e  e l e c t r o p h o r e t i c  hom ogene i ty  o f  a s c o p h y l l a n  

s u g g e s t  a  c h em ic a l  l i n k a g e  be tw een  t h e  c a r b o h y d r a t e  and p o l y ­

p e p t i d e  m o i e t i e s  o f  a s c o p h y l l a n .  P u r t h e r  e v id e n c e  o f  t h e s e  

l i n k a g e s  was d e r i v e d  f rom  m i ld  h y d r o l y s i s  w i t h  0 .5 M - o x a l io  

a c i d .  T h is  c l e a v e d  t h e  p e p t i d e  l i n k a g e s  a s  w e l l  a s  t h e  

g l y c o s i d i c  l i n k a g e s  o f  t h e  p o l y s a c c h a r i d e ,  and r e s u l t e d  i n  a  

m ix tu r e  o f  d i a l y s a b l e  mono-and o l i g o s a c c h a r i d e s  and non 

d i a l y s a b l e  d e g ra d ed  p o l y s a c c h a r i d e s . .  The l a t t e r  c o n t a i n e d  

a lm o s t  a l l  t h e  u r o n i c  a c i d  p r e s e n t  i n  t h e  a s c o p h y l l a n  b u t  was 

a lm o s t  d e v o id  o f  f u c o s e ,  x y l o s e  and h a l f  e s t e r  s u l p h a t e .

Prom t h e s e  r e s u l t s  t h e  a u t h o r s  deduced t h a t  a s c o p h y l l a n  i s  

c o m p r i se d  o f ^ g l u c u r o n i c  a c i d  backbone  t o  w hich  a r e  a t t a c h e d
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r e l a t i v e l y  l o n g  s i d e  c h a i n s  o f  s u l p h a t e d  f u c o s e  and x y l o s e  .

r e s i d u e s .  L a t e r  on 3 - 0 - P - x y l o p y r a n o s y l - L - f u c o s e  has  been

i d e n t i f i e d  a s  one o f  t h e  h y d r o l y s i s  f r a g m e n ts  i n d i c a t i n g
1 54t h a t  t h e  s i d e  c h a i n s  a r e  h e t e r o p o l y m e r i c .

P o l y s a c c h a r i d e  m a t e r i a l  c o n t a i n i n g  t h e  same s u g a r  r e s i ­

d ues  a s  i n  a s c o p h y l l a n  was o b t a i n e d  from t h e  same weed a f t e r  

e x t r a c t i o n  o f  t h e  d r i e d  weed w i t h  h o t  w a t e r  and d i l u t e  a l k a l i .  

The fo rm a ld eh y d e  t r e a t e d  r e s i d u a l  weed was e x t r a c t e d  w i t h  

ammonium o x a l a t e - o x a l i c  a c i d  a t  pH 2 . 8 .  The c o n t a m i n a t i n g  

a l g i n i c  a c i d  ( c a  10^) was removed from t h i s  c ru d e  e x t r a c t ; ,  as  

t h e  i n s o l u b l e  c a l c iu m  a l g i n a t e .  The r e m a in i n g  p u re  m a t e r i a l ,

t e rm ed  g l u c u r o n o x y l o f u c a n ,  had = -22 5 ^  and gave f u c o s e

49^ ,  x y l o s e  10^, u r o n i c  a c i d  12^, s u l p h a t e  21^ and p r o t e i n  

4^.155 _

A t tem p ted  f r a c t i o n a t i o n  o f  t h i s  g lu c u r o n o x y l o f u c a n  by 

p r e c i p i t a t i o n  w i t h  e t h a n o l  o r  c o p p e r  a c e t a t e ,  o r  on columns 

o f  L E A E - c e l lu lo s e ,  Sephadex 2 0 0 G  and B io g e l  was u n s u c c e s s f u l .  

I t  was n o t e d  t h a t  a  c o n s i d e r a b l e  p r o p o r t i o n  o f  t h e  p o l y -  - 

s a c c h a r i d e  was i r r e v e r s i b l y  bound on t h e  co lum ns.  S in c e  i t  

d e f i e d  f r a c t i o n a t i o n  i t  was c o n s i d e r e d  t o  be a- h e t e r o p o l y ­

s a c c h a r i d e .

P a r t i a l  a c i d  h y d r o l y s i s  w i t h  M -o x a l ic  a c i d  s o l u t i o n  l e d  

t o  t h e  i s o l a t i o n  o f  an  a l d o b l O u r o n i c  a c i d  which  was c h a r a c t ­

e r i s e d  a s  3 - 0 - ( P - L - g l u c o p y r a n o s y l c u r o n i c  a c i d ) - L - f u c o s e J i g 1 4 ) .
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COOH
/T — 0,

"̂ oyXHoH
HO

P i g '  14

A u t o h y d r o l y s i s  o f  t h e  f r e e  a c i d  p o l y s a c c h a r i d e  i n  a  d i a l y s i s  

s a c  gave a  d i f f e r e n t  p a t t e r n  o f  o l i g o s a c c h a r i d e s  and e n a b le d  

t e n t a t i v e  c h a r a c t e r i s a t i o n  o f  3 - 0 - P - D - x y l o p y r a n o s y l - l - f u c o s e  

and A-O-o—L -fu c o p y r a n o s y l - D ~ x y lo s e ,  The h i g h e r  a c i d i c  o l i g o ­

s a c c h a r i d e s  on f u r t h e r  p a r t i a l  a c i d  h y d r o l y s i s  gave among 

o t h e r  p r o d u c t s  t h e  above a l d o b i u r o n i c  a c i d .

S in c e  0 .5 M - o x a l i c  a c i d  h y d r o l y s i s  o f  a s c o p h y l l a n  c l e a v e d  

most  o f  t h e  f u c o s e  and x y l o s e  and l e f t  a  g l u c u r o n i c  a c i d  b a ck ­

bone s i m i l a r  h y d r o l y s i s  o f  g l u c u r o n o x y l o f u c a n  was c a r r i e d  o u t .  

The d e g ra d ed  polymer was r e c o v e r e d  from t h e  h y d r o l y s a t e  and 

was compared w i t h  t h e  m a t e r i a l s  o b t a i n e d  from l o n g e r  h o u r  

h y d r o l y s i s  a s  w e l l  a s  from a u t o h y d r o l y s i s .  C hro m ato g rap h ic  

e x a m in a t io n  o f  e ach  o f  t h e s e  d e g raded  po lym ers  showed t h e  

p r e s e n c e  o f  f u c o s e  and g l u c u r o n i c  a c i d  r e s i d u e s  a s  t h e  m a jo r  

c o n s t i t u e n t s  w i t h  l e s s e r  amounts o f  x y l o s e .  I n  a d d i t i o n  t o  

t h e s e  d e g ra d ed  p o lym ers ,  i n s o l u b l e  m a t e r i a l  was r e c o v e r e d  

a f t e r  e ac h  o p e r a t i o n ,  which  had low c a r b o h y d r a t e  c o n t e n t .

On h y d r o l y s i s  i t  gave f u c o s e  (m ajo r  c o n s t i t u e n t ) , w i t h  a p p r e c ­

i a b l e  p r o p o r t i o n s  of, g l u c u r o n i c  a c i d  and x y l o s e  t o g e t h e r  w i t h  

s m a l l  p r o p o r t i o n s  o f  o l i g o u r o n i c  a c i d s .
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These r e s u l t s  i n d i c a t e  t h a t  u n l i k e  a s c o p h y l l a n ,  g l u ­

c u r o n i c  a c i d  does n o t  a p p e a r  t o  form t h e  backbone  o f  t h i s  

g l u c u r o n o x y l o f u c a n  and 3 - 0 - ( P - D - g l u c o p y r a n o s y l u r o n i c  a c i d ) -  

l - f u c o s e  i s  a  m a jo r  s t r u c t u r a l  f e a t u r e .

G lu c u ro n o x y lo fu c a n s  have a l s o  been  r e p o r t e d  from
1 51 i 56

L. h y p e r b o r e a  and from P. v e s i c u l o s u s . ;

These s t u d i e s  i n d i c a t e  t h e  t y p e  and v a r i e t y  of  a l g a l  

f u c o s e - c o n t a i n i n g  p o l y s a c c h a r i d e s .  I n  t h e  l i g h t  o f  t h e  

newer p o l y s a c c h a r i d e s  -  g l u c u r o n o x y l o f u c a n s -  i t  i s  n e c e s s a r y  

t o  examine n o t  o n ly  new g e n e r a  o f  a l g a e  b u t  a l s o  t h o s e  which 

have been  i n v e s t i g a t e d  t o  a s c e r t a i n  i f  g lu c u r o n o x y lo f u c a n s  

a r e  u n i v e r s a l l y  p r e s e n t  i n  t h e  brown a l g a e .  This  d i s s e r t -  |

a t i o n  aims i n  t h i s  d i r e c t i o n  and i n c l u d e s  a l g a e  o f  w id e ly  

d i f f e r e n t  morphology ( a s  d e s c r i b e d  i n  p«7 3 )• A p a r t  f rom a  j
s t u d y  o f  t h e  f u c o i d a n  i n  H. l o r e a  v e r y  l i t t l e  i s  known a b o u t  |

i t s  c a r b o h y d r a t e  m e t a b o l i t e s . '  P a r t  one o f  t h i s  t h e s i s ,  :

t h e r e f o r e ,  d e a l s  w i t h  t h e  o v e r a l l  g e n e r a l  i n v e s t i g a t i o n s  o f  

t h e s e  a l g a e  and p a r t  two i s  con ce rn e d  w i t h  t h e * p o l y s a c c h a r i d e s  

b ased  on f u c o s e ,  g l u c u r o n i c  a c i d ,  x y l o s e  and g a l a c t o s e  r e s i d u e s .

The s p e c i e s  i n v e s t i g a t e d  a r e :  H i m a n t h a l i a  l o r e a
‘  '  I

( e l o n g a t a ) ( f a m i l y  H i m a n t h a l i a c e a e ) , B i f u r c a r i a  b i f u r c a t a  

( f a m i l y  C y s t o s e i r a c e a )  and P a d in a  p a v o n ia  ( f a m i l y  L i c t y o t a f ^ f * .  '
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GENERAL PROCEDURES ( G , P . )

G . P . I .

( a )  P a p e r  c h ro m a to g ra p h y . U n le s s  o t h e r w i s e  s t a t e d  t h e  

p a p e r  chromatograms were c a r r i e d  o u t  on Whatman No.1 

c h ro m a to g rap hy  p a p e r  i n  d e s c e n d i n g  t e c h n i q u e .

( b ) P r i n c i p a l  S o l v e n t s  ( v / v )  f o r  ch ro m a to g ra p h y  w e r e ;
.form ic

1. E t h y l a c e t a t e - a c e t i c  a c i d / w a t e r  ( l 8 : 3 : 1 : 4 )

2. B u t a n o l - e t h a n o l - w a t e r  ( 4 0 :1 1 :1 9 )

3 .  B u t a n o l - p y r i d i n e - w a t e r  ( 6 : 4 : 3 )

4 .  B u t a n o l - p y r i d i n e - w a t e r - b e n z e n e  ( 5 : 3 : 3 : l )

5.  M e t h y l e t h y l k e t o n e - a c e t i c  a c i d - w a t e r - b o r i c  a c i d  

( 9 : 1 : 1 - s a t  b o r i c )

6 .  P i s h e r  and D o r f e l .

Trough:  E t h y l a c e t a t e - p y r i d i n e - a c e t i c  a c i d - w a t e r  

( 5 : 5 : 1 : 3 )

Tank: E t h y l a c e t a t e - p y r i d i n e - w a t e r  ( 4 0 : 1 1 : 6 )

7 .  M e t h y l e t h y l k e t o n e - w a t e r  ( s a t u r a t e d )

8 .  B u t a n o l - p y r i d i n e  w a t e r  ( 1 0 : 3 : 3 )

( c )  D ev e lo p in g  a g e n t s : The f o l l o w i n g  r e a g e n t s  were u s e d  t o  

d e v e lo p  t h e  chromatograms e i t h e r  a s  d i p s  o r  s p r a y s  :

1.  S i l v e r  n i t r a t e  s o l u t i o n ^ ( d i p ) :

Dip ( i )  1 ml s a t u r a t e d  s i l v e r  n i t r a t e  ( aq u eo us)  i n

a c e to n e  (200 m l) .  W ater  was added d ro p w ise  t i l l  t h e  

p r e c i p i t a t e  r e d i s s o l v e d .
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Dip ( i i )  Sodium h y d r o x id e  s o l u t i o n  (5 g NaOH i n  

13 nil w a t e r ) .

Dip ( i i i )  Aqueous sodium t h i o s u l p h a t e  s o l u t i o n  ( 1 0 ^ ) .

2 .  A n i l i n e  o x a l a t e  s o l u t i o n  ( s p r a y ) .  S a t u r a t e d  s o l u t i o n  

o f  a n i l i n e  o x a l a t e  i n  aqueous a l c o h o l  (3 0^ ^ ,

A n i l i n e  o x a l a t e  s o l u t i o n  ( d i p ) .  S a t u r a t e d  s o l u t i o n  

o f  a n i l i n e  o x a l a t e  ( f rom  2) d i l u t e d  w i t h  a c e t o n e  ( t h r e e  

volume ) .

3 .  G lucose  o x i d a s e ] ( d i p / s p r a y .  W o r th in g to n  B io ch e m ic a l
C o r p o r a t i o n )

P r e p a r a t i o n :  The c o n t e n t  o f  one chromogen v i a l  ( c a  l / 4  o f

t h e  t o t a l )  was d i s s o l v e d  i n  0.1M p h o sp h a te  b u f f e r  (20 ml, 

pH a  7 . 0 ) .  The c o n t e n t  o f  one g l u e o s t a t u  v i a l  was d i s s o l v e d  

i n  0.1M p h o sp h a te  b u f f e r  (10 ml,  pH = 7 . 0 )  and was mixed w i t h  

t h e  d i s s o l v e d  chromogen. The f i n a l  volume was made to  50 ml 

w i t h  t h e  same p h o sp h a te  b u f f e r .

4 .  P e r i o d a t e - p e r m a n g a n a t e  s p r a y .^ ( i )  Sodium m eta ­

p e r i o d a t e  s o l u t i o n  (2^)  ( i i )  P o ta s s iu m  p e rm angana te  s o l u t i o n  

(l.O/o) ( i )  and ( i i )  were mixed i n  a  r a t i o  o f  2:1 ( v / v )  j u s t  

b e f o r e  u s e .  When t h e  d e s i r e d  s p o t s  a p p e a re d  ( a t  room 

t e m p e r a t u r e )  t h e  chrcm atogram  was washed w i t h  d i s t i l l e d  w a t e r .

5 .  T é t r a z o l i u m  s p r a y . T h e  s p r a y  was f r e s h l y  p r e p a r e d  

1 :1 m ix t u r e  o f  2^ t r i p h e n y l t e t r a z o l i u m  h y d r o c h l o r i d e  and 

N-sodium h y d ro x id e  s o l u t i o n .  The p a p e r  was h e a t e d  a t  40^
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a  w a t e r  s a t u r a t e d  a tm o sph e re  f o r  10 m in u te s  a f t e r  i t  was 

s p r a y e d .  I n t e n s e  r e d  c o l o u r  i n d i c a t e s  t h e  a b se n c e  o f

1 , 2 - l i n k a g e .

6.  A n i l i n e - d lp h e n y l a m i n e  s p r a y . ^ ( i )  A n i l i n e  (4 ml)  

i n  a c e to n e  (100 ml) ( i i )  D ipheny lam ine  (9 ml)  i n  a c e t o n e  

(100 m l ) .  S o l u t i o n  ( i )  and ( i i )  were mixed w i t h  o r t h o -  

p h o s p h o r i c  a c i d  (85?^, 20 ml) and k e p t  a t  0®. The c h ro m â to-  ' 

gram was d ip p ed  i n  s o l u t i o n  and h e a t e d  a t  60^ f o r  2 -3  m in u te s .  

I n t e n s e  b l u e  c o l o u r  i n d i c a t e s  1 , 4 - l i n k a g e  and g r e y i s h - g r e e n  

c o l o u r  i n d i c a t e s  1 , 3 - l i n k a g e .

1627 .  Deoxy s u g a r  s p r a y . ( i )  0.02M sodium m e t a p e r i o d a t e

s o l u t i o n  i n  w a t e r  ( i i )  E th y le n e  g l y c o l  (50 m l ) ,  a c e to n e  

(50 ml) and c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 0 . 3  ml)  ( i i i )  A 

s o l u t i o n  o f  t h i o b a r b i t u r i c  a c i d  (6 ^ )  s o l u t i o n  ( t h e  a c i d  i s  

i n s o l u b l e  and i s  d i s s o l v e d  by a d d in g  con c .  sodium h y d r o x id e  

s o l u t i o n  d r o p w i s e ) .

The chromatogram was s p ra y e d  w i t h  ( i )  and a f t e r  15 m in u te s  

w i t h  s o l u t i o n  ( i i )  f o l lo w e d  by ,  a f t e r  10 m i n u t e s ,  s o l u t i o n  

( i i i ) .  On h e a t i n g  a t  105° f o r  a b o u t  5 m in u te s  i n t e n s e  r e d  

c o l o u r  i n d i c a t e s  2 - d e o x y - s u g a r .

(d )  C h r o m a t o g r a p h i c " m o b i l i t i e s .

g  _ D i s t a n c e  t r a v e l l e d  by s u g a r  r e s i d u e ___________________
G D i s t a n c e  t r a v e l l e d  by 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s e

_ D i s t a n c e  t r a v e l l e d  by s u g a r  r e s i d u e
D i s t a n c e  t r a v e l l e d  by s u g a r  X ♦
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G.P. I I .

( a )  E v a p o r a t i o n s . A l l  e v a p o r a t i o n s  were c a r r i e d  o u t  i n  

vacuo on a  r o t a t o r y  e v a p o r a t o r  below 4 0 ° .

(b )  H y d r o l y s i s  o f  p o l y s a c c h a r i d e s . U n le s s  o t h e r w i s e  s t a t e d  

h y d r o l y s i s  was c a r r i e d  ou t  w i t h  fo rm ic  a c i d  (’90^)  i n  a

s e a l e d  tu b e  i n  an  a tm o sp he re  o f  c a rb o n  d i o x i d e  f o r  6 h  a t

100° ,  f o l lo w e d  by h y d r o l y s i s  o f  t h e  f o r m y l e s t e r s  by d i l u t i o n

(5 v o l )  and f u r t h e r  h e a t i n g  f o r  2 h  a t  100° .

( c ) R e d u c t i o n . A l l  r e d u c t i o n s  were c a r r i e d  o u t  w i t h  

p o t a s s iu m  b o r o h y d r id e  i n  aqueous s o l u t i o n .  The a l k a l i n e  

s o l u t i o n  was n e u t r a l i s e d  w i t h  IR-120(H^) and b o r i c  a c i d  was 

removed by r e p e a t e d  e v a p o r a t i o n  w i t h  m e th a n o l .

(d )  D i a l y s i s . D i a l y s i s  o f  p o l y s a c c h a r i d e  s o l u t i o n s  were 

made i n  c e l l o p h a n e  t u b e s  i n  a  c l o s e d  sy s tem  a g a i n s t  d e i o n i s e d  

w a t e r  w i t h  s t i r r i n g  and by  c h a n g in g  t h e  w a t e r  f rom t im e  t o  

t i m e .  A few d r o p s  o f  t o l u e n e  were added t o  p r e v e n t  b a c t e r i a l  

a c t i o n  whenever  n e c e s s a r y .

( e )  M e l t i n g  p o i n t . M e l t i n g  p o i n t s  were t a k e n  on a  K o f l e r  

m ic ro sc o p e  m e l t i n g  p o i n t  a p p a r a t u s  and were c o r r e c t e d .

( f )  R o t a t i o n . - A l l  s p e c i f i c  r o t a t i o n s  a r e  e q u i l i b r i u m  v a l u e  

and u n l e s s  o t h e r w i s e  s t a t e d  a r e  t a k e n  i n  aqueous  s o l u t i o n  a t  

room t e m p e r a t u r e  w i t h  sodium l i g h t .

G.P. I I I .

( a )  P h e n o l - s u l p h u r i c  a c i d  method f o r  s t a n d a r d  g r a p h . A n  

aqueou s  s o l u t i o n  c o n t a i n i n g  t h e  r e s p e c t i v e  s u g a r  was m easured
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i n t o  t e s t  t u b e s  (6 x V q " )  and d i l u t e d  t o  1 ml w i t h  d e i o n i s e d

w a t e r .  Pheno l  s o l u t i o n  (4^», 1 ml) was added t o  e a c h  t u b e ,

fo l lo w e d  by A n a l a r  oono. s u l p h u r i c  a c i d  (5 ml)  f rom  a  f a s t

d e l i v e r y  p i p e t t e ,  t h e  s t r e a m  o f  a c i d  b e i n g  d i r e c t e d  on t o

t h e  s o l u t i o n  t o  o b t a i n  a  t h o r o u g h  m ix in g  r e s u l t i n g  i n  a

maximum r i s e  o f  t e m p e r a t u r e .  On c o o l i n g  t h e  o p t i c a l  d e n s i t y
a

o f  t h e  s o l u t i o n  was measured  on/Unicam s p e c t r o p h o t o m e t e r  

Sp. 500 a g a i n s t  a  b l a n k ,  p r e p a r e d  by u s i n g  w a t e r  i n  p l a c e  o f  

s u g a r  s o l u t i o n ,  a t  4870m •

A s t a n d a r d  g r a p h  was o b t a i n e d  by p l o t t i n g  yu g s u g a r  p e r  

ml a g a i n s t  t h e  o p t i c a l  d e n s i t y .

(b )  The c a r b o h y d r a t e  c o n t e n t . The c a r b o h y d r a t e  c o n t e n t  o f  

t h e  p o l y s a c c h a r i d e  was d e te r m in e d  by  P heno l  s u l p h u r i c  a c i d  

method (G.P .  I l l  a ) .  The amount o f  c a r b o h y d r a t e  was d e t e r ­

mined f rom a  s t a n d a r d  g r a p h  o f  t h e  a p p r o p r i a t e  m ix t u r e  o f  

s u g a r s .

G.P. IV. E s t i m a t i o n  of  s u l p h a t e  c o n t e n t .

( a )  S t a n d a r d  g r a p h  f o r  t h e  d e t e r m i n a t i o n s  o f  s u l p h a t e  u s i n g  

p o t a s s iu m  s u l p h a t e .

Anhydrous p o ta s s iu m  s u l p h a t e  (200 mg) was d i s s o l v e d  i n  

d e i o n i s ^ d f  w a t e r  (500 ml) and t h e  d i f f e r e n t  p r o p o r t i o n s  o f  

t h e  s o l u t i o n  (O.O -  0 . 8  ml) were  t a k e n  i n  t e s t  t u b e s  and e a c h  

was made t o  1 ml by a d d in g  r e q u i r e d  p r o p o r t i o n s  o f  aqueous  

h y d r o c h l o r i c  a c i d .  To e ac h  was added 1 ml o f  0 .1 9 ^
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4 - c h l o r o - 4 - a n i i n o d ip h e n y l  h yd ro g en  c h l o r i d e  and a  few mg o f  

c e t y l t r i m e t h y l  ammonium b rom id e .  The m ix t u r e  was a l lo w e d  t o  

s t a n d  f o r  2 h  a t  room t e m p e r a t u r e .  Each was c e n t r i f u g e d  f o r  a  

few m i n u t e s .  An a l i q u o t  (1 ml)  was t a k e n  f rom e ach  t u b e  and 

made up t o  100 ml.  O p t i c a l  d e n s i t y  was m easured  a t  254 nm 

( u s i n g  s i l i c a  c e l l  and d e u te r iu m  lam p ) .  P l o t t i n g  t h e  d i f f e r ­

ence o f  a b s o rb a n c e ,  a g a i n s t  t h e  o f  s u lp h a te /^ o 4 u t ° f o n  a  

s t r a i g h t  l i n e  was o b t a i n e d .

(b )  S u l p h a t e  c o n t e n t  o f  p o l y s a c c h a r i d e : . . The p o l y s a c c h a r i d e s  

(10 mg) was d i g e s t e d  i n  a  s e a l e d  tu b e  w i t h  A n a la r  n i t r i c  a c i d

(1 ml, p l u s  few mg o f  sodium c h l o r i d e )  f o r  18 h on a  b o i l i n g  

w a t e r  b a t h .  The s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  and 

t r e a t e d  w i t h  c o n c .  h y d r o c h l o r i c  a c i d ,  e v a p o r a t e d  t o  d r y n e s s  

and l e f t  i n  an  oven a t  105^ f o r  2 h .  The r e s i d u e  was t h e n  

d i s s o l v e d  i n  w a t e r  (1 ml)  and a l i q u o t s  (0 .1  -  0 .5  ml)  were 

t a k e n  s e p a r a t e l y  and s u l p h a t e  was d e te r m in e d  a s  d e s c r i b e d  i n  

G.P. I V ( a ) .
içrc)

( c )  E s t i m a t i o n  o f  s u l p h a t e  by c e t y l p y r i d i n i u m / m e t h o d . ^ 

P o l y s a c c h a r i d e * ( 0 . 5  -  2 . 0  mg) i n  d e i o n i s e d  w a t e r  (1 -2  ml) was 

t r e a t e d  w i t h  aqueous  c e t y l p y r i d i n i u m  c h l o r i d e  ( O . I ^ J  s o l u t i o n  

f rom a  m i c r o b u r e t t e . *  The s o l u t i o n  was v iew ed a g a i n s t  a  d a r k

b a ck g ro u nd .  As t h e  a d d i t i o n  was c o n t i n u e d  d ro p w ise  t h e r e  was 

an  i n c r e a s e  o f  o p a c i t y  and s u d d e n ly  w i t h  a  few d r o p s  t h e
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c o a g u l a t i o n  s e t t l e d  i n t o  a  p r e c i p i t a t e .  T h is  was t a k e n  a s

t h e  end p o i n t .  O f t e n  t h e  body of  t h e  s o l u t i o n  was t u r b i d ,

w i t h  f u r t h e r  a d d i t i o n  o f  a  d ro p  o r  two o f  c e t y l p y r i d i n i u m

c h l o r i d e  s o l u t i o n  t h e  s u p e r n a t a n t  was c l e a r .

I S in c e  t h e  p o l y s a c c h a r i d e s  c o n t a i n e d  b o t h  c a r b o x y l i c  and

s u l p h a t e  e s t e r  g r o u p s ,  two t i t r a t i o n s  were c a r r i e d  o u t  i n
«

p a r a l l e l  (1 )  w i t h  c e t y l p y r i d i n i u m  c h l o r i d e  s o l u t i o n  and 

aqueous  p o l y s a c c h a r i d e  s o l u t i o n  ( t i t r a t i o n  A) and (2 )  w i t h  

p o l y s a c c h a r i d e  s o l u t i o n  i n  0.025M s u l p h u r i c  a c i d  ( t i t r a t i o n  

B ) . The s u l p h a t e  c o n t e n t  was d e te r m in e d  f rom t i t r a t i o n  B 

w h i l e  u r o n i c  a c i d  c o n t e n t  was made by s u b t r a c t i n g  t h e  v a l u e  

o f  B from t h a t  o f  A.

G.P. V. P r e p a r a t i o n  o f  a  C e l l u l o s e  column.

( a )  ( i )  D i e t h y l a m i n o e t h y l - c e l l u l o s e  (DEAE-50) was suspended

i n  0.5N h y d r o c h l o r i c  a c i d  (50 g i n  1L HOI s o l u t i o n )  i n  a 

s u c t i o n  f l a s k .  T h is  was t h e n  k e p t  u n d e r  vacuum f o r  a b o u t  

20 m in u te s  t o  d e a e r a t e l , a f t e r  20 m in u te s  s t a n d i n g  t h e  s u p e r ­

n a t a n t  was d e c a n t e d ,  t h e n  t h e  s w e l l e d  mass f i l t e r e d  on, a  

Buchner  f u n n e l  and was washed w i t h  w a t e r  t o  n e u t r a l i t y .

( i i )  The wet m a t e r i a l  was t r e a t e d  i n  t h e  same way a s  i n  ( i )  

w i t h  0.5N sodium h y d r o x id e  s o l u t i o n .  The o p e r a t i o n s  ( i )  and

( i i )  were r e p e a t e d  t h r i c e .  I n  t h e  l a s t  a l k a l i  t r e a t m e n t  

t h e  w ash ings  were n o t  c a r r i e d  o u t  on a  B uchner  f u n n e l .  The 

m a t e r i a l  was t r a n s f e r r e d  t o  a  column (30  x 4 . 5  cm) and washed 

w i t h  w a t e r  t o  n e u t r a l i t y .



66

( i i i )  The column was e q u i l i b r ^ a t e d  w i t h  0 .5N p o ta s s iu m  

c h l o r i d e  s o l u t i o n  (2L) and washed w i t h  w a t e r  t i l l  f r e e  from 

c h l o r i d e .  ,

(b )  DEAE-52 (50 g ,  m i c r o g r a n u l a r ,  p r e s w o l l e n ,  c o n t a i n i n g  

c a  75^ m o i s t u r e )  was t r e a t e d  w i t h  0 .5N h y d r o c h l o r i c  a c i d  

(600 ml) and d e a e r a t e d  f o r  20 m in u te s  w i t h  o c c a s i o n a l  s h a k i n g .  

I t  was t h e n  n e u t r a l i s e d  w i t h  a  s a t u r a t e d  s o l u t i o n  o f  p o t a s s i u m  

h y d r o x id e  and was t r a n s f e r r e d  t o  a  column (30 x 4 . 5  cm).

I t  was e q u i l i b r a t e d  w i t h  p o t a s s iu m  c h l o r i d e  s o l u t i o n  (0 .5N 

1 - 1 . 5  L) and was washed w i t h  w a t e r  u n t i l  f r e e  from c h l o r i d e .

G.P. VI.  M é t h y l a t i o n , H y d r o l y s i s  and G l y c o s i d a t i o n .

( a )  P r e p a r a t i o n  o f  m e t h y l s u l p h i n y l c a r b a n i o n . I n t o  a

3 -n ec k ed  f l a s k  f i t t e d  a t  one neck  w i t h  a  r u b b e r  serum cap and 

c o n t a i n i n g  g l a s s  m ag n e t ic  s t i r r e r  b a r ,  was weighed sodium 

h y d r id e  ( 1 .5  g ,  55^ c o a t e d  w i t h  m i n e r a l  o i l ) .  The h y d r i d e  

was washed w i t h  n - p e n t a n e  (30 ml)  and t h e  s u p e r n a t a n t  was 

removed by  d é c a n t a t i o n .  A f t e r  t h r e e  washes t h e ; . f l a s k  was 

f i t t e d  w i t h  a  the rm om ete r  and a  s t o p p e r e d  c o n d e n s e r .  The 

r e s i d u a l  n - p e n t a n e  was removed by s u c c e s s i v e  e v a c u a t i o n  

t h r o u g h  an  18 gauge n e e d l e  i n s e r t e d  i n t o  t h e  serum c ap .

A f t e r  e ac h  e v a c u a t i o n  t h e  f l a s k  was r e g a s s e d  w i t h  n i t r o g e n  

and f i n a l l y  n i t r o g e n  was p a s s e d  t h r o u g h  t h e  f l a s k  v i a  t h e  

n e e d l e .  U s in g  a  hypodermic  s y r i n g e  d i m e t h y l s u l p h o x i d e
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(15 ml) [ d i s t i l l e d  o v e r  c a l c iu m  h y d r i d e  u n d e r  red u c ed  

p r e s s u r e  and s t o r e d  o v e r  d r i e d  m o l e c u l a r  s^i/ve ( t y p e  4 A ) ] ,  

was t r a n s f e r r e d  i n t o  th e  f l a s k .  The f l a s k  was h e a t e d  on an 

o i l  b a t h  a t  50° w i t h  c o n s t a n t  s t i r r i n g  u n t i l  t h e  s o l u t i o n  

became c l e a r  g r e e n i s h  c o lo u r e d  and e v o l u t i o n  o f  hy d ro g en  gas  

c e a se d  (4 5 -5 0  m i n . ) .

C o n c e n t r a t i o n  o f  t h e  a n io n  i n  d i m e t h y l s u l p h o x i d e  was 

d e te r m in e d  by w i th d ra w in g  an  a l i q u o t  (1 ml)  and t i t r a t i n g  

i t  w i t h  0 .1N h y d r o c h l o r i c  a c i d  u s i n g  p h e n o l - p h t h a l e i n  

i n d i c a t o r .  The a n io n  s o l u t i o n  was p r e s e r v e d  i n  a  serum 

b o t t l e  i n  an  a tm osphere  o f  n i t r o g e n  i n  t h e  c o ld  and was s t a b l e  

f o r  12-15 weeks .

(b )  M é t h y l a t i o n .  P o l y s a c c h a r i d e  (5  mg) i n  7 ml serum h p t t l e  

s e a l e d  w i t h  a  r u b b e r  cap ,  was d i s s o l v e d  (w h e re v e r  n e c e s s a r y  

by s t i r r i n g  o r  sh a k in g  o v e r n i g h t ,  i n  some c a s e s  i t  was n e c e s s a r y  

t o  s t a r t  w i t h  a  good s u s p e n s i o n )  i n  d i m e t h y l s u l p h o x i d e  ( 1 . 5  m l ) .  

N i t r o g e n  was f l a s h e d  t h r o u g h  t h e  b o t t l e  and a  2M s o l u t i o n  o f  

m e t h y l s u l p h i n y l c a r b a n i o n  i n  d i m e t h y l s u l p h o x i d e  ( l  ml)  was 

added d ro p w ise  w i t h  a  s y r i n g e .  The r e s u l t i n g  g e l a t b n ^ o u s  

s o l u t i o n  was a g i t a t e d  i n  an  u l t r a s o n i c  b a t h  f o r  1 h  and 

a l lo w e d  t o  s t a n d  f o r - s i x  h o u r s  ( o r  o v e r n i g h t )  a t  room t e m p e r ­

a t u r e .  Methyü/iodide (0 .1  ml)  was t h e n  added d ro p w ise  w i t h  a  

s y r i n g e  w i t h  e x t e r n a l  c o o l i n g  by  t a p  w a t e r  and t h e  r e s u l t i n g  

t u r b i d  s o l u t i o n  was a g i t a t e d  f o r  20 m in u te s  i n  t h e  u l t r a s o n i c

t ■
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b a t h .  A second  p o r t i o n  o f  2M m e t h y l s u l p h i n y l c a r b a n i o n  

(1 ml)  was added and t h e  p r o c e d u r e  was r e p e a t e d  e x c e p t  an  

e x c e s s  o f  m ethy l / iod ide  ( 1 . 0  ml)  was a d d e d .  The s o l u t i o n  

was t h e n  poured  i n t o  w a t e r  (25 m l ) ,  d i a l y s e d  e x t e n s i v e l y  and 

f i n a l l y  e v a p o r a t e d  t o  d r y n e s s .

( c )  H y d r o l y s i s . ^ T h e  h y d r o l y s i s  o f  t h e  m e t h y l a t e d  p o ly ­

s a c c h a r i d e s  u n l e s s  o t h e r w i s e  s t a t e d ,  was a c c o r d i n g  t o

G.P. I I  (b )

(d )  G l y c o s i d a t i o n .^ T h is  was c a r r i e d  o u t  by t h e  method 

o f  B o l l e n b a c k .

G.P. V I I .  D e t e r m i n a t i o n  o f  t h e  u r o n i c  a c i d  c o n t e n t .

( a )  M o d i f ie d  c a r b a z o le * m e th o d . U ro n ic  a c i d  was d e te r m in e d
170by m o d i f i e d  c a r b a z o l e  method a c c o r d i n g  t o  B i t t e r  and Muir .  

R e a g e n t s , ( i )  0.025M s o d i u m | t e t r a b o r a t e ,  lO.HgO. A n a l y t i c a l ,

g r a d e  i n  co n c .  s u l p h u r i c  a c i d  ( s p .  g r a v .  1 .8 4 )

( i i )  0 .1 2 5 ^  c a r b a z o l e  i n  a b s o l u t e  e t h a n o l  o r  m e than o l  and

( i i i )  G l u c u ro n o la c to n e  s o l u t i o n  (4 -4 0  mg/ml) was p r e p a r e d  by 

d i l u t i o n  w i t h  d e i o n i s e d  w a t e r  s a t u r a t e d  w i t h  b e n z o i c  a c i d .

