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ABSTRACT

S tr u c tu r a l  s tu d ie s  on the e x t r a c e l lu la r  p o ly sa c c h a rid e s  of th e  red  

a lg ae  Porphyridium  cruentum  and Porphyridium  aerugineum

I n v e s t ig a t io n s  o f th e  m ucilages exuded by the  re d  seaweeds 

Porphyridium  cruentum  and P. aerugineum re v e a le d  many s i m i l a r i t i e s  

between them. Both co n ta in e d  D -xylose, ^ g lu c o s e ,  ^  and L -gal a c t o se , 

3 -0 -m e th y lx y lo se , 3 -  and 4 -0 -m e th y lg a la c to se , and ^ g lu c u r o n ic  a c id .

In  P. cruentum  th e  approxim ate m olar p ro p o rtio n s  a re  3 :1 :2 .5 :0 .1 3 :0 * 1 3 :0 .8  

and in  P. aerugineum  1 .7 :1 .0 :1 .1 :0 .3 :0 .6 :0 .5 .  In  a d d i t io n  P . cruentum  

m ucilage co n ta in e d  a  2-0-m ethylhexose (0 .1 3 )  and 2 -0 -m eth y lg lu cu ro n ic  

a c id  ( 0 . 2 ) w hereas P. aerugineum  m ucilage was devoid of th e se  two 

su g a rs , bu t c o n ta in ed  2 ,4 -d i-O -m e th y lg a lac to se  ( 0 . 3 ) .  T his i s  the  

f i r s t  tim e m ethy la ted  sugars  have been re p o r te d  as c o n s t i tu e n ts  of 

th e se  m u c ilag es . Both p o ly sacc h a rid es  co n ta in ed  about 10^ h a l /  e s t e r  

su lp h a te  and appeared to  be lin k e d  to  about 5^ p ro te in .

A ttem pted f r a c t io n a t io n  in to  hom opolysaccharides was u n su c c e s s fu l.

The s e p a ra t io n  and c h a r a c te r i s a t io n  o f o lig o sa c c h a r id e s  c o n ta in in g  

g lu c o se , g a la c to s e  and x y lo se ; g lucose and g a la c to s e ;  and g lucose 

and xy lo se  confirm ed th a t  s in g le  p o ly d isp e rse  h e te ro p o ly sa c c h a r id e s  

a re  p r e s e n t .

M éth y la tio n  and p e r io d a te  o x id a tio n  s tu d ie s  re v e a le d  th a t  th e  

g lu c u ro n ic  a c id  i s  1 , 3- l in k e d  and i s  a t ta c h e d  s o le ly  to  C-3 o f 

j^ g a la c to s e  in  b o th  m uc ilag es. The 2 -0 -m eth y lg lu cu ro n ic  a c id  in  

P. cruentum  i s  lin k e d  to  C-4 o f I^ g a la c to s e .  X ylose, g lucose  and 

g a la c to s e  a re  p re s e n t in  both  m ucilages a s  end group 1 ,3 — and 1 ,4—lin k e d  

re s id u e s  w ith  th e  g a la c to se  and g lucose  a ls o  p re se n t a s  1 , 3 ,4” lin k e d  

b ranch  p o in ts .



L esu lp h a tio n  and in f r a r e d  s tu d ie s  in d ic a te  th a t  th e  h a l f  e s t e r

su lp h a te  may be lo c a te d  a t  C-6 o f 1 ,3 - l in k e d  hexose u n i t s  and a t  C-2 and /

or C—3 o f 1 ,4 - l in k e d  u n i t s .  I f  t h i s  i s  so th e n  in  P. aerugineum
1m ucilage th e  u n i t s  must be in  th e  un favourab le  con fo rm atio n .

M olecular w eight d e te rm in a tio n s  on Sepharose 4B of th e  o r ig in a l  

m u c ilag es , th e  m ethy la ted  m a te r ia ls  and th e  p o ly a lc o h o ls  b e fo re  and 

a f t e r  c leavage  of th e  a c e ta l  lin k a g e s  in d ic a te d  a  m o lecu la r w eight o f 

4 X 10^ fo r  P. cruentum  and 5 % 10^ fo r  P. aerugineum . M éthy la tion  

and p e r io d a te  o x id a tio n  caused  co n s id e ra b le  d e g rad a tio n  o f th e  polym ers. 

The p a r t i a l l y  hyd ro ly sed  p o ly a lco h o ls  have m olecu la r w eigh ts (confirm ed  

by h ig h  p re ssu re  l iq u id  chrom atography) of about 30 ,000 .

In  s p i te  o f th e  c o n s id e ra b le  s im i la r i ty  o f th e se  e x u d a te s , th a t

from P. aerugineum  has about te n  tim es the  v i s c o s i ty  o f th a t  from
«

P. cruentum . I t  i s  t e n ta t i v e ly  suggested  th a t  t h i s  i s  connec ted  w ith  

th e  d i f f e r e n t  conform ation  o f some of th e  su lp h a te d  re s id u e s  which 

would a l t e r  the shape o f the  m acrom olecule.

A lso in c lu d ed  in  t h i s  th e s i s  a re  s t r u c t u r a l  s tu d ie s  on a  p u r i f i e d  

fu co id an  (Appendix l ) ,  m é th y la tio n  o f  s ta rc h  e x t ra c te d  from Chroomonas 

s a l i n a  (Appendix I I ) and a  p re lim in a ry  in v e s t ig a t io n  o f th e  

p o ly sa c c h a r id e s  from th e  re d  a lg ae  C o n s tan tin ea  s u b u l i f e ra  and

C. sim plex  (Appendix I I I ) .
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INTRODUCTION

The m a jo r i ty  o f  a lg a e  o ccu r in  th e  sea  where th e y  range in  s iz e

from sm all u n i c e l lu l a r  organism s such as  Porphyridium  cruentum , which

o ccu rs  a s  numerous s in g le  c e l l s  embedded in  a  g e la t in o u s  m a tr ix ,^

to  la rg e  brown seaw eeds, such a s  M acro cy stis  p y r i f e r a  which may grow
2

up to  50 m in  le n g th .  The f r e e  f l o a t in g  ty p e s ,  most o f  them 

u n i c e l l u l a r ,  can  be found in  th e  upper la y e r s  o f  th e  s e a s ,  b u t most 

o f  th e  l a r g e r  s p e c ie s  a re  a t ta c h e d  to  ro c k s . As t h i s  ty p e  o f  h a b i ta t  

i s  v e ry  sm all when compared to  th e  t o t a l  a re a  o f  th e  oceans, by f a r  

th e  g r e a t e r  number o f  th e  m arine a lg a e  o ccu r a s  u n ic e l lu l a r  o rgan ism s.