P r e p a r a t i o n  o f  a  s t a n d a r d  g r a p h  o f  g l u c u r o n i c  a c i d . The

s u l p h u r i c  a c i d  r e a g e n t  [ ( i )  5 m l]  was c o o le d  a t  4 ° ,  sample

( 1 ml)  w a s c a r e f u l l y  l a y e r e d  o n to  t h e  a c i d .  The t u b e  was
s t o p p e r

s t o p p e r e d  w i t h  a  ground g l a s s / a n d  sh ak en  f i r s t  g e n t l y  and t h e n  

v i g o r o u s l y  w i t h  c o n s t a n t  c o o l i n g .  The t u b e  was t h e n  h e a t e d
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f o r  10 m in u te s  i n  a v i g o r o u s l y  b o i l i n g  w a t e r  b a t h  and c o o le d
I
t o  room t e m p e r a t u r e .  The c a r b a z o l e  r e a g e n t  ( i i ,  0 . 2  ml) 

was t h e n  added ,  sh a k en  w e l l ,  h e a t e d  on t h e  b o i l i n g  w a t e r  «bath 

f o r  15 m in u te s  and c o o le d  t o  room t e m p e r a t u r e .  The o p t i c a l  

d e n s i t y  (OD) was t h e n  m easured  a t  530 nm. The OD o f  t h e  

b l a n k  was l e s s  t h a n  0 .0 2 5  a g a i n s t  conc .  s u l p h u r i c  a c i d .

The q u a n t i t y  o f  t h e  g l u c u r o n i c  a c i d  a g a i n s t  OD gave a  s t r a i g h t  

l i n e  p a s s i n g  th r o u g h  t h e  o r i g i n .

S i m i l a r l y ,  s t a n d a r d  g ra p h s  f o r  two s y n t h e t i c  m ix t u r e s  

o f  f u c o s e : x y l o s e : g l u c u r o n i c  a c i d  r e s i d u e s  a t  r a t i o s  3 :1 :1  

and 5 :1 :1  were  o b t a i n e d  f o r  t h e  e s t i m a t i o n s  o f  u r o n i c  a c i d  

c o n t e n t  i n  t h e  r e s p e c t i v e  p o l y s a c c h a r i d e s .

(b )  By c e t y l p y r i d i n i u m  c h l o r i d e  method a s  i n  G.P. I V ( c ) .

G.P. V I I I .  Gas l i q u i d  ch ro m a to g rap h y  ( g . l . c . ) .  T h is  was

c a r r i e d  o u t  i n  a  Pye Argon gas  c h ro m a to g ra p h  u s i n g  a rg o n  a s

t h e  m ob i le  g a s  p h a s e .  The g as  f lo w  and t h e  t e m p e r a t u r e  were

v a r i e d  a c c o r d i n g  t o  t h e  r e q u i r e m e n t  f o r  a  p a r t i c u l a r  c a s e .

The m a jo r  columns u se d  f o r  a n a l y t i c a l  work w ere :
•*

1. B u t a n e - d i o l - s u c c i n a t e  p o l y e s t e r  ( B . D . S . )  15^ by  w t ,

2 .  P o ly p h e n y l  e t h e r  [ m - b i s - (m-phenoxy p h e n o x y )b e n ze n e ]  

(PPE) 10/o,

3 .  A piezon  K (Apk) 7 .5^*

4 .  SE 30 3^

5.  ECNSSM "bio .

6 .  E th y le n e  g l y c o l  a d i p a t e  p o l y e s t e r  10^.
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A l l  l i q u i d  p h a se s  were c o a t e d  on C e l i t e  s u p p o r t s  which  

were  p r e v i o u s l y  a c i d  and a l k a l i  washed and c o a t e d  w i t h  

d i m e t h y l d i c h l o r o s i l a n e .
17/

G.P. IX ( a )  P r e p a r a t i o n  o f  T r i m e t h y l s i l y l e t h e r  (TMS). The 

d r y  m a t e r i a l  (5 -1 0  mg) was d i s s o l v e d  i n  p y r i d i n e  ( l  ml) and 

t o  i t  was added h e x a m e t h y l d i s i l a z a n e  ( 0 .2  ml)  and t r i m e t h y l -  

s i l y l c h l o r i d e  (0 .1  m l ) .  The s o l u t i o n  was sha k en  f o r  2-5  

m in u te s  and t h e n  c e n t r i f u g e d .  The s u p e r n a t a n t  was removed 

and e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  

n -h ex a n e  and a n a l y s e d  on g . l . c .

1 72( b ) P r e p a r a t i o n  o f  m e t h y l j a l d i t o i / a c e t a t e  o r  a l d i t o l ^ o e t a t e . 

M e th y la te d  s u g a r s  o r  f r e e  s u g a r s  ( l  mg) were r e d u c e d  i n  w a t e r  

(5 ml) w i t h  sodium b o r o h y d r id e  ( l 0 mg) f o r  2 h .  A f t e r  t r e a t ­

ment w i t h  IR-120(H*) and c o n c e n t r a t i o n ,  b o r i c  a c i d  was 

removed by r e p e a t e d  e v a p o r a t i o n  w i t h  m e th an o l  and t h e  p r o d u c t  

was t r e a t e d  w i t h  a c e t i c  a n h y d r i d e - p y r i d i n e  ( l  :1)(lml) a t  100° 

f o r  t e n  m in u t e s .  The a c é t y l a t i o n  m ix t u r e  was d i l u t e d  w i t h  

w a t e r ,  c o n c e n t r a t e d  t o  d r y n e s s  and d i s s o l v e d  i n  c h lo r o f o r m  

f o r  a n a l y s i s  on g . l . c .

G.P. X. E s t é r i f i c a t i o n ,  r e d u c t i o n  and h y d r o l y s i s . The d ry  

sample  was e s t e r i f i e d  w i t h  m e t h a n o l i c  h y d ro g en  c h l o r i d e  ( 3 - 4 ^ )  

by h e a t i n g  u n d e r  r e f l u x  f o r  7 h .  M e th a n o l i c  s o l u t i o n  was 

n e u t r a l i s e d  w i t h  s i l v e r  c a r b o n a t e ,  f i l t e r e d ,  and t h e
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p r e c i p i t a t e  was t h o r o u g h l y  washed w i t h  m e th a n o l .  The 

combined f i l t r a t e  and w ash ings  were e v a p o r a t e d  t o  d r y n e s s .  

R e d u c t io n  was c a r r i e d  ou t  a c c o r d i n g  t o  G.P. I I  ( c )  and 

h y d r o l y s i s  o f  t h e  s u g a r  g l y c o s i d e s  was c a r r i e d  p u t  a s  s t a t e d  

i n  G . P . I I  ( b ) .

G.P. XI. l o n o p h o r e s i s . U n le s s  o t h e r w i s e  s t a t e d  i o n o p h o r e s i s  

was c a r r i e d  o u t  d n  Whatman No.3 p a p e r  u s i n g  p y r i d i n e - a c e t i c  

a c i d - C c i t i w ) b u f f e r  (pH = 6 .7 )  u n d e r  2000 v o l t s  f o r  t im e  

s p e c i f i e d  f o r  a p p r o p r i a t e  a n a l y s i s .  The p a p e r  was d e v e lo p e d  

w i t h  s i l v e r  n i t r a t e  d i p  ( G . P . I  ( c ) ( i ) .

G.P. X I I .  Thin  l a y e r  c h ro m a to g ra p h y . T h is  was done by u s i n g  

an e m u ls io n  o f  K i e s e l g e l  G on a  g l a s s  p l a t e .  The bed 

t h i c k n e s s  was a p p r o x i m a t e ly  0 .2 5  mm. l ô d i n e  was u s e d  t o  

d e t e c t  t h e  c a r b o h y d r a t e .

G.P.  X I I I .  Gel E l e c t r o p h o r e s i s . Gel e l e c t r o p h o r e s i s  was
173c a r r i e d  o u t  a c c o r d i n g  t o  t h e  method o f  S tew ard  ^

G.P. XIV. T e s t  f o r  u n s a t u r a t e d  a c i d .^ ^ ^  ( a )  R e a g e n t .

( i )  0.025N Sodium m e t a p e r i o d a t e  i n  0.125N s u l p h u r i c  a c i d ,

( i i )  2 io  sodium a r s e n a t e  i n  0.5N h y d r o c h l o r i c  a c i d  s o l u t i o n ,  

and ( i i i )  0 . 3 ^  2 - T h i o b a r b i t u r i c  a c i d  i n  w a t e r  (pH = 2 . 0 ) .

( b)  P r o c e d u r e . Sample s o l u t i o n  ( 0 . 5  ml) was mixed w i t h  

s o l u t i o n  ( i )  0 .5  ml)  and a l lo w e d  t o  s t a n d  f o r  20 m in u te s  

a f t e r  which  s o l u t i o n  ( i i )  (10  ml)  was added and a f t e r  s h a k i n g
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was a l lo w e d  t o  s t a n d  f o r  2 m i n u t e s .  Then s o l u t i o n  ( i i i )

(4 ml)  was added and t h e  m ix t u r e  h e a t e d  f o r  10 m in u te s  a t  

100° .  A p in k  c o l o u r  i n d i c a t e s  p o s i t i v e  t e s t .  The o p t i c a l  

d e n s i t y  o f  t h e  r e s u l t i n g * s o l u t i o n  was m easured  a t  510 t o  590nm 

On p l o t t i n g  o p t i c a l  d e n s i t y  (OD) a g a i n s t  w a v e le n g th  t h e  p o i n t  

o f  maxima was o b t a i n e d . a t  548-554 nm f o r  4 , 5 - u n s a t u r a t e d  a c i d . .

G.P. XV. D é m é t h y l a t i o n . ^ A  p o r t i o n  o f  t h e  m a t e r i a l  

( c a .  y O  mg) was d i s s o l v e d  i n  d i c h l o r o m e t h a n e  ( 1 -2  ml)  and 

c o o le d  t o  - 8 0 ° .  B o r o n t r i c h l o r i d e  ( 1 - 2  m l) ,  c o o le d  t o  - 8 0 ° ,  

was t h e n  add ed .  The m ix tu r e  was k e p t  a t  - 8 0 °  f o r  30 m in u te s  

w i t h  c a lc iu m  c h l o r i d e  g ua rd  t u b e .  I t  was t h e n  a l lo w e d  t o  

s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t  u n d e r  anhy d ro us  c o n d i t i o n s .  

The r e m a in in g  t r a c e  o f  s o l u t i o n  was removed u n d e r  d i m i n i s h e d  

p r e s s u r e  a t  room t e m p e r a t u r e .  The r e s i d u e  was t r e a t e d  w i t h  

m e th a n o l  ( 3 x 3  ml)  and was e v a p o r a t e d  t o  d r y n e s s .  The 

r e s i d u e  was d i s s o l v e d  i n  w a t e r  f o r  c h ro m a to g r a p h ic  a n a l y s i s .

G.P. XVI. D e t e r m i n a t i o n  o f  t h e  Degree  o f  P o l y m e r i s a t i o n  (DP) 

T h is  was done a c c o r d i n g  t o  t h e  method o f  T i m e l l . ^ ^ ^

G.P. XVII.  N i t r o g e n  a n a l y s i s . • N i t r o g e n  a n a l y s i s  was done 

by A l f r e d  B e r n h a r d t  M i c r o a n a l y t i c a l  L a b o r a t o r y ,  West Germany.
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H im a n th a l i a  l o r e a  i s  a b u nd an t  n e a r  low t i d e  l e v e l  on m o d e r a t e l y  

exposed  s h o r e s ,  o f t e n  growing a t t a c h e d  to  c l i f f - f a c e s .  The 

t h a l l u s  i s  s h a r p l y  d i f f e r e n t i a t e d  i n t o  s t e r i l e  and f e r t i l e  

p o r t i o n s .  The f o r m e r  i s  t h e  p e r e n n i a l  f r o n d  which a r i s e s  

f rom a s m a l l  d i s c  l i k e  h o ld  f a s t ,  t h e  shape  o f  t h e  f r o n d  b e i n g  

d e p en d e n t  upon t h e  l e v e l  o f  t h e  g ro w th .  I t  i s  s h o r t  and 

s tumpy when i t  grows exposed  a t  h i g h  l e v e l s ,  w h i l s t  i t  i s  more 

e l o n g a t e d  a t  t h e  lo w e r  l e v e l s  when t h e  p l a n t s  a r e  submerged 

f o r  l o n g e r  p e r i o d s .  The t h a l l u s  a l t h o u g h  o n ly  1-2 cm b r o a d ,  

can r e a c h  a  l e n g t h  o f  2 m e t r e s .  The t h a l l u s  may be c o n s i d e r ­

a b l y  b ra n c h e d .

B i f u r c a r i a  b i f u r c a t a  i s  f r e q u e n t l y  found  on t h e  A t l a n t i c  s h o r e s  

o f  Europe and A f r i c a ,  and has  a  r i c h l y  b ran c h ed  p e r e n n i a l  

rh izom e a t t a c h e d  t o  t h e  s u b s t r a t u m  by s m a l l  a d h e s i v e  d i s c s .

Some b r a n c h e s  bend up and g iv e  r i s e  t o  f o r k e d  smooth s h o o t s  

which  grow t o  a  h e i g h t  o f  30-40  cm and d i e  down i n  l a t e  autumn. 

D e s p i t e  c o n s t r i c t i o n s  which  o c c u r  a t  t h e  p o i n t s  o f  b r a n c h i n g  

i t  i s  c o n s i d e r e d  t o  be monopodia l  and b i l a t e r a l .

P a d in a  p a v o n ia  i s  a  r a r e  p e r e n n i a l  found  i n  mid-?tide l e v e l  on 

t h e  s o u t h e r n  s h o r e s  o‘f  E ng lan d ,  b u t  i t  i s  a b u n d an t  i n  t h e  

M e d i t e r r a n e a n  and o t h e r  warm s e a s .  . The n u m ero u s  s t a l k e d  

f a n - s h a p e d  f r o n d s ,  5-12 cm h i g h ,  t h e  p a p e r  t h i n  l a r g e r  on e s ,  

o f t e n  l o o s e l y  r o l l e d  on t h e i r  l o n g i t u d i n a l  a x i s  l i k e  a  c o r n e t .



74

a r e  d i s t i n c t i v e  o f  a l l  t h e  s p e c i e s  o f  t h e  g e n u s .  The s t a l k  

of  e ach  f r o n d  i s  t h e  upward c o n t i n u a t i o n  o f  a  b r a n c h  o f  t h e  

p r o s t r a t e  p e r e n n i a l  rh iz o m e ,  w h ich  i s  r i c h l y  b ran c h ed  and 

a t t a c h e d  t o  t h e  s u b s t r a t u m  by t u f t s  o f  r h i z o i d s .  The s t a l k  

o f  t h e  f a n  b e a r s  a  c o n s i d e r a b l e  number o f  l a t e r a l s  to w ard s  

t h e  u p p e r  end .



P a r t  I

E x t r a c t i o n  P r o c e d u r e s  and O v e r a l l  C om posi t ion

o f  t h e

C a r b o h y d ra te s  o f  t h e  d i f f e r e n t  Genera
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E x p e r im e n ta l

M a t e r i a l s , H. l o r e a : The f i r s t  b a t c h  was c o l l e c t e d  on t h e

w es t  c o a s t  o f  S p a in  i n  Septem ber ,  1968, I t  was t r e a t e d

w i t h  d i l u t e  fo rm aldehyde  s o l u t i o n  a f t e r  c o l l e c t i o n ,  sun  d r i e d  

and was s t o r e d  i n  t h e  c o ld  f o r  a bou t  t h r e e  weeks b e f o r e  u s e .  

S u b s e q u e n t ly  i t  was o b t a i n e d  from M i l l p o r t ,  S c o t l a n d  i n  

Sep tem ber ,  1969. The t i p s  and t h e  b u t t o n  o r  d i s c  were 

removed from t h e  h e a l t h y  t h a l l u s  b e f o r e  u s e .

B. b i f u r c a t a .  T h is  was a l s o  c o l l e c t e d  on t h e  w es t  c o a s t  o f  

S p a in  i n  S ep tem ber ,  1968 and was t r e a t e d  l i k e  H.' l o r e a .

I t  was s t o r e d  i n  t h e  c o ld  f o r  s i x  months b e f o r e  u s e .  A second  

b a t c h  was c o l l e c t e d  from P o r t h l o o ,  S t .  M ary 's  I s l e ,  S c i l l y  i n  

1970 and was t r e a t e d  l i k e  t h e  f i r s t  b a t c h .

P. p a v o n i a . T h is  was a l s o  c o l l e c t e d  i n  S p a in  a t  t h e  same 

t im e  and from t h e  s o u t h  o f  England i n  A ugus t .  The d r i e d  

m a t e r i a l  was s t o r e d  a t  room t e m p e r a t u r e  f o r  a b o u t  a  y e a r  b e f o r e  

u s e .  • . .

A i r  d r i e d  H., l o r e a , B. b i f u r c a t a  and P. p a v o n ia  were 

s e p a r a t e l y  ground i n  l i q u i d  n i t r o g e n .

E x p t . 1. E x t r a c t i o n  of  t h e  weed w i t h  c o ld  aqueous a l c o h o l .

The powdered weed (50 g) was e x t r a c t e d  w i t h  aqueous a l c o h o l  

(80^)  w i t h  c o n s t a n t  s t i r r i n g  a t  room t e m p e r a t u r e  f o r  5 h .
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The r e s i d u e  was s e p a r a t e d  by f i l t e r i n g  th r o u g h  m u s l in ,  

washed once w i th  aqueous a l c o h o l  and th e n  e x t r a c t e d  a g a in  

w i th  aqueous a l c o h o l  f o r  4 h .  The p r o c e s s  was r e p e a t e d  

f o u r  t im e s .  The f i l t r a t e  and w ash ing s  were combined and 

p o n c e n t r a t e d  to  a  s u i t a b l e  volume f o r  i n v e s t i g a t i o n s .

E x p t . 2 . E x t r a c t i o n  o f  th e  r e s i d u a l  weed w i th  h o t  aqueous
«

a l c o h o l . The r e s i d u a l  weed a f t e r  c o ld  aqueous a l c o h o l  

e x t r a c t i o n  was f u r t h e r  e x t r a c t e d  w i th  aqueous a l c o h o l  (80 ^ )  

a t  70° u n d e r  r e f l u x  f o r  4 h  i n  t h e  same way a s  i n  E x p t .  1.

The f i l t r a t e s  and th e  w ash ings  were t r e a t e d  s i m i l a r l y .

E x p t.  3 .  E x am in a t io n  o f  t h e  aqueous a l c o h o l i c  e x t r a c t s .

( a )  B o th  c o ld  and h o t  aqueous a l c o h o l  e x t r a c t s  were 

s e p a r a t e l y  e v a p o ra te d  to  a  s u i t a b l e  volume and a l lo w e d  to  

s ta n d  a t  room te m p e r a tu re  o v e r n i g h t .  T h is  r e s u l t e d  i n  an 

o i l y  l a y e r ,  a  l i g h t  g re e n  c o lo u re d  s o l u t i o n  and a  s e d im e n t .

The o i l y  l a y e r  was s e p a r a t e d  and th e  se d im e n t  ( f i n e  p a r t i c l e s  

o f  weed) was rem oved. The l i g h t  g re e n  s o l u t i o n  t h u s  o b ta in e d  

was c o n c e n t r a t e d  f u r t h e r  and poured  i n t o  e x c e s s  a l c o h o l  when 

a  p r e c i p i t a t e  (A) was i n s t a n t a n e o u s l y  d e p o s i t e d ,  a  f u r t h e r  

f l o c c u l e n t  p r e c i p i t a t e  (B) was form ed on s t a n d i n g .  The 

l a t t e r  p r e c i p i t a t e  was s e p a r a t e d  from  th e  fo rm e r  by c a r e f u l  

d é c a n ta t io n *  The a l c o h o l i c  s u p e r n a t a n t  was c o n c e n t r a t e d  and 

p ou red  i n t o  a l c o h o l  and t h e s e  o p e r a t i o n s  were r e p e a t e d  u n t i l  

t h e r e  was no f u r t h e r  p r e c i p i t a t i o n .  P r e c i p i t a t e  (A) p ro ved
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t o  be in o r g a n ic  m a t e r i a l .  The f l o c c u l e n t  p r e c i p i t a t e  (3) 

was shown to  be m a n n i to l  by  p a p e r  ch rom ato g rap hy  ( s o l v e n t  1 

and 5 w i th  d ip  1 and s p r a y  4 ) .

C h a r a c t e r i s a t i o n  o f  m a n n i to l . The c ru d e  m a n n i to l  was 

d i s s o l v e d  i n  w a te r  and th e  l i g h t  brown s o l u t i o n  was t r e a t e d  

w i th  d e c o l o u r i s i n g  c h a r c o a l ,  f i l t e r e d ,  t r e a t e d  w i th  IR-120(H *) 

r e s i n  and r e c r y s t a l l i s e d  from  aqueous a l c o h o l .  I t  had m .p. 

1 6 0 -16 2° , m ixed m.p. ( w i th  a u t h e n t i c  m a n n i to l )  1 6 0 -1 6 2 ° .

I t  had = - 0 .2 5 °  ( c ,  0 .5  i n  w a t e r ) .

(b )  The f i n a l  a l c o h o l i c  s u p e r n a t a n t  a f t e r  rem ova l o f  c r y s t -  !

a l l i n e  m a n n i to l  was c o n c e n t r a t e d  and a n a ly s e d  c h r o m a to g r a p h ic a l ly  

i n  a l l  s o l v e n t s .  M an n ito l  was p r e s e n t  i n  a l l  t h r e e  s o l u t i o n s  

and a  s p o t  w i th  t h e  m o b i l i t y  o f  g lu c o s e  i n  t h a t  from  H. l o r e a  - ; 

and B. b i f u r c a t a  -  t h e  l a t t e r  a l s o  gave a  t h i r d  s p o t  s l i g h t l y
i

s lo w e r  t h a n  t h a t  from  g lu c o s e .  - j

S e p a r a t io n s  o f  th e  com ponents from  B, b i f u r c a t a . The a l c o -  |

h o l i c  s u p e r n a t a n t  from  B, b i f u r c a t a  was s e p a r a t e d  on Whatman . |
■  •  iN o.3 MM p a p e r . ■ The chrom atogram  was d e v e lo p e d  i n  s o l v e n t  1 .

The r e s p e c t i v e  f r a c t i o n s  were l o c a t e d  w i t h  th e  he lp , o f  g u id ed  ;

s t r i p s .  F r a c t i o n s  1 -3  were e l u t e d  w i th  w a te r .  j
■  I

F r a c t i o n  1 . i n d i c a t e d  t o  be m a n n i to l  by p a p e r  c h ro m a to g ra p h y . |
' O ■A f t e r  c o n c e n t r a t i o n  i t  c r y s t a l l i s e d  and had m .p . 163-64 ,
o !

mixed m .p . 162-63 • T h is  c o n firm ed  m a n n i to l .  ;



78

F r a c t i o n  2 was a  n e u t r a l  sy ru p  and had th e  c h ro m a to g ra p h ic  

m o b i l i t y  o f  g lu c o s e .  T h is  was co n firm ed  by g lu c o s e  o x id a s e .  

On p ro lo n g e d  s t a n d in g  c r y s t a l s  were d e p o s i t e d ,  m .p . 8 2 -8 3 ° ,  

mixed m.p. (w i t^ y g lu c o s e )  8 2 -8 3 ° .

F r a c t i o n  3 was a  n e u t r a l  s y ru p .  C h rom atog raph ic  a n a l y s i s  i n

s o l v e n t  1 gave no s p o t s  w i th  a n i l i n e  o x a l a t e  b u t  a  s i n g l e

s u b s ta n c e  was d e t e c t e d  w i th  s i l v e r  n i t r a t e  h a v in g  t h e ‘same
0

c h ro m a to g ra p h ic  m o b i l i t y  a s  m y o irÿ s ito l .

E x p t• 4 .  T rea tm en t  o f  th e  r e s i d u a l  weed w i th  fo rm aldehyd e  

s o l u t i o n . Each  r e s i d u a l  weed a f t e r  aqueous a l c o h o l i c  

e x t r a c t i o n  was d ip p ed  i n  fo rm a ld eh y d e  s o l u t i o n  (40/«) a t  room 

te m p e r a tu re  and a llo w ed  to  s t a n d  o v e r n i g h t .  The e x c e s s  

fo rm ald eh yde  s o l u t i o n  was d e c a n te d  and th e  r e s i d u a l  weed was 

a i r  d r i e d .

P r e l im i n a r y  s t u d i e s  to  e x t r a c t  P o ly s a c c h a r id e s  from

t h e  weeds 

E x t r a c t i o n  P ro c e d u re  I  

E x p t.  5 . E x t r a c t i o n  w i th  d i l u t e  h y d r o c h lo r i c  a c i d . The . 

r e s i d u a l  weed a f t e r  fo rm ald eh y d e  t r e a tm e n t  was su spend ed  i n  

d i l .  h y d r o c h l o r i c  a c id  (300 m l, pH = 2 . 0 - 2 . 1 ) ,  and e x t r a c t e d  

f o r  4 h  a t  70° w i th  c o n s t a n t  s t i r r i n g .  The pH was m a in ta in e d  

a t  a b o u t  2 .0  t o  2 .1  by th e  a d d i t i o n  o f  h y d r o c h l o r i c  a c id  from  

t im e  to  t im e  a s  th e  e x t r a c t i o n  was p r o g r e s s i n g .  The m ix tu re  

was c e n t r i f u g e d  and th e  s u p e r n a t a n t  was c o l l e c t e d  and
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n e u t r a l i s e d  w i th  sodium h y d ro x id e .  F o u r  e x t r a c t i o n s  were 

ijiade i n  t h i s  way. The combined s u p e r n a t a n t  (800 m l) was 

c e n t r i f u g e d  and th e  c l e a r  s o l u t i o n  was poured  i n t o  a l c o h o l  

(2 .5  L ) .  The r e s u l t i n g  p r e c i p i t a t e  was d r i e d  i n  a i r  and* 

th e n  d i s s o l v e d  in  w a te r ,  d i a l y s e d  e x h a u s t i v e l y ,  c o n c e n t r a t e d  

and f i n a l l y  r e c o v e re d  ( a s  a c i d - s o l u b l e  a l c o h o l - i n s o l u b l e  

m a t e r i a l s  C) by f r e e z e - d r y i n g ,  y i e l d :  H. l o r e a , 9 .2  g;

B. b i f u r c a t a , .8 .8  g ; c o r r e s p o n d s  t o  1 9 .4  and 1 7 .6 ^  o f  th e  

d ry  weed r e s p e c t i v e l y .  The a l c o h o l i c  s u p e r n a t a n t  o f  each  

weed was p r e s e r v e d  ( a c i d - s o l u b l e  a l c o h o l - s o l u b l e  m a t e r i a l s ) .

E x am in a tio n  o f  m a t e r i a l s  0 . H y d ro ly s i s  ; A p o r t i o n  o f  t h e  

m a t e r i a l  (C) (100 mg) was h y d ro ly s e d  (G .P . 1 1 ( b ) ) .  Chroma­

to g r a p h ic  a n a ly s e s  ( s o l v e n t s  1 -6  u s i n g  d i p / s p r a y  1 -4 )  showed, 

b o th  f o r  H. l o r e a  and ^  b i f u r c a t a , m a in ly  f u c o s e ,  m an nuron ic , 

g u l u r o n ic ,  g lu c u r o n ic  a c i d s  and sm a ll  q u a n t i t i e s  o f  x y lo s e ,  

g a l a c t o s e  and g lu c o s e .  . TMS d e r i v a t i v e s  (G .P . IX ( d ) )  o f  t h e  

h y d r o l y s a te  were a n a ly s e d  by g . l . c .  u s in g  Apk (colum n 3 ,

G.P. V I I I ) .  T h is  co n firm ed  th e  s u g a r  r e s i d u e s  found  by 

p a p e r  c h ro m a to g rap h y . F o r  o t h e r  p r o p e r t i e s  se e  T ab le  l'(>/oo^

E x am in a tio n  o f  th e  a c i d - s o l u b l e  a l c o h o l - s o l u b l e  m a t e r i a l s .

T h is  was c o n c e n t r a t e d  and a g a in  p ou red  i n t o  a l c o h o l .  The 

p r e c i p i t a t e  ( i n o r g a n i c )  was removed by f i l t r a t i o n  and th e  

f i l t r a t e  on c o n c e n t r a t i o n  gave a  l i g h t  g r e e n  c o lo u re d  s y ru p .

I t  was d i s s o l v e d  i n  w a te r ,  t r e a te d  w i th  d e c o l o u r i s i n g  c h a r c o a l .
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f i l t e r e d  and th e  f i l t r a t e  was t r e a t e d  w i th  IR -120(H ^) r e s i n .  

A f t e r  c o n c e n t r a t i o n  t o  a  s m a l l  volume i t  was exam ined by 

p a p e r  ch ro m atog raph y  i n  s o l v e n t s  1 -6  u s in g  d i p / s p r a y  1 -4 .

T h is  i n d i c a t e d  th e  p re s e n c e  o f  sm a ll  q u a n t i t i e s  o f  f u c o s e ,  

g l u c u r o n ic  a c i d ,  x y lo s e ,  g lu c o s e  and a  t r a c e  o f  m a n n i to l .

A p o r t i o n  o f  th e  s u p e r n a t a n t  a f t e r  d e c o l o u r i s a t i o n  was 

t r e a t e d  w i th  b io d e m in & ro l i te  r e s i n  and on s i m i l a r  e x a m in a t io n  

showed t h e  p re s e n c e  o f  a l l  t h e  s u g a r  r e s i d u e s  m en tio n ed  above 

e x c e p t  g lu c u r o n ic  a c i d .  The r e s u l t s  were s i m i l a r  b o th  i n  

H. l o r e a  and B. b i f u r c a t a .

E x p t . 6 E x t r a c t i o n  o f  th e  r e s i d u a l  weed w i th  d i l .  sodium 

c a rb o n a te  s o l u t i o n .  The r e s i d u a l  m a t e r i a l  (f ro m  50 g weed) 

a f t e r  d i l .  a c id  e x t r a c t i o n  was t r e a t e d  w i th  3^ sodium 

c a r b o n a te  s o l u t i o n  (300 m l) a t  50° f o r  4h  w i th  c o n s t a n t  

s t i r r i n g .  The s u p e r n a t a n t  was c o l l e c t e d  b y  c e n t r i f u g a t i o n  

and th e  p r o c e s s  o f  e x t r a c t i o n  was r e p e a t e d  f o u r  t im e s .  The 

combined s u p e r n a t a n t  ( l . l L )  was th e n  poured  i n t o  a l c o h o l  (4 L ) .  

The p r e c i p i t a t e  th u s  form ed was a l lo w e d  to  s t a n d  o v e r n i g h t ,  

f i l t e r e d  th r o u g h  m u s l in  and a i r  d r i e d .  The f i l t r a t e  ( a l k a l i -  

s o lu b le  a l c o h o l - s Q lu b le  m a t e r i a l )  was p r e s e r v e d .

The a i r  d r i e d  p r e c i p i t a t e  was d i s s o l v e d  i n  minimum volume 

o f  w a te r  and d i a l y s e d  t i l l  f r e e  from  i n o r g a n i c  m a t e r i a l s ,  

c o n c e n t r a t e d  and f i n a l l y  f r e e z e - d r i e d , m a t e r i a l s , ( D ) ,  y i e l d :

H. l o r e a  8 .0  g; B. b i f u r c a t a  8 .2  g; c o r r e s p o n d s  to  16^ o f  

th e  d ry  w eeds.
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E x am in a t io n  o f  th e  m a t e r i a l  ( P ) . A p o r t i o n  (100 mg) o f  each  

was h y d ro ly s e d  and th e  h y d r o l y s a te  was a n a ly s e d  i n  s o l v e n t s  

1-6 u s in g  d i p / s p r a y  1 -4 .  Each h y d r o ly s a te  showed th e  

p re s e n c e  o f  m a in ly  m annu ro n ic ,  g u lu r o n ic  a c i d s  and s m a l l  

q u a n t i t i e s  o f  f u c o s e ,  g l u c u r o n ic  a c i d ,  x y lo s e  and t r a c e s  o f  

g a l a c t o s e  and g lu c o s e .

E x am in a t io n  o f  th e  a l k a l i - s o l u b l e  a l c o h o l - s o l u b l e  m a t e r i a l s .

The a l c o h o l i c  s u p e r n a t a n t  was c o n c e n t r a t e d  when in o r g a n ic  

m a t e r i a l s  were p r e c i p i t a t e d ,  f i l t e r e d  and th e  f i l t r a t e  was 

d i a l y s e d .  The n o n d i a l y s a b l e , p o r t i o n  on f r e e z e - d r y i n g  y i e l d e d -  

a  l i g h t  brown m a t e r i a l  ( E, c a .  400 mg and 200 mg r e s p e c t i v e l y  

f o r  H. l o r e a  and B. b i f u r c a t a ) . The d i a l y s a b l e  p a r t  was 

p r e s e r v e d .  The p r e c i p i t a t e  (E) on h y d r o l y s i s  gave m a in ly  

fu c o s e  and g lu c u r o n ic  a c i d ,  s m a l l  q u a n t i t i e s  o f  x y lo s e ,  

m annuronic  a c i d  and t r a c e  q u a n t i t i e s  o f  g a l a c t o s e ,  and E a l s o  

c o n ta in e d  a  l i t t l e  4 , 5 - u n s a t u r a t e d  u r o n i c  a c i d  (G .P . XIV) inTïk 

c a se  o f  B. b i f u r c a t a .

E x p t .  7 . A ttem p ted  s e p a r a t i o n  o f  L am inaran  from  a c i d - s o l u b l e  

a l c o h o l  i n s o l u b l e  m a t e r i a l  0 .

A p o r t i o n  ( 1 .0  g )  o f  B. b i f u r c a t a  m a t e r i a l  (C) was 

d i s s o l v e d  i n  t h e  minimum volume o f  w a te r  (10 m l) .  The 

aqueous s o l u t i o n  was c e n t r i f u g e d  and t h e  c l e a r  s o l u t i o n  was
"  • 4.p u t  on to p  o f  a  Zeokarb 225 (H ) column (40  x 2 .5  cm). The 

column was washed w i th  w a te r  (lOO m l) .  The combined w a sh in g s



82

C JM Jt
(125 m l . )  wae p a sse d  t h r o u g h ‘th e  column f o u r  t im e s  and 

f i n a l l y  t h e  column was washed th o r o u g h ly  w i th  w a te r  (IOO m l) .  

The h i g h ly  a c i d i c  e lu a n t  (250 m l) was poured  i n t o  a l c o h o l  

(800  m l) .  The p r e c i p i t a t e  th u s  o b ta in e d  was c e n t r i f u g e d ,  

washed w i th  a l c o h o l  and c o l l e c t e d  a f t e r  a i r  d r y in g  ( p r e c i p i t a t e  

01, 600 mg). The a l c o h o l i c  s u p e r n a t a n t  was e v a p o ra te d  to  

d r y n e s s ,  d i s s o l v e d  i n  w a te r  and f r e e z e - d r i e d  ( p r e c i p i t a t e  02, 

300 m g).

E x am in a t io n  o f  p r e c i p i t a t e s  01 and 0 2 . A p o r t i o n  (40 mg) 

o f  e a c h  p r e c i p i t a t e  was h y d ro ly s e d  and a n a ly s e d  ch rom ato ­

g r a p h i c a l l y  i n  s o l v e n t s  1-6  u s i n g  d i p / s p r a y  ( 1 - 4 ) .  The 

f o l lo w in g  s u g a r  r e s i d u e s  were d e t e c t e d :

P r e c i p i t a t e  0 1 . M ain ly  f u c o s e ,  m an n uron ic ,  g u lu r o n ic  and

g lu c u r o n ic  a c i d s ;  sm a l l  q u a n t i t i e s  o f  x y l o s e ,  g a l a c t o s e  and 

g lu c o s e .