A lgae a ls o  o ccu r in  f re s h w a te r  and in  th e  s o i l ,  an  example o f  th e  

l a t t e r  ty p e  b e in g  Porphyrid ium  aerug ineum .^
i

The p r in c ip le  p h o to s y n th e tic  pigm ent ap p ea rs  to  be th e  same
%

c h lo ro p h y ll  a  a s  t h a t  found in  h ig h e r  p la n t s ,  bu t th e  a c c e s so ry  

Pigments a s s o c ia te d  w ith  i t  in  th e  a lg a e  d i f f e r ,  i t  i s  t h i s  d i f f e re n c e  

w hich has r e s u l t e d  in  th e  c l a s s i f i c a t i o n  o f  th e  a lg a e  in to  s ix  main 

c l a s s e s , 4 Phaeophyceae (brow n), C hlorophyceae (g re e n ) , Rhodophyceae 

( r e d ) , Cyanophyceae (b lu e -g re e n ) , B a c illa r io p h y c e a e  (d iatom s) and 

Chrysophyceae (d ia to m s )•

The m a jo r i ty  o f  th e  p o ly sa c c h a r id e s  which occur in  th e  a lg a e  may 

be e x t r a c te d  from th e  c e l l s  w ith  w a te r , d i l u t e  a c id ,  o r a l k a l i .

While many o f  them a re  q u i te  d i f f e r e n t  from th o s e  o f  la n d  p la n ts ,  

c e l lu lo s e  and s ta r c h - ty p e  p o ly sa c c h a r id e s  a re  s y n th e s iz e d  by  a  number 

o f  a lg a e .  A c h a r a c t e r i s t i c  f e a tu r e  o f  seaweed p o ly sa c c h a r id e s  i s  th e  

p re se n c e  o f  h a l f  e s t e r  s u lp h a te  groups lin lced  w ith  a t  l e a s t  one o f  th e



p o ly s a c c h a r id e s  in  each s p e c ie f .  Land p la n t  p o ly s a c c h a r id e s  a re  

devo id  o f  th e s e  groups bu t th e y  a re  common in  anim al p o ly s a c c h a r id e s .

The p r e c i s e  fu n c tio n  o f  th e  su lp h a te  i s  no t f u l l y  u n d e rs to o d  b u t 

ev idence  has been advanced th a t  i t  i s  concerned  in  th e  io n  exchange 

mechanism w hereby c a t io n s  such as  po tass ium  a re  s e l e c t i v e ly  

abso rb ed  from th e  w a te r .  I t  i s  a l s o  p ro b ab le  th a t  th e  su lp h a te d  

p o ly s a c c h a r id e s ,  which a re  h y g ro sco p ic  and m ucilag inous in  n a tu re ,  

g iv e  seaw eeds th e  f l e x i b i l i t y  and ease  o f  movement t h e i r  environm ent 

r e q u ir e s  and a ls o  h e lp s  to  p rev en t e x c e ss iv e  d e h y d ra tio n  when th e  

p la n t  i s  exposed to  a i r  a t  low t i d e .

A lg a l p o ly s a c c h a r id e s  may c o n v e n ie n tly  be d iv id e d  in to  th e  

fo llo w in g  groups

1 Food re s e rv e  m a te r ia l
»

2 S t r u c tu r a l  p o ly sa c c h a rid e s (w h ic h  may o c c a s io n a l ly  be su lp h a te d )

3 S u lp h a ted  p o ly s a c c h a r id e s .

1 Food R eserve M a te r ia l

S e v e ra l s p e c ie s  o f  th e  Chlorophyceae c o n ta in  s ta rc h e s  which have

6 7been  shown to  be e s s e n t i a l l y  s im i la r  w ith  th o se  found in  la n d  p l a n t s .  *

A number o f  th e s e  have been  f r a c t io n a te d  in to  am ylose and a m y lo p ec tin . 

Recent work on U rospora w o rm sk io ld ii and i t s  Codiolum phase has shown 

th a t  am ylose and am y lo p ec tin  a re  p re s e n t in  th e  w a te r  s o lu b le  

p o ly s a c c h a r id e s  w h ils t  o n ly  am ylose ap p ea rs  to  be sy n th e s iz e d  by 

U. p e n i c i l l i f o r m i s ? ^ * I

Many o f  th e  Rhodophyceae c o n ta in  f l o r i d o s i d e ,  2 - 0 - g ly c e r o l- a -  

^ g a l a c t o s i d e ,  which seems to  be an  end p ro d u c t o f  p h o to sy n th e s is  and 

a  r e s e rv e  m a t e r i a l . F l o r i d o s i d e  was shown to  be th e  m ajor p rod u c t



o f  p h o to sy n th e s is  in  G r a c i la r ia  v e rru c o sa  and. t h i s  f lo r id o s id e  may 

th e n  he t r a n s f e r r e d  to  th e  p a r a s i t i c  re d  a lg a e  H olm sella  pachyderma 

and accum ula ted  th e r e  as  f lo r id o s id e ,  m ann ito l and f lo r id e a n  s ta r c h ,  

th e  main food  re s e rv e  m a te r ia l  o f  th e  Rhodophyceae.^^

F lo r id e a n  s ta r c h ,  o r ig i n a l l y  d isc o v e re d  in  members o f  th e  

F lo r id e a e ,  resem bles am y lo p ec tin , a  1 ,4 - l in k e d  a - ^ g lu c a n  w ith

1 ,6 - l in k e d  b ranch  p o in ts  and an average  ch a in  le n g th  o f  betw een 20 and 

25 u n i t s ,  and g lycogen , a  s im i la r  polym er bu t w ith  an  average  ch a in
g

le n g th  o f  abou t 12 u n i t s .  The g lu can  in  f lo r id e a n  s ta r c h  occurs

e s s e n t i a l l y  in  a - 1 ,4 - l in k e d  ch a in s  w ith  1 ,6 -b ra n ch  p o in ts  and an

r Sim

8 ,9

9
av e ra g e  ch a in  le n g th  o f  9-19 u n i t s ,  though a  v e ry  sm all p ro p o r tio n  o f

a -1 ,3 - l in k a g e s  has been  r e p o r te d  in  some s p e c ie s .

1
The brown a lg a e  c o n ta in  lam in a ra n , a  P -1 ,3 - l in k e d  g lu can , w hich,

to g e th e r  w ith  m a n n ito l, s e rv e  a s  t h e i r  main food  r e s e r v e .  Lam inaran

o ccu rs  in  two forms d i f f e r e n t i a t e d  by t h e i r  s o l u b i l i t y  in  co ld  w a te r ,

th e y  a re  th e r e f o r e  known a s  ’ so lu b le *  and ’ in s o lu b le ’ lam in aran

a lth o u g h  b o th  a re  s o lu b le  in  ho t w a te r .  The main d i f f e r e n c e  between

th e  two ty p e s  has been  found to  be in  th e  d eg ree  o f  b ra n c h in g , th e

’ s o lu b le ’ polym er seems to  c o n ta in  more 1 ,3 ,6 - l in k e d  g lu co se  u n i t s  th a n

th e  ’ i n s o l u b l e ’ Apar t  from t h i s  d i f f e r e n c e  in  b ra n c h in g , th e  two

11 12polym ers ap p ea r to  be v e ry  s im i l a r .  *

In  a d d i t io n  to  g lu co se  many la m in a rans a ls o  c o n ta in  a  sm all

p ro p o r tio n  o f  m a n n ito l. However a s  a  r e s u l t  o f  t h i s  d is c o v e ry  i t  was

found t h a t  lam in a ra n  i s  no t a  s in g le  m o lecu la r s p e c ie s ,  about 50^  o f

th e  ch a in s  in  some e x t r a c t s  a re  te rm in a te d  by  m ann ito l a t  th e  re d u c in g

end, w h ile  th e  rem a in in g  ch a in s  a re  te rm in a te d  by g lu c o se  u n i t s .