P r e c i p i t a t e  0 2 . M ain ly  fu c o s e  and g lu c u r o n ic  a c i d ;  s m a l l

q u a n t i t i e s  o f  m annuronic  and g u lu r o n ic  a c i d s ,  x y lo s e ,

g a l a c t o s e  and g lu c o s e .

E x t r a c t i o n  P ro c e d u re  I I

E x p t.  8 . E x t r a c t i o n  o f  th e  r e s i d u a l  weed w i th  w a t e r .

_B. b i f u r c a t a  a f t e r  fo rm a ld eh y d e  t r e a tm e n t  ( f rom  50 g weed 

e x p t .  4 ) was t r e a t e d  w i th  w a te r  (300 m l) a t  room te m p e r a tu re  

w i th  c o n s t a n t  s t i r r i n g  f o r  6 h .  The r e s i d u e  was s e p a r a t e d
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and th e  p r o c e s s  o f  e x t r a c t i o n  was r e p e a t e d  f o u r  t im e s .  |

The combined f i l t r a t e s (800 ml) was c e n t r i f u g e d  and th e  

s o l u t i o n  was poured  i n t o  a l c o h o l  ( 2 .5  L ) ,  The p r e c i p i t a t e
■fkc

was r e c o v e re d  o n / c e n t r i f u g e , d i s s o l v e d  in  w a te r ,  d i a l y s e d  i

th o ro u g h ly ,  c o n c e n t r a t e d  and f i n a l l y  r e c o v e r e d  by f r e e z e -  . f

d r y in g  ( 5 .4  g ,  c o r r e s p o n d s  t o  1 0 .8 ^  o f  t h e  d r y  w eed ) .  The 

a l c o h o l i c  s u p e r n a t a n t  ( w a te r - s o l u b l e  a l c o h o l - s o l u b l e  *

m a t e r i a l )  was p r e s e r v e d .  j

The r e s i d u a l  weed a f t e r  aqueous e x t r a c t i o n  was e x t r a c t e d  |

w i th  w a te r  a t  70° f o r  4 h  a s  d e s c r ib e d  abo ve . Y ie ld ;  2 .7  g ,  |
1

c o r re s p o n d s  t o  5 .4 ^  o f  th e  d ry  weed. , [
!

E x am in a tio n  o f  th e  p r e c i p i t a t e s . The two p r e c i p i t a t e s  from  j

e x p t .  8 were s e p a r a t e l y  h y d ro ly s e d  and exam ined c h ro m a to -  i

g r a p h i c a l l y  i n  s o l v e n t s  1 -6  u s i n g  d i p / s p r a y  ( l - 4 ) .  B oth  t h e  ,

p r e c i p i t a t e s  showed th e  p re s e n c e  o f  m a in ly  f u c o s e ,  m an n u ro n ic ,  [

g u lu r o n ic  and g lu c u r o n ic  a c i d s ;  t o g e t h e r  w i th  s m a l l  q u a n t i t i e s  I
i '

o f  x y lo s e ,  g a l a c t o s e  and g lu c o s e .  S in c e  b o th  t h e  p r e c i p i t a t e s
[

gave t h e  same c h ro m a to g ra p h ic  p a t t e r n ,  t h e y  were combined j
i

( m a t e r i a l  E ) . P e rc e n ta g e  c a r b o h y d r a te ,  s u l p h a t e  and u r o n ic  J
Ploi

a c i d s  a r e  shown i n  T ab le  2 /  S i m i l a r l y ,  H. l o r e a  was t r e a t e d  w i th  j
h o t  w a te r  o n ly ,  y i e l d  7 .4  g , o t h e r  p r o p e r t i e s  a r e  shown i n  T ab le  2,, 
E x am in a t io n  o f  t h e  w a t e r - s o l u b l e  a l c o h o l - s o l u b l e  m a t e r i a l s . |

The a l c o h o l i c  s u p e r n a t a n t  o f  aqueous e x t r a c t  was t r e a t e d  a s  i

d e s c r i b e d  i n  E x p t.  5. I t  showed th e  p re s e n c e  o f  g lu c o s e  and .1
‘ ' I

t r a c e  o f  m a n n i to l  b o th  f o r  H. l o r e a  and B. b i f u r c a t a .  f
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E x p t.  9* E x t r a c t i o n  w i th  d l l ,  a c i d . The r e s i d u a l  m a t e r i a l  

a f t e r  h o t  w a te r  e x t r a c t i o n  was s e q u e n t i a l l y  e x t r a c t e d  w i th  

d i l .  h y d r o c h l o r i c  a c id  a t  room te m p e r a tu re  and a t  7 0 ° .  The 

p ro c e d u re  was a s  d e t a i l e d  i n  E x p t.  8 .  Y ie ld :  H. l o r e a

1 .8  g ; 2 .4  g .  B. b i f u r c a t a  2 .5  g ; and 3 .0  g . , r e s p e c t i v e l y  

a t  room te m p e r a tu r e  and a t  7 0 ° .

E x am in a tio n  o f  th e  p r e c i p i t a t e s . The p r e c i p i t a t e s  b o th  from  

c o ld  and h o t  a c id  e x t r a c t s  were s e p a r a t e l y  a n a ly s e d  and b o th  

showed, m a in ly  f u c o s e ,  m an n uron ic ,  g u lu r o n ic  and g l u c u r o n ic  

a c i d s ,  s m a l l  q u a n t i t i e s  o f  x y lo s e  and g a l a c t o s e .  Some 

p r o p e r t i e s  o f  th e  e x t r a c t s  from  H. l o r e a  and B. b i f u r c a t a  a r e  

g iv e n  i n  T ab le  2 .|3 lo1 .

E x p t ,  10 . E x t r a c t i o n  w i t h  d i l .  sodium  c a r b o n a t e . The 

r e s i d u a l  m a t e r i a l  from  E x p t.  9 ,  was s u b j e c t e d  to  e x t r a c t i o n  

a s  d e s c r i b e d  i n  E x p t.  6. Y ie ld :  H. l o r e a  6 .0  g ; B. b i f u r c a t a

6 .4  g ; r e s p e c t i v e l y  c o r r e s p o n d s  t o  12 and 1 2 .8 ^  o f  t h e  d ry  

weed. The a l k a l i - s o l u b l e  a l c o h o l - s o l u b l e  m a t e r i a l s  were

s i m i l a r  to  t h o s e  found  i n  E x p t.  6.

E x p t . 11. A ttem p ted  s e p a r a t i o n  o f  a  g lu c a n  from  m a t e r i a l  ( E ) .

A p o r t i o n  o f  m a t e r i a l  (E ) was s u b j e c t e d  t o  th e  f o l lo w in g  

o p e r a t i o n s  t o  s e p a r a t e  a  g lu c a n :

( a )  By s e l e c t i v e  p r e c i p i t a t i o n . The m a t e r i a l  (E) was d i s s o l v e d  

i n  w a te r  and t r e a t e d  w i th  e th a n o l  a s  i n  t h e  scheme be low :

V.
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M a t e r i a l  (E)
(2 g )

60^ E th a n o l
I------------------------------- 1

p r e c i p i t a t e  f i l t r a t e
(200 mg, E l ) ___________ [80°/ E th a n o l

p r e c i p i t a t e  f i l t r a t e
( 1 .2  g ,  Ea)

E x a m in a t io n s  o f  E1 and E2. B o th  were h y d r o ly s e d  and a n a ly s e d  

s e p a r a t e l y .  B oth  showed th e  p re s e n c e  o f  m a in ly  f u c o s e ,  

m an n u ro n ic ,  g u lu r o n ic  and g lu c u r o n ic  a c i d s  and s m a l l  q u a n t i t i e s  

o f  x y lo s e ,  g a l a c t o s e  and g lu c o s e .

E x am in a t io n  o f  t h e  f i l t r a t e . T h is  was e v a p o r a te d  to  d r y n e s s ,  

and t h e  r e s i d u e  so  o b t a in e d  was d i s s o l v e d  i n  w a te r  and f r e e z e -  

d r i e d  (560 mg, E 3 ) .  On h y d r o l y s i s  i t  gave t h e  same chrom ato ­

g r a p h ic  p a t t e r n  a s  th e  h y d r o l y s a t e s  from  El and E2 e x c e p t  t h a t  

o n ly  s m a l l  q u a n t i t i e s  o f  m annuron ic  a c i d  and no g u l u r o n ic  a c i d  

were d e t e c t e d .

(b ) By a n io n  exchange  r e s i n s , ( i )  IR -400  ( f o r m a t e ) :

IR -4 0 0 (C l“ ) was c o n v e r te d  i n t o  t h e  fo rm a te  form  by .p a s s in g  

aqueous fo rm ic  a c i d  (2N, 4L) t h r o u g h  th e  r e s i n  column (24 x

2 .5  cm). I t  was t h e n  washed w i t h  w a te r  u n t i l  n e u t r a l .

The p r e c i p i t a t e  E2 ( 0 .5  g) was d i s s o l v e d  i n  w a te r  and t r e a t e d  

w i th  I R - i2 0 ( H ^ ) .  The a c i d i c  s o l u t i o n  ( 2 0 ,m l) was e l u t e d  

w i th  w a te r  from  th e  column and t h e  e l u e n t  was c o n c e n t r a t e d  to
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a  s u i t a b l e  volume and p ou red  i n t o  e x c e s s  a l c o h o l  when p r e ­

c i p i t a t e  E4 ( c a .  400 mg) r e s u l t e d .  B oth  E4 and th e  a l c o h o l i c  

s u p e r n a t a n t  were exam ined.

E x am in a tio n  o f  t h e  p r e c i p i t a t e  E4. I t  showed th e  p re s e n c e  

o f  m a in ly  f u c o s e ,  m an n u ro n ic , g u lu r o n io  and g l u c u r o n ic  a c i d s  

a lo n g  w i th  s m a l l  q u a n t i t i e s  o f  x y lo s e ,  g a l a c t o s e  and g lu c o s e  

a s  b e f o r e .  |

E x a m in a t io n  o f  th e  s u p e r n a t a n t  s o l u t i o n . The a l c o h o l i c  ,

s u p e r n a t a n t  was r e p e a t e d l y  e v a p o r a te d  w i th  a l c o h o l  t o  remove '

fo rm ic  a c i d ,  t h e  d ry  r e s i d u a l  m a t e r i a l  was d i s s o l v e d  i n  w a te r

and f r e e z e - d r i e d  (42 mg). H y d ro ly s a te  o f  th e  p ro d u c t  gave i

th e  same c h ro m a to g ra p h ic  p a t t e r n  as  E4. !

( i i )  IR -400  ( C l " ) . S i m i l a r l y ,  IR -400  (C l”") fo rm  was u s e d  ;

i n  an  a t t e m p t  to  s e p a r a t e  t h e  g lu c a n  from  t h e  o t h e r  p o ly ­

s a c c h a r i d e s  w i t h  th e  same r e s u l t s  a s  w i th  fo rm a te  form  colum n. f

( c )  By Z eokarb  2 2 5 (H ^ ) . The m a t e r i a l  E2 (300 mg) was I
t r e a t e d  w i th  r e s i n  a s  d e s c r i b e d  i n  E x p t .  7 . A f t e r  p a s s i n g  •;

I
t h e  s o l u t i o n  th ro u g h  th e  column s e v e r a l  t im e s  i t  was f i n a l l y  i

t r e a t e d  w i t h  80^ e th a n o l  and  t h i s  p r e c i p i t a t e d  a  g l u c o s e - r i c h  [,

f r a c t i o n  (E 5 )(2 4 0  mg, ^  c a rb o h y d .  5 2 ) .  |
\

(d )  By p r e c i p i t a t i o n  w i th  CTA(OH) The g l u c o s e - r i c h  f r a c t i o n  |

(E5, 100 mg) was d i s s o l v e d  i n  w a te r  ( lO  m l) .  To t h i s  c e t y l -  |
I

tr im ethy lam m onium  h y d ro x id e  (CTA-OH) was added d ro p w ise  (10 m l, |

0 .1N  s o l u t i o n ) #  The w h i te  p r e c i p i t a t e  was c e n t r i f u g e d  o f f  |
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and to  th e  s u p e r n a t a n t  a  few d ro p s  o f  CTA(OH) s o l u t i o n  was 

added when a  c lo u d y  s u s p e n s io n  was fo rm ed . T h is  was c e n t r i ­

fu g ed  and combined w i th  th e  i n i t i a l  p r e c i p i t a t e .  T h is  was 

washed w i t h  a l c o h o l  and th e n  w i th  e t h e r  and d r i e d  i n  vacuum 

( 4 9 ,6  mg).

The s u p e r n a t a n t  was e v a p o ra te d  t o  d r y n e s s .  T h is  and 

th e  p r e c i p i t a t e  were h y d ro ly s e d  s e p a r a t e l y .  The chrom ato ­

g r a p h ic  a n a l y s e s  showed t h e  p r e s e n c e  o f  m a in ly  f u c o s e ,  s m a l l  

q u a n t i t i e s  o f  g lu c u r o n ic  a c i d ,  x y lo s e ,  g a l a c t o s e  and t r a c e  

q u a n t i t i e s  o f  g lu c o s e  i n  b o th  h y d r o l y s a t e s .

( e )  By B E A E -C ellu lose  co lum n. A column (30  x 4 .5  cm) was 

made a s  o u t l i n e d  in  O .P .V. The g l u c o s e - r i c h  m a t e r i a l  (E5, 

200 mg) was d i s s o l v e d  i n  w a t e r  (10 ml) and was p u t  on to p  o f  

th e  colum n. I t  was t h e n  e l u t e d  w i th  w a te r  (500 m l) and th e  

e lu A n t was c o n c e n t r a t e d ,  d i a l y s e d  and th e  p o ly s a c c h a r id e  was 

r e c o v e r e d  by f r e e z e - d r y i n g  ( 4 .0  mg). H e r e a f t e r  known a s  

th e  g lu c a n .  The c h a rg e d  m a t e r i a l  was e l u t e d  w i th  i n c r e a s i n g  

g r a d i e n t  o f  p o ta s s iu m  c h l o r i d e  ( s e e  p,1|0a)**

E x t r a c t i o n  P ro c e d u re  I I I

E x p t .  12 . . E x t r a c t i o n  o f  t h e  r e s i d u a l  weed w i t h  2jo C alcium  

C h lo r id e  S o l u t i o n . The r e s i d u a l  weed (from  50 g weed) a f t e r  

aqueou s  a l c o h o l  e x t r a c t i o n  and fo rm ald eh y d e  t r e a t m e n t  was 

t r e a t e d  w i th  2^ c a lc iu m  c h l o r i d e  s o l u t i o n  (300 m l) a t  room 

t e m p e r a t u r e  w i th  c o n s t a n t  s t i r r i n g  f o r  4 h . The r e s i d u e  was
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removed and r e - e x t r a c t e d  i n  th e  same way t w i c e .  The combined 

f i l t r a t e s  were d i a l y s e d  u n t i l  f r e e  from  c h l o r i d e .  The 

d i a l y s a b l e  p a r t  was p r e s e r v e d .  The n o n d i a l y s a b le  p a r t  was 

c o n c e n t r a t e d  and poured  i n t o  e x c e s s  a l c o h o l .  The p r e c i p i t a t e  

jF ) th u s  o b ta in e d  was r e c o v e re d  and d i s s o l v e d  i n  w a te r  and 

f i n a l l y  i t  was r e c o v e re d  by f r e e z e - d r y i n g .

The r e s i d u a l  m a t e r i a l  a f t e r  c o ld  aqueous c a lc iu m  c h l o r i d e  

e x t r a c t i o n  was e x t r a c t e d  w i th  th e  same s o l v e n t  a t  70^ f o r  

4h  Itas d e s c r i b e d  ab o v e . The p r e c i p i t a t e  (?') was a n a ly s e d  

i n  p a r a l l e l  w i t h  p r e c i p i t a t e  ( F ) .  B oth  showed m a in ly  f u c o s e ,  

g l u c u r o n ic  a c i d  and s m a l l  q u a n t i t i e s  o f  g lu c o s e ,  x y l o s e <

g a l a c t o s e  and t r a c e  q u a n t i t i e s  o f  m annuronic  a c i d .  The two
, a f t e r  . 

p r e c i p i t a t e s  were combined ( h e r e i n / c a l l e d  F ) .  Y ie ld :

H. l o r e a  1 .1 g ,  B. b i f u r c a t a  1 .3 g  and P. p a v o n ia , 1 ,5  g .

Some p r o p e r t i e s  a r e  g iv e n  i n  T ab le  4 ,  and 5 . ^ i o z .

E x am in a tio n  o f  t h e  d i a l y s a b l e  m a t e r i a l . The d i f f u s a t e  was 

c o n c e n t r a t e d  and a g a in  p o u red  i n t o  a l c o h o l  when c a lc iu m  

c h l o r i d e  was p r e c i p i t a t e d .  The p r o c e s s  was r e p e a t e d  s e v e r a l  

t im e s .  F i n a l l y ,  t h e  s o l u t i o n  was t r e a t e d  w i t h  c h a r c o a l  t o  

d e c o l o u r i s e  th e  g r e e n i s h  s o l u t i o n ,  t r e a t e d  w i th  IR -120(H ’̂ ) ,  

c o n c e n t r a t e d  and exam ined by p a p e r  ch ro m a to g rap h y  i n  s o l v e n t s

1 -6  u s i n g  d i p / s p r a y  1 -4 .  A l l  t h r e e  s p e c i e s  showed th e
'>■

p re s e n c e  o f  m a n n i to là  A lso  s m a l l  q u a n t i t i e s  o f  g lu c o s e  were 

d e t e c t e d  i n  H. l o r e a  and B. b i f u r c a t a . .
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Expt# 13. E x t r a c t i o n  o f  r e s i d u a l  m a t e r i a l  w i th  d i l .  h y d ro ­

c h l o r i c  a c i d . The r e s i d u a l  m a t e r i a l  a f t e r  aqueous c a lc iu m  

c h l o r i d e  e x t r a c t i o n  was t r e a t e d  w i th  d i l .  h y d r o c h l o r i c  a c id  

a s  d e s c r i b e d  i n  E x p t.  5. P e r c e n ta g e  y i e l d  o f  t h e  r e c o v e re d  

p o l y s a c c h a r i d e s  w ere: H. l o r e a  1 7 .0 ;  Q ,  b i f u r c a t a  1 6 .0

and P . p a v o n ia  4 .0 ^ .  Some p r o p e r t i e s  o f  a c id  e x t r a c t  a re  

g iv e n  i n  T ab le  4 ,  p . 102.

E x am in a tio n  o f  t h e  p o l y s a c c h a r i d e . A p o r t i o n  (40  mg) o f  e a c h  

p o l y s a c c h a r i d e  from  e a c h  weed showed t h e  p re s e n c e  o f  m a in ly  

fu c o s e  and g lu c u r o n ic  a c i d ,  s m a l l  q u a n t i t i e s  o f  x y lo s e  and 

g a l a c t o s e  and t r a c e  q u a n t i t i e s  o f  m annuron ic  a C id .  The 

r e l a t i v e  m o le c u la r  p r o p o r t i o n s  o f  d i f f e r e n t  s u g a r s  were 

d e te rm in e d  a s  t h e  TMS d e r i v a t i v e s  o f  t h e  d e r iv e d  a l d i t o l s  and 

L - g u lo n ic  a c id  ( t h e  r e d u c t i o n  p ro d u c t  o f  g l u c u r o n i c  a c i d )  f o r  

H. l o r e a  (T ab le  5 , p . 1 0 2 ) .

E x am in a tio n  o f  th e  a c i d - s o l u b l e  - a l c o h o l - s o l u b l e  m a t e r i a l .

T h is  was exam ined as  d e t a i l e d  i n  E x p t.  5 , and th e  r e s u l t s  were 

s i m i l a r .  I n  a d d i t i o n  to  f u c o s e ,  x y lo s e  and* g lu c u r o n ic  a c i d  

P. p a v o n ia , gave a  s p o t  w i th  m o b i l i t y  R f^ co se  0 .6 5 ,  and 0 .7 6 .  

( r e s p e c t i v e l y  in  s o l v e n t  1 and 2 ) ,  w hich  became p in k  ( b r i g h t )  

on s t a n d i n g .  T h is  was s e p a r a t e d  on p a p e r  and had =

- 1 1 .5 ^  ( c ,  0 .2 5  i n  w a t e r ) .  On h y d r o l y s i s  gave fu c o s e  and 

x y lo s e  o n ly .  D e te r m in a t io n  o f  d e g re e  o f  p o l y m e r iz a t i o n  

(d p  = 1 .99  O .P . XVI) gave 4 7 /kg a s  an e q u i v a l e n t
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m ix tu re  o f  fu c o s e  and x y l o s e ,  and th e  re d u c e d  m a t e r i a l  

c o r r e s p o n d s  to  2 2 J a. g  a s  x y lo s e  and 4 3 /^ g  a s  f u c o s e .  I t  i s  

t e n t a t i v e l y  assumed to  be a  x y l o s y l f u c o s e .

E x p t . 14. E x t r a c t i o n  o f  r e s i d u a l  m a t e r i a l  w i th  d i l .  sodium 

c a r b o n a t e . The r e s i d u a l  m a t e r i a l  from  E x p t.  13, was t r e a t e d  

w i th  3^ sodium  c a rb o n a te  s o l u t i o n  a s  d e s c r i b e d  in  E x p t.  6.

The r e s u l t s  f o r  th e  p r e c i p i t a t e s  and t h e  a l k a l i - s o l u b l e  

a l c o h o l - s o l u b l e  m a t e r i a l s  w ere s i m i l a r  to  t h o s e  found  in  

E x p t . 6 .

E x p t.  15 . F r a c t i o n a t i o n  o f  th e  a l k a l i  e x t r a c t . I t  was 

d i s s o l v e d  i n  w a te r  t o  g iv e  a  c o n c e n t r a t i o n  o f  a b o u t  1 .0 ^  

and to  t h i s  2^ aqueous c a lc iu m  c h l o r i d e  s o l u t i o n  was added 

s lo w ly  w i th  s t i r r i n g  u n t i l  t h e  p r e c i p i t a t i o n  was c o m p le te .

The m ix tu re  was a l lo w e d  to  s ta n d  i n  t h e  c o ld  o v e r n ig h t  and 

th e  g e l a t i n o u s '  p r e c i p i t a t e  was removed by s p in n in g  o f f .

I t  was washed w i th  w a te r  and f r e e z e - d r i e d  to  a  l i g h t  brown 

c o lo u re d  m a t e r i a l  ( c a lc iu m  a l g i n a t e ) .  The s u p e r n a t a n t  

s o l u t i o n  was c o n c e n t r a t e d  to  a  s u i t a b l e  volum e, d i a l y s e d  

i n i t i a l l y  f o r  4 days u n d e r  t a p  w a te r  and f i n a l l y  a g a i n s t  d i s ­

t i l l e d  w a te r  u n t i l  f r e e  from  c h l o r i d e  i o n .  I t  was t h e n  

c o n c e n t r a t e d  and f r e é z e - d r i e d  t o  a  l i g h t  cream  powder ( h e r e i n ­

a f t e r  c a l l e d  g lu c u ro n o x y lo fu c a n )  y i e l d s  w e re ;  c a .  900 mg i n

H. l o r e a  and B. b i f u r c a t a ; 110 g i n  P . p a v o n ia  ( f ro m  50 g
i

w eed ) . The g lu c u ro n o x y lo fu c a n  w i l l  be d e a l t  w i t h  i n  S e c t io n  I I .  |
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E x a m in a t io n  o f  th e  G a - a l g l n a t e . A p o r t i o n  (lOO mg) was 

h y d r o ly s e d  and a n a ly s e d  c h r o m a to g r a p h ic a l ly  ( s o l v e n t  1 , 3  

and 6) u s i n g  d ip  o r  s p r a y  1 and 2 . I t  showed th e  p re s e n c e  

o f  m annuron ic  and g u lu r o n ic  a c i d s  and t h e i r  r e s p e c t i v e  

l a c t o n e s .  A p o r t i o n  o f  t h e  h y d r o l y s a t e  was e s t e r i f i e d ,  

r e d u c e d  and h y d ro ly s e d  ( G r .P .  X) I t  gave mannose and g u lo s e  

( s o l v e n t  5 s p r a y  4 ) .  l o n o p h o r e s i s  i n  b o r a t e  b u f f e r s  gave j

two s p o t s ,  Mcf 0 .5 8  and 0 .4 6  r e s p e c t i v e l y  i d e n t i c a l  w i t h  t h o s e  !

g iv e n  by mannose and g u lo s e .  • |
!

E x p t • 16. E x t r a c t i o n  w i th  a m m o n iu m ^ x a la te -o x a lic  a c id  s o l u t i o n . I 
■ .  ■ .  I

The r e s i d u a l  m a t e r i a l  o b ta in e d  from  a l l  t h r e e  e x t r a c t i o n  |

p ro c e d u r e s  was e x t r a c t e d  w i t h  a m m o n iu m ^ x a la te -o x a l ic  a c i d  j

s o l u t i o n  (pH = 2 . 8 ,  250 m l) a t  70® f o r  6 h  w i t h  c o n s t a n t  I

s t i r r i n g .  The r e s i d u e  was s e p a r a t e d  and t h e  s u p e r n a t a n t  j

s o l u t i o n  was d i a l y s e d  t i l l  f r e e  from  o x a l a t e  io n ,  c o n c e n t r a t e d  ;
i-

and f i n a l l y  f r e e z e - j d r i e d .  T h is  y i e l d e d  a  c o lo u r e d  powder, J

y i e l d  c a .  1 .0 ^  f o r  e a c h  d ry  weed. |

E x a m in a t io n  o f  t h e  p r e c i p i t a t e . A p o r t i o n  o f  th e  p r e c i p i t a t e  j 

on h y d r o l y s i s  and c h ro m a to g ra p h ic  a n a l y s i s  r e v e a l e d  t h e  |

p r e s e n c e  o f  f u c o s e ,  g l u c u r o n ic  a c i d ,  x y lo s e  and t r a c e s  o f  |

g lu c o s e  and m annuron ic  a c i d .

E x p t.  17 . C h l o r i t e  t r e a t m e n t . The r e s i d u a l  m a t e r i a l  from  

E x p t.  16 was su sp en d ed  i n  w a te r  (200 ml) and h e a te d  to  70®.

To i t  was added a c e t i c  a c i d  (1 m l) and sodium  c h l o r i t e  ( l .O  g )
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w i t h  c o n s t a n t  s t i r r i n g .  The r e a c t i o n  was a l lo w e d  to  

c o n t in u e  f o r  1 h  a f t e r  w hich  a  second  a d d i t i o n  o f  a c e t i c  a c i d  i

f o l lo w e d  by sodium  c h l o r i t e  was made and th e  p r o c e s s  was !

r e p e a t e d  f o u r  t i m e s .  The w h i te  r e s i d u a l  m a t e r i a l  was 

s e p a r a t e d  and washed w i t h  w a te r  u n t i l  f r e e  from  c h l o r i d e .

I t  was r e c o v e r e d  a f t e r  w ash ing  w i th  a l c o h o l ,  e t h e r  and 

p e t ro le u m  e t h e r  ( b . p .  40-60®) a s  a  snow w h i te  m a t e r i a l  ( c a .  J
I !

4 . 0̂ 0 f o r  H. l o r e a , B. b i # u r o a t a  and P . p a v o n ia ) . I

The s u p e r n a t a n t  was d i a l y s e d  u n t i l  f r e e  from  c h l o r i d e ,  |

c o n c e n t r a t e d  and on f r e e z e - d r y i n g  gave a  cream  c o lo u r e d  powder ,

( c a .  1 .0 #  f o r  H. l o r e a ,  and B. b i f u r c a t a ;  2 .5 #  f o r  P. p a v o n ia ,  !
!

h e r e i n a f t e r  c a l l e d  c h l o r i t e  e x t r a c t .
  [

E x am in a tio n  o f  t h e  c h l o r i t e  e x t r a c t . A p o r t i o n  (40  mg) o f  j
t

t h e  c h l o r i t e  e x t r a c t  was h y d ro ly s e d  and on c h ro m a to g ra p h ic  !

a n a l y s i s  showed th e  p r e s e n c e  o f  m a in ly  f u c o s e ,  g l u c u r o n ic  a c i d  | 

and s m a l l  q u a n t i t i e s  o f  x y l o s e ,  g a l a c t o s e  and g lu c o s e .   ̂ j

E x a m in a t io n  o f  th e  r e s i d u e . L ike  th e  c h l o r i t e  e x t r a c t ,  t h e  |

r e s i d u e  was exam ined and foun d  t o  co m p rise  g lu c o s e  w i th  a  [
[

f a i n t  t r a c e  o f  x y l o s e .  I t  had  [&ln a b o u t  -7 4 ^  (0 .1  i n  10# 1

sodium  h y d r o x i d e ) . 1

E x p t .  1 8 . E x t r a c t i o n  o f  t h e  r e s i d u e  w i th  p o ta s s iu m  h y d r o x id e . I.

Tho r e s i d u a l  m a t e r i a l  was e x h a u s t i v e l y  e x t r a c t e d  w i th  p o ta s s iu m  I
I -

h y d ro x id e  s o l u t i o n  (6N, 125 ml) a t  room te m p e r a tu r e  f o r  48 h  v
, I:

i n  a n  a tm o sp h e re  o f  n i t r o g e n  on a  m e c h a n ic a l  s h a k e r .  The ;
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r e s i d u e  was removed and washed s u c c e s s i v e l y  w i t h  d iL  a c e t i c  

a c i d ,  w a t e r ,  e th a n o l  and e t h e r .  A f t e r  d r y in g  i n  v acu o , 

a  w h i te  powder was o b ta in e d  ( c a .  <3.0#) o f  th e  d r y  weed.

I t  had a b o u t  1 6 .6 #  p r o t e i n  ( f o r  H. l o r e a ) .  The combined 

f i l t r a t e  and w ash in g s  were pou red  i n t o  a  m ix tu re  o f  i c e  c o ld  

e t h a n o l  ( e x c e s s )  and g l a c i a l  a c e t i c  a c i d .  The p r e c i p i t a t e  

form ed was c o l l e c t e d  on c e n t r i f u g e  and r e c o v e r e d  a f t e r  

s u c c e s s iv e  w ash ing  w i th  aqueous e t h a n o l ,  e t h a n o l ,  e t h e r  and 

p e t r o le u m  e t h e r  ( b . p .  40 -60 ® ). A f t e r  d r y i n g  i n  vacuum a  

cream  c o lo u r e d  powder ( 0 .5  g ,  H. l o r e a ) was o b t a i n e d .  The 

a l c o h o l i c  s u p e r n a t a n t  was d i a l y s e d  and f r e e z e - d r i e d  ( 0 .3  g ,

H. l o r e a ) . B o th  a l c o h o l - i n s o l u b l e  and s o l u b l e  m a t e r i a l s  were 

h y d r o ly s e d  and showed th e  p r e s e n c e  o f  m a in ly  g lu o ose and a  

v e r y  f a i n t  t r a c e  o f  x y lo s e  (p a p e r  ch ro m a to g rap h y  o n l y ) .

The fo rm e r  had  25# p r o t e i n .

E x p t .  19 F i n a l  p ro c e d u re  t o  s e p a r a t e  g l u c a n . The m a t e r i a l  

f rom  t h e  aqueou s  c a lc iu m  c h l o r i d e  e x t r a c t i o n  was s e p a r a t e d  

on a  D E A E -ce llu io se  column a s  d e s c r i b e d  i n  E x p t .  1 1 ( e ) .

The g lu c a n  was o b ta in e d  i n  t h e  aqueous e l u e n t  and t h e  r e s p e c -  . 

t i v e  y i e l d s  w e re :  0 .0 2 ,  0 .2 0  and 0 .0 7 # .  F o r  H. l o r e a ,

B. b i f u r c a t a  and P . p a v o n ia  (T a b le

E x p t .  20 C h a r a c t e r i s a t i o n  o f  G lu can . The g lu c a n  (10 mg) 

jvas h y d r o ly s e d  w i th  N - s u lp h u r i c  a c i d  and th e  h y d r o l y s a t e  was 

n e u t r a l i s e d  w i th  b a r iu m  c a r b o n a t e ,  t r e a t e d  w i t h  IR -120(H ‘‘’)
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c o n c e n t r a t e d  and a n a ly s e d  i n  s o l v e n t  1 and 2 u s i n g  d i p  o r  

s p r a y  ( 1 - 3 ) .  To d e t e c t  m a n n i to l  i n  th e  h y d r o l y s a te  m e th y l -  

e t h y l k e t o n e - a c e t i c  a c i d - w a t e r  s a t .  b o r i c  a c id  ( s o l v e n t  5) 

was u se d  t o  d e v e lo p  th e  chrom atogram  and p e r io d a te - p e r m a n g a n a te  

was u se d  a s  th e  s p r a y  r e a g e n t .  T h is  i n d i c a t e d  th e  p re s e n c e  o f  

g lu c o s e  o n ly  i n  a l l  t h r e e  w eeds.

I n  a  p a r a l l e l  e x p e r im e n t  an  e q u a l  q u a n t i t y  o f  la m in a r a n  

from  L a m in a r ia  l a m in a r a n  was h y d ro ly s e d  and s i m i l a r l y  a n a l y s e d .  

T h is  r e v e a l e d  th e  p re s e n c e  o f  g lu c o s e  and m a n n i to l .

P a r t i a l  h y d r o l y s i s . The g lu c a n s  (5 mg and 10 mg, r e s p e c t i v e l y

from  H. l o r e a  and B. b i f u r c a t a ) were s e p a r a t e l y  h y d r o ly s e d  w i th

0.1N s u l p h u r i c  a c i d  (1 m l)  f o r  1 h  a t  100®. The h y d r o l y s a t e

was n e u t r a l i s e d  by s h a k in g  w i th  5# N ,N -d i-o c ty la m in e  i n

c h lo ro fo rm  s o l u t i o n  ( l  m l)  t h r e e  t im e s  and th e n  once w i th

c h lo ro fo rm  and c o n c e n t r a t e d  t o  a  s u i t a b l e  vo lum e. C hrom ato- 
.

g r a p h ic  a n a l y s i s  gave  s p o t s  w i t h  th e  m o b i l i t y  o f  l a m i n a r i b i o s e  

^ V u c o s e  0 -4 2 ,  s o l v e n t  1 and s o l v e n t  2 ) ,  and

g e n t i o b i o s e  (R giycogg  0 .2 7  i n  s o l v e n t s  1 and 2) a lo n g  w i t h  o th e r  

o l i g o s a c c h a r i d e s .
*

Homologous s e r i e s  o f  1 , 3 - l i n k e d  o l i g o s a c c h a r i d e s . Chromato­

gram i n  s o l v e n t  8 f o r  130 ,h s e p a r a t e d  t h e  o l i g o s a c c h a r i d e s .

T ak in g  f o r  l a m i n a r i b i o s e ,  l o g  , were c a l c u l a t e d ^
f

f o r  h i g h e r  1 , 3 - l i n k e d  l a m i n a r i o l i g o s a c c h a r i d e s .  These were 

t h e n  p l o t t e d  a g a i n s t  th e  d e g re e  o f  p o l y m e r i z a t i o n  o f  e ac h  o f  

t h e  o l i g o s a c c h a r i d e s  ( i n c l u d i n g  l a m i n a r i b i o s e )  when a
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s t r a i g h t  l i n e  was o b ta in e d  ( s e e  F i g . 1 5 ,1 )#

M é th y la t io n  s t u d i e s . The g lu c a n  and la m in a r a n  from  

L a m in a r ia  was m e th y la te d  a c c o r d in g  to  Gr.P.  V I(b )  and h y d ro ly s e d  

(G r .P .  V l ( c )  and a n a ly s e d  c h r o m a to g r a p h ic a l l y  i n  s o l v e n t s  2 and 

. I t  showed t h e  p re s e n c e  o f

( a )  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s e  (R^ 1 .0 ,  s o l v e n t  2 ) .