The m an n ito l i s  l in k e d  th ro u g h  one o f  i t s  two p rim ary  hydroxy l fu n c tio n s

13to  th e  a d ja c e n t g lu c o se  u n i t ,  th e s e  ch a in s  a r e  known as  M -chains 

and  th e  ones lAiich a re  te rm in a te d  by  3-1 inked  g lu c o se  u n i t s  a t  th e



re d u c in g  end a re  known as  G -ch a in s .

Lam inarans a re  a l s o  found a s  food re s e rv e  m a te r ia l  in  th e  

C hrysophyceae^^ and th e  B a c illa r io p h y c e a e ,^ ^  b u t a s  y e t no ch a in s  

w hich a re  te rm in a te d  by m ann ito l have been  found in  th e s e  g ro u p s .

2 S t r u c tu r a l  p o ly s a c c h a r id e s

C e llu lo s e  has been found in  th e  brown, re d  and g reen  a lg a e .

The c o n te n t in  th e  brown seaweeds v a r ie s  from O.5  to  10^, w hereas in  

th e  re d  weed G elidium  amansi i  i t  i s  a s  h ig h  a s  1 2 .5 ^ .^

D-mannans and D -xylans have a ls o  been  found a s  c e l l  w a ll 

p o ly sa c c h a r id e s  in  some a lg a e .^ * ^ ^ '^ ^

A lg in ic  a c id ,  a  polym er c o n s is t in g  o f  v a ry in g  p ro p o r tio n s  o f

D -m annuronic a c id  and L -g u lu ro n ic  a c id  r e s id u e s ,  has been found* in

a l l  th e  Phaeophyceae so f a r  i n v e s t i g a t e d . ^ ’ Commercial ly o n ly

a  few s p e c ie s  a re  a v a i la b le  f o r  u se  in c lu d in g  M acro cy stis  p y r i f e r a  and

22Ascophyllum  nodosum. The a l g in i c  a c id  co n ten t o f  th e  brown a lg a e

v a r ie s  from 14 to  AO  ̂ o f  th e  d ry  s o l id s  depending  on th e  s p e c ie s  and

a lso '^ th e  seaso n  o f  c o l le c t io n ,  th e  c o n te n t seems to  be s m a lle r  when

th e  a lg a e  undergo r a p id  g row th . The a lg in a te  i s  b e l ie v e d  to  a c t  as

a  c a t io n  exchanger, th e  s e l e c t i v i t y  f o r  d i f f e r e n t  c a t io n s  b e in g

governed  to  some e x te n t by  th e  v a ry in g  p ro p o r tio n s  o f  m annuronic a c id  

23t o  g u lu ro n ic  a c id .  The a lg in a te  i s  p re s e n t  a s  th e  s a l t  o f  a  

m ix tu re  o f  c a t io n s ,  b u t th e  calcium  c o n te n t i s  h ig h  enough to  keep 

i t  in s o lu b le .

A lg in a te s  form g e ls  which a re  no t a f f e c te d  by  te m p e ra tu re  changes,

2+8 e t  t i n g  i s  induced  by  th e  a d d i t io n  o f  b iv a le n t  io n s  such as  Ca



rem oval o f th e s e  io n s  o r rep lacem en t w ith  an a l k a l i  m e ta l such a s  

Na"** c a u se s  th e  g e ls  t o  ’m e lt’ and become w a te r s o lu b le .

A ll  a t te m p ts  to  f r a c t io n a t e  a lg in ic  a c id  in to  a  D-mannuronan and

an ^ g u lu r o n a n  have f a i l e d .  I t  i s  now b e l ie v e d  t h a t  a l g in ic  a c id

c o n s i s t s  o f  re g io n s  o f  mannuronic a c id  and re g io n s  o f g u lu ro n ic  a c id

co n n ec ted  by re g io n s  c o n ta in in g  b o th  th e se  a c i d s . X - r a y  w o rk ^

h as shown t h a t  th e  mannuronic a c id  re g io n s  form a th r e e - f o ld  h e l ix

w ith  th e  same ty p e  o f  re g io n s  from o th e r  c h a in s ,  w hile  th e  g u lu ro n ic

2+a c id  re g io n s  form a tw o -fo ld  ro d  l ik e  h e l ix  where th e  Ca io n s  can

re p la c e  hydrogen bonds to  s t i f f e n  th e  c h a in , which th e n  ag g re g a te  and

become ju n c tio n s  in  th e  netw ork . The mannuronan and th e  a l t e r n a t in g

segm ents canno t p a r t i c ip a te  in  t h i s  ty p e  o f complex and c o n s t i tu te  th e

f l e x i b l e  p a r t  o f th e  netw ork . The mannuronan c o n te n t o f  a lg in a te s  i s

h ig h e r  in  th e  t i s s u e s  u ndergo ing  grow th and exp an sio n  ( f l e x i b l e )  w hereas
«

th e  su p p o rt t i s s u e s  a t  th e  p la n t  base have a  g r e a te r  p ro p o r tio n  o f  th e

25,81g u lu ro n an .

26R ecent in v e s t ig a t io n  o f th e  a lg in ic  a c id  e x t r a c t s  from th e  

brown seaweed D esm arestia  l i g u l a t a  have confirm ed  th a t  th e  mannuronic 

a c id  i s  more e a s i l y  degraded  and h y d ro ly sed  th a n  th e  g u lu ro n ic  a c id .

3 S u lp h a ted  P o ly sa c c h a rid e s

( a )  Fuco idans or "Pucans"

F uco id an , l ik e  a lg in ic  a c id ,  i s  one o f th e  main p o ly sa c c h a r id e s

found in  th e  Phaeophyceae, i t  has been found in  a l l  th e  s p e c ie s  so far*

s tu d ie d ,  a lth o u g h  th e  amount in  some s p e c ie s  i s  ex trem ely  sm a ll.

27There i s  some se a so n a l v a r i a t i o n  bu t th e  main d i f f e r e n c e s  in  c o n te n t 

a re  found betw een s p e c ie s  which a re  perm anen tly  subm erged, such as  

th e  L am inarias  and Des m a re s tia s  vAiere th e  fu co id a n  c o n te n t i s  l e s s  th a n



7^1 and s p e c ie s  which a re  exposed to  th e  a i r  f o r  lo n g  p e r io d s  such as

P e lv e t ia  c a n a l ic u la ta  where th e  fu co id a n  c o n te n t may he 23^ o f  th e
A

d ry  w e ig h t. '  I t  i s  v e ry  h y g ro sco p ic  and i s  exuded a t  th e  s u r fa c e

o f  th e  brown a lg a e  as  d ro p le ts  (w ith  a l g in i c  a c id )  and so may h e lp

28to  p re v e n t d eh y d ra tio n  o f  th e  p la n t  on exposure to  th e  a i r .  '

H y d ro ly s is  o f  fu co id a n  g iv e s  m ain ly  L -fu co se , bu t g a la c to s e ,  

mannose, x y lo se  and u ro n ic  a c id s  have a ls o  been  found; a fu co id a n  

c o n ta in in g  o n ly  fu co se  has no t been  i s o la te d  so f a r .  E vidence f o r  

more th a n  a  s in g le  m o lecu la r s p e c ie s  in  fu c o id a n , from Fucus