(b )  2 , 4 , 6 - t r i - O - m e t h y l g l u c o s e  (R^ 0 .7 7 ,  s o l v e n t  2 )

169G r ly c o s id a t io n  and g lc . a n a l y s i s . These were done a c c o r d in g  

t o  O . P .  VI ( d )  and Gr.P.  VI ( o ) ;  and Gr.P.  V I I I ,  u s i n g  colum ns 

1 and 2 . .  The m eth y l g l y c o s id e s  i d e n t i f i e d  a r e  shown u .  

below , w i t h  t h e i r  r e t e n t i o n  t im e  w i t h  r e s p e c t  t o  m e th y l -  

t e t r a - O - m e t h y l - p - g l y c o s i d e .

M ethyl g l y c o s id e s  from  t h e  m e th y la te d  g l u c a n .

M e th y la te d  s u g a r  g ly c o s id e s Column H. l o r e a B. b i f u r c a t a

2 , 3 , 4 - t r i - O - m e t h y l  g lu c o s id e 1* 2 .8 6 ,  3 .5 2 .6 0 ,  3 .5
(m a jo r  p e ak ) 2 . (1 .65 ,)  2 .0 1 .5 0 ,  2 .0

2 , 4 , 6 - t r i - O - m e t h y l  g l u c o s id e 1 . 2 .9 0 ,  4 . 0 3 .0 ,  4 .2 7

2 . (1 .7 0 ,)  2 .3 1 .6 4 ,  2 .4 0

2 , 3 , 4 , 6 - t e t r a - O - m e t h y l  g lu c o s id e  1 . 1 . 0 ,  1 .3 0 1 .0 ,  1 .3 7

2 . 1 .0 ,  1 .3 3 1 .0 ,  1 .3 5
F ig u r e s  i n  p a r e n t h e s i s  i n d i c a t e  T v a lu e s  o f  com ponents w h ich  a r e  

n o t  c o m p le te ly  r e s o l v e d .
E x p t .  21 C h a r a c t e r i s a t i o n  o f  t h e  f i n a l  r e s i d u a l  m a t e r i a l .

Com plete  h y d r o l y s i s  o f  an  a l i q u o t  o f  t h e  r e s i d u a l  

m a t e r i a l  f ro m  E x p t.  18 I n d i c a t e d  th e  p re s e n c e  o f  g lu c o s e  w i t h  

a  t r a c e  o f  x y l o s e .
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M é th y la t io n  S t u d i e s . T h is  was m e th y la te d  by t h e  m ethods
17Q 180o f  Haworth and Kuhn • H y d r o ly s i s  and c h ro m a to g ra p h ic

a n a l y s i s  showed th e  p r e s e n c e  o f  2 ,3 ,6 - t r i - O - m e t h y l g l u c o s e

(R^ 0 .8 9  s o l v e n t  2 ) a s  th e  m a jo r  p ro d u c t  a lo n g  w i t h 's m a l l

q u a n t i t i e s  o f  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s e  (Rq̂ 1 .0  s o l v e n t  2 ) .
169G . l . c .  a n a l y s i s  o f  th e  m e th y lg lu c o s id e s   ̂ c o n firm ed  th e  

p re s e n c e  o f  m e th y l  2 , 3 ,6 - t r i - O - m e t h y l g l u c o s i d e s  w i th  r e t e n t i o n  

t im e  w i th  r e s p e c t  t o  t e t r a - 0 - m e t h y l |g lu c o s i d e  ; column ( l )  3 .2 1 ,  

4*21 and column (2 )  1 .6 9 ,  2 ,2 5 )  a s  th e  m a jo r  p r o d u c t  t o g e t h e r  

w i t h  m eth y l 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s i d e s ( column 1, 1 .0 ,

1 .3 3  and column 2 , 1 .0 ,  1 ,3 5 ) .
F r a c t io n a t io n  o f  a c id  e x t r e c t .
E x p t.  22. By c a lc id m  c h l o r i d e  m eth od . Acid e x t r a c t e d  

m a t e r i a l  ( 1 . 0  g ;  E x p t.  5 , p ro c e d u re  I )  was d i s s o l v e d  in  

w a te r  (lOO m l) ,  c e n t r i f u g e d ,  and t o  t h e  c l e a r  s o l u t i o n  was 

added  2# c a lc iu m  c h l o r i d e  s o l u t i o n  (25 m l ) .  The p r e c i p i t a t e  

t h u s  fo rm ed was a l lo w e d  to  s t a n d  i n  th e  c o ld  o v e r n i g h t .

I t  was t h e n  removed on c e n t r i f u g e ,  washed w i t h  w a t e r ,  a l c o h o l  

and f i n a l l y  w i th  e t h e r .  On a i r  d r y in g  i t  gave a  brown 

c o lo u r e d  powder [530 mg, (A) c a l c i u m - i n s o l u b l e  m a t e r i a l ] .

The s u p e r n a t a n t  was d i a l y s e d  u n t i l  f r e e  from  c h l o r i d e ,  

f i l t e r e d ,  c o n c e n t r a t e d  and p o u red  i n t o  e x c e s s  a l c o h o l .  The 

p r e c i p i t a t e  was r e c o v e r e d  a f t e r  w ash in g  w i th  a l c o h o l  and 

e t h e r  a  l i g h t  brown powder [400 mg ( b ) c a l c i u m - s o l u b le  

m a t e r i a l ] .
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E x a m in a t io n  o f  t h e  C a - in s o lu b l e  and s o l u b l e  m a t e r i a l s  

( a and B ) .

B oth  t h e  p r e c i p i t a t e  (A) and (B) were h y d ro ly s e d  and 

a n a ly s e d  c h r o m a to g r a p h ic a l ly  i n  s o l v e n t  1, 3 and 6 u s i n g  d ip  

and s p r a y  1 and 2 . B o th  w ere  found  t o  c o n t a i n  m a in ly  f u c o s e ,  

m annuron ic  and g u lu r o n ic  a c i d s  t o g e t h e r  w i th  some g lu c u r o n ic  

a c i d ,  x y lo s e  and g a l a c t o s e .

The a c id  e x t r a c t  (E x p t .  8 ,  P ro c e d u re  I I )  was exam ined i n  t h e  

same way and gave s i m i l a r  r e s u l t s .

E x p t.  23 By D E A E -ce llu lo se  colum n. The a c i d  e x t r a c t  ( l . O  g , 

E x p t .  8 , P ro c e d u re  I I )  was p u t  on a  D E A E -ce llu lo se  colum n.

A f t e r  rem ov ing  th e  la m in a r a n  w i th  w a te r ,  t h e  column was e l u t e d  

w i th  w a te r  w i t h  an  i n c r e a s i n g  g r a d i e n t  o f  p o ta s s iu m  c h l o r i d e .  

F r a c t i o n s  were o b ta in e d  a t  t h e  f o l lo w in g  e l u e n t  c o n c e n t r a t i o n s :  

0.3M KCl (300  mg), 0.5M KOI (200 mg) and 1.0M (200 mg).

On e x a m in a t io n  i t  was r e v e a l e d  t h a t  0.3M and 0.5M f r a c t i o n s  

C o n ta in e d  a l g i n i c  a c id  i n  a d d i t i o n  t o  t h e  "fucans* ' -  and t h i s  

c o u ld  n o t  be p r e f e r e n t i a l l y  p r e c i p i t a t e d  w i th  Ca^*.
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P a r t  I • R e s u l t s  and D is c u s s io n s  

Low m o le c u la r  w e ig h t  c a r b o h y d r a t e . The m ain low m o le c u la r

I
w e ig h t  c a r b o h y d r a te  e x t r a c t e d  from  a l l  t h r e e  s p e c i e s  o f

t h e  weed by aqueous e th a n o l  was m a n n i to l .  I t  was o b ta in e d

c r y s t a l l i n e  and c o r re s p o n d e d  t o  a b o u t  6# o f  t h e  d ry  w e ig h t

o f  B. b i f u r c a t a , 0 .5 #  o f  H. l o r e a  and o n ly  a  v e r y  sm a ll

amount co u ld  be e x t r a c t e d  from  P . p a v o n ia  f o r  co m p ariso n
111w i th  o t h e r  s p e c i e s  o f  brown a lg a e  th e  m a n n i to l  c o n t e n t s

i n  H. l o r e a  and P. p a v o n ia  a r e  low . In  a d d i t i o n  to

m a n n i to l  g lu c o s e  was found  i n  H. l o r e a  and B. b i f u r c a t a .

I t  was s e p a r a t e d  and c h a r a c t e r i s e d  a s  c r y s t a l l i n e  D -g lu c o se  

i n  t h e  l a t t e r  w h i le  g lu c o s e  o x id a s e  c o n firm ed  i t s  p re s e n c e  

i n  H. l o r e a .  i :
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C om parison  o f  t h e  E x t r a c t i o n  P ro c e d u re s  I  -  I I I  and th e  

d i f f e r e n t  P o l y s a c c h a r i d e s .

I n  t h e  f i r s t  i n s t a n c e  t h e  e s t a b l i s h e d  method o f  

e x t r a c t i o n  o f  brown seaw eeds nam ely s e q u e n t i a l  u s e  o f  a c i d  

and a l k a l i  was c a r r i e d  o u t  on H. l o r e a  and B. b i f u r c a t a  b u t  

t h e  p o l y s a c c h a r i d e  m a t e r i a l ,  p r e c i p i t a t e d  from  t h e  a c id  

e x t r a c t  from  b o th  t h e  w e e d s ,p ro v e d  to  be m ix tu r e s  o f  a  g lu c a n ,  

s u l p h a t e d  f u c o s e - c o n t a i n i n g  p o l y s a c c h a r i d e s  ( h e r e i n a f t e r  

c a l l e d  *fucans*) and a l g i n i c  a c i d  .. . ( E x p t .  5) w hich

d e f i e d  f r a c t i o n a t i o n  i n t o  h o m o p o ly s a c c h a r id e s .  In  an 

a t t e m p t  t o  i s o l a t e  th e  g lu c a n  i n  a  s i n g l e  e x t r a c t  t h e  weeds 

were e x t r a c t e d  w i t h  w a te r  b e f o r e  a c id  and a l k a l i  b u t  a g a in  

com plex m ix tu r e s  were o b t a in e d  i n  e a c h  o f  t h e  e x t r a c t s  ( s e e  

T ab le  2 and E x p t .  9 ) .  F r a c t i o n a l  p r e c i p i t a t i o n  o f  t h e  

aqueous e x t r a c t  w i t h  e th a n o l  [ E x p t .. 11(a)] f a i l e d  to  y i e l d  

any  s e p a r a t i o n  o f  t h e  d i f f e r e n t  p o ly m e rs .  E l u t i o n  from  

s t r o n g  a n io n  exchange r e s i n s  [E x p t .  11(b)] f a i l e d  t o  g iv e  any  

f r a c t i o n  s o l e l y  co m p rised  o f  n e u t r a l  p o l y s a c c h a r i d e .  I t  

was c o n c lu d e d  t h a t  t h e  p r o p o r t i o n  o f  c h a rg e d  p o l y s a c c h a r i d e s  

was so  much i n  e x c e s s  o f  th e  g lu c a n  t h a t  i t  was im p o s s ib le  

t o  s e p a r a t e  th e  l a t t e r  by t h e s e  m eans. The a d d i t i o n  o f  

c e ty l t r im e th y la m m o n iu m  h y d ro x id e  t o  a  s o l u t i o n  o f  t h e  p o ly -  

s a c c h a r i d e  [E x p t .  11 (d )]  a l t h o u g h  i t  gave a  p r e c i p i t a t e ,  l e f t  

c h a rg e d  m a t e r i a l  i n  s o l u t i o n  and o f f e r e d  no s i g n i f i c a n t

■ ■ , ■ ■ ■ . ' V .  , ■■ ■• '
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s e p a r a t i o n ,  A g lu c o s e  r i c h  f r a c t i o n  w as, how ever, o b ta in e d  

by  r e p e a t e d  e l u t i o n  from  Zeokarb 225(H*^) r e s i n  [E x p t . 11 (c 3 .  

F i n a l l y  a  e m a il  p r o p o r t i o n  o f  p u re  g lu c a n  was s e p a r a t e d  by 

e l u t i o n  w i th  w a te r  from  a  column o f  D E A E -ce llu lo se  [E x p t .

11 ( e 3 .

I t  was d e c id e d  t h a t  i f  e x t r a c t i o n  w i th  w a te r  was done i n  

t h e  p r e s e n c e  o f  Ca'*"*’ t h e n  a l l  t h e  a l g i n i c  a c i d  and p ro b a b ly  

some o f  t h e  *fu can s*  sh o u ld  re m a in  i n s o l u b l e .  I n  f a c t  t h i s  

was fo und  t o  be th e  c a s e . .  'V; . - The aqueous c a lc iu m

c h l o r i d e  e x t r a c t ,  u n l i k e  p r e v io u s  a c i d  o r  w a te r  e x t r a c t s  

c o m p rised  v e r y  s m a l l  p r o p o r t i o n s  o f  th e  d r y  weed. A co m p ar iso n  

o f  t h e  y i e l d s  o f  c a r b o h y d r a te  by th e  d i f f e r e n t  e x t r a c t i o n  

p ro c e d u r e s  i s  g iv e n  i n  T ab le  3 .  '

The aq ueous c a lc iu m  c h l o r i d e  e x t r a c t  (P ro c e d u re  I I I )

p ro v ed  to  be a  m ix tu re  o f  s m a l l  p r o p o r t i o n s  o f  t h e  *fu can s*

and th e  g lu c a n .  The l a t t e r  was s e p a r a t e d  from  t h e  fo rm e r

on a  D E A E -ce llu lo se  column (E x p t .  1 j ) , T h is  was th e  m ost

e f f e c t i v e  p ro c e d u re  t o  o b t a i n  p u re  g lu c a n s  from  th e  t h r e e

s p e c i e s  o f  weed. T ab le  1

E x t r a c t i o n  P ro c e d u re  I

Some p r o p e r t i e s  o f  d i l .  a c i d  e x t r a c t e d  m a t e r i a l

S p e c ie s  # c a rb o h y d .  #  80j| #  u r o n i c
(G .P . I l l ( b )  (G .P . IV (c )  (G .P . V II  (b )

H. l o r e a  40 -42  2 1 .0  1 8 .4

B. b i f u r c a t a  4 0 -42  2 4 .2  1 8 .0
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T ab le  2

E x t r a c t i o n  P ro c e d u re  I I

E x t r a c t  S p e c ie s #  c a r b o h y d r a te  #  S0^‘
(G .P . I l l  (b )  (G .P . 'IV

(c )

# u r o n ic  
(G .P . V II (b )

w a te r  H. l o r e a 40 -4 3 . 1 6 .4 2 3 .2

B. b i f u r c a t a 40-42 1 6 .8 2 2 .4

a c i d  H. l o r e a 42-43 22 .1 1 5 .2

B. b i f u r c a t a 4 2 -4 3 2 3 .6 13 .9

T ab le 3

P e r c e n ta g e  y i e l d  o f  p o l y s a c c h a r i d e s  b a sed  on d ry  w e ig h t  o f

th e  weed i n  t h e  d i f f e r e n t e x t r a c t i o n  p r o c e d u r e s .

E x t r a c t i o n  P ro c e d u re  I . ,

S p e c ie s d i l .  a c id d i l .  a l k a l i  t o t a l

H. l o r e a 1 5 .0 1 9 .0 3 4 .0

B. b i f u r c a t a 1 7 .0 1 6 .0 3 3 .0

E x t r a c t i o n  P ro c e d u re  I I .
w a te r

H. l o r e a  l 6 . 5  4 .0  1 0 .0  ‘ 3 0 .0

B. b i f u r c a t a  1 5 .0  5 .0  1 2 .0  3 2 .0

E x t r a c t i o n  P r o c e d u r e - I I I
C alc ium
c h l o r i d e

H. l o r e a  1.1  1 7 .0  1 8 .0  36 .1

B, b i f u r c a t a  1 .3  1 6 .0  1 8 .0  3 5 .3

P. p a v o n ia  " 1 . 5  4 . 0  1 5 .0  2 0 .5 %
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T ab le  4 

E x t r a c t i o n  P ro c e d u re  I I I

P r o p e r t i e s o f  th e  *Fucans* e x t r a c t e d w i th  a q .  c a lc iu m

c h l o r i d e  fo l lo w e d  by d i l ,  a c i d .

E x t r a c t S p e c ie s  ^ c a r b o h y d r a te  #  SO. # u r o n ic
(G .P . I l l ( b ) (G .P .IV (e)  (G .P . V l l ( b )

C alc ium
c h l o r i d e

H. l o r e a  40 -4 2 1 4 .7 3 .8

B. b i f u r c a t a  40 -42 1 0 .3 7 .7

P . p a v o n ia  • 4 2 t 44 7 .3 3 .0

D i l .  a c id H. l o r e a  43 -45 2 3 .0 7 .5

B, b i f u r c a t a  40 -42 2 2 .2 1 2 .3

P. p a v o n ia  45 -47  
* ^

1 0 .0 8 .2

T ab le  5

Mole p r o p o r t i o n s  o f  r e d u c e d  ” s u g a r s ” i n  th e  *fucans*  o f

H. l o r e a . '

E x t r a c t F u c i t o l  X y l i t o l  L - g u lo n ic  a c id g a l a c t i t o l

Aq. Ca** 5 .5  2 .5 1 .0 —

A cid 6 .0  0 .6 1 .0

I t  c a n  be se e n  from  T a b le s  1, 2 and 4 t h a t  th e  g e n e r a l  

c o m p o s i t io n  o f  e x t r a c t s  from  t h e  d i f f e r e n t  p r o c e d u re s  v a ry  

c o n s i d e r a b l y .  ' From a l l  t h e s e  o b s e r v a t i o n s  i t  i s  r e a s o n a b le  

t o  c o n c lu d e  t h a t  e x t r a c t i o n  p ro c e d u re  I I I  ( s e e  f lo w  d iag ram ) 

(p .103) i s  b e t t e r  t h a n  t h e  o t h e r  two i n  t h a t  i t  gave l e s s
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com plex m ix tu r e s  o f  p o l y s a c c h a r i d e s .  Hence t h i s  p ro c e d u re  

has  been  a d o p te d  in  i s o l a t i n g  th e  v a r i o u s  p o l y s a c c h a r id e s  

w h ich  have b een  s t u d i e d  from  H. l o r e a , B. b i f u r c a t a  and 

P. p a v o n ia . The p e rc e n ta g e  y i e l d  o f  t h e  d i f f e r e n t  p o ly ­

s a c c h a r i d e s  a r e  shown i n  T ab le  6.

E x t r a c t i o n  P ro c e d u re  I I I  

E x t r a c t i o n  o f  H im a n th a l i a , B i f u r c a r i a  and P a d in a  a f t e r  80# , 

e th a n o l  e x t r a c t i o n  and fo rm a ld eh y d e  t r e a tm e n t

R e s id u a l  Weed

2# CaClg s o l n .
L am inaran

” Pu cans'* .
I---------

'* Fucans '*

R e s ld ue
d i l .  HCl.

R es id u e
I
d i l .  NagCOj s o l n .

A lg in ic  a c id  

+

G lucurono­
x y lo fu c a n

R e s id u e

G lucurono­
x y lo fu c a n

G lucurono­
x y lo fu c a n

. Ammonoxalate 
o x a l i c  a c id

R e s id u e

c h l o r i t e  
t r e a tm e n t  

1
R e s id u e
( f i n a l )
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The p e r c e n ta g e  y i e l d s  o f  t h e  d i f f e r e n t  p o l y s a c c h a r i d e s  a r e  

g iv e n  be low .

T ab le  6

P e r c e n ta g e  y i e l d s  o f  i n d i v i d u a l  p o l y s a c c h a r i d e  b a sed  on 

d r y  w e ig h t  o f  d i f f e r e n t  w e ed s .

S p e c ie s  L am in aran  'F u c a n s '  A l g i n i c  G lu c u ro n o x y lo - C e l lu lo s e
a c i d  fu c a n

A lk­
a l i

Amm-
ox.

Chl­
o r i te

H. l o r e a 0 .0 2 1 8 .0 16 :0 1 .8 1 .0 1 .0 4 .0

B. b i f u r c a t a 0 .2 0 1 7 .0 1 6 .0 1 .8 1 .0 1 .0 4 .0

2" p a v o n ia 0 .0 7 5 .0 1 3 .0 2 .0 1 .0 2 .5 4 .0

A l l  th e  s p e c i e s  have  a  low  p r o p o r t i o n  o f  l a m in a r a n .  The
t

o t h e r  m a jo r  p o l y s a c c h a r i d e s  su c h  a s  ' f u c a n s '  and a l g i n i c

a c i d  a r e  co m parab le  i n  H. l o r e a  and B. b i f u r c a t a  w h i le
" f u c a n s ”P . p a v o n ia  h a s  re m a rk a b ly  lo w /a n d  a l g i n i c  a c i d .  T h is  may 

be  due to  t h e  s t r i k i n g  m o rp h o lo g ic a l  d i f f e r e n c e s  o f  P . p a v o n ia . 

The d i s t r i b u t i o n  o f  t h e  v a r i o u s  p o l y s a c c h a r i d e s  w h ich  c o n t a i n  

f u c o s e  s u g g e s t s  t h a t  t h e s e  a r e  p r e s e n t  i n  th e  c e l l  a s  w e l l  

a s  i n  t h e  c e l l - w a l l .

The c a r b o h y d r a te  c o m p o s i t io n  o f  t h e  a l c o h o l i c  s u p e r n a t a n t s

from  a c i d  and a l k a l i " e x t r a c t i o n s .

The c a r b o h y d r a te  c o m p o s i t io n  o f  a l c o h o l i c  s u p e r n a t a n t s

o f  t h e  v a r i o u s  e x t r a c t s  was i n v e s t i g a t e d  s i n c e  a  knowledge
156o f  t h i s  would be u s e f u l  i n  f u t u r e  b i o s y n t h e t i c  work w i th
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1 Zi •
c . The s u p e r n a t a n t  o f  a l l  t h e  a c id  e x t r a c t s  from  a l l  

t h e s e  weeds was found  t o  c o n t a i n  f u c o s e ,  x y lo s e  and g l u ­

c u ro n ic  a c i d .  These m ust have r e s u l t e d  from  d e g r a d a t i o n  o f  

t h e  " f u c a n s ” s i n c e  i f  o r i g i n a l l y  p r e s e n t  in  th e  a lg a e  th e y  

sh o u ld  have been  e x t r a c t e d  i n  th e  aqueous e t h a n o l .  In  

a d d i t i o n  to  t h e s e  f r e e  s u g a r  r e s i d u e s  P, p a v o n ia  gave a  p in k  

s p o t  w i th  a n i l i n e  o x a l a t e  s p r a y  h a v in g  c h ro m a to g ra p h ic

m o b i l i t i e s  î^f^ jose*  8in<i \ r a b i n o s i ^ ^  ( s o l v e n t  2 ,  E x p t.  1 3 ) .

T h is  was s e p a r a t e d  and found  t o  c o n t a i n  fu c o s e  and x y lo s e  

r e s i d u e s .  D e te r m in a t io n  o f  th e  d e g re e  o f  p o ly m e r iz a t io n  gave 

47 yttg a s  an  e q u i v a l e n t  m ix tu re  o f  fu c o s e  and x y l o s e ,  and th e  

re d u c e d  m a t e r i a l  c o r r e s p o n d s  t o  22 f i i g  a s  x y lo s e  and 4 3 /tig  a s  

fucose(pRw^It i s  t e n t a t i v e l y  i d e n t i f i e d  a s  a  d i s a c c h a r i d e ,  

x y l o s y l  f u c o s e .

The s u p e r n a t a n t  o f  th e  a l k a l i  e x t r a c t  (E x p t ,  6) c o m p r ise s  

t h e  d e g ra d ed  g lu c u ro n o x y lo fu c a n ^ ^ ^  t o g e t h e r  w i th  s m a l l  quan­

t i t i e s  o f  4 , 5 - u n s a t u r a t e d  a c i d .  I t  i s  w e l l  known t h a t  a l g i n i c  
181a c i d /d e g r a d e d  t o  4 , 5 - u n s a t u r a t e d , u r o n i c  a c i d s  by P - e l im -

i n a t i o n  1‘e a c t i o n :

COOH

0  ^ 0|x~~

COOH
o .

COOH
t

4 , 5 - u n s a t u r a t e d  
u r o n i c  a c i d . '
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The C h a r a c t e r i s a t i o n  o f  t h e  g lu c a n

The n e u t r a l  e l u a n t  from  D E A E -ce llu lo se  column from  

B, b i f u r c a t a  had = - 1 3 .7 ^  ( l i t ,  v a lu e  f o r  la m in a r a n

-1 2  t o  - 1 4 ^ )  and had c a r b o h y d r a te  c o n te n t  80— 62^. S in c e  

l a m in a r a n  from  L a m in a r ia  h y p e rb o re a  c o n ta in s  m a n n i to l  te rm ­

i n a t e d  c h a i n s ,  m a n n i to l  was lo o k e d  f o r  i n  t h e  h y d r o l y s a t e  o f  

th e  n e u t r a l  p o l y s a c c h a r i d e s  o f  a l l  t h r e e  a l g a e .  P a r a l l e l  

h y d r o ly s e s  on e q u iv a l e n t  w e ig h ts  o f  g lu c a n  from  eac h  s p e c i e s  

and la m in a r a n  from  L, h y p e rb o re a  were c a r r i e d  o u t .  The 

p re s e n c e  o f  m a n n i to l  was r e a d i l y  d e t e c t e d  on a  p a p e r  ch rom ato ­

gram i n  c a s e  o f  L. h y p e rb o re a  w h ereas  from  th e  t h r e e  o t h e r  

g e n e r a  o f  weeds no m a n n i to l  c o u ld  be d e t e c t e d .

A n a ly se s  o f  th e  p a r t i a l  h y d r o l y s a t e s  o f  H. l o r e a  and 

B. b i f u r c a t a  g lu c a n s  showed t h e  p r e s e n c e  o f  l a m i n a r i b i o s e ,  

g e n t i o b i o s e  and h ig h e r  l a m i n a r i s a c c h a r i d e s . S in c e  p l o t t i n g  

o f  l o g  ( g "i ~f ) a g a i n s t  th e  d e g re e  o f  p o l y m e r i s a t i o n  f o r  th e  

1 , 3 - l i n k e d  l a m i n a r i s a c c h a r i d e s  r e s u l t e d i n a s t r a i g h t  line(fig15  )

t h e  o l i g o s a c c h a r i d e s  b e lo n g  t o  

t h e  hom ologous s e r i e s .  T h is  t o g e t h e r  w i th  n e g a t iv e  r o t a t i o n ,  

b o th  f o r  H, l o r e a  and B. b i f u r c a t a , i n d i c a t e s  t h a t  t h e  g lu c a n  

i s  a  l a m in a r a n  and i s  m a in ly  composed o f  P -1 , 3 - l i n k e d  g lu c o s e  

u n i t s .  The s m a l l  q u a n t i t i e s  o f  g e n t i o b i o s e  p ro v ed  t h a t

1 , 6 - l i n k a g e  i s  a l s o  p r e s e n t  i n  t h e  l a m in a r a n  m o le c u le .

L am inarans  o f  H, l o r e a  and B. b i f u r c a t a  were m e th y la te d  

by  a  new te c h n iq u e  u s i n g  m e th y l s u lp h in y l  c a r b a n io n  i n
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d im e th y lB u lp h o x id e  and m ethy l/iod ide*  Gras l i q u i d  chrom ato ­

g r a p h ic  a n a l y s e s  o f  t h e  m e th y la te d  g l y c o s id e s  o b ta in e d  a f t e r  

g l y c o s i d a t i o n  o f  t h e  d e r iv e d  m e th y la te d  s u g a r s  gave
. .  '

i d e n t i c a l  g a s  chrom atogram s to  t h o s e  o f  L a m in a r ia  h y p e rb o re a  

l a m in a r a n  m e th y la te d  by t h e  new te c h n iq u e  a s  w e l l  a s  by  th e  

c l a s s i c a l  m ethods o f  m é t h y l a t i o n .^ ^  The m a jo r  peaks had 

th e  same r e t e n t i o n  t im e  a s  t h o s e  o f  m e t h y l - 2 ,4 , 6 - t r i - O - m e th y l  

g l u c o s i d e s ,  s m a l l e r  p eak s  w i t h  r e t e n t i o n  t im e s  o f  m e th y l-2 ,3 *  

4 - t r i - 0 - m e t h y l g l u c o s i d e s  and m e th y l  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l -  

g l u c o s i d e s  w ere  o b t a i n e d .  T h is  i s  t h e  f i r s t  t im e  t h a t  

L. h y p e rb o re a  h a s  b e e n  exam ined on g . l . c .  and t h e  f i r s t  t im e  

2 , 3 , 4 - t r i - O - m e t h y l g l u c o s e  h a s  b een  i d e n t i f i e d .  T h is  p r o v id e s  

d e f i n i t e  e v id e n c e  o f  1 , 6 - l i n k e d  i n t e r - r e s i d u e  g lu c o s e  u n i t s .

No e v id e n c e  o f  any  d i - O - m e th y lg lu c o s e  was o b t a i n e d .

A l l  t h e s e  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  l o r e a  and 

B. b i f u r c a t a  l a m in a r a n  a r e  e s s e n t i a l l y  l i n e a r  g lu c a n s  con­

t a i n i n g  P -1 , 3 - l i n k e d  g lu c o s e  r e s i d u e s  w i t h  s m a l l  p r o p o r t i o n s  

o f  P - 1 , 6 - l i n k e d  i n t e r - r e s i d u e  l i n k a g e s .  These  l a m i n a r ans 

a p p e a r  t o  be d e v o id  o f  m a n n i to l  t e r m in a t e d  m o le c u le s .

The C a rb o h y d ra te s  o f  a l k a l i  e x t r a c t . The p o l y s a c c h a r i d e s  

o b t a i n e d  by a l k a l i  e x t r a c t i o n  (E x p t .  6 , 10 and 14) on 

h y d r o l y s i s  gave m a in ly  m annuron ic  and g u lu r o n ic  a c i d s  t o g e t h e r  

w i th  s m a l l  p r o p o r t i o n s  o f  f u c o s e ,  g l u c u r o n i c ,  x y lo s e  and 

g a l a c t o s e i  i t  was f r a c t i o n a t e d  i n t o  G a - in s o l u b l e  and Ga- 

s o l u b l e  * c o m p o n en ts . v
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The G a -in s o lu h le  m a te r ia l on h y d ro ly s is  showed mannuronic 

^nd g u lu ro n io  ac ids and t h e i r  lac to n e s  c h ro m a to g ra p h ic a lly ,

A p o r t i o n  o f  t h e  h y d r o l y s a t e  was e s t e r i f i e d ,  re d u c e d  and 

h y d r o ly s e d .  I t  gave mannose and g u lo s e  and t h e s e  were 

c o n f i rm e d  by lo n o p h o r e s i s  ( E x p t .  1 4 ) .  The G a - s o lu b le  

m a t e r i a l  was a  g lu c u ro n o x y lo fu c a n .^

C e l l - w a l l  p o l y s a c c h a r i d e s . An a d d i t i o n a l  amount o f  g lu c u r o ­

n o x y lo fu c a n  was o b ta in e d  from  th e  ammonium o x a l a t e - o x a l i c  

a c i d  e x t r a c t ^ ( T a b l e  6 ) .  S i m i l a r  m a t e r i a l  was a l s o  

o b ta in e d  fro m  t h e  c h l o r i t e  e x t r a c t  (T ab le  6)jk»/o4-

The w h i te  r e s i d u a l  m a t e r i a l  [ h e r e i n a f t e r  c a l l e d  (E)3 

o b ta in e d  a f t e r  c h l o r i t e  t r e a tm e n t  on h y d r o l y s i s  gave p r e -
!

d o m in a n t ly  g lu c o s e  w i t h  a  f a i n t  t r a c e  o f  x y l o s e .  I n  o r d e r  

t o  remove any  h e m i c e l lu l o s e  a s s o c i a t e d  w i th  c e l l u l o s i c  

m a t e r i a l ,  t h e  r e s i d u e  (P) o f  H. l o r e a  was t r e a t e d  w i th  

p o ta s s iu m  h y d ro x id e  s o l u t i o n .  The a l k a l i - s o l u b l e  m a t e r i a l  

had a b o u t  27^ p r o t e i n  and on h y d r o l y s i s  gave t h e  same s u g a r s  

a s  o b t a in e d  w i t h  P . The f i n a l  r e s i d u e  (C) a f t e r  a l k a l i  

e x t r a c t i o n  had a p p ro x im a te ly  1 6 .6 #  p r o t e i n  and on h y d r o l y s i s  

gave t h e  same r e s u l t  a s  (P). The r e s i d u a l  m a t e r i a l  P may be 

r e g a r d e d  a s  a  c e l l u l o s e  a s s o c i a t e d  w i t h  p r o t e i n .

The f i n a l  r e s i d u a l  m a t e r i a l  (G) was m e th y la te d  by t h e  

method o f  H aw orth  and Kuhn. T h is  r e s u l t e d  i n  a  p a r t i a l l y  

m e th y la te d  m a t e r i a l  (#  OCH^ 4 2 .5 )  w h ich  on f u r t h e r  m é t h y l a t i o n
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by H akom ori 'm ethod  (G .P . V I)  gave a  f u l l y  m e th y la te d  p r o d u c t .  

T h is  on h y d r o ly s i s ^ m e th a n o ly s i s  and g . l . c .  a n a l y s e s  showed 

th e  p r e s e n c e  o f  2 , 3 ,6 - t r i - O - m e t h y l g l u c o s e  (m a jo r)  w i t h  sm a l l  

q u a n t i t i e s  o f  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s e ,  T h is  t o g e t h e r  

w i t h  t h e  n e g a t iv e  r o t a t i o n  i n d i c a t e  t h a t  th e  g lu c o s e  r e s i d u e s  

a r e  P - 1 , 4 - 1 in k ed  and th e  f i n a l  m a t e r i a l  i s  a  c e l l u l o s e - t y p e  

p o l y s a c c h a r i d e .

B ecause  a l l  t h e  e x t r a c t s  i s o l a t e d  by p ro c e d u re  I  and I I  

p rov ed  to  be complex m ix tu re  o f  l a m in a r a n ,  a l g i n i c  a c i d  and 

" f u c a n s ” , v a r i o u s  a t t e m p t s  were made to  s e p a r a t e  th e  i n d i v i d u a l  

p o l y s a c c h a r i d e ^ '  P r e f e r e n t i a l  p r e c i p i t a t i o n  o f  a l g i n i c  a c i d  

by Ca'*"*’ from  a c id  and aqueous e x t r a c t s  (p ro c e d u r e s  I  and I I  

E x p ta .  22) was u n s u c c e s s f u l ,  b o th  t h e  C a - s o l u b le  and th e  

C a - in s o lu b l e  m a t e r i a l s  c o n ta in e d  t h e  same m ix tu re  o f  p o ly ­

s a c c h a r i d e s .  F r a c t i o n a t i o n  on D E A E -ce llu lo se  (E x p t.  23) 

p ro v ed  e q u a l l y  u n s u c c e s s f u l . i n  s e p a r a t i n g  th e  a l g i n i c  a c id  and 

th e  fu can s*



P a r t  I I

S t r u c t u r a l  I n v e s t i g a t i o n  o f  t h e  

F u c o s e - c o n t a in i n g  P o ly s a c c h a r id e s
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E x p t.  24 . F r a c t i o n a t i o n  o f  t h e  v a r i o u s  ’’Fucans"  i s o l a t e d5̂--- --------------------------------------------------------------------------------------------------------------------------------------

by P ro c e d u re  I I I . ( s e e  P a r t  I ) .
"F ucans"  i s o l a t e d  i n  E x p t.  12 and 13 from  each  o f  th e

weeds were f r a c t i o n a t e d  on a  D E A E -ce llu lo se  colum n. The 

e l u t i o n  p a t t e r n  i s  shown i n  g r a p h (  Ftg i6).Both "Fucans"  gave 

t h r e e  f r a c t i o n s  a t  0.3M, 0.5M and 1.0M p o ta s s iu m  c h l o r i d e  con­

c e n t r a t i o n .  The p e rc e n ta g e  c o m p o s i t io n  o f  0.3M, 0.5M and 1.0M 

f r a c t i o n s  o f  aqueous c a lc iu m  c h l o r i d e  were s i m i l a r  t o  c o r r e s ­

p o n d in g  f r a c t i o n s  o f  t h e  a c i d  e x t r a c t .  The r e s p e c t i v e  s i m i l a r

f r a c t i o n s  were t h e r e f o r e  com bined. The r o t a t i o n s  and p e ro e n -
M 3 0 .  i

t a g e  r e c o v e r i e s  o f  th e  combined f r a c t i o n s  a r e  g iv e n  i n  T ab le  I j  ;

The c a r b o h y d r a t e ,  s u l p h a t e  and u r o n ic  a c id  c o n te n t s  a r e  g iv e n  !
* I

i n  T ab le  8 , /  and th e  m o la r  p r o p o r t i o n s  o f  t h e  c o n s t i t u e n t  |

s u g a r s  a s  t h e  r e d u c t i o n  p r o d u c t s  can  be s e e n  i n  T ab le  j

E x p t.  25* F r a c t i o n a t i o n  o f  t h e  g lu c u ro n o x y lo fu c a n s  on PEAE-  |
c e l l u l o s e .