29 30v e s ic u lo s u s  ^ and from Ascophyllum nodosum has been shewn u s in g  

f r e e  boundary  e le c t r o p h o r e s is .  These r e s u l t s  may ju s t  in d ic a te  th e  

p re se n c e  o f  s im i la r  p o ly s a c c h a r id e s  w ith  d i f f e r e n t  deg rees  o f 

s u lp h a t io n ,  o r  th e y  may show th a t  p o ly sa c c h a r id e s  o f  d i f f e r e n t
%

co m position  a re  p r e s e n t .  In  a d d i t io n  th r e e  d i s t i n c t  fu co se

c o n ta in in g  p o ly sa c c h a r id e s  have been s e p a ra te d  from Ascophyllum

nodosum a l l  c o n ta in in g  v a ry in g  amounts o f  fu c o se , x y lo se , g lu c u ro n ic

31 32a c id ,  e s t e r  s u lp h a te  and p r o te in .  ’ The p r o te in  may be l in k e d  

c h e m ic a lly  w ith  th e  ca rb o h y d ra te  b u t c leav ag e  cou ld  be e f f e c te d  by 

h e a t in g  in  th e  a c id  form (pH 2 .O5) a t  80° f o r  20 h .^ ^

More re c e n t work on fucans from D esm arestia  l i g u l a t a  and

26D. f irm a  has shown th e  p resen ce  o f  e th a n o l s o lu b le  o lig o sa c c h a r id e s  

c o n ta in in g  g a la c to s e ,  x y lo se  and mannose; and g a la c to s e  and x y lo se  

which seem to  be un ique to  th e s e  a lg a e .  They a re  p o s s ib ly  p re c u rs o rs  

o f  th e  fu can s  in  th e s e  weeds and s in c e  n e i th e r  fu co se  n o r g lu c u ro n ic  

a c id  o ccu rs  in  th e s e  e x t r a c t s  i t  i s  p o s s ib le  t h a t  th e s e  o l ig o 

sa c c h a r id e s  a re  s id e  ch a in s  to  be l in k e d  on to  a  fu c o s e /g lu c u ro n ic  

a c id  backbone . Fucans from H im an tha lia  lo r e a ,  B if u r c a r i a  b i f u r c a ta



and P ad ina pavonia were found to  c o n ta in  fu co se , x y lo se , g lu c u ro n ic  

a c id  and o n ly  t r a c e s  o f g a la c to s e  whereas th e  fucans from

D. l i g u l a t a , D. f irm a  and D. a c u le a ta ^ ^ were found to  c o n ta in  th e  

same su g ars  hu t w ith  la rg e r  p ro p o rtio n s  o f  g a la c to s e .  Furtherm ore 

th e  fucans  from D. l i g u l a t a  ^ and Sargassum l in i f o l iu m ^^ were found 

to  c o n ta in  a f a i r l y  h ig h  p ro p o r tio n  o f mannose.

(b) P o ly sacch a rid es  from th e  Chlorophyceae

The g reen  seaweeds sy n th e s iz e  m ucilag inous su lp h a ted  

p o ly sa c c h a r id e s  which c o n s t i tu te  th e  m ajor carbo h y d ra tes  o f t h i s  c la s s  

o f  a lg a e .  Those a lre a d y  examined ch em ica lly  can c o n v en ien tly  be 

d iv id e d  in to  two groups depending upon th e  c o n s t i tu te n t  su g a rs .

The f i r s t  group c o n ta in s  L-rham nose, D -xy lose , D -g lucuron ic  a c id  

and v a r ia b le  sm all q u a n t i t i e s  o f  D -g lucose . They have been o b ta in ed  

from Enterom orpha com pressa^^ Ulva la c tu c a ^^ ’^^ A crosiphon ia  c e n t r a l i s ^^ 

and U rospora p e n i c i l l i f o r m i s . They have a l l  r e s i s t e d  f r a c t io n a t io n  

so may be reg a rd ed  as  a  fa m ily  o f h e te ro -p o ly d is p e rs e  po lym ers. The 

second group com prises m ain ly  L -a ra b in o se , ÿ cy lo se  and D -g a la c to se .

37These p o ly sa c c h a rid e s  have been o b ta in ed  from Cladophora r u p e s t r i s , 

C au lerpa f i l i f o r m i s , Codium f r a g i l e ^^ and Rhizoclonium  implexum and 

r ip a r iu m .^^ The p o ly sa c c h a rid e  from A c e ta b u la r ia  c r e n u la ta ,^^ 

on th e  o th e r  hand, i s  o f  an in te rm e d ia te  s t r u c tu r e  as  i t  c o n ta in s  

g a la c to s e ,  x y lo se , rhamnose and g lu c u ro n ic  a c id  as  th e  main com ponents.

37C ladophora ' was th e  f i r s t  a lg a e  in  th e  group to  be s tu d ie d  in  

d e t a i l .  L a te r  work on Chaetomorpha^^ showed th a t  th e  two sp e c ie s  

produced p o ly sa c c h a r id e s  vdiich were v e ry  s im i la r ,  th e  m ajor lin k a g e s  

b e in g  g a la c to s e  1, 3-  and 1, 6- l in k e d ,  a ra b in o se  1, 4- 1inked  and x y lo se



1 ,4 - l in k e d  and end g roup . The su lp h a te  was p re se n t a t  C-3 on some

a ra h in o se  u n i t s  and a t  C—6 on some g a la c to se  r e s id u e s .  I t  was

a ls o  found th a t  b lo ck s  o f  a t  l e a s t  e ig h t 1 ,/I- lin k e d  a ra b in o se  u n i t s

o c c u rre d , l in k e d  to g e th e r  by s in g le  g a la c to se  u n i t s . T h e

39p o ly sa c c h a rid e  from Codium was s im i la r  bu t no a ra b in o se  su lp h a te

was found, and in  a d d i t io n  to  g a la c to s e -6 -su lp h a t e , g a la c to s e -4 -

39s u lp h a te  was a ls o  found .

' The rhamnans from Ul va , Ent eromorpha, ^^ A crosiphon ia^^ and 

th r e e  sp e c ie s  o f  U rospora^^ have many s i m i l a r i t i e s .  They a re  a l l  

p o ly d isp e rse  h e te ro p o ly s a c c h a r id e s  which c o n ta in  L-rhamnose, 

D -xy lose , D -g lu cu ro n ic  a c id  and h a l f  e s t e r  s u lp h a te .  They a l l  have 

s im i la r  n e g a tiv e  r o ta t io n s  and seem to  com prise a  fam ily  o f  

p o ly sa c c h a rid e s  w ith  v a r ia b le  p ro p o r tio n s  o f  su g a rs , e x te n t o f 

b ran ch in g  and s u lp h a t io n .  However th e  rhamnose re s id u e s  in  U lva, 

Enterom orpha and A crosiphon ia  appear to  be m ain ly  1 ,4 - l in k e d , w ith  

s m a lle r  amounts o f  1 ,3 - l in k a g e s  w h ils t  th e  rhamnose re s id u e s  in  

U rospora a re  m ain ly  1 ,3 - l in k e d  w ith  sm a lle r  amounts o f  1 ,2 -  o r 

1 , / - l in k a g e s .  O ther d if f e re n c e s  were found in  th e  s i t e  o f th e  

h a l f  e s t e r  su lp h a te  and a ls o  in  th e  degree o f b ran ch in g . '

(c) P o ly sa c c h a rid e s  from th e  Rhodophyceae

The w a te r s o lu b le  p o ly sa c c h a rid e s  from th e  re d  a lg a e  a re  

m ain ly  su lp h a te d  g a la c ta n s  c o n s is t in g  o f  v a ry in g  p ro p o r tio n s  o f  

D- and L -g a la c to se , 3 ,6-anhydro-D - and L -g a la c to se , h a l f  e s t e r  

s u lp h a te  and p a r t i a l l y  m ethy la ted  g a la c to s e .  The common s t r u c tu r e  

f o r  many o f  th e s e  g a la c ta n s  ig  an  a l t e r n a t in g  cha in  o f  g a la c to se  

u n i t s  o f  th e  ty p e  -A-B-A-B-.^^ The A -u n its  a r e  l in k e d  th rough  C-3 

and C-1 w ith  th e  ^ -c o n f ig u ra tio n  and sire e i t h e r  D -g a la c to se , or.