The g lu c u r o n o x y lo fu c a n s  e x t r a c t e d  by a l k a l i  (E x p t .  1 5 ) ,  I
[

ammonium o x a l a t e - o x a l i c  a c i d  (E x p t .  16) and c h l o r i t e  (E x p t .  17) j

w ere f r a c t i o n a t e d  on a  D E A E -ce llu lo se  column ( E x p t.  2 3 ) .  i

The column was e l u t e d  i n  each  c a se  w i th  0.3M, 0.5M and 1.0M K C l . i
t

I n  a l l  c a s e s  t h e  0.3M f r a c t i o n  was a  v e r y  m inor com ponent. j

I t  was c o n ta m in a te d  w i th  a l g i n i c  a c id  and was n o t  exam ined i

f u r t h e r .  Some p r o p e r t i e s  o f  t h e  o t h e r  f r a c t i o n s  o f  e a c h  |

e x t r a c t  a r e  shown i n  T a b le s  1 0 -1 4 ,  i3  5'-*7* j
32E x p t.  2 6 . A ttem p ted  rem o va l o f  e s t e r  s u l p h a t e  w i th  a l k a l i . k

( i )  The 1.0MKC1 f r a c t i o n  o f  t h e  ’’f u c a n s ” ( c a r b o h y d r a te  4 0 ^ ,  
s u l p h a t e  2 9 .0 ^  and ( i i )  t h e  1.0M f r a c t i o n  o f  t h e  g lu c u ro n o x y lo ­
f u c a n s  ffom  t h e  a l k a l i  e x t r a c t  ( c a r b o h y d r a t e  45^», s u l p h a t e z f ^ )  t
w ere  t r e a t e d  s e p a r a t e l y .  Each p o l y s a c c h a r i d e  (165 m g.) i n  L
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w a te r  (125 m l . )  was re d u c e d  a t  room te m p e r a tu re  f o r  48 h  w i th  

p o ta s s iu m  h o ro h y d r id e  (20  m g .) .  Sodium h y d ro x id e  ( l .O  g . ) 

and p o ta s s iu m  h o ro h y d r id e  (30 m g.) were d i s s o l v e d  in  th e  

s o l u t i o n ,  and th e  s o l u t i o n  was h e a te d  a t  60° f o r  2 h .  The 

a l k a l i n e  s o l u t i o n  was n e u t r a l i s e d  w i th  IR -120(H *) r e s i n .
(iJML

A f t e r  d i a l y s i s  t h e  d e g ra d ed  p o ly s a c c h a r id e iw a s  r e c o v e r e d  by 

f r e e z e - d r y i n g  (134 mg, found  c a r b o h y d r a te  405^, s u l p h a t e  2 7 .5 ^  

f o r  " f u c a n s " ,  f o r  g lu c u r o n o x y lo fu c a n ,  130 mg, c a rb o h y d r a te  

and s u l p h a t e  23,8^,.

E x p t .  27 . Grel e l e c t r o p h o r e s i s  (O .P . X I I l ) .

The p o ly s a c c h a r i d e s  0.3M, 0.5M and 1.0M f r a c t i o n s  from

H. l o r e a  (0 .3 5  mg. e a c h  i n  10^ s u c r o s e  s o l u t i o n )  was s u b j e c t e d  

to  e l e c t r o p h o r e s i s  on a  Shandon a p p a r a tu s  c o m p r is in g  two 

p o l y s a c c h a r i d e  co lum ns, by t h e  method o f  S tew ard  ejfc f o r  

1 h .  a t  250 V and 3mA. T r i s - g l y c i n e ,  pH 8 .3  was u se d  as  th e  

r e s e r v o i r  b u f f e r .  One p o r t i o n  was s t a i n e d  w i t h  N a p h th a le n e  

B lack  f o r  p r o t e i n  and th e  o t h e r  w i th  T o lu i d i n  Blue f o r  

s u l p h a te d  c a r b o h y d r a te  by l e a v i n g  th e  e x t r u d e d  colum ns i n  t h e  

r e a g e n t  f o r  1 h .  and t h e n  w a sh in g  t o  remove e x c e s s  o f  s t a i n .  

S in g le  c o i n c i d a l  bands were o b ta in e d  f o r  p r o t e i n  and c a rb o ­

h y d r a t e  i n  th e  c a s e  o f  0.3M and 1.0M f r a c t i o n s ,  b u t  t h e  0.5M 

f r a c t i o n  gave a  v e ry  d i f f u s e  p a t t e r n .

V.
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E x p t.  28 . M é th y la t io n  S t u d i e s . The 0 .5M ,and  1.0M f r a c t i o n s  

o f  t h e  " f u c a n s "  and o f  t h e  g lu c u ro n o x y lo f u c a n s  from  H. l o r e a  

and B. b i f u r c a t a  were m e th y la te d  s e p a r a t e l y  (G .P . V l ( b ) ,  

h y d r o ly s e d  (G .P . V ic )  and a n a ly s e d  c h r o m a to g r a p h ic a l ly .

S e p a r a te  a l i q u o t s  o f  th e  h y d r o l y s a t e  were c o n v e r te d  i n t o  th e  

m e th y l  g l y c o s id e s  (G .P . VI (d )  and a l d i t o l a c e t a t e s  (G.P.ix4) 

r e s p e c t i v e l y  and b o th  p r o d u c t s  were a n a ly s e d  on g . l . c .

(T a b le  1 6 ) .  The c h ro m a to g ra p h ic  m o b i l i t i e s  o f  d i f f e r e n t  

m e th y la te d  s u g a r s  i d e n t i f i e d  from  th e  d i f f e r e n t  f r a c t i o n s  o f 

" f u c a n s "  and g lu c u ro n o x y lo fu c a n s  o f  H. l o r e a  and B. b i f u r c a t a  

a r e  in c lu d e d  i n  T ab le  15^
)

E x p t .  29 . M é th y la t io n  o f  u r o n i c  a c i d - r i c h  f r a c t i o n  from

H. l o r e a .

P o ly s a c c h a r id e  (0.3M KOI f r a c t i o n ,  60 mg) was m e th y la te d  

by G.P. V l ( b ) .  The m e th y la te d  p o l y s a c c h a r i d e  was t h e n  

su sp en d ed  i n  d r y  t e t r a h y d r o f u r a n  (lOO m l . ) .  L i th iu m  a lum in ium  

h y d r id e  (60  mg. i n  5 m l. t e t r a h y d r o f u r a n )  was added to  th e  

s u s p e n s io n  g r a d u a l l y  a t  room te m p e r a tu r e  w i t h  o c c a s i o n a l  

s h a k in g  when a  v ig o r o u s  r e a c t i o n  to o k  p l a c e .  The m ix tu re  

was a l lo w e d  to  s t a n d  f o r  0 .5  h .  and th e n  h e a te d  u n d e r  r e f l u x  

f o r  2 h .  F u r t h e r  l i t h i u m  a lum in ium  h y d r id e  ( 4 0 -mg. i n  5 m l. 

t e t r a h y d r o f u r a n )  was added and th e  r e a c t i o n  m ix tu re  was h e a te d  

u n d e r  r e f l u x  f o r  a n o th e r  0 .5  h .  E xcess  l i t h i u m  a lum in ium  

h y d r id e  was d e s t r o y e d  by a d d i t i o n  o f  w a te r  to  t h e  c o o le d
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m ix tu r e ,  t h e  s o l u t i o n  was a c i d i f i e d  w i th  d i l .  s u l p h u r i c  "acid 

:o a b o u t  pH 4 . 0 ,  and f i l t e r e d .  The f i l t r a t e  was co n cen ­

t r a t e d  t o  a  s m a l l  volume and was e x t r a c t e d  w i th  c h lo ro fo rm . 

The c h lo ro fo rm  s o l u t i o n  on e v a p o r a t i o n  y i e l d e d  a  y e l lo w i s h  

sy ru p  o f  t h e  re d u c e d  m e th y la te d  p o l y s a c c h a r i d e  w hich  was
CCa.2o

re m e th y la te d / The d e riv e d  g lyco s id es  and a ld i t o l  a c e ta te s  

were analysed on g . l . c *  (T a b le  17)
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E x p t .  3 0 .  P r e l im i n a r y  P e r i o d a t e  O x i d a t i o n .

"Fucans"  ( a c id  e x t r a c t e d  m a t e r i a l  b e f o r e  f r a c t i o n a t i o n ,

E x p t .  13 ,600  mg) was d i s s o l v e d  i n  w a te r  (125 m l) .  To t h i s  j

sodium  m e ta p e r io d a te  (0.03M , 125 m l) was added t o  b r i n g  t h e  |

p e r i o d a t e  s o l u t i o n  t o  0.015M. , A l iq u o t s  (1 m l)  o f  s o l u t i o n  w ere j

removed a t  r e g u l a r  i n t e r v a l s  and examined a t  223 nm f o r  r e d u c t i o n  j

o f  p e r i o d a t e . ^ A f t e r  30 h  t h e  r e a c t i o n  was s to p p e d  by th e  |
i

a d d i t i o n  o f  e th a n e  d i o l  (1 m l ) .  Moles o f  p e r i o d a t e  consumed !
I  ' •  I '

p e r  h ex ose  u n i t  were p l o t t e d  a g a i n s t  t im e  and th e  p r im a ry  i

o x i d a t i o n  d e te rm in e d  by e x t r a p o l a t i o n  t o  z e ro  t im e .  This, was 

foun d  to  be 0 .9 0  m oles p e r  hex o se  u n i t .

A s i m i l a r  e x p e r im e n t  was c a r r i e d  o u t  i n  t h e  p re s e n c e  of 

n - p r o p a n o l  (1 ml p e r  20 ml o f  t h e  s o l u t i o n ) .  The p r im a ry  

o x i d a t i o n  was 0 .6 0  m oles p e r  hexose  u n i t  ( F i g .  H e n c e fo r th

a l l  p e r i o d a t e  o x i d a t i o n s  were c a r r i e d  o u t  i n  t h e  p re s e n c e  o f  

p r o p a n o l .

E x p t .  3 1 . P e r i o d a t e  o x i d a t i o n  o f  F u c o s e - r i c h  f r a c t i o n .

( a )  F u c o s e - r i c h  f r a c t i o n  (1M f r a c t i o n  p .i34 ,300 mg w hich

c o r re s p o n d s  to  120 mg on t h e  c a rb o h y d ra te  b a s i s )  was s u b j e c t e d

to  p e r i o d a t e  o x i d a t i o n  f o r  5 h  a s  d e s c r i b e d  i n  t h e  p r e v io u s
, >

e x p e r im e n t .  The p r im a ry  o x i d a t i o n  was found t o  be 0 ,3 6  m oles 

p e r  h ex o se  u n i t  ( F i g .  ( g ) .

(b )  The s o l u t i o n  from  E x p t .  3‘l ( a )  was t r e a t e d  w i th  b o r i c  a c id  

(0.05M ) and 2^ p o ta s s iu m  h o ro h y d r id e  a t  0 °  and s e t  a s i d e  a t  0°
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o v e rn ig h t#  T o ta l  r e d u c t i o n  was d e te rm in e d  by  a  n e g a t iv e  

F e h l in g  t e s t #  The s o l u t i o n  was n e u t r a l i s e d  w i th  g l a c i a l  

a c e t i c  a c id  and e x h a u s t i v e l y  d i a l y s e d  a g a i n s t  d i s t i l l e d  w ater#

The p o ly a l c o h o l  s o l u t i o n  was c o n c e n t r a t e d  t o  a  s m a l l  volume 

and f r e e z e - d r i e d  (230 mg c o r re s p o n d s  to  94#0 mg on t h e  c a rb o ­

h y d r a t e  b a s i s ) #

E x a m in a t io n  o f  t h e  p o ly a l c o h o l  ( h e r e i n a f t e r  c a l l e d  p o ly a l c o h o l  I )#  

The p o ly a l c o h o l  I  was h y d ro ly s e d  and a n a ly s e d  f o r  th e  s u r v i v i n g  

s u g a r  r e s i d u e s .  Only fu c o a e  was found  t o  be p r e s e n t  and t h i s  

was c o n f irm e d  by g#l#c#  a n a l y s i s  a s  th e  s u g a r  and a s  f u c i t o l #

R e o x id a t io n  o f  t h e  p o ly a l c o h o l  I # The p o ly a l c o h o l  I  ( 6 2 .0  mg) 

was t r e a t e d  a s  i n  Expt# 3 1 ( a )  and th e  p r im a ry  o x i d a t i o n  was 

found  t o  be 0 .0 6  m oles p e f  h ex o se  u n i t#  P o ly a lc o h o l  2 ( 6 0 .0  mg) 

was r e c o v e r e d  a s  i n  Expt# 3 1 (b )#

M é th y la t io n  o f  p o ly a l c o h o l  I # The p o ly a l c o h o l  I  was m e th y la te d  

a s  i n  E x p t .  27 and m e th a n o ly se d  and g . l . c #  a n a l y s i s  o f  t h e  

d e r i v e d  m e th y l  g l y c o s id e s  and m e th y l  a l d i t o l  a c e t a t e s  gave p eak s  

c o r r e s p o n d in g  to  f r e e  L - f u c o s e ,  2 - 0 -  and 3 -0 -m e th y l  f u c o s e ,

t r a c e  o f  2 ,h - d i - 0 - m e t h y l  fu c o s e  and some s m a l l e r  u n i d e n t i f i e d *  i

f r a g m e n ts  o f  th e  o x i d a t i o n .  I

. ■ . . . .  '  , I
M ild  h y d r o l y s i s  o f  p o ly a l c o h o l  I . The p o l y a l c o h o l  was

t r e a t e d  w i t h  IN s u l p h u r i c  a c i d  a t  room t e m p e r a tu r e  f o r  1 1 .5  h

( s e e  d e t a i l s  i n  E x p t .  3 4 ( o ) ] .  The d e g ra d e d  po lym er was

r e c o v e r e d  i n  a b o u t  80^ y ie ld #
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E x p t.  32 . P e r i o d a t e  o x i d a t i o n  o f  u r o n i c  a c i d - r i c h  f r a c t i o n .

The u r o n i c  a c i d - r i c h  f r a c t i o n  ( 1 .0  g c o r r e s p o n d in g  to  

500 mg c a r b o h y d r a t e )  was s u b j e c t e d  to  r e p e a t e d  o x i d a t i o n  and 

r e d u c t i o n  a s  i n  E x p t.  3 1 (a )  and (b )  and th e  consum ption  o f  

p e r i o d a t e  f o r  e a c h  o x i d a t i o n  i s  shown i n  P ig .  19 and T ab le  1P,)“<̂7. 

The r e s p e c t i v e  w e ig h t  and c a r b o h y d r a te  c o n te n t  were f o r  

p o l y a l c o h o l  I  524 mg a n d . 137 mg, f o r  p o ly a l c o h o l  2 184 mg and 

Z 1  mg, and f o r  p o ly a l c o h o l  3 90 mg and 18 mg. Some p r o p e r t i e s

o f  p o ly a l c o h o l  I ,  2 and 3 a r e  g iv e n  i n  T a b le s  IP and

E x p t .  33 . ( a )  R e d u c t io n s  o f  p o ly s a c c h a r id e  u n d e r  th e

c o n d i t i o n s  o f  E xp t.  3 1 ( b ) . The u r o n i c  a c i d - r i c h  f r a c t i o n  

(40  mg) was t r e a t e d  a s  i n  E x p t.  3 1 ( b ) .  The re d u c e d  p o ly ­

s a c c h a r i d e  was r e c o v e r e d ,  a f t e r  n e u t r a l i z a t i o n  and d i a l y s i s ,  

by f r e e z e - d r y i n g  (3 8 .2  mg).

(b )  O x id a t io n  o f  t h e  p o l y s a c c h a r i d e  and i s o l a t i o n  o f  th e

p o ly a ld e h y d e . The u r o n i c  a c i d - r i c h  m a t e r i a l  ( 4 1 .2  mg) was

o x i d i s e d  a s  i n  E x p t .  3 1 ( a ) .  The r e a c t i o n  was s to p p e d  a f t e r

5 h by  the^ a d d i t i o n  o f  e th a n e  d i o l ,  d i a l y s e d  e x t e n s i v e l y  and

th e  p o ly a ld e h y d e  was r e c o v e r e d  by f r e e z e - d r y i n g  ( 3 1 .0  mg).

The d i a l y s a b l e  m a t e r i a l  (0*) was exam ined by p a p e r  ch rom atography

and shown to  c o n t a i n  e r y t h r o n i c  a ld e h y d e ,  t h r e o s e  and

g ly c e r a ld e k y ^ * T h is  was re d u c e d  w i th  p o ta s s iu m  h o ro h y d r id e  and
»

was t h e r e a f t e r  p r e s e r v e d .
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( c )  R é d u c t io n  o f  t h e  p o ly a ld e h y d e  to" p o l y a l c o h o l . The 

p o ly a ld e h y d e  ( 3 0 .2  mg) was t r e a t e d  a s  i n  E x p t.  3 1 (b )  and th e  

p o l y a l c o h o l  I  ( 2 2 .2  mg) was r e c o v e r e d  i n  th e  same way a s  i n  

E x p t .  3 1 ( b ) .  The d i a l y s a b l e  m a t e r i a l  (C") was p r e s e r v e d .

E x am in a tio n  o f  t h e  d i a l y s a b l e  m a t e r i a l ,  ( 0 " ) .

T h is  was t r e a t e d  w i t h  b i o d e m i n r o l i t  r e s i n  and examined 

c h r o m a to g r a p h ic a l ly  i n  s o l v e n t s  1 and 3 u s i n g  d ip  and s p r a y  2 .

The f o l lo w in g  com ponents h a v in g  R e r y t h r o n i c  a c id  i n  s o l v e n t  1 

were i d e n t i f i e d :  g u lo n ic  a c id  ( 0 .4 2 )  d e r iv e d  from  g lu c u r o n ic

a c i d ,  e r y t h r o n i c  a c i d  ( 1 . 0 ,  m a jo r ) ,  t h r e i t o l  ( 2 . 3 ) ,  g l y c e r o l  

( 3 . 3 )  d e t e c t e d  from  an  a l i q u o t  b e f o r e  d i a l y s i s ,  and p o s s i b l y  

p ro p an e  1 , 2 - d i o l  ( 4 . 0 ) .  l o n o p h o r e s i s  i n  a c e t i c * a c i d - p y r i d i n e  

(pH 6 .7 )  showed g u lo n ic  and e r y t h r o n i c  a c i d s .  T e s t  f o r  4 , 5 -
m

u n s a t u r a t e d  a c i d  was n e g a t i v e .

In  a  s e p a r a t e  e x p e r im e n t  t h e  u r o n ic  a c i d - r i c h  f r a c t i o n  

was t r e a t e d  a s  i n  E x p t .  , 3 3 ( a - c )  b u t  th e  e x c e s s  p e r i o d a t e  was 

d e s t r o y e d  by s u lp h u r  d i o x id e  and t h e  d i a l y s a b l e  m a t e r i a l s  were 

exam ined a t  e ac h  s t a g e  and found  t o  be s i m i l a r  to  C* and 0 " .

E x p t . 3 4 . S m ith  d e g r a d a t i o n  s t u d i e s  on U ro n ic  a c i d - r i c h  f r a c t i o n  

F i r s t  Sm ith  D e g r a d a t io n .

( a )  P e r i o d a t e  o x i d a t i o n  a s  i n  E x p t.  3 1 ( a ) .

(b )  R e d u c t io n  o f  th e  p o ly a ld e h y d e  to  p o l y a l c o h o l  a s  i n  

E x p t .  3 1 ( b ) .

V.
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( c )  M ild  h y d r o l y s i s :  P r e l im i n a r y  h y d r o l y s i s :  P o l y a l c o h o l . I

(25  mg) was t r e a t e d  w i th  N - s u lp h u r i c  a c i d  (6 m l) a t  room 

t e m p e r a tu r e .  An a l i q u o t  (2 m l) was w ith d raw n  a f t e r  2h, 4h  and 

6h h y d r o l y s i s .  Each a l i q u o t  was n e u t r a l i s e d  w i th  ba rium  

c a r b o n a t e ,  f i l t e r e d  and th e  f i l t r a t e  was t h o r o u g h ly  d i a l y s e d .  

The d i a l y s a t e  was t r e a t e d  w i th  IR -120(H ^) r e s i n ,  c o n c e n t r a t e d  

and a n a ly s e d  f o r  f r e e  s u g a r s  ( a n i l i n e  o x a l a t e ,  d i p .  2) and f o r  

f r a g m e n ts  ( s i l v e r  n i t r a t e ,  d i p .  1 ) .  F re e  s u g a r s  were d e t e c t e d  

a f t e r  2h h y d r o l y s i s ,

A s i m i l a r  e x p e r im e n t  w i th  0.1N s u l p h u r i c  a c i d  was 

c a r r i e d  o u t  e x c e p t  t h a t  a l i q u o t s  were w ithd raw n  h o u r ly .  T h is  

showed t h a t  th e  h y d r o l y s i s  can  p ro c e e d  up t o  5h and t h e r e a f t e r  

f r e e  s u g a r s  c o u ld  be d e t e c t e d . '  H e n c e fo r th  m ild  h y d r o l y s i s  

was c a r r i e d  o u t  f o r  5h.

Second S m ith  D e g r a d a t io n . The d e g ra d e d  po lym er I  was sub ­

j e c t e d  t o  a  second  S m ith  d e g r a d a t i o n  a s  u n d e r  E x p t . 3 4 ( a ) ,  (b )  

and ( c ) .  . '

T h ird  S m ith  D e g r a d a t io n . D egraded  po lym er I I  was s u b j e c t e d

t o  a  t h i r d  d e g r a d a t i o n .  The S m ith  d e g r a d a t i o n s  a r e  shown i n
f9l S I

F ig .2 4 J a n d  some o f  t h e  p r o p e r t i e s  o f  th e  d i f f e r e n t  p ro d u c t s
‘

o f  S m ith  d e g r a d a t i o n s  a r e  g iv e n  i n  T a b le s  21 and 22^is9.The 

p e r i o d a t e  u p ta k e  a t  d i f f e r e n t  s t a g e s  c an  be s e e n  i n  F i g . 2 0 .
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E x p t ,  3 5 . E x am in a tio n  o f  t h e  f rag m en ts  I . C hrom atog raph ic
P\6 \

a n a l y s i s  o f  t h e  fragm en ts  I  (Eig.ZW ) i n  s o l v e n t  1 and 3 u s i n g  

d i p .  1 and 2 showed th e  p re s e n c e  o f  e r y t h r o n i c  a c id  ( m a jo r ) ,  

p ropane  1 , 2 - d i o l ,  g l y c e r o l  ( d e t e c t e d  from  an a l i q u o t  b e f o r e  

d i a l y s i s ) ,  t h r e i t o l  and g lu c u r o n ic  a c i d .  The e r y t h r o n i c  a c id  

was c o n f irm ed  by g . l . c .  a n a l y s i s  and co m p ar iso n  w i th  an 

a u t h e n t i c  sam p le .  P ro pane  1 , 2 - d i o l  and g l y c e r o l  were con­

f i rm e d  by com paring  th e  p r o d u c t s  on g . l . c .  o b ta in e d  by 

p e r i o d a t e  o x i d a t i o n  o f  a  s t a n d a r d  m e th y lg ly c o s id e  o f  2 -0 -m e th y l  

L - fu c o s e  fo l lo w e d  by h o ro h y d r id e  r e d u c t i o n  and h y d r o l y s i s .

The c h ro m a to g ra p h ic  p a t t e r n  o f  t h e  f r a g m e n t s l l  was 

s i m i l a r  t o  t h a t  o f  f r a g m e n ts I .  H y d ro ly s i s  o f  th e  f r a g m e n ts

I  and I I  d id  n o t  a l t e r  t h e  i n i t i a l  c h ro m a to g ra p h ic  p a t t e r n s .

E x p t .  3 6 . M o le c u la r  W eight A n a l y s i s ^ o f  P o ly m er ic  

m a t e r i a l s  from  Sm ith  D e g r a d a t io n  by Sagavac  Column c h ro m â to-  

£ r a y o ^ .

( i )  A column (90  x 1 .5  cm made by W rig h ts )  o f  Sagavac  6P 

(by  S a rv a c  L t d . )  was p re p a re d *  P r e s w o l le n  Sagavac  6P was 

p la c e d  i n  1M sodium  c h l o r i d e  s o l u t i o n  c o n t a i n i n g  sodium  a z id e  

( 0 .0 2 ^ )  and was d e - a e r a t e d  f o r  30 m in u te s  a f t e r  w hich  i t  was 

packed  i n  t h e  column by  g r a v i t y .  The co m p le ted  column was 

e l u t e d  w i th  1M sodium  c h l o r i d e  u n t i l  t h e  l e v e l  o f  t h e  Sagavac  

a t  th e  to p  o f  th e  column rem a in e d  s t a t i o n a r y  ( c a .  4 d a y s ) .

B o th  ends o f  t h e  column were f i t t e d  w i t h  s t a i n l e s s  s t e e l  mesh
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( 8 0 ^  p o re  d i a m e te r )  to  p r e v e n t  b lo c k a g e  by th e  f i n e  b e a d s .

The column was c a l i b r a t e d  to  d e te rm in e  t h e  v o id  volume 

and e x c l u s i o n  volume by p a s s in g  down a  s u s p e n s io n  o f  l y o p h i l i s e d  

E. c o l i  c e l l s  (2  mg) i n  1.5M sodium  c h l o r i d e  (1 m l) .  This, 

m ix tu re  c o n ta in e d  th e  c e l l u l a r  f r a c t i o n  w hich  was e l u t e d  a t  t h e  

v o id  volume (90 ml) and th e  low m o le c u la r  w e ig h t  p r o t e i n s ,  

w hich  were e l u t e d  a t  th e  e x c l u s i o n  volume (138 m l) .  A l iq u o t s  

(2 ml) o f  th e  e l u a t e  were c o l l e c t e d  o v e r  12 h and e a c h  o f  t h e s e  

f r a c t i o n s  was a n a ly s e d  a t  280 nm on an  S . P . 500. A g ra p h  was 

drawn o f  i n t e n s i t y  m easurem ent a g a i n s t  a l i q u o t  num ber.

Sam ples o f  f u c o s e - r i c h  f r a c t i o n  ( i . e .  p o l y s a c c h a r i d e ,  

d e r i v e d  p o ly a l c o h o l  I  euid d e g ra d e d  po lym er I )  and u r o n i c  a c i d -  

r i c h  f r a c t i o n  ( i . e .  p o l y s a c c h a r i d e ,  d e r iv e d  a l c o h o l s  I ,  I I ,

I I I ,  2 and 3 ,  and d e g ra d ed  po lym ers  I  and I I ) ,  a b o u t  2 mg e a c h ,  

were d i s s o l v e d  in  1.5M sodium  c h l o r i d e  s o l u t i o n  and a p p l i e d  on 

to p  o f  t h e  colum n. The column was e l u t e d  w i th  1M sodium  

c h l o r i d e  s o l u t i o n  and f r a c t i o n s  (2 m l) were c o l l e c t e d .  E v ery  

f i f t h  tu b e  was exam ined f o r  c a r b o h y d r a te  (G .P . I l l b )  and once 

d e t e c t e d  t h e  a l i q u o t s  t o  e i t h e r  s i d e  were exam ined . The 

i n t e n s i t y  o f  t h e  c o l o u r a t i o n  p rod uced  was m easured  a t  487 nm 

u s i n g  S .P .  500 s p e c t r o p h o to m e te r  and t h e s e  v a lu e s  were p l o t t e d  

a g a i n s t  t h e  r e l e v a n t  f r a c t i o n  number ( P ig 3 2 ^ ^ 0 6 & /4 ?  a . ,

( i l )  Sephadex G.100 column (12 x 0 .2 5  cm) was c a l i b r a t e d  w i t h  

b lu e  d e x t r a n  2000 (M. w t.  2 0 0 ,0 0 0  l o t  No. 1328 p h arm aù ia )  to
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f i n d  th e  v o id  volume (40 m l) aiid w i th  s u c r o s e  to  g e t  th e  

e x c l u s i o n  volume (15 m l) .  Sam ples o f  f u c o s e - r i c h  ( i . e .  

p o l y s a c c h a r i d e ,  d e r iv e d  p o ly a l c o h o l  I  and d e g ra d ed  po lym er I )  , 

and u r o n i c  a c i d - r i c h  f r a c t i o n s  ( i . e .  p o l y s a c c h a r i d e ,  d e r iv e d  

p o l y a l c o h o l s  I ,  I I ,  I I I ,  2$ 3 ,  d e g ra d e d  po lym ers  I  and I I ) ,  

e a c h  ( 0 .5  mg) was d i s s o l v e d  i n  1M sodium  c h l o r i d e  s o l u t i o n  and 

were a p p l i e d  on th e  colum n. F r a c t i o n s  (2  m l) were c o l l e c t e d  

and th e  c a r b o h y d r a te  was d e t e c t e d  by p h e n o l - s u lp h u r i c  a c i d .  

E l u t i o n  p a t t e r n s  a r e  shown i n  F i g ^ 23^ i ( .  p i ^ o a ,  ,

E x p t.  37 . S e l e c t i v e  c le a v a g e  o f  th e  g l y c u r o n o s id i c  l i n k a g e s ,

( a )  P r e p a r a t i o n  o f  th e  p o ly s a c c h a r id e  a mi de . T h e  " fu c a n "  

L0.5M, 500 mg c a r b o h y d r a te  c o n te n t  45?^, u r o n i c  a c id  c a .  10^9v 

The i n f r a r e d  sp e c t ru m  showed bands a t  1600-1500 cm” and 

1400 cm“  ̂ ( c a r b o x y l i c ) ] was p la c e d  in  a  s t a i n l e s s  s t e e l  bomb.

I t  was c o o le d  t o  -40® f o r  2h  a f t e r  w hich  ammonia gas was p a s se d  

i n t o  t h e  bomb f o r  1h a t ' -40® . T h is  was t h e n  a l lo w e d  to  s t a n d
I

f o r  0 .5 h  a t  t h a t  t e m p e r a tu re  and a g a in  ammonia was p a s se d  i n t o  

t h e  bomb f o r  a n o th e r  1h. The f lo w  o f  ammonia was s to p p e d  and 

th e  m ix tu r e  a l lo w e d  t o  s t a n d  a t  room te m p e r a tu r e  f o r  24h.

The e x c e s s  ammonia was s lo w ly  r e l e a s e d  from  t h e  bomb and th e  

p o l y s a c c h a r i d e  was t r a n s f e r r e d  t o  a  S o x h le t  a p p a r a tu s  and 

e x t r a c t e d  w i t h  m eth an o l t o  remove a d h e r in g  ammonia. The 

m a t e r i a l  (554 mg) a f t e r  d r y i n g  u n d e r  vacuum f o r  6h c o n ta in e d  

5 .4 3 #  n i t r o g e n .  [The I . E .  sp e c tru m  gave bands 3450, 1700 and 

1650 cm“  ̂ Jam ide )  and weak bands a t  1600-1500 cm” ^ ]
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(b )  Hofmann d e g r a d a t io n  o f  t h e  p o ly s a c c h a r id e  a m id e .

The amide (240 mg) was su sp en d ed  i n  w a te r  (10 ml) and t o  i t  

was added sodium  h y p o c h lo r i t e  s o l u t i o n  [ ( 1 0  ml. 14#, sp .  g r ,

1 .2 6 ) ,  t h e  pH o f  th e  m ix tu re  was a b o u t  13] a t  0®. T h is  was 

a l lo w e d  to  s t a n d  a t  0® f o r  1 h ,  t h e n  h e a te d  f o r  5 m in u te s  a t  

100®. The c o o le d  s o l u t i o n  was a c i d i f i e d  w i th  a c e t i c  a c i d  t o  

pH 5 and a l lo w e d  to  s t a n d  o v e rn ig h t  a t  room t e m p e r a tu r e .  I t  

was d i a l y s e d  e x h a u s t i v e l y ,  th e  s o l u t i o n  i n  t h e  d i a l y s i s  s a c  was 

c o n c e n t r a t e d  and f r e e z e - d r i e d  (4 2 .0  mg). The d i a l y s a b l e

m a t e r i a l  gave a  n e g a t iv e  t e s t  f o r  c a r b o h y d r a t e .  The m a t e r i a l
\

( 4 2 .0  mg) was d i s s o l v e d  i n  w a te r  and re d u c e d  w i th  h o ro h y d r id e  

a s  i n  E x p t .  3 1 ( b ) .  The d e g ra d e d  po lym er ( 4 0 .8  mg) was 

r e c o v e r e d  a f t e r  n e u t r a l i s a t i o n ,  d i a l y s i s  and f r e e z e - d r y i n g .

( c )  M ild  h y d r o l y s i s  o f  th e  d e g ra d ed  po lym er was c a r r i e d  o u t

w i th  0.1N s u l p h u r i c  a c id  a t  room te m p e r a tu re  f o r  5 h .  I t  was

t h e n  n e u t r a l i s e d  w i th  b a r iu m  c a r b o n a te ,  d i a l y s e d ,  c o n c e n t r a t e d

and f i n a l l y  f r e e z e - d r i e d  [ (3 8 .1  mg), #  c a r b o h y d r a te  32,
•*

sp e c t ru m  showed weak bands a t  1600 cm” ( c a r b o x y l )  #  c a rb o x y l  

4 . 2 ] .  O n ,h y d r o ly s i s  t h i s  gave m a in ly  f u c o s e ,  t o g e t h e r  w i th  , 

s m a l l  p r o p o r t i o n s  o f  x y lo s e  and g l u c u r o n ic  a c i d .

The d i a l y s a b l e  p a r t  was t r e a t e d  w i th  IR-120(H *) r e s i n . a n d  

th e  r e c o v e r e d  m a t e r i a l  was a c e t y l a t e d  and a n a ly s e d  on g . l . c .  

(co lum n 5 ) .  A number o f  peak s  were o b t a i n e d ,  one o f  w hich  

had  t h e  same r e t e n t i o n  t im e  a s  an  a u t h e n t i c  p e n t i t o l  a c e t a t e .
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S i m i l a r  t r e a tm e n t  oÿ th e  m e th y la te d  p o ly s a c c h a r id e  amide 

(50 mg) gave a  d eg rad ed  po lym er ( c a ,  10# y i e l d ) .  T h is  gave 

o n ly / f u c o s e s o n  h y d r o l y s i s .