62

m ethyl e th e r s  o r mono su lp h a te s  o f  t h i s  s u g a r . The B -u n its  a re  

lin k e d  th rough  C-4 and C-1 w ith  th e  a -c o n f ig u ra tio n ,  hu t th e  n a tu re

o f th e  u n i t  de term ines w hether th e  polym er i s  an  a g a ro id  o r
1

ca rrag een an  ty p e  g a la c ta n .  In  th e  a g a ro id s  th e  B -u n it i s  always 

L -g a la c to se  o r  a  d e r iv a t iv e  o f  L -g a la c to se , hu t in  th e  carrag een an s 

th e  B -u n it i s  always D -g a lac to se  o r  a  d e r iv a t iv e  o f  D -g a la c to se .

These g a la c ta n s  may co n v e n ie n tly  he d iv id ed  in to  a g a r - ,  

p o rp h y ran -, c a rra g e e n a n - and fu r c e l la r a n - ty p e  p o ly sa c c h a r id e s .

Agars

E x ten s iv e  s tu d ie s  have r e c e n t ly  shown th a t  ag a r i s  no t made 

up o f  one n e u t ra l  (agarose) and one charged (ag a ro p ec tin )  p o ly sa c c h a rid e  

a s  was p re v io u s ly  though t^^  hu t i s  composed o f  a  complex s e r ie s  o f  

r e l a t e d  polym ers ran g in g  from alm ost n e u tra l  to  h ig h ly  charged 

g a la c ta n s .  They can he ex p ressed  as  th r e e  e x t r e m e s . ^

(a) N’e u tr a l  ag aro se  c o n s is ts  o f  cha in s  o f  a l t e r n a t in g  1 ,4 - l in k e d -

3 ,6 -a n h y d ro -a -L -g a la c to se  and 1,3 - l in k e d -p -D -g a la c to se  w ith  some o f  

th e  l a t t e r  u n i t s  c a r ry in g  a  methoxyl group a t  C-6, see  f i g .  1.

HQ
CM

-  O OH

R: H,CH3

F ig u re  1
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(^) P y ru v y la ted  a ^ r  w ith  some s u lp h a te .  These ch a in s  a re  

s im i la r  to  ag aro se  bu t about one in  tw en ty  o f  th e  D—g a la c to s e  

r e s id u e s  a re  s u b s t i tu te d  w ith  p y ru v ic  a c id  a s  4 , 6 -0 - ( l-c a rb o x y -  

e th y l id e n e ) - ^ g a l a c to s e  u n i t s . ^^'^9*70 ^ Iso  a  few o f th e

3 ,6 -an h y d ro -L ~ g a lac to se  u n i t s  a re  re p la c e d  by L -g a la c to se -6 -s u lp h a te  

( c a .  2^ s u lp h a te ) ,  see  f i g .  2 .
I

CH
COOH

- O HOOH

F ig u re  2

(c) A h ig h ly  su lp h a te d  g a la c ta n  which c o n ta in s  l i t t l e ,  o r no

3 ,6 -a n h y d ro -g a la c to se  o r p y ru v ic  a c id  bu t c o n s is ts  o f  a l t e r n a t in g

1 ,3 -  and 1 ,4 - l in k e d  g a la c to s e  mono- and d i- s u lp h a te d .  D -g lucu ron ic  

a c id  may a ls o  be p r e s e n t .

O ther s u b s t i tu e n ts  have a lso  been found in  a g a rs ,  4 -0 -m e th y l-

48

49L -g a la c to se  has been found in  th a t  from Gelidium amans i i   ̂ and la rg e

amounts o f  L -a ra b in o se  were found in  A h n fe ltia  p i  i  c a t a .

P orphyrans

As th e  name im p lie s  th e se  polym ers a re  named a f t e r  th e  g a la c ta n s  

e x t r a c te d  from th e  Porphyra s p e c ie s .  They have a ls o  been found in  

Bangia fu s  copurpurea  and sp e c ie s  o f  th e  L a u re n tia  and th e
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G ra te lo u p iace ae  g e n e r a . 5^*51 These p o ly sa c c h a rid e s  a re  s im i la r

to  a g a r  in  c o n ta in in g  3 ,6-anhydro-L—g a la c to s e  o r L -g a la c to se -6 — 

su lp h a te  w ith  a—1 ,4— lin k a g e s  hu t d i f f e r  from ag a rs  in  t h e i r  h ig h e r  

su lp h a te  c o n te n t .  These u n i t s  a l t e r n a t e  w ith  3 - 1 ,3 - l i n k e d - ^  

g a la c to s e  (o r  6 -0 -m ethy l—g a la c to se )  The p ro p o r tio n s  o f  th e

c o n s t i tu e n ts  v a r ie s  w ith  season  and environm ent^^ hu t th e  sum o f 

L -g a la c to s e -6 - s u lp h a te and 3 , 6 -an h y d ro -L -g a lac to se  i s  alw ays 

ap p ro x im a te ly  equal to  th e  sum o f D -g a lac to se  and 6 -0 -m ethy l-D -

g a la c to s e ,  w h ils t  th e  g a la c to s e -6 -s u lp h a te  acco u n ts  f o r  n e a r ly  a l l
50 55th e  h a l f  e s t e r  su lp h a te  in  th e  polym ers. L a u re n tia ^  and a

number o f  genera  o f  th e  G ra te lo u p iace ae^ ^ * h a v e  0-2 o f  th e
o/'

D -g a la c to se  u n i t s  s u b s t i tu te d  byj^methoxyl and in  th e  g a la c ta n  from

54Aeodes o r b i to s a  t h i s  i s  th e  m ajor methyl s u g a r . 4 -  and 6-0-^nethyl 

re s id u e s  a re  a ls o  p re s e n t ,  th e  form er b e in g  p re se n t on th e  L -g a la c to se
58 *u n i t s .  In  A natheca d e n ta ta , a  member o f  th e  S o lie r ia c e a e ,

3-0-m e th y l-g a la c to s e  has been found as a  c o n s t i tu e n t  o f  th e  g a la c ta n .