E x p t.  38 . P a r t i a l  h y d r o l y s i s . The u r o n i c  a c i d - r i c h  f r a c t i o n  

(423  mg) was t r e a t e d  w i th  fo rm ic  a c id  (90# )  i n  an  a tm o sp h e re  

o f  c a rb o n  d io x id e  f o r  2 h i n  a  s e a l e d  tu b e  a t  100® a f t e r  w hich 

th e  i n s o l u b l e  m a t e r i a l  was removed on c e n t r i f u g e ,  washed w i th  

fo rm ic  a c i d  (90#) tw ic e .  The s u p e r n a t a n t  and th e  w ash ings  

were com bined, d i l u t e d  (5 v o l )  w i th  w a te r ,  h y d ro ly s e d  f o r  2 h 

a t  100® and th e n  e v a p o r a te d  t o  d r y n e s s .  The h y d r o l y s a t e  

( h e r e i n a f t e r  c a l l e d  2 h  h y d r o l y s a t e )  was p r e s e r v e d .  |

The i n s o l u b l e  m a t e r i a l  l e f t  a f t e r  2 h  h y d r o l y s i s  was 

r e t r e a t e d  w i th  fo rm ic  a c id  (9 0 # )  and h y d ro ly s e d  a s  b e fo r e  f o r  |

a  f u r t h e r  2 h a t  100®. The h y d r o l y s a t e  ( h e r e i n a f t e r  c a l l e d  [
I

4 h h y d r o l y s a t e )  was o b ta in e d  as  d e s c r i b e d  e a r l i e r .  The [

i n s o l u b l e  m a t e r i a l  (K) l e f t  a f t e r  4 h  h y d r o l y s i s  was s u c c e s s iv e ly !  

washed w i th  fo rm ic  a c i d  (9 0 # , 3 t i m e s ) ,  a l c o h o l  ( tw ic e )  and j

e t h e r  ( t w i c e ) .  The m a t e r i a l  on a i r  d r y i n g  gave a  s t i c k y  mass t

w hich  was d i s s o l v e d  in  w a te r ,  d i a l y s e d  th o r o u g h ly  and f i n a l l y  

r e c o v e r e d  by f r e e z e - d r y i n g  a s  a  snow w h i te  powder (8 7 .0  mg).

S e p a r a t io n  o f  t h e  2 h" h y d r o ly s a te ' . The s e p a r a t i o n  was c a r r i e d
!■

o u t  on Whatman N o .3 MM c h ro m a to g ra p h ic  p a p e r  i n  s o l v e n t  1. \

jPhe f o l lo w in g  5 f r a c t i o n s  were o b t a i n e d .
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F r a c t i o n  1 . A n e u t r a l  sy ru p  (^ )j)  = -50® [ ( c  0 ,2 0  i n  w a t e r ) ,  

c o n c e n t r a t i o n  d e te rm in e d  by p h e n o l - s u lp h u r i c  a c id  r e a d  o f f  a  

s t a n d a r d  g ra p h  o f  f u c o s e ]  gave a  y e l lo w  c o lo u re d  s p o t  on a 

p a p e r  chrom atogram  w i th  a n i l i n e  o x a l a t e  s p r a y .  I t  had Rq. 0 .6 4  

( s o l v e n t  2 ,  comparèd w i th  2 ,6  d id e o x y ly x o s e  0 .7 4  i n  th e  

same s o l v e n t )  and had R f ^ jo s e  aud 1 .4 6  ( s o l v e n t s  1 and 2 ) .

Only on one chrom atogram  d id  t h i s  m a t e r i a l  g iv e  a  p in k  c o lo u r  

w i t h  deoxy s p r a y  a l th o u g h  2 , 6 -d id e o x y ly x o s e  ru n  a s  c o n t r o l  

a lw ays  gave th e  p in k  c o lo u r .  On d é m é th y la t io n  i t  showed no 

change i n  i t s  c h ro m a to g ra p h ic  m o b i l i t y  i n  d i f f e r e n t  s o l v e n t s  

i n d i c a t i n g  t h a t  no m eth y l g roup  i s  i n i t i a l l y  p r e s e n t  i n  th e  

s u g a r  r e s i d u e .  P e r i o d a t e  o x i d a t i o n  was c a r r i e d  o u t  on th e  

f r e e  s u g a r  and th e  r e l e a s e  o f  fo rm a ld eh y d e  was e s t im a te d  u s i n g  

a c e t y l a c e t o n e  r e a g e n t . T h i s  showed t h a t  t h e r e  was no 

fo rm a ld eh y d e  r e l e a s e  on o x i d a t i o n .  The f r e e  s u g a r  was con­

v e r t e d  i n t o  m e th y l  g ly c o s id e  w hich  on p e r i o d a t e  o x i d a t i o n  

re d u c e d  1 .6  m oles o f  p e r i o d a t e  p e r  anhydro  u n i t  b a se d  on 

w e ig h t  from  p h e n o l - s u lp h u r i c  and f u c o s e  g ra p h  (m ethy l f u c o s id e  

re d u c e d  2 .3  m oles p e r  anhydro  u n i t  i n  a  p a r a l l e l  e x p e r im e n t)  

i n d i c a t i n g  t h a t  0 -3  o f  t h e  s u g a r  u n i t  m ust have a  f r e e  

h y d ro x y l  g ro u p . The r e t e n t i o n  t im e  (T) o f  t h e  T .M .S. d e r i v ­

a t i v e  o f  th e  f r e e  s u g a r  w a s '1 .4 5 ,  1 . 6 ' s h o u l d e r ) ( r e l a t i v e  t o  

t h e  c o r r e s p o n d in g  x y l i t o l  d e r i v a t i v e ,  column 3 a t  160®, c f .

2 , 6 -d id e o x y ly x o s e  T 2*5, 3 .3  and 4 . 7 ) .  (T) o f  th e  d e r iv e d

a l d i t o l  a c e t a t e  was 1 .7 0  ( r e l a t i v e  to  t h a t  o f  x y l i t o l  a c e t a t e  

c f .  2 , 6 - d i d e o x y l y x i t o l  a c e t a t e  1 .0 6  on column 5 ) .  H e r e i n a f t e r  

t h i s  m a t e r i a l  i s  t e n t a t i v e l y  assum ed t o  be a  " d id e o x y  su g a r^ '•
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F r a c t i o n  2 * was a  n e u t r a l  sy ru p  and w a s ,fo u n d  t o  be f u c o s e  

by p a p e r  ch ro m atog rap hy  and by  g . l . c .  a n a l y s i s  o f  t h e  TMS 

d e r i v a t i v e .

F r a c t i o n  3 was a l s o  a  n e u t r a l  sy ru p  and by c h ro m a to g ra p h ic  

and g . l . c .  a n a l y s i s  p roved  t o  be x y lo s e .

F r a c t i o n  4 was an  a c i d i c  sy ru p  and gave a  b ro ad  y e l lo w i s h  

o rang e  c o lo u re d  s p o t  on a  p a p e r  chrom atogram  w i th  a n i l i n e  

o x a l a t e  s p r a y .  I t  had Bfucggg 0 .6 5  ( s o l v e n t  1 ) .  T h is  was 

s u b j e c t e d  to  i o n o p h o r e s i s  f o r  6 h  a t  2000 v o l t s  a t  pH 6 .7  

( p y r i d i n e - a c e t i c  a c id  b u f f e r )  and gave f o u r  s p o t s .  These 

w ere e l u t e d  s e p a r a t e l y  w i th  w a te r  from  a  number o f  s i m i l a r  

io n o p h o re to g ra m s  and exam ined a s  d e s c r ib e d  be low :

( a )  was an a c id  sy ru p  and gave no change i n  c h ro m a to g ra p h ic  

p a t t e r n  on h y d r o l y s i s .  The c h ro m a to g ra p h ic  and i o n o p h o r e t i c  

m o b i l i t i e s  were i d e n t i c a l  w i th  th o s e  o f  g lu c u r o n ic  a c i d .

(b )  was an  a c i d i c  s y ru p ,  = -20 .7®  (c  0 .1 5  i n  w a te r )  had 

% u c o s e  0 .61  and 0 .6 5  ( s o l v e n t s  1 and 2 ) .  I t  gave a  r e d  c o l o u r  

w i th  t é t r a z o l i u m  h y d ro x id e  i n d i c a t i n g  t h e  a b sen c e  o f  2 - 0 -  

s u b s t i t u e n t .  A n i l in e  d ip h e n y la m in e -p h o s p h o r ic  a c id  f a i l e d  to  

d e t e c t  i t .  H y d r o ly s i s  o f  an  a l i q u o t  and p a p e r  c h ro m a to g ra p h ic  

a n a l y s i s  o f  t h e  h y d r o l y s a te  showed t h e  p r e s e n c e  o f  g l u c u r o n ic  

a c i d  and th e  "d id eo x y "  s u g a r .  A second  a l i q u o t  had a  D .P . 1 .5  

( s i n c e  i t  gave 2 2 0 /ug  a s  an  e q u i v a l e n t  m ix tu re  o f  g lu c u r o n ic  

a c i d  and f u c o s e ,  and t h e  re d u c e d  m a t e r i a l  c o r r e s p o n d s  to  7 2 /c g  

a s  g l u c u r o n i c  a c id )*  A t h i r d  p o r t i o n  on r e d u c t i o n  and
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h y d r o l y s i s  gave o n ly  g lu c u r o n ic  a c i d  ( p a p e r  c h ro m a to g rap h y  

w i t h  a n i l i n e  o x a l a t e ) .

( c )  was an a c i d i c  s y ru p ,  = -18 .5®  (c  0 .2  i n  w a te r )  and

had Rfuoogg 0 .5 8  and 0 .61 ( s o l v e n t  1 and 2 ) .  (O f. A ld o -

b io u r o n ic  a c id  from  A scophyllum  n o d o s u m ^ ^ f u c o s e  0*56 and

0 .6 3  i n  s o l v e n t  1 and 2 ) .  I t  gave an i n t e n s e  r e d  c o lo u r

w i th  t é t r a z o l i u m  h y d ro x id e  i n d i c a t i n g  th e  a b sen c e  o f  2 - 0 -

s u b s t i t u e n t .  A g r e y i s h - g r e e n  c o lo u r  was g iv e n  w i th  a n i l i n e

d ip h e n y la m in e - p h o s p h o r ic  a c i d  from  w hich  i t  can  be deduced
161t h a t  1 , 3 - l i n k a g e  i s  p r o b a b le .  H y d ro ly s i s  o f  an  a l i q u o t  

and c h ro m a to g ra p h ic  a n a l y s i s  showed g l u c u r o n ic  a c id  and f u c o s e  

a s  th e  s o l e  p r o d u c t s .  D e te r m in a t io n  o f  D .P . gave 80 / ^ g  as  

e q u i v a l e n t  m ix tu re  o f  g lu c u r o n ic  a c id  and f u c o s e ,  and th e  

re d u c e d  m a t e r i a l  c o r re s p o n d e d  t o  40yug a s  g lu c u r o n ic  a c i d . .  

A n o th e r  p o r t i o n  on r e d u c t i o n  and h y d r o l y s i s  gave o n ly  g l u c u r o n ic  

a c i d  ( p a p e r  ch ro m a to g ra p h y  u s i n g  a n i l i n e  o x a l a t e  s p r a y ) .

(d )  was a  n e u t r a l  sy ru p  and on h y d r o l y s i s  i t  showed no change 

i n  c h ro m a to g ra p h ic  m o b i l i t y  i n  d i f f e r e n t  s o l v e n t s .  Chromato­

g r a p h i c a l l y  i t  had t h e  m o b i l i t i e s  o f  g a l a c t o s e  i n  a  number o f  

s o l v e n t s .

F r a c t i o n  3  was an  acidic s y ru p ,  = -24® , w hich  gave a

y e l lo w i s h - o r a n g e  c o lo u re d  s p o t  on a  p a p e r  chrom atogram  w i th  

a n i l i n e  o x a l a t e  s p r a y  and had 0 .1 5  ( s o l v e n t  1 ) .  I t

had a  D .P . 4 . 3 ,  and o n 'h y d r o l y s i s  gave g lu c u r o n i c  a c i d ,  

f u c o s e  and "d id eo x y "  s u g a r .
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( a )  P a r t i a l  h y d r o l y s i s . An a l i q u o t  o f  ‘f r a c t i o n  5 was 

h y d ro ly s e d  f o r  1 h i n  a  s e a l e d  tu b e  a t  100® w i th  90# fo rm ic  

a s  b e f o r e  and th e  h y d r o l y s a t e  was a n a ly s e d  as  d e s c r ib e d  

p r e v i o u s l y .  T h is  showed on p a p e r  ch ro m a to g rap h y  in  s o l v e n t  2

th e  p r e s e n c e  o f  "d id eo x y "  s u g a r ,  f u c o s e ,  and some f r a c t i o n s  o f

s lo w e r  m o b i l i t y  w i th  ^ y ^ o s e  (m a jo r )  0 .2 5  and 0 .1 5

(u nchanged  m a t e r i a l s ,  s o l v e n t  1 ) .  These f r a c t i o n s  were s e p ­

a r a t e d  on 3MM c h ro m a to g ra p h ic  p a p e r  and e a c h  f r a c t i o n  was 

exam ined . The m a jo r  f r a c t i o n  (R^j 0 .65 )  was s u b j e c t e d  t o  io n o ­

p h o r e s i s  and gave a  s i m i l a r  p a t t e r n  t o  t h a t  o f  f r a c t i o n  4 . ^ ^ ^  

Each f r a c t i o n  was e l u t e d  from  th e  io n o p h o re to g ra m  and examined 

a s  d e s c r i b e d  i n  4 ( a - c ) .  They p roved  t o  be i d e n t i c a l  w i th  th e  

f r a c t i o n s  4 ( a - c ) .  The f r a c t i o n  w i th  R^ 0 .2 5  was h y d ro ly s e d

and a n a ly s e d  c h r o m a to g r a p h ic a l l y  and was found  t o  c o n ta in

g lu c u r o n ic  a c i d ,  f u c o s e  and "d id eo x y "  s u g a r  r e s i d u e s .

(b )  M é th y la t io n  o f  an  a l i q u o t  was c a r r i e d  o u t  as  i n  E x p t.  27 . 

G . l . c .  a n a l y s i s ,  a f t e r  h y d r o l y s i s  and g l y c o s i d a t i o n ,  gave p eak s  

c o r r e s p o n d in g  t o  m eth y l 2 , 3 ,4 , 6 - t e t r a - O - m e t h y l g l u c o s i d e  ( l . O ,

1 .4 3  column 1 and 1 .0 ,  1 .32  column 2 ) ,  m e th y l 2 ,4 - d i - O - m e t h ÿ l -  

f u c o s i d e  ( 1 .6 2 ,  1 .7 0  column 1 and 0 .8 9 ,  1 .0  i n  column 2) and 

u n i d e n t i f i e d  p eak s  o f  T v a lu e  2 .5 4 ,  2*82 [ ( m a jo r )  column 1 ) ]
*  J  ■

and 1 .5 4  (m a jo r )  and 0 .7 0  (colum n 2 ) .
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E x am in a t io n  o f  4 h h y d r o l y s a t e . T h is  was a n a ly s e d  as  

d e s c r i b e d  i n  2 h h y d r o l y s a t e .  I t  showed i d e n t i c a l  f r a c t i o n s  

t o  t h o s e  o f  t h e  2 h h y d r o l y s a t e  e x c e p t  f o r  th e  p re s e n c e  of a  

f r a c t i o n  w i th  Rf^Qose 0 .2 5  ( s o l v e n t  1 ) .  T h is  f r a c t i o n  

(R^ 0 . 2 5^ on h y d r o l y s i s  and c h ro m a to g ra p h ic  a n a l y s i s  showed 

th e  p re s e n c e  o f  g lu c u r o n ic  a c i d ,  fu c o s e  and "d ideox y"  s u g a r .

E x am in a tio n  o f  th e  i n s o l u b l e  m a t e r i a l  ( K) .

The i n s o l u b l e  m a t e r i a l  was h y d ro ly s e d  and on ch ro m ato ­

g r a p h ic  a n a l y s i s  r e v e a l e d  th e  p re s e n c e  o f  g lu c u r o n ic  a c i d ,  

fu c o s e  (m a jo r )  and "d id eo x y "  s u g a r .
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PART I I . RESULTS AND DISCUSSIONS 

I T h is  p a r t  o f  th e  t h e s i s  d e a l s  w i th  th e  c o n s t i t u t i o n  o f  

t h e  f u c o s e - c o n t a i n i n g  p o l y s a c c h a r i d e s  i s o l a t e d  from  th e  t h r e e
i

g e n e ra  o f  a l g a e .  The ammonium o x a l a t e - o x a l i c  a c i d  e x t r a c t  

from  P. p a v o n ia  p ro ved  to  be a  c ru d e  i n t r a c t a b l e  m a t e r i a l  

w hich  d e f i e d  p u r i f i c a t i o n  and f r a c t i o n a t i o n .  A p a r t  from  an 

e x a m in a t io n  o f  i t s  c o n s t i t u e n t  s u g a r s  w hich  were t h e  same a s  

th o s e  o f  th e  same e x t r a c t  from  th e  o t h e r  two g e n e r a ,  t h i s  

m a t e r i a l  was n o t  exam ined f u r t h e r .  The c h l o r i t e  e x t r a c t  from  

P . p a v o n ia  a l s o  had th e  same c o n s t i t u e n t  s u g a r s  as  found  i n  t h e  

same e x t r a c t  o f  t h e  o t h e r  two g e n e ra  and was n o t  i n v e s t i g a t e d  

f u r t h e r .

The f lo w  d iag ra m  ( p . |0 3  ) shows t h e  d i s t r i b u t i o n  o f  t h e s e  

p o l y s a c c h a r i d e s  i n  th e  t h r e e  brown s e a w e e d s . , The " fu c a n s "  

e x t r a c t e d  i n  t h e  aqueous c a lc iu m  c h l o r i d e  s o l u t i o n  and i n  t h e  

a c i d  s o l u t i o n s  p ro ved  to  be v e r y  s i m i l a r ,  b o th  showed 

n e g l i g i b l e  c o n ta m in a t io n  w i th  a l g i n i c  a c i d .  In  o r d e r  to  

e s t a b l i s h  th e  homo- o r  h e t e r o - g e n e i t y  o f  t h e s e  e x t r a c t s  t h e y  

were f r a c t i o n a t e d  s e p a r a t e l y  on a  D E A E -ce llu lo se  colum n.

B oth  gave t h r e e  f r a c t i o n s  a t  a b o u t  0.3M, 0.5M and 1.0M aqueous 

p o ta s s iu m  c h l o r i d e  c o n c e n t r a t i o n s  w h ich  were v i r t u a l l y  i d e n t i c a l  

to  e a c h  o t h e r  from  e a c h  o f  t h e  g e n e ra  o f  t h e  w eeds . The r e s ­

p e c t i v e  aqueous c a lc iu m  c h l o r i d e  and a c i d  e x t r a c t s  from  each  

weed were t h e r e f o r e  combined and t h e i r  p r o p e r t i e s  a r e  g iv e n  i n  ■ 

T a b le s  7 and 8 . Of t h e s e  t h e  m o la r  f r a c t i o n s  co m p rise  th e
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T ab le  7

Some C o n s ta n te  o f  t h e  combined aqueous C alcium

S p e c ie s F r a c t i o n C i n  w a te r io  R ecovery

H. l o r e a 0.3M - 8 7 ° 0 .2 5 28

■ 0 . 5M - 5 8 ° 0 .2 2 16

1 . 0M - 1 3 1 .7 ° - 0 . 5 0 33

B. b i f u r c a t a .3M - 8 4 ° 0 .5 0 42

Q.5M - 5 4 ° 0.25 6

1 . 0M - 100° 0 .5 20

P. p a v o n ia .3M - 9 4 ° 0 . 20 31

0.5M < - 5 1 ° 0 . 1 0 20

1.0M - 112° 0 .1 6 38



131

T ab le  8

P e r c e n ta g e  c o m p o s i t io n  o f  t h e  combined aqueous 

Calc ium  c h l o r i d e  and Acid E x t r a c t s

S p e c ie s F r a c t i o n
KOI

io  Carbohyd.
■ c ^ i r

U ronio
MeanOk T CPC, C a rb a -

z o le

H. l o r e a 0.3M* 50-52 - 2 .5 17 .6 2 0 . 0 18 .8

•0.5M ■ 45-47 2 0 . 0 2 1 .7 7 .5 1 0 .3 8 .9

1 .OM 40-42 29 .0 - 3 .6 4 .3 4 .0

B. b i f u r c a t a 0.3M 48-50 - 4 .6 19.1 2 0 .0 1 9 . 5

0*5M 43-45 ' 2 2 .7 — 12 .0 11 .0 11 .5

1.0M 40-4 2• 30 - 1 .5 2 . 8 2 .6

P. p a v o n ia 0.3M 50-52 - 2 .5 19 .2 2 1 .7 2 0 .4  •

0.5M 45-47  . - 11 .0 8 .2 10.1 9.1

1.0M 40-42 1 7 .0 — 4 .5 5 .3 4 . 7

je  C P c
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m a jo r  component i n  H. l o r e a  and P . p a v o n ia  w h i le  0.3M f r a c t i o n  

i a  t h e  m a jo r  f r a c t i o n  from  B. b i f u r c a t a . The o v e r a l l  com­

p o s i t i o n  (T ab le  8 ) shows t h a t  0.3M f r a c t i o n  i n  a l l  t h e s e  a lg a e

has  th e  h i g h e s t  u ro n io  a o id  and lo w e s t  s u l p h a t e  c o n te n t  

( h e r e i n a f t e r  c a l l e d  u r o n i c  a c i d - r i c h  f r a c t i o n s ) .  On t h e  o t h e r  

hand , 1 .OM f r a c t i o n  in  a l l  c a s e s  has  th e  h i g h e s t  fu c o s e  (T a b le  9/) 

and s u l p h a t e  c o n te n t s  (T a b le  8 ) ( h e r e i n a f t e r  c a l l e d  f u c o s e - r i c h

f r a c t i o n ) .  The o v e r a l l  c o m p o s i t io n  o f  t h e  0 . 5 M * fra c t io n  i n  a l l  |
1

t h r e e  s p e c i e s  h a s  a  somewhat i n t e r m e d i a t e  c o m p o s i t io n  be tw een  th e  '

0.3M and 1.0M f r a c t i o n s  a l t h o u g h  t h e  p r o p o r t i o n  o f  fu c o s e  i n  |
I

t h i s  f r a c t i o n  from  P. p a v o n ia  i s  r a t h e r  low . The p e r c e n t a g e |

and fu c o s e  c o m p o s i t io n  o f  th e  f u c o s e - r i c h  f r a c t i o n  i n  a l l  t h r e e  I
141—144̂

a lg a e  c l o s e l y  r e s e m b le s  f u c o id a n  a s  d e s c r i b e d  i n  th e  l i t e r a t u r e ,  j

The 0.3M f r a c t i o n  was a n a ly s e d  f o r  n i t r o g e n  and found  t o  

c o n t a i n  0 .2 5 ^  n i t r o g e n  w hich  c o r r e s p o n d s  to  1 . 6^  p r o t e i n .  In  

o r d e r  to  o b t a i n  i n f o r m a t io n  on th e  h o m og en e ity  o f  t h e  p o ly ­

s a c c h a r i d e  f r a c t i o n s  o f  t h e  " f u c a n s ” and t o  d e te rm in e  i f  p r o t e i n  

was c o v a l e n t l y  l i n k e d ,  t h e s e  p o l y s a c c h a r i d e s  were s u b j e c t e d  t o  

g e l  e l e c t r o p h o r e s i s  (E x p t .  2 7 ) .  The 0.3M and 1.0M f r a c t i o n s  

a p p e a re d  to  be homogeneous and p r o t e i n  w h ich  moved a t  t h e  same 

sp eed  a s  t h e  p o ly s a c c h a r id e  may t h e r e f o r e  be c o v a l e n t l y  l i n k e d .

The 0.5M f r a c t i o n  gave a  d i f f u s e  p a t t e r n .

The g lu c u ro n o x y lo fu c a n s  e x t r a c t e d  by a l k a l i  (E x p t .  15) and 

by c h l o r i t e  (E x p t .  17) from  H. l o r e a  and B. b i f u r c a t a
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were fo und  to  be s i m i l a r  t o  one a n o th e r  (T a b le s  10 and 14)(loi3î» 

i n  t h e i r  u r o n i c  a c id  and s u l p h a t e  c o n t e n t s .  They a l s o  had 

s i m i l a r  s u l p h a t e  and u r o n ic  a c i d  c o n te n t s  to  t h e  r e s p e c t i v e  

0.5M KCl f r a c t i o n s  d e s c r i b e d  u n d e r  th e  " fu c a n s"  (T a b le  8/), b u t  

th e  p r o p o r t i o n  o f  s u g a r s  i n  t h e  " fu c a n s "  and th e  a l k a l i  e x t r a c t s  

were somewhat d i f f e r e n t  (T a b le s  9 and 11 )(_ ^ 13U-. \ 3 S ) .

F r a c t i o n a t i o n  o f  t h e s e  m a t e r i a l s  on a  D E A E -ce llu lo se  

column gave o n ly  two main f r a c t i o n s  a t  a b o u t  Ô.5M and 1.0M
I , k /a f ,  137

c o n c e n t r a t i o n s  o f  KCl s o l u t i o n  (T a b le s  10 and 14/) and t h e s e  

o n ly  d i f f e r e d  from  one a n o th e r  i n  th e  somewhat h i g h e r  s u l p h a t e  

c o n te n t  o f  th e  m o la r  f r a c t i o n s .  The s u l p h a t e  c o n te n t  o f  

P. p a v o n ia  g lu c u ro n o x y lo fu c a n  from  th e  a l k a l i  e x t r a c t  was lo w e r  

th a n  t h a t  o f  t h e  o t h e r  two a lg a e  (T ab le  10) b u t  t h e  p r o p o r t i o n s  ■ 

o f  s u g a r s  were s i m i l a r .  No a t t e m p t  was made to  f r a c t i o n a t e  

t h i s .

The g lu c u ro n o x y lo fu c a n  e x t r a c t e d  by ammonium o x a l a t e -  

o x a l i c  a c i d  from  j l .  l o r e a  (T a b le  12/} h a s  a  lo w e r  s u l p h a t e  and 

h i g h e r  u r o n i c  a c id  t h a n  th e  a l k a l i  e x t r a c t e d  g lu c u ro n o x y lo fu c a n s  

and i n  t h i s  r e s p e c t  r e s e m b le s  t h e  0.3M f r a c t i o n  o f  th e  " f u c a n s " .  

On th e  o t h e r  hand from  B. b i f u r c a t a  had a  low  s u l p h a t e  b u t  t h e  

u r o n i c  a c i d  c o n te n t  was s i m i l a r  t o  t h a t  o f  th e  a l k a l i  e x t r a c t e d

g lu c u ro n o x y lo fu c a n s  from  B. b i f u r c a t a  and H. l o r e a . The p r o -
'

p o r t i o n s  o f  t h e  c o n s t i t u e n t s  eCre i n  ag re em e n t  w i t h  t h e s e  

f i n d i n g s .
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T ab le  9

Mole p r o p o r t i o n s  o f  f u o o s e - e o n t a t n i n g  p o l y s a c c h a r i d e s

from  a c id  e x t r a c t

S p e c ie s F r a c t i o n F u c i t o l X y l i t o l L -g u lo n ic G a l a c t i t o l

H. l o r e a .3M 2 .5 1 .0 1 .8 4"

.5M * 10 . 1 4 .0 +++

1.0M * 1 4 .0 1 2 . 0 4-4-

B. b i f u r c a t a .3M 2 . 8 1 .0 2 .4  * 4-

.5M 5 .5 1 . 0 2 .5 4-4-

<3

1.0M 1 3 .0 1 .0 2 .3 4-4-4-

P. p a v o n ia .3M 2 . 0 1 .0 2 . 0 4-

.5M * 3 .0 1 . 0  ; , 1 .2 4-4-

' 1.0M * 1 2 .5 1 .0 3 .0 4-4-4-

D eterm in ed  a s  a l d i t o l  by g . l . c . ,  and th e  r e m a in d e r  were 

d e te rm in e d  by p h e n o l - s u lp h u r i c  a f t e r  e l u t i o n  from  p a p e r
- , 1 ■ i

ch rom atog ram s. ‘

i n d i c a t e s  q u a n t i t y  o f  g a l a c t o s e  v i s u a l l y  a s c e r t a i n e d  i n  

d i f f e r e n t  f r a c t i o n s .
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S p e c ie s

Some p r o p e r t i e s  o f  t h e  g lu c u ro n o x y lo fu c a n s  from

a l k a l i  e x t r a c t
io  U ron icF r a c t i o n ^  ^  : E ^o-

* j CPC I Col.CPC Car-j Mean o ve iy  
I ' : b a z -  I

' ' o le  I i

H. l o r e a U n f r a c t ­
i o n a t e d

0.5M

1.0M

- 5 1 .2 40*0 2 2 .2  — 10.3 — I — ' —I ' I
I ' . ' ■

4 5 .0  2 0 .0  21.0 1 0 .0  15A 12.7 30-

4 5 .0  2 4 .6  25.0 10.3  15.0 1 2 .6  50

B. b i f u r c a t a  j U n f r a c t - j -48.5^1 4 0 .0  2 4 .0  i -  11 .3  -
, i o n a t e d

0 .5

1.0M

P . p a v o n ia  i  U n f ra c t^  -58 .0^  
I  i o n a t e d  I

4 5 .0  ;21. 6 22.0 9 .5  15.0 1 2 .2  30
!  .  I i  :

45 2 6 .0  124.0,10.0 15.2 12 .6  50

47 14 .5 11*0 —

^ a b le  11
Mole p r o p o r t i o n s  o f  u n f r a c t i o n a t e d  g lu c u ro n o x y lo fu c a n s

from  a l k a l i  e x t r a c t s
1
■ S p e c ie s F u c i t o l X y l i t o l L - g u lo n ic

H. l o r e a 4 .4 1 .0 2 .2

B. b i f u r c a t a 5 .0 1 .0 2 . 0

P. p a v o n ia 4 ,7

- . :

1 .0 2 .4
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T ab le  12

jo  C o m p o sit io n  o f  th e  d i f f e r e n t  f r a c t i o n s  o f

S p e c ie s F r a c t i o n s i  c a rb o h y d . io  so^ io  u r o n ic
1  1  
\ io  R ecovery  |

H. l o r e a 0.5M 45 9 .4 2 1 . 8 j  40

1.0M 40 1 3 .4 2 0 . 0 1 121
U n f r a c t ­
io n a t e d

3 0-32  ̂ ' 11.1 9 .4
1
I
i

B. b i f u r c a t e . 0 . 5M 45 9 .2 12 .8 1 ‘ 40

■ 1 . 0M 37-38 1 4 .9  ' 9 .5 , 0

U n f r a c t -
io n a t e d

35-37 9 .7 11 .8
1

T ab le  13

Mole p r o p o r t i o n s / o f  Ammonium o x a l a t e - o x a l i c  a c id  e x t r a c t

( 0.5M f r a c t i o n )

F u c i t o lS p e c ie s

H. l o r e a  

B. b i f u r c a t a

4 .4

5 .6

X y l i t o l

1 .0

1.0

G ulon ic  

3 .7  

- 2 . 1
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T ab le  14

Some p r o p e r t i e s  o f  g lu c u ro n o x y lo fu c a n a  from  

c h l o r i t e  e x t r a c t

S p e c ie s F r a c t i o n i»  c a rb o h y d . i  SO4 io  u r o n ic i  R ecov ery

H. l o r e a 0.5M 45 1 7 .7 10 .6 50

1.0M 40-42 2 4 .2 11 .3 30 I

1

Ü n f r a c t -
i o n a t e d

40-42 19 .2 . .
1

1

B. b i f u r c a t a 0.5M 45 1 8 .7 10 .6 45

1.0M 43 2 4 . 0 11 .3
• 1

' 50 1
U n f r a c t -
i o n a t e d

40-42 2 1 .2 i
!

...................... ...I

T ab le  15
C h ro m ato g rap h ic  m o b i l i t i e s  o f  d i f f e r e n t  m e th y la te d  s u g a r s  
o b ta in e d  from  d i f f e r e n t  f r a c t i o n s  o f  " fu c a n s "  and g lu c u ro n o ­

x y lo fu c a n s  o f  H, l o r e a  and B. b i f u r c a t a  
(Rc a r e  r e s p e c t i v e l y  i n  s o l v e n t  2 and 4 ) .

2 - 0 - m e th y l - L - f u c o s e  Rq. 0 .5 6  and 0 .6 0
3 -0 -m e th y l-L - fU c o s e  R(j 0 .41  t o  0 .5  and 0 .5 6  

< 3 ,4 - d i - O - m e th y l - L - f u c o s e  R ^ ( p .69) and 0 .7 8
2 .3 - d i - O - m e th y l - D -x y lo s e  Rq̂ \p .70 )
2 .3 - d i - O - m e th y l - D - g lu c u r o n ic  R^ 0 .1 7  and 0 .17 »

. a c id
' 2 , 3 , 4 - t r i - O - m e t h y l - L ^ f u c o s e  R ^ (0.92)

2 , 3 , 4 - t r i - 0 - m e t h y l - D - x y l o s e  R^^O.92)
F r e e - L - f u c o s e  R^ 0 .41  and 0 .4 8 .

■ . - '

Figures in the parenthesis indicate R^ values of components which 
are not completely resolved. v
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These s t u d i e s  show t h a t  t h e  t h r e e  d i f f e r e n t  g e n e ra  of 

brown seaw eeds s y n t h e s i s e  th e  same f u c o s e - c o n t a i n i n g  p o ly ­

s a c c h a r i d e s  a s  one a n o th e r ,  and t h a t  t h e s e  co m p rise  a  w ide 

v a r i e t y  o f  p o lym ers  based  on f u c o s e ,  x y lo s e ,  g lu c u r o n ic  a c id  

and g a l a c t o s e .  However, t h e  p r o p o r t io n #  o f  e a c h  ty p e  o f  

po lym er v a r i e s  i n  t h e  d i f f e r e n t  g e n e r a .  I t  was d e c id e d  to  

a p p ly  m é t h y l a t i o n ,  p e r i o d a t e  o x i d a t i o n .  S m ith  d e g r a d a t i o n  and 

p a r t i a l  h y d r o l y s i s  to  e ac h  o f  t h e  e x t r a c t s  and f r a c t i o n s  in  

o r d e r  t o  se e  i f  t h e y  a r e  e a c h  b u i l t  up on th e  same g e n e r a l  

p l a n  o r  i f  t h e r e  a r e  m a jo r  s t r u c t u r a l  d i f f e r e n c e s  be tw een  them .

M é th y la t io n  S t u d i e s . The 0.5M and 1.0M KCl f r a c t i o n s  o f  th e

" f u c a n s "  and o f  th e  g lu c u ro n o x y lo fu c a n s  from  H. l o r e a  and

B. b i f u r c a t a  w ere  e a c h  m e th y la te d  s e p a r a t e l y  (E x p t .  2 8 ) .

The m e th y la te d  p r o d u c t s  a f t e r  h y d r o l y s i s  and c h ro m a to g ra p h ic
M37

a n a l y s i s  (T a b le  151) were d iv id e d  i n to  tw o. One h a l f  was con­

v e r t e d  i n t o  th e  m e th y la te d  g l y c o s i d e s  and a n a ly s e d  by  g . l . c .
M40

(T a b le  16/). The d i f f e r e n t  m e th y la te d  s u g a r s  were c h a r a c t e r i s e d  

by co m parison  w i th  a u t h e n t i c  m a t e r i a l s .  However, t h e  l a r g e  

number o f  peaks  o b t a in e d  from  t h e  m e th y la te d  g ly c o s id e s  made 

c o m p le te  c h a r a c t e r i s a t i o n  o f  a l l  t h e  m e th y la te d  s u g a r s  d i f f i c u l t  

and any  f r e e  s u g a r s  would n o t  be d e t e c t e d .  To overcome t h e s e  

d i f f i c u l t i e s  th e  o t h e r  h a l f  o f  t h e  m e th y la te d  h y d r o l y s a t e s  w ere 

re d u c e d  to  t h e  m e th y la te d  s u g a r  a l c o h o l s  ( a i d i t o l s )  and 

a i e t y l a t e d .  The d e r iv e d  m e th y la te d  a c e t y l a t e d  ( i n  c a s e  o f .  

f r e e  s u g a r s  o n ly  a c e t y l a t e d )  a l d i t o l s  were a n a ly s e d  on two,
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d i f f e r e n t  columna (T a b le  16/) and t h e i r  i d e n t i t y  c o n firm ed  by

co m p a r iso n  w i t h  a u t h e n t i c  s a m p le s .

B ecause  o f  th e  h ig h  u r o n i c  a c id  c o n te n t  o f  t h e  0.3M KCl

f r a c t i o n  o f  th e  " fu c a n s "  and th e  d i f f i c u l t y  o f  c h a r a c t e r i s i n g

m e th y la te d  u r o n i c  a c i d s ,  t h e  u r o n ic  a c id  i n  t h e s e  m a t e r i a l s ,

a f t e r  p a r t i a l  m é t h y l a t i o n ,  wa's r e d u c e d  to  g lu c o s e  d e r i v a t i v e s

and r e m e th y l a t e d .  The p r o d u c t  was h y d r o ly s e d  and a n a ly s e d  by

p a p e r  and g . l . c .  ch ro m a to g rap h y  a s  b e f o r e .