More r e c e n t ly  a  g a la c ta n  su lp h a te  from Ceramiurn rubrum has 

59been  e x t r a c te d .  I t  was found to  c o n ta in  an a l t e r n a t in g  s t r u c tu r e  

w ith  D -g a la c to se  o r  6 -0 -m e th y l-^ -g a la c to s e  as  one a l t e r n a t in g  u n i t ,  

and L -g a la c to se , 3 ,6 -a n h y d ro -L -g a la c to se , and t h e i r  r e s p e c t iv e

2 -0 -m ethy l e th e r s  as  th e  o th e r  u n i t .  The h a l f  e s t e r  s u lp h a te  i s  

p re s e n t on C-6 o f  b o th  D- and L -g a la c to se  r e s id u e s ,  w ith  sm a lle r  

amounts on C-2 and C-4 o f , p ro b ab ly , D -g a lac to se  r e s id u e s .  This 

p o ly sa c c h a rid e  d i f f e r s  from o th e rs  p re v io u s ly  examined in  th a t  most 

o f  th e  L -g a la c to se  re s id u e s  a re  n o n -su lp h a te d .

A nother a g a ro id  ty p e  g a la c ta n , in  which 3-1 inked  d e r iv a t iv e s  o f

3 -D -g a la c to se  a l t e r n a t e  w ith  4 -1 inked  d e r iv a t iv e s  o f  a -L -g a la c to se ,
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was e x tra c te d  from P o ly s ip h o n ia  la n o s a . ^  I t  was found to  c o n ta in  

^ g a l a c t o s e ,  6 -0 -m e th y l- ^ g a la c to s e ,  a  p re v io u s ly  u n re p o rte d  u n i t  

6 -0 -m e th y l-D -g a la c to se - /[ -su lp h a te , L -g a la c to s e -6 - s u lp h a te , 2-0-m ethyl- 

JL -g a lac to se -6 - s u lp h a te and 3 » 6 -a n h y d ro -L -g a la c to s e •

C arrageenans

C arrageenans and f u r c e l la r a n s  d i f f e r  from th e  a g a ro id s  in  th a t

th e y  ap p ea r to  have no methoxyl re s id u e s  and th e  L^-galactose i s

51re p la c e d  hy D -g a la c to se , ca rrageenan  has a  h ig h e r  su lp h a te  co n ten t 
67

th a n  th e  o th e r s .  C arrageenan may he f r a c t io n a te d  in to  and

X -ca rrag een a n , th e  k;;- h e in g  p r e c ip i ta te d  a s  a  g e l in  th e  p resen ce  

71o f  po tass iu m  io n s .  1^-Carrageenan c o n s is ts  o f  ch a in s  o f  a l t e r n a t e

1 ,3 -1 in k e d -D -g a la c to se -4 -s u lp h a t e and 1 ,4 -1 in k e d -3 , 6 -a n h y d ro -^  

g a la c to s e ,  see  f i g .  3*

CH,OH
HOjSO

CH
o

o -
OH

F ig u re  3

The 3 ,6 -an h y d ro -re s id u e  may he re p la c e d  hy g a la c to s e -6 - s u lp h a te .

X -C arrageenan may he though t o f  as  a l t e r n a t e l y  1 ,3 - l in k e d  

D -g a la c to se  s u lp h a te d  on some u n i t s  a t  C-2 and 1 ,4 - l in k e d -D -g a la c to s e -

2 ,6 -d i s u lp h a te ,  a lth o u g h  i t s  com position  and s t r u c tu r e  may v a ry  w id e ly  

w ith  th e  s o u r c e . A  u s e fu l  d i s t i n c t i o n  betw een and X -  ̂

c a rra g e  enans i s  th a t  th e  fo rm er has a  maximum co n ten t o f  3 , 6 -anhydro -
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g a la c to s e  and th e  l a t t e r  has a  minimum. Recent work on Chondrus 

c r i s p u s ^^ and I r id a e a  c o rd a ta ^^ has su g g ested  th a t  th e  v a ry in g  

p ro p o r tio n s  o f  to  X -carrageenans i s  due m ain ly  to  th e  v a r io u s  l i f e  

s ta g e s  o f  th e  a lg a e  r a th e r  th a n  th e  season  a t  which th e  p la n t  i s
O-j

c o l le c te d ,  t h i s  ag ree s  w ith  work c a r r ie d  out on G ig a r tin a  s p e c ie s .

O ther carrag een an s have a ls o  heen i s o la te d ,  n o ta b ly  v - ,

I - ,  pi- and f r a c t i o n s , T h e  id e a l i s e d  s t r u c tu r e s  o f 

some o f  th e se  a re  shown in  f i g ,  4*

CHgOH CH2OSO3H
H ( ^ S O ^ O ^ O

M -carrageenan

CH2OH CH
HO, SO

O -

OH OS O H

I-ca rrag e en an
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CHjOH

HO
OH 0 -

O S O ,H

Ç-c a rra g e e n a n  

F ig u re  4

Most o f  th e  carrag een an  ty p e  polym ers a re  m ix tu res  and d e v ia n ts

o f  th e se  id e a l i s e d  s t r u c t u r e s .  S tu d ie s  on th e  ca rrag een an  ty p e

79p o ly sa c c h a r id e  e x tra c te d  from I r id a e a  la m in a r io id e s  have shown 

t h a t  th d s  g a la c ta n  has a  low er 3»6 -an h y d ro -g a lac to se  co n ten t th a n  

u s u a l ,  and th a t  th e  I n f r a c t io n  needs a  h ig h e r  c o n c e n tra tio n  of^ 

p o tass iu m  c h lo r id e  to  e f f e c t  p r e c ip i t a t io n  th a n  i s  u s u a l ly  needed .

F u rc e l la ra n s

F u rc e l la r a n  has meiny s i m i l a r i t i e s  w ith  In c a rra g e e n a n , ^6^ o f  i t  
00

b e in g  e x a c t ly  th e  same. However i t  has a  low er s u lp h a te  c o n te n t, 

o n ly  40^  o f  th e  re s id u e s  c a r ry in g  h a l f  e s t e r  s u lp h a te ,  and o n ly  about 

h a l f  o f  th e  D -g a lac to se  u n i t  a r e  su lp h a te d  a t  C-4, th e  m olecule may 

be b ran ch ed .

The g e l l in g  p ro p e r t ie s  o f  th e  g a la c ta n s  v a ry  c o n s id e ra b ly , 

ag a ro se  fo rm ing  a  g e l a t  o n ly  0 .1 ^  c o n c e n tra tio n , w hereas p -c a rra g e e n a n  

even in  th e  p re sen ce  o f  po tassium  io n s , shows l i t t l e  o r no in c l in a t io n  

to  g e l .  I t  i s  i n t e r e s t i n g  to  n o te  how th e  a lg a e  have d ev ised  a  

method to  r a d i c a l l y  a l t e r  th e  p ro p e r t ie s  o f  t h e i r  p o ly sa c c h a rid e s  

by  such sim p le  m o d if ic a tio n s  to  th e  polym er c h a in s .
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GENERAL METHODS

I .  P h y s ic a l Techniques

( i )  E vapo ra tions  were c a r r ie d  ou t under reduced  p re s s u re  betw een

30 and 45°C.

( i i )  The w ater used in  a l l  experim ents was d e io n is e d .

( i i i )  M eltin g  p o in ts  were determ ined  on a  Gallenkamp m icro

m e ltin g  p o in t a p p a ra tu s .

( iv )  D ia ly s is  o f  s o lu t io n s  was perform ed in  V isk in g  ce llo p h an e

tu b in g  a g a in s t d i s t i l l e d  w ate r w ith  to lu e n e  added as a 

b a c t e r i o s t a t •

(v) S p e c if ic  r o ta t io n s  were measured in  a  1 dm p o la r im e te r  tu b e

u s in g  a  P erk in -E lm er 141 p o la r im e te r .  A ll measurements were 

" made in  aqueous s o lu t io n  u s in g  th e  sodium D - lin e .

(v i)  U nless o th e rw ise  s t a t e d  a l l  r e s in  used  was A m b erlite . *

( v i i )  F re e z e -d ry in g  sam ples were f i r s t  f ro z e n  in  a  c a rd ic e -a c e to n e

m ix tu re  b e fo re  b e in g  p laced  on th e  f r e e z e - d r i e r .

( v i i i )  A ll s o lu tio n s  and h y d ro ly sa te s  were f i l t e r e d  th rough  m il l ip o re  

f i l t e r s  (0.A5 p) b e fo re  q u a n t i ta t iv e  d e te rm in a tio n s .

I I .  A cid H ydro ly sis

( i )  Form ic Acid method

The sample was d is so lv e d  in  90^ fo rm ic a c id  and s o l id  carbon 

d io x id e  added to  g iv e  an  in e r t  a tm osphere. The tu b e  was s e a le d  and 

h e a te d  f o r  6 hou rs a t  100°C. The hydro ly s a te  was d i lu te d  w ith  w ate r 

(5 v o l . )  and h e a te d  a t  100°C f o r  a  f u r th e r  two h o u rs , to  h y d ro ly se  th e  

form yl e s t e r s .  The s o lu t io n  was evap o ra ted  to  d ryness and r e s id u a l  

fo rm ic  a c id  removed by c o d i s t i l l a t i o n  w ith  m ethano l.
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( i i )  S u lp h u ric  a c id

The sample was mixed w ith  su lp h u r ic  a c id  in  a  s e a le d  tu b e  

and h e a te d  a t  100° f o r  th e  amount o f  tim e s t a t e d .  A f te r  c o o lin g  th e  

a c id  was n e u t r a l i s e d  w ith  barium  c a rb o n a te .

I I I .  Chromato g r aphy

( i )  Paper Chromatography u s in g  th e  fo llo w in g  so lv e n t system s 

f o r  d escen d in g  chrom atography ( v /v ) .

(a) E th y l A ce ta te  : a c e t ic  a c id  ; fo rm ic  a c id  ; w a te r 

( i 8 :3 : 1 :4 ) .

(b) n -b u ta n o l : p y r id in e  : w a te r (6 :4 :3 )»

(c) n -b u tan o l : e th an o l : w a te r (40 :11 :19)»

Whatman N o.l paper was used  f o r  q u a l i t a t iv e  work. F o r p re p a ra t iv e  

p ap er chrom atography Whatman No.3 MM o r  N o.17 p ap er was u sed . *

( i i )  lo n o p h o re s is . The Shandon h igh  v o lta g e  e le c tro p h o re s is  

a p p a ra tu s  L24 was used  w ith  Whatman No.3 MM p ap er and th e  fo llo w in g  

e l e c t r o l y t e s :

(a) B orat e "̂̂

0.2M-Sodium b o ra te  in  w ate r a d ju s te d  to  pH 10 w ith  

sodium h y d ro x id e . E le c tro p h o re s is  was c a r r ie d  out 

f o r  1.5 h .  a t  2 .5  k v . The n o n -m ig ra tin g  m arker was

2 ,3 ,4 , 6 - t  e t ra -0 -m e th y l-D -g lu c o se .
O  cr

(b) P y r id in e /A c e tic  a c id

P y r id in e  ( l - l i t r e )  a d ju s te d  to  pH 6 .8  w ith  5^ a c e t i c  

a c id  in  w a te r . The e le c tro p h o re s is  was c a r r ie d  out 

f o r  2 .0  h a t  3 .0  k v . G lucose was th e  n o n -m ig ra tin g  

m arker.
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(o) B ora te  w ith  Calcium io n s^ ^

0 .0 1M-Sodium te t r a b o r a t e  (borax) in  w ater c o n ta in in g  

0 ,005M -calcium c h lo r id e  (pH 9 . 2 ) .  E le c tro p h o re s is  was 

c a r r ie d  out f o r  2 .0  h a t  0 .5  mA/cm.

(d) M olybdate b u f f e r ^^

Sodium m olybdate d ih y d ra te  (25 g) in  w a te r (l200 ml) 

was b rought to  pH 5 w ith  conc. H^SO^. The v o lta g e  

a p p lie d  was 30-60 v/cm f o r  1-3 h .  The n o n -m ig ra tin g  

m arker was g lu c o se .

IV. S ta in in g  Reagents

( i )  S i lv e r  n i t r a t e  d ip .^^

Three s o lu tio n s  th rough  which th e  paper was s e q u e n t ia l ly  dipped,

(a) S a tu ra te d  aqueous s i l v e r  n i t r a t e  s o lu t io n  (2 .5  ml) and 

w a te r (lO ml) in  ace to n e  500 m l. *

(b) Sodium hydrox ide  (20 g) in  w ate r (4O ml) and e th an o l 

(960 ml) .

(c) 10^  aqueous sodium th io s u lp h a te .

88( i i )  A n ilin e  o x a la te  sp ray

A n ilin e  o x a la te  (25 g) in  50^ aqueous e th an o l (1L ).

( i i i )  N inhydrin

A f r e s h ly  made s o lu t io n  o f  n in h y d rin  (2 g) in  e th an o l (IOO ml ) .
o

A b lu e  c o lo u r  s p e c i f i c  f o r  amino a c id s  developed a f t e r  5 min a t  70 .

o q

( iv )  G lucose o x idase

'G lu c o s ta t#  k i t  (W orthington B iochem ical Company) made up 

a s  d i r e c te d .  A p in k  c o lo u r in d ic a t in g  P-B -glucose develops a f t e r  

5 min a t  room te m p e ra tu re .
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(v) G a lac to se  o x id a se^^

’G alactose* k i t  (W orthington B iochem ical Company) made up 

as  d i r e c te d .  A p ink  co lo u r in d ic a t in g  D -g a lac to se  develops a f t e r  

5 m in. a t  room te m p e ra tu re .

(v i)  Urea h y d ro c h lo rid e ^

Urea (lO g) in  e th an o l (200 ml) and c o n c e n tra te d  h y d ro c h lo r ic  

a c id  (8 ml) in  w ate r (32 m l) . A "blue co lo u r s p e c i f i c  f o r  k e to se s  

develops a f t e r  5 m inutes a t  100°C.

I
V(a) Gas L iq u id  Chromatography ( g . l . c . )

A. In s tru m e n ta tio n

A Pye 104 gas chrom atograph w ith  n it ro g e n  c a r r i e r  gas and 

flam e io n is a t io n  d e te c to r  w ith  g la s s  columns (3 m x 5 mm). Column

( i )  f o r  th e  IMS d e r iv a t iv e s  o f  th e  su g ars  and a l d i t o l s .  Columns 0%/)

( i i )  f o r  th e  p a r t i a l l y  m e thy la ted  a l d i t o l  a c e ta te s  and a l d i t o l  a c e ta t e s .
%I

B. The columns were packed w ith  th e  fo llo w in g  m a te r ia ls

( i )  Apiezon K, 7 -5^  on s i la n e  t r e a te d  Chromosorh W.