F re e  f u c o s e ,  2 - 0 -m e th y l ,  3 -0 -m e th y l  and 3 ,4 - d i - O - m e t h y l -

fu c o s e  were m a jo r  p r o d u c t s  from  a l l  t h e  d i f f e r e n t  f r a c t i o n s ,

a l t h o u g h  th e  r e l a t i v e  p r o p o r t i o n s  o f  t h e s e  d e r i v a t i v e s  v a r i e d  i n

d i f f e r e n t  f r a c t i o n s .  I n  a d d i t i o n  s m a l l e r  p r o p o r t i o n s  o f  2 , 3 , 4 -

t r i - 0 - m e t h y ï f u c o s e , -g lu c u r o n ic  a c id  a n d -x y lo s e  were d e t e c t e d  i n
d i

a l l  t h e  f r a c t i o n s ,  and t r a c e  q u a n t i t i e s  o f  2 ,3 /-0 -m e th y lx y lo se  and

2 ,3 - d i - O - m e th y l  g lu c u r o n ic  a c id  c o u ld  be d e t e c t e d  i n  some 

f r a c t i o n s  su c h  a s  th e  g l u c u r o n o x y l o f u c a n s ' i s o l a t e d  from  a l k a l i  

and ammonium o x a l a t e - o x a l i c  a c i d  e x t r a c t s .  2 , 3 , 4 , 6 - T e t r a - O -  

m e th y l  g a l a c t o s e  was a l s o  d e t e c t e d  i n  t h e  p r o d u c t s  from  th e  

m é t h y l a t i o n  o f  th e  1.0M KCl f r a c t i o n  o f  t h e  " f u c a n s " .  The 

re d u c e d  m e th y la te d  u r o n ic  a c i d - r i c h  f r a c t i o n  (E x p t .  29) gave

2 , 3 , 6 - t r i - O - m e th y l g l u c o s e  a s  t h e  m a jo r  p r o d u c t  (T ab le  17)fj**̂ ^*

The u s u a l  m e th y la te d  f u c o s e  d e r i v a t i v e s  were a l s o  p r e s e n t ,  b u t  

some o f  th e  peak s  o f  t h e  m e th y la te d  g l y c o s id e s  were p a r t l y  

masked by th o s e  o f  t h e  t e t r a - 0 -  and t r i - O - m e t h y l  g lu c o s e  p e a k s .

C o n v e rs io n  to  t h e  a l d i t o l  a c e t a t e ,  how ever, c o n firm ed  t h e i r
. ' . ’ . p r e s e n c e .  * ,

These r e s u l t s  i n d i c a t e  t h a t  a l l  t h e  d i f f e r e n t  e x t r a c t s
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T ab le  16
fucans and

M é th y la t io n  r e s u l t s  o f / g lu c u r o n o x y lo f u c a n s ( 1 «QM) o f  H. l o r e a  

R e te n t i o n  t im e s  (T) a r e  r e l a t i v e  t o  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - P -

D -g lu o o e id e  and 2 , 3 , 4 , 6 - t e t r a - 0 - m e t h y l - 1 , 5 - d i - 0 - a o e t y l - 0 -
% •

g l u c i t o l  r e s p e c t i v e l y .

M ajor  p ro d u c t s

F r e e - L - f u c o s e  '

2 -0 - m e th y l -L - f u o o s e

3 -0 -m e th y 1 - L - fu c 0se

O th e r  p r o d u c t s  *

2 . 3 . 4 - T r i - O - m e th y l - L - f u c o s e

2 . 3 . 4 -T r i -O -m e th y l -D -x y lo s e

2 , 3 ,4 - T r i - O - m e tb y l - D - g lu c u r o n io
a c id

2 . 3 -D i-O -m e th y l-D -g lu c u r o n ic
a c i d

2 .3 -D i-O -m e th y l -D -x y lo s e
• ’

3 .4 - D i - O - m e th y l - L - iu c o s e

As m eth y l 
g l y c o s id e s  
Column 1 2

As a l d i t o l  
a c e t a t e

ECNSSM ApK

( 0 .7 3 )
4 .0  
4 . 4 ,

( 2 . 2 )
3 .5
5 .3

( 0 .7 3 )

0 .4 3
0 .61

( 2 . 1 )

3 .1

1 .38 .
( 1 .6 9 )  

1.82
( 1 .6 9 )  

2 .6 9

2 . 0

(1 .0 )  1 .5 0  
(1 . 20 )
(1 .50)

(1 .34 )  1 .8 3
(1 .44 )
1 .6 4

1 . 2 0

( 1 . 0 )

( 0 .5 5 )
0.88

0 .61  0 .6 9  0 .7 2

0 .4 0  0 .5 0 ' ( 0 .5 3 )
(0 . 56)

( 2 .4 5 )
3 . 9 ,

( 2 .4 5 )
3 .1 7

( 0 . 56 , ) 1 .36 
0 .7 6  

(1 . 0 )
0 .9 4 ,  1 .2 0  ( 1 .0 )
1 . 0 )
1 . 2 0 .)
1 .3 4 )

F ig u res  in  p a re n th e s is  in d ic a te  T v a lu es  o f  components which a re  
no t com pletely  re so lv e d .
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T ab le  17

M é th y la t io n  r e s u l t s  o f  U ro n ic  a c i d - r i c h  f r a c t i o n  

T a r e  r e l a t i v e  t o  2 , 3 , 4 , 6 -T e t r a - O - m e th y l - P -D -g lu c o s id e  and

2 ,3 ,4 ,6 -T e t r a -O -T m e th y l - l  , 5 ~ d i - 0 - a c e t y l  g l u c i t o l  r e s p e c t i v e l y ,

M ajor p r o d u c t s

2 . 3 .6 - t r i - O - m e t h y l - D - g l u c o s e  ‘

#

F r e e - L - f u c o s e  '

2 - 0 - m e th y l - L - f u c o s e

O th e r  p r o d u c t s

2 . 3 . 4 . 6 - t e t r a - O - m e th y l - D - g lu c o s e

3 - 0 - m e th y l - L - f u c o 8e

As m e th y l  
g l y c o s id e s

Column 1 2

As a l d i t o l  
a c e t a t e

ECNSSM ApK

3 .2 0  ( 1 .6 9 )

( 4 .1 0 )  2 .2 0  2 .3 5  1 .3

2 . 0 1 . 2

( 4 .1 )  ( 1 .0 )

k.k 1 . 1 8  1 . 5 2  1.1

1.0  ( 1. 0 ) 1.0  1.0

1 .3 7  ( 1 .3 3 )

2 .0  ( 1 .3 3 )  1.81  0 .5 5

3 .5  ( 1 .6 9 )  0 .8 9

Figures in parenthesis indicate T values of components‘which 

are not completely resolved. . . .
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and f r a c t i o n s  a r e  b u i l t  up on th e  same g e n e r a l  p l a n .  They 

a r e  a l s o  i n  ag reem en t w i th  th e  e a r l i e r  m é th y la t io n  s t u d i e s  

on " f u c o i d a n " .  They c o n f i rm  th e  p r e s e n c e  o f  fu c o s e  l i n k e d  

o r  s u l p h a te d  a t  C -2 , 0 -3  and 0 - 4 ,  and a t  0 -2  and' 0 -4 ,  and a tC -2 ,  

0 -3  and 0 - 4 .  The x y lo s e  and g lu c u r o n ic  a c id  a r e  p r e s e n t  a s  

end g ro u p s  and 1 ,4 - l i n k e d  u n i t s ,  and a t  l e a s t  some o f  th e  

g a l a c t o s e  as  end g ro u p .

I n  an a t t e m p t  to  g iv e  some id e a  o f  t h e  d i f f e r e n t  p r o p o r ­

t i o n s  o f  t h e  m e th y la te d  d e r i v a t i v e s  i n  t h e  d i f f e r e n t  f r a c t i o n s  

and e x t r a c t s  f ro m 'H . l o r e a  a  ro u g h  e s t im a t e  o f  th e  a v e ra g e  peak 

a r e a s  on g . l . c .  o f  th e  d e r iv e d  m e th y lg ly c o s id e s  and m e th y la te d  

a l d i t o l  a c e t a t e s  was made and t h e  a p p ro x im a te  q u a n t i t y  i n  

d e c r e a s i n g  o r d e r  o f  m ag n itu d e  o f  e a c h  o f  t h e  m e th y la te d  s u g a r s  

i d e n t i f i e d  i n  e a c h  o f  th e  e x t r a c t s  i s  g iv e n  i n  T ab le  18 ,^145- 

These a r e  n o t  t o  be r e g a r d e d  a s  a b s o l u t e  amounts b u t  s i n c e  t h e  

g . l . c .  o f  e a c h  f r a c t i o n  was done u n d e r  t h e  same c o n d i t i o n s  i t  

s e r v e s  to  c o n f i rm  th e  q u a n t i t a t i v e  d i f f e r e n c e s  be tw een  th e  

d i f f e r e n t  f r a c t i o n s .

I t  i s  i n t e r e s t i n g  t o  s e e  t h a t  i n  a l l  t h e  f r a c t i o n s ,  e x c e p t  

i n  t h e  u r o n i c  a c i d - r i c h  m a t e r i a l ,  2 -0 - m e th y l fu c o s e  i s  th e  m a jo r  

s u g a r  i n d i c a t i n g  a  r e a s o n a b ly  h i g h  p r o p o r t i o n  o f  l i n k a g e  o r  

s u l p h a t i o n  a t  0 -3  and 0 -4  o f  t h e  fu c o s e  u n i t s .  T h is  does n o t  

i n v a l i d a t e  t h e  1 ,2 - l i n k a g e  o f  f u c o s e  a s  t h e  m a jo r  s t r u c t u r a l  

f i a t u r e  o f  f u c o id a n  s i n c e  a l l  t h e  o t h e r  m e th y la t e d  fu c o s e  

d e r i v a t i v e s  c o u ld  be d e r iv e d  from  2 - l i n k e d  f u c o s e .  ♦
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T ab le  18

P r o p o r t i o n s  o f  M e th y la te d  s u g a r s  i n  H. l o r e a

f r a c t i o n s

k e y ;  L—Fucose?  2 -0 —m eth y l  ** A, 3 -0 —m eth y l  =» B 

F re e  f u c o s e  = C, 3 ,4 - d i - O - m e th y l  = D

2 , 3 , 4 - t r i - O - m e t h y l  « E

D - x y lo s e ; 2 ,3 - d i - O - m e th y l  = F , 2 , 3 , 4 - t r i - O - m e t h y l  = G 

D -G lu c u ro n ic  : /  2 , 3 , 4 - t r i - O - m e t h y l  = H,

2 ,3 - d i - O - m e th y l  = I ,  2 , 3 , 6 - t r i - O - m e th y l g l u c o s e  = J ,

2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s e  = K*

" F u c a n s”

0.3M KCl f r a c t i o n  ( a f t e r  r e d u c t i o n )  J > A > O B > K

0.5M KCl f r a c t i o n  A > B > ^ > D > I > E > G > F > H

1.0M KCl f r a c t i o n  A > O B > D > E > G > H

G lu c u ro n o x y lo fu c a n s  ‘
a l k a l i  e x t r a c t  0.5M KCl f r a c t i o n  A > -C > 'F > I> D > 'H > 'G > -E

1.0M ” " A > O D > F > B > G > E > H

A m m onium oxala te -oxa lic

e x t r a c t  0.5M KCl f r a c t i o n  A > 0 > F > I > D > B > E ’> G > H

1.0M " " A > O H > D > I > E > ( }

C h l o r i t e  e x t r a c t  0.'5M " " A > O D > P > E > & > H

1.0M " " A > C > D > I > P > B > E > H > C



144

The r e l a t i v e l y  h ig h  p r o p o r t i o n  o f  f r e e  fu c o s e  in  h l l  t h e
su lp h a tio n  rn d /o r

f r a c t i o n s  c o n f i rm s  th e  h ig h  d e g re e  o f  b ra n c h in g  i n  t h e s e  p o ly ­

s a c c h a r i d e s .  I t  i s  somewhat s u r p r i s i n g  t h a t  t h i s  i s  t h e  . 

second  l a r g e s t  f r a c t i o n  i n  th e  u r o n i c  a c i d - r i c h  m a t e r i a l  i n  

v iew  o f  t h e  low s u lp h a te  c o n t e n t  o f  t h i s  f r a c t i o n  b u t  i t  sh o u ld  

be em ph as ised  t h a t  th e  peaks  g iv e n  by f r e e  fu c o s e  a r e  r e l a t i v e l y  

s m a l l  compared w i th  t h a t . g i v e n  by th e  2 , 3 , 6 -t«43*a-0 -m ethy l 

g lu c o s e  ( d e r iv e d  from  2 ,3 - d i - O - m e th y l  g l u c u r o n ic  a c i d ) .

A f u r t h e r  p o i n t  t h a t  em erges from  t h i s  co m p a r iso n ,  a p a r t  

from  th e  m a jo r  f r a c t i o n s ,  i s  t h e  d i f f e r e n c e  i n  o r d e r  o f  th e  

m e th y la te d  s u g a r s  from  th e  d i f f e r e n t  p o l y s a c c h a r i d e s .  T h is  

a g a in  i l l u s t r a t e s  t h a t  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e y  a r e  a l l  

b u i l t  up on th e  same g e n e r a l  p l a n ,  t h e r e  a r e  v e r y  s i g n i f i c a n t  

d i f f e r e n c e s  i n  th e  p r o p o r t i o n  o f  th e  d i f f e r e n t  l i n k a g e s  a n d /o r  

s i t e  o f  e s t e r  s u l p h a t e .
• ' [

The n e g l i g i b l e  l o s s  o f  s u l p h a te  on a l k a l i n e  t r e a tm e n t  f

(E x p t .  26) o f  th e  f u c o s e - r i c h  f r a c t i o n  and 1.0M g lu c u r o n o x y lo -  [

f u c a n  from  a l k a l i  e x t r a c t i o n  i n d i c a t e d  t h a t  t h e  s u l p h a t e  g ro u p s  

i n  b o th  t h e  c a s e s  a r e  e s s e n t i a l l y  a l k a l i  s t a b l e .  T h is  e l i m in ­

a t e s  th e  p o s s i b i l i t y  o f  m o n o s u b s t i tu te d  h a l f  e s t e r  s u l p h a t e  g ro u p s  

e i t h e r  i n  1 , 4 - l i n k e d  x y lo s e  o r  g l u c u r o n ic  a c id  u n i t s  and i t  i s  

co n c lu d e d  t h a t  t h e  m a j o r i t y  o f  è u lp h a te  g ro u p s  a r e  l i n k e d  to  th e  

f u c o s e  r e s id u e s *  i
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A lth o u g h  th e s e  r e s u l t s  g iv e  th e  m a jo r  l i n k a g e s  o f  th e  

i n d i v i d u a l  s u g a r s ,  t h e y  g iv e  l i t t l e  i d e a , a p a r t  from  th o s e  

w h ich  o c c u r  as  end g ro u p s , o f  t h e  o v e r a l l  s t r u c t u r e  o f  th e  

m ac ro m o le c u le s .  P e r i o d a t e  o x i d a t i o n  and r e d u c t i o n  a s  w e l l  

a s  S m ith  d e g r a d a t i o n  on th e  two ex trem e s t r u c t u r e s  nam ely  

t h e  u r o n i c  a c i d - r i c h  ‘and f u c o s e - r i c h  po lym ers  w ere , t h e r e f o r e ,  

c a r r i e d  o u t  i n  th e  hope t h a t  f u r t h e r  i n s i g h t  i n t o  th e  m acro -
I

m o le c u la r  s t r u c t u r e  would be o b t a i n e d .  P a r t i a l  h y d r o l y s i s  was 

c a r r i e d  o u t  on th e  u r o n i c  a c i d - r i c h  m a t e r i a l  f o r  f u r t h e r  

s t r u c t u r a l  in f o r m a t io n  o f  t h i s  po lym er.

P e r i o d a t e  o x i d a t i o n  and R e d u c t io n ,  S m ith  d e g r a d a t i o n  and 

M o le c u la r  w e ig h t  a n a l y s i s .
«

P e r i o d a t e  o x i d a t i o n  s t u d i e s  have been  u se d  f o r  some 

c o n s i d e r a b l e  t im e ,  a s  a  p o w e rfu l  t o o l  i n  o b t a i n i n g  s t r u c t u r a l  

i n f o r m a t io n  on p o l y s a c c h a r i d e s .  W herever 1 , 2 - d i o l  sy s tem s  

o c c u r  i n  c o n s t i t u e n t  s u g a r  r e s i d u e s  o x i d a t i o n  w i t h  sodium  

m e ta p e r io d a t e  c a u s e s  c le a v a g e  o f  t h e  c a rb o n -c a r b o n  bond w i th  

r e s u l t a n t  c o n v e r s io n  t o  th e  d i a ld e h y d e .

I I IÔ.
H -  C -  C -  H ----- =------> = 0 + 0 =

I I  /  \
OH OH . H H

1

H y d ro ly s i s  o f  t h e  p o ly a ld e h y d e  g iv e s  c le a v a g e  p r o d u c t s  

d i a g ( 5 ^ s t i c  o f  th e  ty p e  o f  u n i t s  and l in k a g e d  p r e s e n t  i n  th e  

po lym er m o le c u le .  .T h is  sy s te m , how ever, has  some d raw b ack s .
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F i r s t l y ,  some o f  t h e  p r o d u c t s  a r e  u n s t a b l e  i n  th e  a c i d i c  

c o n d i t i o n s  u se d  d u r in g  h y d r o l y s i s  and s e c o n d ly ,  i n  some 

c a s e s ,  i n t r a ^ a n d  i n t e r m o l e c u l a r  a c e t a l  f o r m a t io n  betw een  

f r e e  a ld e h y d ic  and h y d ro x y l  g ro u p s  may o c c u r  w h ic h h in d e r s  

co m p le te  o x i d a t i o n .  To overcome t h e s e  p rob lem s t h e  p o ly - -  

a ld e h y d e  i s  c o n v e r te d  to  th e  p o ly a l c o h o l  by r e d u c t io n .^  

F u r t h e r  s t r u c t u r a l  i n f o r m a t io n  o f  t h e  i n i t i a l  p o ly s a c c h a r id e  

can  be o b ta in e d  (1 )  by s u b j e c t i n g  th e  p o l y a l c o h o l  t o  m ild  

h y d r o l y s i s  w hich  w i l l  c au se  h y d r o l y s i s  o f  t h e  a c e t a l  l i n k a g e s  

l e a v i n g  t h é  g l y c o s i d i c  l i n k a g e s  i n t a c t . T h u s  th e  

s e q u e n t i a l  p e r i o d a t e  o x i d a t i o n ,  r e d u c t i o n  and m ild  h y d r o l y s i s  

(S m ith  d e g r a d a t i o n )  o f  a  p o ly s a c c h a r id e  rem oves th e  r e s i d u e s  

i n  t h e  m o le c u le  which c o n t a i n  o - g l y c o l  g rou ps  and new 

v i c i n a l  h y d ro x y l  g ro ups  a r e  exposed  i n  th e  r e s i d u a l  p o ly m er. 

R ep ea ted  Sm ith  d e g r a d a t io n s  o f  t h i s  m a t e r i a l  w i l l  g r a d u a l l y  

e ro d e  th e  m o le cu le  down t o  a  c o re !



* B—A—A—A—A—A—A • • • 
I I
C B

C B
 ̂ I

C
X

H

K A-A-A-A ^

•H'
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K A—A—A—A—A—A ,«• 
I I
C B

X
B
X

lo ;

BĤ

X A—A—A—A—A•••  
\
B
X

X U n le s s  s u lp h a te d  a t  C-3 t h e s e  r e s i d u e s  a r e  v u l n e r a b l e  

t o  p e r i o d a t e .

IThe sy s te m  above shows t h a t  i t  i s  p o s s i b l e ,  u n d e r  t h e  c o n d i t i o n s  

w h ich  a v o id  o v e r  o x i d a t i o n ,  f o r  a l l  t h e  A c o re  t o  be r e v e a l e d
i

a s  lo n g  a s  * i n  chain*  A r e s i d u e s  a r e  n o t  a t t a c k e d  by p e r i o d a t e .  

(2 )  By s u b j e c t i n g  t h e  p o ly a l c o h o l  t o  f u r t h e r  p e r i o d a t e  

o x i d a t i o n  w hich  w i l l  a t t a c k  th e  m o le c u le s  c o n t a i n i n g  &-g l y c o l  

g ro u p s  p r e v i o u s l y  b lo c k e d  by h e m ia c e ta l  f o r m a t io n  i n  t h e  

p o ly a ld e h y d e  s t a g e ,  f u r t h e r  i n f o r m a t io n  on t h e  s t r u c t u r e  o f  

t h e  m o lecu le  i s  o b ta in e d *  R e p e a te d  o x i d a t i o n  and r e d u c t i o n  o f
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a  m acrom olecu le  where th e  p r im a ry  o x i d a t i o n  i s  h in d e r e d  by

h e m ia c e t a l  f o r m a t io n  w i l l  g iv e  a t  t h e  end a  c o re  t h a t  i s

immune t o  p e r i o d a t e  o r  a  m o le c u le  where no s u r v i v i n g  s u g a r

u n i t  i s  p r e s e n t .  Both  th e  a p p ro a c h e s  i n  a s c e r t a i n i n g  th e

s t r u c t u r e  o f  a  po lym er a r e  i n  u s e .  B ecause p e r i o d a t e  r e a c t s

v e ry  r e a d i l y  w i th  p h e n o ls  ( p o s s i b l e  c o n ta m in a n ts  o f  t h e s e

p o l y s a c c h a r i d e s )  and t h a t  c e r t a i n  a l i p h a t i c  a l c o h o l s  i n h i b i t  
187t h i s  r e a c t i o n  and i t  was found  t h a t  c o n s i d e r a b ly  l e s s  

p e r i o d a t e  ( 0 . 6  i n s t e a d  o f  0 . 9  m oles p e r  anhydro  u n i t  i n  t h e
pllkOL

p re s e n c e  o f  n - p r o p a n o l  ( F i g . 17, /  ) was re d u c e d  i n  th e  c a se  o f

" f u c a n s ” ) a l l  p e r i o d a t e  o x i d a t i o n s  w e r e , t h e r e f o r e ,  c a r r i e d

o u t  i n  t h e  p r e s e n c e  o f  n - p r o p a n o l .

The f u c o s e - r i c h  f r a c t i o n  (1M " fu c a n " )  was s u b j e c t e d  to

p e r i o d a t e  o x i d a t i o n  and found  to  r e d u c e  0 .3 6  m oles p e r i o d a t e
Pim%

p e r  anhydro  u n i t  (F ig ./g , /) .  The d e r iv e d  p o ly a l c o h o l  ( r e c o v e r e d  

i n  80^  y i e l d )  on h y d r o l y s i s  gave fu c o s e  r e s i d u e s  a s  t h e  o n ly  

s u r v i v i n g  s u g a r  u n i t s  w hich  c o u ld  be d e t e c t e d .  The p o ly ­

a l c o h o l  I  on f u r t h e r  o x i d a t i o n  re d u c e d  v i r t u a l l y  no p e r i o d a t e  

i n d i c a t i n g  t h a t  even i f  h e m ia c e t a l  f o r m a t io n  had o c c u r r e d  

d u r in g  th e  o x i d a t i o n  o f  t h i s  p o l y s a c c h a r i d e  t h e n  th e  c le a v a g e  

o f  t h e  h e m ia c e ta l  d id  h o t  p ro d u ce  v i c i n a l  h y d ro x y l  g ro u p s .

The h ig h  s u l p h a te  c o n te n t  o f  t h i s  p o l y s a c c h a r i d e  c o u ld  e x p la in  

t h i s .  ' ,

From th e  m o la r  p r o p o r t i o n s  o f  t h e  s u g a r  r e s i d u e s  and th e
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c a r b o h y d r a te  c o n te n t  o f  t h e  p o l y s a c c h a r i d e  and t h e  p o l y a l c o h o l ,  

i t  i s  p o s s i b l e  t o  e x p re s s  t h e  p r o p o r t i o n s  o f  th e  c o n s t i t u e n t  

s u g a r s  in  te rm s  o f  w e ig h t .  The r e d u c t i o n  o f  p e r i o d a t e  p e r  

h ex o se  u n i t  c an  th e n  be c o r r e l a t e d  w i th  t h e  l o s s  o f  c a r b o h y d r a t e .  

T h is  am ounts in  th e  p r e s e n t  e x p e r im e n t  t o  0 .3 4  m oles p e r  h ex o se  

u n i t  c le a v e d  o n ly  i f  e ach  o f  t h e s e  u n i t s  r e d u c e s  2 m oles 

p e r i o d a t e .  T h is  i s  i n  r e a s o n a b le  ag reem en t w i th  t h e  o b se rv e d  

v a lu e  (0 .3 6  m oles p e r  hexose  u n i t ) ,  and i n d i c a t e s  t h a t  th e  

g r e a t e r  p a r t  o f  th e  o x i d a t i o n  o c c u rs  a t  n o n - r e d u c in g  end g roup s  

and t h a t  th e  m acrom olecu le  m ust be h i g h l y  b ra n c h e d .  The 

d i f f e r e n c e  o f  0 .0 2  m o le s ,  i f  i t  i s  a t  a l l  s i g n i f i c a n t ,  shows a  

s m a l l  amount o f  o x i d a t i o n  o c c u r s  i n  t h e  c o re  o f  th e  m o le c u le .

P r e l im i n a r y  e x p e r im e n ts  on a  column o f  Sagavac 6F to  

d e te rm in e  th e  m o le c u la r  s i z e  o f  t h e s e  m a t e r i a l s  and t o  su b ­

s t a n t i a t e  t h e s e  f i n d i n g s ,  showed t h a t  t h e y  were a l l  e l u t e d  

round  th e  e x c l u s i o n  volume ( F i g s ,  21 , 22 , p .  149 a , b ) ,  i n d i c a t i n g  

t h a t  t h e  m o le c u le s  were somewhat s m a l l e r  t h a n  th e  ra n g e  o f  t h i s  

column and t h a t  t h e  Sagavac  6F was u n s u i t a b l e  f o r  t h e  d e t e c t i o n  

o f  any change in  m o le c u la r  s i z e  o f  t h e s e  m a t e r i a l s  d u r in g  

o x i d a t i o n  and r e d u c t i o n .

A column o f  Sephadex G100 w hich  w i l l  f r a c t i o n a t e  d e x t r a n s  

w i th  m o le c u la r  s i z e  o f  1000 t o  150 ,000  was n e x t  i n v e s t i g a t e d  

and i t  was fou nd  t h a t  a l t h o u g h  th e  p o l y s a c c h a r i d e  and p o ly ­

a l c o h o l  were b o th  v e ry  p o l y d i s p e r s e  maximum e l u t i o n  o c c u r r e d .
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a b o u t  midway be tw een  th e  v o id  and e x c l u s i o n  volum es on t h i s
P \5 0 ol

column ( F i g . 2 3 ,/) .  The maximum o f  th e  d e g ra d e d  po lym er on

th e  o t h e r  hand i n d i c a t e d  a  somewhat s m a l l e r  m o le c u la r  s i z e ,

a l t h o u g h  i t  to o  was v e ry  p o l y d i s p e r s e  ( s e e  F i g . 2 3 . ) .  T h is

i s  i n  e x c e l l e n t  ag reem en t w i th  th e  p e r i o d a t e  o x i d a t i o n

f i g u r e s  and c o n f i rm s  t h a t  a  s m a l l  amount o f  i n t e r n a l  c le a v a g e

ta k e s  p la c e  d u r in g  Sm ith  d e g r a d a t i o n .  S i m i l a r  s t u d i e s  were

c a r r i e d  o u t  w i th  th e  u r o n i c  a c i d - r i c h  f r a c t i o n .  The scheme

o f  S m ith  d e g r a d a t i o n s  can  be found  i n  F i g ,  2  4 I t  i s  t o  be

n o te d  t h a t  t h e r e  i s  a  v e r y  c o n s i d e r a b le  l o s s  o f  th e  c a r b o h y d r a te

d u r in g  o x i d a t i o n  and r e d u c t i o n .  To a s c e r t a i n  a t  what s t a g e  th e

l o s s  o c c u r s  t h r e e  e x p e r im e n ts  were s e t  up  [E x p t .  3 3 ( a - c ) ] ,

F i r s t l y ,  t h e  i n i t i a l  p o ly s a c c h a r id e  was s u b j e c t e d  t o  t h e

a l k a l i n e  c o n d i t i o n s  o f  r e d u c t i o n  w i th  b o ro h y d r id e  and i t  was

fo u nd  t h a t  v i r t u a l l y  no l o s s  o f  p o ly s a c c h a r id e  o c c u r r e d .  I n

a  second  e x p e r im e n t  t h e  p o ly a ld e h y d e  r e c o v e r e d  a f t e r  p e r i o d a t e

o x i d a t i o n  showed a  l o s s  o f  a b o u t  25?^. I n  t h e  t h i r d  e x p e r im e n t

th e  p o ly a ld e h y d e  was re d u c e d  t o  p o ly a l c o h o l  and th e  l o s s  a g a in

was a b o u t  25?^, th e  t o t a l  l o s s  d u r i n g  t h e  p r o c e s s  o f  o x i d a t i o n
« •

and r e d u c t i o n  b e in g  a b o u t  50^ o f  th e  i n i t i a l  m a t e r i a l .  

C h rom ato g rap h ic  a n a l y s i s  o f  t h e  d i a l y s a b l e  m a t e r i a l  ( a f t e r  

r e d u c t i o n  o f  th e  a ld e h y d e )  a t  e ac h  s t a g e  showed m a in ly  

e r y t h r o n i c  a c i d ,  g u lo n ic  a c i d ,  t r a c e  o f  t h r e i t o l ,  g l y c e r o l  and 

p o s s i b l y  p ropane  1 , 2 - d i o l  and co m p le te  a b se n c e  o f  f r e e  s u g a r  

o r  t h e i r  r e s p e c t i v e  a l c o h o l s  even  a f t e r  h y d r o l y s i s  o f  t h i s
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0.3M P o ly s a c c h a r id e
1 . 0 g  (500 mg

c a r b o h y d r a te )

S m ith  D e g ra d a t io n s  

(1) 107 ( i i )  ia,.

F ragm ent I  
E r y th r o n ic  a c i d .
P ropane  1 , 2 - d i o l . ' 
g l y c e r o l  and g lu c u r o n ic  ac id *  
( a s  d e r iv e d  g u lo n ic  a c id )  
T h r e i t o l  ( t r a c e )

F ragm ent I I  
s i m i l a r  to  f ra g m e n t  I

P o ly a lc o h o l  I
524 mg (137 mg

c a r b o h y d r a t e )

J ,  m ild

D egraded  po lym er I

407 mg (114 mg)
( c a rb o h y d ra te )

( i )  I
( i i )  !

P o ly a lc o h o l  I I
220 mg ( 4 8 .0  mg

c a r b o h y d r a t e )  
+

HjO

D egraded po lym er I I
102 mg ( 1 2 .0  mg

c a r b o h y d r a t e )

( i )

( i i )f
P o ly a lc o h o l  I I I

34 mg ( 8 .0  mg
c a r b o h y d r a t e )

F ig .  24 " 1

v:
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d i a l y s a t e .  The g u lo n id  a c i d  i s  d e r iv e d  from  u n o x id is e d  

g lu c u r o n ic  a c i d ,  t h e  e r y t h r o n i c  a c i d  from  1 , 4 - l i n k e d  g lu c u r o n ic  

a c i d  r e s i d u e s ,  t h e  p ropane  d i o l  from  1 , 2 - l i n k e d  f u c o s e ,  t h e  

g l y c e r o l  from  1 ,4 - l i n k e d  x y lo s e  emd th e  t h r e i t o l  from  1 , 4 - l i n k e d  

g a l a c t o s e  i n  th e  p o l y s a c c h a r i d e .  These r e s u l t s  c o n f irm  o t h e r  

s t r u c t u r a l  f i n d i n g s  and i n d i c a t e  th e  p re s e n c e  o f  1 , 4 - l i n k e d  

g a l a c t o s e  ( F i g S 2ir,2A).

I t  was th o u g h t  a t  f i r s t  t h a t  t h e  h i ^  l o s s e s  i n c u r r e d  

w i th  t h i s  p o ly s a c c h a r id e  m igh t be due t o  P - e l i m i n a t i o n  of 

g l u c u r o n ic  a c id  r e s i d u e s  b u t  t h e  s t a n d a r d  t e s t  f o r  4 , 5 - u n s a t -  

u r a t e d  a c i d ,  th e  p r o d u c t  o f  P - e l i m i n a t i o n ,  p ro ved  n e g a t i v e .  

A n a ly s i s  o f  t h e  s u p e r n a t a n t  s o l u t i o n s  a l s o  r e v e a l e d  th e  a b se n c e  

o f  f r e e  s u g a r s  b o th  b e f o r e  and a f t e r  h y d r o l y s i s .  I n  f a c t  

e r y t h r o n i c  a c i d j  t h r e i t o l ,  g l y c e r o l  and  p o s s i b l y  p rop an e  1 , 2 -  

d i o l  a p p e a re d  t o  be th e  s o le  d e t e c t a b l e  m a t e r i a l s .  These 

would be d e r iv e d  by c le a v a g e  o f  t h e  a c e t a l  l i n k a g e s  of o x i d i s e d
r e s p e c t i v e l y

g l u c u r o n ic  a c i d ,  g a l a c t o s e ,  x y lo s e  and fu c o s e  r e s i d u e s / a s  

p r e v i o u s l y  shown. I t  can o n ly  be assumed t h a t  v e r y  l a b i l e  

a c e t a l  l i n k a g e s  a r e  fo rm ed and  t h e s e  a r e  c le a v e d  a s  t h e  o x id ­

a t i o n  and r e d u c t i o h  p ro c e e d .

These h ig h  l o s s e s  (50^  by  w e ig h t )  make t h e  i n t e r p r e t a t i o n  

o f  t h e  o x i d a t i o n  and r e d u c t i o n  r e s u l t s  d i f f i c u l t .  I n v e s t i ­

g a t i o n  o f  th e  ch anges  i n  m o le c u l a r  s i z e  by e l u t i o n  o f  th e  

i n i t i a l  and d e r iv e d  p o ly a l c o h o l  from  a  Sephadex G100 column 

gave s i m i l a r  e l u t i o n  p a t t e r n s  f o r  th e  two m a t e r i a l s  show ing 

t h a t  e i t h e r  some m o le c u le s  had b e en  c o m p le te ly  .deg raded  o r
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L - G u I o n i c  
a c i d

1 ,lf-linked 
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B H 4  

C O O H / H

H O H C  C H 2OH

C O O H / H  

H O - C — H

H 0 — C — H  ;
1

C H gO H

E r y t h r o n i c  / G l y c e r o l  
ac id

F i g  2 5 .



l* 2 - lln k e d  Fucose

0 " ^

H O
O H

10 4  

B H 4 ,

0 -

C H 2OH

C H 7OH  
I ^ 

C H O H

C H 3

P rop an e  • 
1,2-diol

1
Galactose

- 0
OH

BHa

0

C H ^ H  

H O H 2C C H 2OH

HT

C H 2 OH

H O — C —H 
■J

H - C - O H  

■ C H 2OH

Threitol

F i g  2  6
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t h a t  c l e a v a g e  had t a k e n  p l a c e  f rom t h e  p e r i p h e r y  o f  t h e  

m o le c u l e /  '  On t h e  o t h e r  hand a c c u r a t e  c a l c u l a t i o n  o f  th e  

l o s s  i n  c a r b o h y d r a t e  i s  d i f f i c u l t  and t h i s  may n o t  be a s  h i g h  

a s  a p p e a r s  f rom  t h e  w e i g h t .  I t  i s  p o s s i b l e  t h a t  changes  i n  

t h e  shape  o f  t h e  m o le cu le  have o c c u r r e d  d u r i n g  c o n v e r s i o n  t o  

t h e  p o l y a l c o h o l  which  m ight '  mask any  changes  o f  s i z e  i n  t h e  

e l u t i o n  p a t t e r n .  I t  must be remembered t h a t  shape  a s  w e l l  

a s  s i z e  p l a y  an i m p o r t a n t  r o l e  i n  t h e  e l u t i o n  o f  po lym ers  

f rom t h e s e  co lum ns.

A p p l i c a t i o n  o f  Sm ith  d e g r a d a t i o n  t o  t h i s  p o l y a l c o h o l  

c l e a v e d  s i m i l a r  f r a g m e n ts  t o  t h o s e  c l e a v e d  d u r i n g  o x i d a t i o n  

and r e d u c t i o n  and t h e  d e g ra d e d  polymer was e l u t e d  from 

Sephadex G100 column somewhat l a t e r  t h a n  t h e  p o l y a l c o h o l  

i n d i c a t i n g  some r e d u c t i o n  i n  m o l e c u l a r  s i z e ^  Fr ^ 27,

R e o x i d a t i o n  o f  t h e  p o l y a l c o h o l  I  ( w i t h o u t  p r e v i o u s  m i ld  

h y d r o l y s i s )  r e d u c e d  1.1 mole o f  p e r i o d a t e  p e r  anhydro  u n i t  and 

gave  p o l y a l c o h o l  2 i n  20^ y i e l d .  A t h i r d  o x i d a t i o n  r e d u c e d

a  f u r t h e r  q u a n t i t y  o f  p e r i o d a t e  ( 1 . 7  moles  p e r  anhydro  u n i t )

and t h e  p o l y a l c o h o l  was r e c o v e r e d  i n  a  50^ y i e l d .  Again

t h e s e  h i g h  l o s s e s  make i n t e r p r e t a t i o n  d i f f i c u l t  b u t  a t  l e a s t  

i t  i s  c l e a r  t h a t  w i t h  t h i s  p o l y s a c c h a r i d e  h e m i a c e t a l  f o r m a t i o n  

h i n d e r s  c o m ple te  p e r i o d a t e  o x i d a t i o n .

E a r l i e r  m é t h y l a t i o n  r e s u l t s  showed t h a t  most  o f  t h e  x y l o s e
I '

and g l u c u r o n i c  a c i d  r e s i d u e s  a r e  v u l n e r a b l e  t o  p e r i o d a t e  s i n c e
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t h e s e  a r e  p r e s e n t  a s  end g ro u p s  and 1 , 4 - l i n k e d  u n i t s .*  The 

x y l o s e  r e s i d u e s ,  however,  s u r v i v e d  o x i d a t i o n  up t o  t h e  f i r s t  

o x i d a t i o n  l i m i t .  By t h e  second o x i d a t i o n  a l l  t h e  x y l o s e  i s  

a p p a r e n t l y  c l e a v e d  and i n  e a c h  o f  t h e  o x i d a t i o n s  u r o n i c  a c i d
V 'i

i s  more s u s c e p t i b l e  t o  o x i d a t i o n  t h a n  t h e  f u c o s e  r e s i d u e s .

However, t h e  p o l y s a c c h a r i d e  even a f t e r  t h r e e  o x i d a t i o n s  was

found  t o  c o n t a i n  a b o u t  30^ o f  t h e  g l u c u r o n i c  a c i d  r e s i d u e s

and i t  seemed v e r y  u n l i k e l y  t h a t  t h i s  p r o p o r t i o n  would have

s u r v i v e d  t h r e e  o x i d a t i o n s  t h r o u g h  h e m i a c e t a l  f o r m a t i o n .  So

t h e  p r e s e n c e  o f  some o t h e r  t y p e s  o f  l i n k a g e s  f o r  t h e  g l u c u r o n i c

a c i d  c a n n o t  be r u l e d  o u t  a l t h o u g h  f rom  t h e  m é t h y l a t i o n  s t u d i e s

i t  was o n ly  p o s s i b l e  t o  c o n f i r m  end g ro u p s  and 1 , 4 - l i n k a g e .

I t  i s  o f  i n t e r e s t  t o  compare t h e  p o l y a l c o h o l s  d e r i v e d

a f t e r  Sm i th  d e g r a d a t i o n  w i t h  t h e  c o r r e s p o n d i n g  ones o b t a i n e d

from r e p e a t e d  o x i d a t i o n  and r e d u c t i o n  ( i . e .  p o l y a l c o h o l s  2 and

3 ) .  The p o l y a l c o h o l s  2 and I I  (S m i th  d e g r a d a t i o n )  a r e  ( T a b le s  
^ 19-22) '

v i r t u a l l y  i d e n t i c a l  i n  t h e i r  c a r b o h y d r a t e  and u r o n i c  a c i d  if

c o n t e n t s  and i n " t h e  r e l a t i v e  mole p r o p o r t i o n s  o f  t h e i r  con­

s t i t u e n t  s u g a r  r e s i d u e s .  So a l s o  were p o l y a l c o h o l s  3 and I I I .

T h is  c l e a r l y  i n d i c a t e s  t h a t  b o t h  s t r a i g h t  fo rw a rd  o x i d a t i o n '
'I''

and r e d u c t i o n  a s  w e l l  a s  Sm ith  d e g r a d a t i o n  l e a d  t o  t h e  s i m i l a r  

p r o d u c t s  i n  t h i s  p o l y s a c c h a r i d e  and i t  c an  be c o n c lu d e d  t h a t  

t h e  a c e t a l  l i n k a g e s  a r e  so  l a b i l e  t h a t  t h e y  a r e  c l e a v e d  d u r i n g  

s u b s e q u e n t  o x i d a t i o n .  T h is  i s  i n  k e e p i n g  w i t h  t h e  l o s s e s
è

d u r i n g  t h e  f i r s t  o x i d a t i o n  and r e d u c t i o n .
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T ab le  19

U ron ic  a c i d - r l c h  f r a c t i o n ;  Some p r o p e r t i e s  o f  o x i d a t i o n -  
R e d u c t io n  p r o d u c t s
M a t e r i a l  ^  c a rb o h y d ,  ^  u r o n i c  ^  u r o n i c  P e r i o d a t e

(G .P .  I l l b )  (By c a r b a z o le  ( f ro m  mole c o n s u m p t i o n /  
b a s e d  on p r o p o r t i o n s )  h ex ose  u n i t .  
c a r b o h y d . )

0.3M P o ly ­
s a c c h a r i d e

5 0 .0 3 8 .0 4 0 . 0
0 .8 3

P o l y a l c o h o l  I 2 6 .0 3 2 .0 3 0 .0

P o l y a l c o h o l  2 2 0 .0 4 0 . 0 3 6 .0 1.1

P o l y a l c o h o l  3 2 0 .0 2 8 .0 2 7 .0 1 .7

Table, 20

Mole p r o p o r t i o n s of c o n s t i t u e n t  sugarJ^  i n  t h e  v a r i o u s polyalcobdls

M a t e r i a l Fucose Xylose G lu c u ro n ic a c i d

0.3M P o l y ­
s a c c h a r i d e

2 .2 1 .0 2 .2

P o l y a l c o h o l  I 2 .5 1 .0 1 .5

P o l y a l c o h o l  2 1 .5 - 1 .0

P o l y a l c o h o l  3 2 .6 - 1 .0 !

X D e te rm in ed  by p h e n o l - s u l p h u r i c  a f t e r  e l u t i o n  f rom p a p e r  

chrom atography*
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T able  21

Some p r o p e r t i e s  o f  t h e  d i f f e r e n t  p r o d u c t s  o f  Sm ith  d e g r a d a t i o n s

F r a c t i o n  ^  ca rb o h y d .  ^  u r o n i c  ^  u r o n i c  P e r i o d a t e
fG P I l l b l  c a r b a - ( f r o m  mole c o n s u m p t io n /
'  * * '  z o l e  based p r o p e r -  hexose  u n i t ,

on c a r b o -  t i o n s )  
h y d r a t e )

0.3M P o l y ­
s a c c h a r i d e

5 0 .0  3 8 .0 4 0 . 0
0 .8 3

P o l y a l c o h o l  I 2 6 .0  3 1 .0 3 0 .0

Degraded  po lym er  
I .

2 8 . 0  4 5 .0 4 3 .0
1 . 7

P o l y a l c o h o l  I I . 2 0 .0  4 0 . 0 3 6 .0

Degraded po lym er  
I I .

1 0 .0  * 2 0 .0 2 2 .0
1.1

P o l y a l c o h o l  I I I 2 5 .0  3 2 .0 3 2 .0

3€ Low c a r b o h y d r a t e  c a n n o t  be a c c o u n te d  f o r .

T a b le  22 ■

Mole p r o p o r t i o n s *  o f  c o n s t i t u e n t  s u g a r s  i n  t h e v a r i o u s  p r o d u c t s
o f  Sm ith  d e g r a d a t i o n s <

F r a c t i o n r Fucose x y l o s e G lu c u ro n ic  a c i d

0.3M P o l y s a c c h a r i d e  ' 2 . 2 1 .0 2 . 2

P o l y a l c o h o l  I . ' 2 . 5  ^ 1 .0 1 .5

Degraded po lym er  I  4 . 0 1 . 0 / 3 . 8

P o l y a l c o h o l  I I 1 .8 - 1 .0

Degraded  po lym er  I I  3 . 4 - 1 .0

P o l y a l c o h o l  I I I 2 .2 - 1 .0

X D e te rm ined  by t h e  p h e n o l - s u l p h u r i c a f t e r  e l u t i o n  from p a p e r

chrom atogram.
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The o v e r a l l  c o n c l u s i o n s  f rom  t h e s e  s e r i e s  o f  e x p e r im e n t s

a r e  t h a t  i n  th e  f u c o s e - r i c h  f r a c t i o n  l i t t l e ,  i f  any ,  hemi^
c-

a c e t a l  f o r m a t i o n  o c c u r r e d  and t h a t  a l l  t h e  x y l o s e  and glu-'v. 

c u r o n i c  a c i d  r e s i d u e s  a r e  c l e a v e d  d u r i n g  t h e  f i r s t  o x i d a t i o n  ; 

c o n f i r m in g  t h a t  t h e s e  g roups  a r e  p r e s e n t  a s  end g rou p s  and 

1 , 4 - l i n k e d  u n i t s .  M o le c u la r  s i z e  d e te r m in e d  on Sephadex 

G100 shows t h a t  v e r y  l i t t l e  change i n  t h e  m o l e c u l a r  s i z e  had 

o c c u r r e d  d u r i n g  o x i d a t i o n  and r e d u c t i o n  o f  t h e  p o l y s a c c h a r i d e  

t o  p o l y a l c o h o l  I .  From t h i s  i t  may be c o n c lu d ed  t h a t  t h e s e  

r e s i d u e s  a r e  on t h e  p e r i p h e r y  o f  t h e  m o le c u le .

I n  t h e  c a se  o f  t h e  u r o n i c  a c i d - r i c h  f r a c t i o n  where con­

s i d e r a b l e  h e m i a c e t a l  f o r m a t i o n  o c c u r s ,  t h e  r e s u l t s  a r e  n o t  so 

c l e a r ,  p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  g l u c u r o n i c  a c i d  r e s i d u e s .  

I t  i s  p o s s i b l e  t h a t  some o f  t h e s e  u n i t s  a r e  i n  t h e  c e n t r e  o f  

t h e  m o le c u le  and a r e  n o t  a c c e s s i b l e  t o  p e r i o d a t e  o r  even  i t

may be t h a t  some o t h e r  t y p e s  o f  l i n k a g e s  make i t  immune to
• . »

p e r i o d a t e .

I t  i s ,  however ,  q u i t e  c l e a r  i n  b o t h  t h e  f u c o s e - r i c h  and 

u r o n i c  a c i d - r i c h  po lym ers  t h a t  a  h i g h  d e g re e  o f  b r a n c h i n g  

o c c u r s  s i n c e  e x t e n s i v e  r e d u c t i o n  o f  p e r i o d a t e  c a u s e s  l i t t l e  

change i n  m o l e c u l a r  s i z e  even a f t e r , r e p e a t e d  d e g r a d a t i o n s .
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S e l e c t i v e  c l e a v a g e  o f  t h e  g l y c u r o n o s l d l c  l i n k a g e s .

R e c e n t l y ,  t h e  R u s s i a n  w o r k e r s ^ a f t e r  p r e l i m i n a r y  e x p e r im e n t s  

on model  m o n o s a c c h a r id e s ,  a t t e m p t e d  s e l e c t i v e  c l e a v a g e  by t h e  

Hofmann r e a c t i o n  o f  t h e  g l y c u r o n o s i d i c  l i n k a g e s  i n  p o l y ­

s a c c h a r i d e s ,  l e a v i n g  t h e  g l y c o s i d i c  l i n k a g e s  i n t a c t .  T h is  

i n v o l v e s  t h e  c o n v e r s i o n  o f  t h e  u r o n i c  a c i d  r e s i d u e s  i n  th e  

p o l y s a c c h a r i d e  i n t o  t h e i r  amides  f o l l o w e d  by t h e i r  t r a n s ­

f o r m a t i o n  i n t o  5 -a m in o p e n to p y ra n o s e  r e i i d k f l s  by sodium hypo­

c h l o r i t e .  These m o i e t i e s  a r e  c l e a v e d  e a s i l y  by a c i d s  u n d e r  

m i ld  c o n d i t i o n s  w i t h  c o n c o m i ta n t  r e l e a s e  o f  t h e  ag ly c o n e  and 

t h e  f o r m a t i o n  o f  a  d i a l d e h y d e  from t h e  u r o n i c  a c i d  r e s i d u e .

I f  t h i s  i s  f o l lo w e d  by r e d u c t i o n  t h e  d i a l d e h y d e  i s  c o n v e r t e d  

i n t o  a  p e n t i t o l  ( F i g . 2 0  ) .  *

qoNH

NaOCj
HO. HO

F ig  2 8

>R ht
.CHO 
OH

HO
OH

;ho

+  ROH

CH2OH

Pentitol

H2OH

V .
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A p p ly in g  t h i s  t e c h n i q u e  t o  b i r c h  x y l a n  ( 1 1 . 7 ^  u r o n i c  a c i d )  

t h e  R u s s i a n  w o rk e rs  were a b l e  t o  c l e a v e  a b o u t  8 0 -8 5 ^  o f  t h e  

u r o n i c  a c i d  r e s i d u e s  w i t h o u t  e f f e c t i v e  h y d r o l y s i s  o f  t h e  

o t h e r  g l y c o s i d i c  l i n k a g e s .

T h is  sequence  o f  r e a c t i o n s  was a p p l i e d  t o  *fucan*

(0.5M c o n t a i n i n g  c a .  10^ u r o n i c  a c i d ) .  A 10^ u r o n i c  a c i d  

c o n t e n t  r e q u i r e s  a b o u t  0 . 8 ^  n i t r o g e n  f o r  a  com p le te  c o n v e r s i o n  

t o  t h e  a c i d  am ide .  Even a f t e r  e x t e n s i v e  e x t r a c t i o n  w i t h  

m e th a n o l  t h e  d e r i v e d  amide had a  n i t r o g e n  c o n t e n t  o f  5 . 4 ^ .

T h is  shows t h a t  e i t h e r  a  c o n s i d e r a b l e  amount o f  ammonia i s  

s t i l l  a b s o rb e d  i n  t h e  p o l y s a c c h a r i d e  o r  t h a t  some r e a c t i o n  

be tw een  t h e  h a l f  e s t e r  s u l p h a t e  g ro up  on t h e  f u c o s e  u n i t s  and 

t h e  ammonia has  o c c u r r e d .  As f a r  a s  t h e  a u t h o r  i s  aware t h i s  

r e a c t i o n  has  n e v e r  been  i n v e s t i g a t e d .  The amide a f t e r  Hofmann 

d e g r a d a t i o n  and r e d u c t i o n  gave on m i ld  h y d r o l y s i s  and a c é t y l ­

a t i o n  o f  t h e  d i a l y s a b l e  f r a g m e n t s  e v id e n c e  f o r  t h e  p r e s e n c e  of  

a  p e n t i t o l  a c e t a t e .  T h is  i s  t h e  e x p e c t e d  p r o d u c t  f rom t h e  

c l e a v a g e  o f  u r o n i c  a c i d  r e s i d u e s  ( F i g . Z S  ) .  The r e s i d u a l  

p o ly m e r ic  m a t e r i a l  (16^  o f  t h e  i n i t i a l )  f rom t h e  m i ld  h y d r o l y s i s [ 

had  a  u r o n i c  a c i d  c o n t e n t ^ i b o u t  4 . 0 ^ . , :  T h is  i n d i c a t e s  t h a t

o n ly  a b o u t  60$  ̂ o f  t h e  u r o n i c  a c i d  r e s i d u e s  a r e  removed from 

t h e  '*fucan” by t h i s  m ethod.  T h is  can  o n l y  be exp la ined» /as  

due t o  non amide f o r m a t i o n  due p o s s i b l y  t o  t h e  f a c t  t h a t  t h e s e  

r e s i d u e s  a r e  p r e s e n t  i n  t h e  c e n t r e  o f  t h i s  h i g h l y  b r a n c h e d  

m acrom olecu le  and a r e  i n a c c e s s i b l e .



162

The i n i t i a l  and d e g ra d e d  p o l y s a c c h a r i d e s  were  p a s s e d  

s e p a r a t e l y  t h r o u g h  t h e  Sephadex G-100 column to  o b t a i n  an 

i d e a  o f  t h e  e x t e n t  o f  d e g r a d a t i o n  which  had o c c u r r e d .  The 

e l u t i o n  p a t t e r n  ( F i g . 2 9 / ) t  i n d i c a t e s  c l e a r l y  t h a t  b o th  th e  

m a t e r i a l s  a r e  v e r y  p o l y d i s p e r s e  and t h a t  some c le a v a g e  had 

t a k e n  p l a c e  d u r i n g  t h e  Hofmann r e a c t i o n .  I t  i s  p o s s i b l e  

t h a t  some o f  t h e  m o le c u le s  had b e en  c o m p l e t e ly  d e g ra d e d  s i n c e  

a  c o n s i d e r a b l e  l o s s  had o c c u r r e d ,  a t  t h e  same t im e  o n ly  l o s s  

from t h e  p e r i p h e r y  o f  t h e  r e c o v e r e d  p o l y s a c c h a r i d e  m o le c u le  

can  " _ have t a k e n  p l a c e .  I f  a l l  t h e  u r o n i c  a c i d  was 

p r e s e n t  on t h e  p e r i p h e r y  o f  t h e  m o le cu le  t h e n  t h i s  s e r i e s  o f  

r e a c t i o n s  sh o u ld  r e s u l t  i n  t h e  r e c o v e r y  o f  a t  l e a s t  10°/o o f  

t h e  o r i g i n a l  w e i g h t .  I t  f o l l o w s  t h a t  a  c o n s i d e r a b l e  p r o ­

p o r t i o n  o f  t h e  f u c o s e  and x y l o s e  u n i t s  must a l s o  have been  

l o s t  a s  f r a g m e n t s  d u r i n g  t h e s e  r e a c t i o n s .  I f  t h i s  i s  t h e  

c a s e  i t  i s  d i f f i c u l t  t o  a c c o u n t  f o r  t h e  a b se n c e  ( n e g a t i v e  

p h e n o l - s u l p h u r i c  a c i d  t e s t )  o f  c a r b o h y d r a t e  i n  t h e s e  f r a g m e n t s .  

U n t i l  some e x p e r im e n t s  w i t h  model  s u g a r  s u l p h a t e s  and t h e  

d e g r a d a t i o n  p r o c e d u r e  have been  c a r r i e d  o u t  f u r t h e r  i n t e r ­

p r e t a t i o n  o f  t h e s e  r e s u l t s  i s  n o t  p o s s i b l e ,  1'.^ithbugb i t

m igh t  be deduced t h a t  a  h i g h  p r o p o r t i o n  o f  t h e  m o le c u le s.
c o n t a i n  c h a i n s  o f  m u t u a l l y  l i n k e d  g l u c u r o n i c  a c i d ,  x y l o s e  and  ̂ ,
f u c o s e  and t h a t  t h e  l a t t e r  two s u g a r s  a r e  c o m p l e t e l y  d e g ra d e d

' ■ / ' 
d u r i n g  t h e  r e a c t i o n .  ,
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P a r t i a l  h y d r o l y s i s

Because  u r o n i c  a c i d  and n e u t r a l  s u g a r s  a r e  p r e s e n t  In  

t h e  same m ac ro m o le cu le ,  p a r t i a l  h y d r o l y s i s  s h o u ld  r e s u l t  i n  

t h e  p r o d u c t i o n  o f  a l d o h l o u r o n i o  a d d ,  o l l g o u r o n l o  a d d s  

. t o g e t h e r  w i t h  m o n o s a c c h a r id e s .  The u r o n i c  a c i d - r i c h  f r a c t i o n  

was h y d r o l y s e d  i n  a  s e a l e d  tu b e  f o r  2 h and 4 h  p e r i o d s .

E xce p t  t h a t  a p p a r e n t l y  more m o n o s a c c h a r id e s  were p r e s e n t  i n  

t h e  4 h h y d r o l y s a t e ,  t h e  c h ro m a to g r a p h ic  p a t t e r n s  o f  t h e  two 

h y d r o l y s a t e s  were v e r y  s i m i l a r .

M o n o sac ch a r id e s

The m o n o sa c c h a r id e s  c h a r a c t e r i s e d  from t h e  h y d r o l y s a t e  

a r e  g l u c u r o n i c  a c i d ,  x y l o s e ' a n d  f u c o s e .  I n  a d d i t i o n  to  

t h e s e  t h e r e  i s  a  s m a l l  q u a n t i t y  o f  a n o t h e r  f a s t  moving s u g a r  

r e s i d u e  p r e s e n t  i n  t h e  h y d r o l y s a t e .  I t s  c h ro m a to g ra p h ic  

m o b i l i t y  (R^ 0 .6 4  c f .  2 , 6 - d i d e o x y l y x o s e  0 . 7 4 )  i n  s o l v e n t  2,  

i s  i n  t h e  r a n g e  o f  2 ,3 - d i - O - m e th y l r h a m n o s e  ( 0 . 6 2 )  and 2 , 3 , 4 -  

t r i - O - m e t h y l g a l a c t o s e . o r  2 , 3 - d i - O - m e t h y l a r a b i n o s e  ( 0 . 6 4 ) .  

B e r n a r d !  and S p r i n g e r o b t a i n e d  from a  p u r i f i e d  f u c o i d a n  a 

f a s t  moving s p o t  w i t h  c h ro m a to g r a p h ic  m o b i l i t y  s l i g h t l y  

d i f f e r e n t  f rom 3 - 0 - m e t h y l f u c o s e .  However o a  > . d é m é t h y l a t i o n  

o f  t h e  p r e s e n t  m a t e r i a l  showed t h a t  t h e r e  i s  no m ethoxy l  

g ro u p  p r e s e n t  i n  t h e  m o le c u l e .  I t  h a s  a  n e g a t i v e  r o t a t i o n  

c a l c u l a t e d  a s  = -50®, b u t  i t  sh o u ld  be p o i n t e d  o u t  t h a t

t h e  s m a l l  q u a n t i t y  o f  sy r u p  o b t a i n e d  was d i f f i c u l t  t o  weigh  

a c c u r a t e l y  and t h e  w e ig h t  was c a l c u l a t e d  f rom  a  f u c o s e  g r a p h
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a f t e r  p h e n o l - s u l p h u r i c  a c i d .

With a n i l i n e  o x a l a t e  i t  g i v e s  a  c o l o u r  on p a p e r  ch rom ato ­

gram s i m i l a r  to  t h a t  g i v e n  by h e x o s è s ,  b u t  a t  t h e  same t im e  

no fo rm a ldehy d e  was p roduced  when i t  i s  o x i d i s e d  w i t h  sodium 

m e t a p e r i o d a t e  i n d i c a t i n g  t h a t  i t  i s  a  6 -d eo x y  s u g a r .  From 

t h e  amount o f  p e r i o d a t e  r e d u c t i o n  o f  i t s  m e t h y l g l y c o s i d e  i t  

i s  p o s s i b l e  t h a t  i t  i s  e i t h e r  a  2 , 6  o r  4 , 6 - " d i d e o x y h e x o s e " .

A l d d b i o u r o n ic  a c i d s .

The p a r t i a l  h y d r o l y s i s  l e d  t o  t h e  i s o l a t i o n  o f  two 

a l d o b i o u r o n i c  a c i d s  and an o l i g o u r o n i c  a c i d .  One o f  th e  

a l d o b i o u r o n i c  a c i d s  c o n s i s t s  o f  g l u c u r o n i c  a c i d  and f u c o s e  and 

t h e  o t h e r  i s  o f  g l u c u r o n i c  a c i d  and '’d ide jc^ '*  s u g a r .  The 

f o rm e r  ( P . P . 2)  h a s  t h e  same s p e c i f i c  r o t a t i o n ,  c h ro m a to g r a p h ic  

m o b i l i t i e s  and c o l o u r  r e a c t i o n s  t o  s p r a y  a s  found  f o r  t h e  

a l d o b i o u r o n i c  a c i d  f rom A. nodosum  ̂ and hence  i s  c o n s i d e r e d  

t o  be 3 - 0 - P - ( P - g l u c o p y r a n o s y l u r o n i c  a c i d )  L - f u c o s e .

The seco nd  a l d o b i o u r o n i c  a c i d  ( P . P .  1 . 5 )  had chrom ato­

g r a p h i c  m o b i l i t i e s  (0 .61  and 0 .6 5  i n  s o l v e n t s  1 and 2) 

t y p i c a l  mob i l i t i e s  f o r  an  a l d o b i o u r o n i c  a c i d .  The d e t e r ­

m i n a t i o n  o f  an a c c u r a t e  P .P .  was d i f f i c u l t  s i n c e  as  a l r e a d y  

m en t io n ed  no s t a n d a r d  g r a p h  o f  "d id eox y "  s u g a r  and g l u c u r o n i c  

a c i d  was p o s s i b l e .  Hence t h e  s t a n d a r d  g r a p h  f o r  an e q u i v a l e n t  

m i x t u r e  o f  g l u c u r o n i c  a c i d  and f u c o s e  was u se d  i n  d e t e r m i n i n g  

t h e  P . P .  Because on h y d r o l y s i s  i t  gave  s o l e l y  g l u c u r o n i c  

a c i d  and "d id eo x y "  s u g a r  a p p a r e n t l y  i n  e q u a l  p r o p o r t i o n s  t h i s
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was c o n s i d e r e d  t o  be an a l d o b i o u r o n i c  a c i d .  I t  gave a  r e d  

c o l o u r  w i t h  t é t r a z o l i u m  h y d r o x id e  i n d i c a t i n g  t h a t  t h e r e  i s  

no 0-2  s u b s t i t u e n t .  The p e r i o d a t e  o x i d a t i o n  o f  t h e  g l y c o s i d e  

o f  t h e  ’’d i d e o x y ” e u g a r  r e v e a l e d  t h a t  0 -3  c a n n o t  be t h e  s i t e  o f  

t h e  second  dqf%y group  i n  t h e  " d id eo xy "  s u g a r  r e s i d u e ,  t h i s  

s u g g e s t s  t h a t  t h i s  a l d o b i o u r o n i c  a c i d  i s  a l s o  1 , 3 - l i n k e d .

O l i g o u r o n i c  a c i d .

The o l i g o u r o n i c  a c i d  0 .1 5  c o n s i s t s  o f  g l u c u r o n i c

a c i d ,  f u c o s e  and ’’d id e o x y ” feugar. I t  had an  a p p a r e n t  DP 4 . 3  

b u t  a g a i n  e x a c t  d e t e r m i n a t i o n  was i m p o s s i b l e .  The p a r t i a l  

h y d r o l y s i s  o f  t h i s  o l i g o u r o n i c  a c i d  y i e l d e d ,  b e s i d e s  t h e  

c o n s t i t u e n t  m o n o s a c c h a r id e s ,  two a l d o b i o u r o n i c  a c i d s  s i m i l a r  

t o  t h o s e  o b t a i n e d  by t h e  p a r t i a l  h y d r o l y s i s  o f  t h e  p o l y ­

s a c c h a r i d e  and an  o l i g o u r o n i c  a c i d  (Rfycogg 0 . 2 5 ,  s o l v e n t  1 ) .

The l a t t e r  was s e p a r a t e d  and on h y d r o l y s i s  gave t h e  same 

c o n s t i t u e n t  s u g a r s  a s  found  w i t h  t h e  i n i t i a l  o l i g o u r o n i c  a c i d .

The o l i g o u r o n i c  a c i d  ( P . P .  4 . 3 )  was m e t h y l a t e d ,  r e d u c e d  

and r e m e t h y l a t e d .  The p r o d u c t ,  a f t e r  h y d r o l y s i s ,  g l y c o s i d a t i o n  

and g . l . c .  a n a l y s i s  gave m e th y l  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s i d e  

and m e th y l  2 , 4 - d i - O - m e t h y l f u c o s i d e  and two u n i d e n t i f i e d  peaks  

h a v i n g  (T) 2 . 5 4 ,  2 .8 2  [ ( m a j o r )  column 1] and 1 .5 4  (m a jo r )  and

0 . 7 0  ( c o l u m n .2 ) .  The t e t r a - O - m e t h y l g l u c o s e  must have r e s u l t e d  

f rom  t h e  end g roups  o f  g l u c u r o n i c  a c i d ,  and 2 , 4 - d i - O - m e t h y l  

f u c o s e  i s  o b t a i n e d  f rom  1 , 3 - l i n k e d  f u c o s e .  No m e thy l  t r i ^ O -  

m e t h y l g l u c o s i d e #  p eaks  were d e t e c t e d  on g . l . c .  i n d i c a t i n g  t h a t
■ V  ‘ ' : , ,
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g l u c u r o n i c  a c i d  i s  n o t  w i t h i n  t h e  c h a i n  o f  t h e  o l i g o u r o n i c  

a c i d .  T h is  c o u ld  o n ly  be e x p l a i n e d  i f  t h i s  i s  a  b ran c h ed  

o l i g o u r o n i c  a c i d .

Degraded ( i n s o l u b l e  m a t e r i a l ,  K) po lym er  (p .  1 2 8 ) .

I n  v iew  o f  t h e  f a c t  t h a t  h y d r o l y s i s  o f  a s c o p h y l l a n  w i t h

0.5N o x a l i c  a c i d  f o r  1 h  a t  100® c l e a v e d  most  o f  t h e  f u c o s e  and
1 53x y l o s e  and l e f t  a  g l u c u r o n i c  a c i d  backbone ,  t h e  d e g rad ed  

p o lym er  o f  t h e  p r e s e n t  u r o n i c  a c i d - r i c h  f r a c t i o n  ( ^ a .  20^ o f  t h e  

i n i t i a l  m a t e r i a l )  l e f t  a f t e r  4 h 90^ f o r m ic  a c i d  h y d r o l y s i s  

i n  a  s e a l e d  t u b e  was exam ined .  The m a t e r i a l  was r e c o v e r e d  

a f t e r  d i a l y s i s  i n  a  c e l l o p h a n e  tu b e  i n d i c a t i n g  t h a t  t h e  

d e g ra d e d  po lym er  d i d  n o t  c o n s i s t  o f  v e r y  s m a l l  f r a g m e n t s .

On h y d r o l y s i s  and c h ro m a to g r a p h ic  a n a l y s i s  t h i s  showed t h e  

p r e s e n c e  o f  g l u c u r o n i c  a c i d ,  f u c o s e  (m a jo r )  and " d i d e o x y ” 

s u g a r  r e s i d u e s .  I n  v iew o f  t h e s e  c o n s t i t u e n t s  i n  t h i s  

d e g ra d e d  po lym er  i t  i s  v e r y  u n l i k e l y  t h a t  a  g l u c u r o n i c  a c i d  

backbone i s  a  s t r u c t u r a l  f e a t u r e  i n  t h e  p r e s e n t  po lym er .
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O v e r a l l  C o n c lu s io n s  

The o v e r a l l  r e s u l t s  f rom  t h e s e  s t u d i e s  r e v e a l  t h a t  s p e c i e s  

o f  brown seaweed from d i f f e r e n t  f a m i l i e s  and v e r y  d i f f e r e n t  

m o r p h o lo g i c a l  form a l l  s y n t h e s i s e  t h e  same p o l y s a c c h a r i d e s :  

l a m i n a r a n ,  f u c o s e - c o n t a i n i n g  p o ly m e rs ,  a l g i n i c  a c i d  and 

c e l l u l o s e  and t h e  o n ly  d i s c e r n i b l e  d i f f e r e n c e  was i n  t h e  p r o ­

p o r t i o n  of  t h e s e  m a t e r i a l s  i n  t h e  d i f f e r e n t  s p e c i e s .  The 

f u c o s e - c o n t a i n i n g  p o l y s a c c h a r i d e s  f rom e ac h  o f  t h e  s p e c i e s  

examined co m p r ise  a  wide sp e c t ru m  o f  p o ly m e r ic  c a r b o h y d r a t e ,  

a l l  based  on a  s i m i l a r  s t r u c t u r a l  p a t t e r n ,  b u t  w i t h  d i f f e r e n t  

p r o p o r t i o n s  o f  e s t e r  s u l p h a t e ,  u r o n i c  a c i d ,  x y l o s e ,  g a l a c t o s e  

and p o s s i b l y  " d i d e o x y ” s u g a r  r e s i d u e s .  At one ex t rem e  l i e s ,  

what i s  g e n e r a l l y  a c c e p t e d  i n  t h e  l i t e r a t u r e  a s ,  " f u c o i d a n ” , 

a  h i g h l y  s u l p h a t e d  p o l y s a c c h a r i d e  c o m p r i s i n g  m a in ly  f u c o s e  and 

n o t  more t h a n  5^ g l u c u r o n i c  a c i d  and s m a l l  b u t  v a r i a b l e  p r o ­

p o r t i o n s  o f  x y l o s e  and g a l a c t o s e ,  b o t h  o f  w hich  a p p e a r  t o  be
OAJL

p r e s e n t  a s  end g roup  r e s i d u e s .  At t h e  o t h e r  ex trem e  t s  t h e  

" f u c a n s "  w i t h  a b o u t  20^ g l u c u r o n i c  a c i d ,  low  e s t e r  s u l p h a t e ,  

f u c o s e  and s m a l l  p r o p o r t i o n s  o f  x y l o s e ,  g a l a c t o s e  and " d id eox y "  

s u g a r  r e s i d u e s .  The main s t r u c t u r a l  f e a t u r e  o f  t h i s  l a t t e r  

p o l y s a c c h a r i d e  i s  t h e  m u tu a l  l i n k a g e  o f  g l u c u r o n i c  a c i d  and 

f u c o s e  a s  w e l l  a s  g l u c u r o n i c  a c i d  and t h e  "unknown" s u g a r .

Most o f  t h e  x y l o s e  and g a l a c t o s e  a g a i n  a p p e a r  t o  be on t h e  

p e r i p h e r y  o f  t h e  m o le c u l e s .  B r i d g in g  t h e s e  two e x t re m e s  a r e
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a  m i x t u r e  o f  p o l y s a c c h a r i d e s  o f  i n t e r m e d i a t e  s t r u c t u r e  con­

t a i n i n g  t h e  same s u g a r  r e s i d u e s .

I t  i s  i n t e r e s t i n g  t h a t  t h e  t h r e e  d i f f e r e n t  s p e c i e s  o f  

brown seaweed from w id e ly  d i f f e r e n t  f a m i l i e s  s y n t h e s i s e  t h i s  

same sp e c t ru m  o f  f u c o s e - c o n t a i n i n g  p o l y s a c c h a r i d e s .  The 

o n l y  d e t e c t l b l e  d i f f e r e n c e  was i n  t h e  p r o p o r t i o n  o f  t h e  f u c o i d a n  

t o  t h e  o t h e r  p o l y s a c c h a r i d e s .  T h is  i s  a l s o  t r u e  f o r  l a m i n a r a n  

and a l g i n i c  a c i d .  The d i f f e r e n c e  i s  most n o t i c e a b l e  i n  

P a d in a  p a v o n ia  which  has  a  v e r y  d i f f e r e n t  m o r p h o lo g i c a l  fo rm .
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