( i i )  OV 225, 3^ on Gaschrom Q.

( i i i )  ECNSS-M, 3^ on HMDS t r e a te d  Chromosorh W.

C. Gas Chromatography lin k e d  to  Mass sp ec tro m etry

A Pye 104 gas chrom atograph w ith  helium  c a r r i e r  gas was

coupled  to  a  VG Micromass 12? mass sp ec tro m e te r w ith  a t o t a l  ion

m on ito r d e te c to r  system . F or E l s p e c tr a  th e  *ion source* was

o p e ra te d  a t  a"bout 200°C, 70 eV and 20 pa ta r g e t  c u rre n t under a  

-6p re s s u re  o f  10 t o r r .
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V(h) S pectrom etry

( i )  U l t r a  v io le t  and v i s ib l e  sp ec tro sco p y

Q uartz c e l l s  were used and th e  absorbances were read  in  

th e  Unicam SP5OO m achine.

( i i )  I n f r a - r e d  sp ec tro sco p y

P o ly sacch a rid e  f ilm s  were made on AgCl p la te s  and KBr d is c s  

were made. The P erk in -E lm er 177 G ra tin g  I n f r a - r e d  S pectrophotom eter 

was u sed .

VI Assays and A nalyses

( i )  C arbohydrate Content was assayed  by th e  phenol s u lp h u r ic  

a c id  m e t h o d . W a t e r  ( l  ml) c o n ta in in g  10-100 pg sugar was added 

to  4^ phenol ( l  ml) and co n c e n tra te d  su lp h u r ic  a c id  (5 ml) added 

r a p id ly .  The co lou r developed was read  a t  487 nm on a  Unicam SP500, 

S tandard  graphs were p rep a red  f o r  d i f f e r e n t  su gars  and m ix tu re s 'o f  

su g a rs  in  th e  r a t i o s  co rresp o n d in g  to  th o se  o f  th e  p a r t i c u la r  p o ly 

s a c c h a r id e .

( i i )  U ronic a c id  d e te rm in a tio n

92This was determ ined  by th e  m eta-hydroxydiphenyl method.

To a  sample s o lu tio n  (0 .6  ml) c o n ta in in g  from I .5 to  60 pg u ro n ic  

a c id ,  a  0.0125M s o lu t io n  o f sodium te t r a b o r a te  in  co n ce n tra te d  su lp h u r ic  

a c id  ( 3 .6  ml) was added. The s o lu tio n s  were cooled  in  ic e  and th e n  

mixed and h e a te d  a t  100° f o r  5 m in. A fte r  ag a in  c o o lin g  in  ic e  th e  

m -hydroxydiphenyl s o lu t io n  (50 p i ,  0 .1 5 ^ 's o lu t io n  in  0 .5 ^  sodium 

hydrox ide) was added. The s o lu tio n s  were shaken and th e  absorbance 

m easured a t  520 nm on a  Unicam SP500. S tandard  graphs were p rep ared  

f o r  th e  d i f f e r e n t  u ro n ic  a c id s .
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( i i i )  S u lp h a te  e s t im a t io n . The p o ly sa c c h a rid e  (10 mg) was

d ig e s te d  in  a  s e a le d  tu b e  w ith  a n a la r  n i t r i c  a c id  (1 ml p lu s  a  few mg

o f sodium c h lo r id e )  f o r  12 h a t  100°C. A f te r  e v a p o ra tio n  to  d ryness

th e  r e s id u a l  s o l id  was t r e a te d  w ith  c o n c e n tra te d  h y d ro c h lo r ic  a c id

( l  ml) and ev ap o ra ted  to  d ryness a g a in . The s o l id  was t r e a t e d  w ith

w ate r and ev ap o ra ted  to  d ryness and th e  tu b e  was th e n  p la ced  in  an

oven a t  105°C f o r  2 h .  The sample was th e n  read y  f o r  su lp h a te

d e te rm in a tio n  and th e  fo llo w in g  m o d if ic a tio n  o f  th e  Jones  and 

93Let ham  method was u sed .

To th e  s u lp h a te  s o lu tio n s  (0 .5  ml) c o n ta in in g  30-100 pg o f 

su lp h a te  in  m icro c e n tr ifu g e  tu b e s  th e  reag e n t 4- c h lo r o - 4 *-am ino- 

d ip h en y l (0 .5  ml o f 0 . 19^  in  0 . 1N h y d ro c h lo r ic  ac id ) and a  t r a c e  o f 

s o l id  hexadecyltrim ethylam m onium  bromide were added. A f te r  m ixing, 

th e  s o lu t io n s ,  in c lu d in g  a  b la n k , were kep t f o r  2 hours and th e n  

c e n t r i f u g e d .  A liq u o ts  (0 .2  ml) o f th e  su p e rn a ta n ts  were removed and 

d i lu te d  to  25 ml w ith  0.1N  h y d ro c h lo r ic  a c id .  The o p t ic a l  d e n s i t ie s  

were read  a t  254 nm on a Uni cam SP5OO. Prom a s ta n d a rd  graph th e  

d i f f e r e n c e s  from th e  b la n k  re a d in g  gave th e  su lp h a te  co n ten t ( th e  

s u lp h a te  c o n te n ts  quoted in  t h i s  t h e s i s  a re  alwa%rs b ased  on th e  

ca rb o h y d ra te  c o n te n t) .

( iv )  N itro g en  and P ro te in  c o n te n t . N itro g en  co n ten t was 

m easured by  A .  B ernhard t ( w .  Germany) and th e  p ro te in  co n ten t

96c a lc u la te d  by m u ltip ly in g  by 6 . 25 .

(v) M olar p ro p o r tio n s  o f  su g a rs  were e s tim a ted  from th e  peak 

a re a s  on g . l . c .  o f  (a) th e  TMS d e r iv a t iv e s  o f  d e r iv e d  a l d i t o l s  o r  

(b) a l d i t o l  a c e ta te s  o r  (c) m e th y la ted  a l d i t o l  a c e ta t e s .
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(v i)  Degree o f  p o ly m e risa tio n  was determ ined  by T im e ll 's
Q/l ' QC

m o d if ic a tio n  ' o f  P e a t, Whelan and R oberts m ethod. Three s o lu tio n s  

were p rep a red  as f o l lo w s ;-

1) A b lan k  c o n ta in in g  w a te r (0 .5  ml) and 2^ po tassium  borohydride  

s o lu t io n  f r e s h ly  made (0 .5  m l).

2) An aqueous su g ar s o lu t io n  (0 .5  ml c o n ta in in g  60-80 pg as 

m onosaccharide) and 2^ po tassium  borohydride  s o lu t io n

(0 .5  ml) .

3) A 2N su lp h u r ic  a c id  s o lu t io n  (0 .5  ml) c o n ta in in g  th e  same 

w eight o f  sugar as s o lu t io n  2) and 2^ po tassium  borohydride  

s o lu t io n  (0 ,5  m l).

The m ix tu res  were l e f t  a t  room te m p era tu re  o v e rn ig h t and th e  

ca rb o h y d ra te  co n ten t o f each was determ ined  u s in g  th e  p h e n o l/ 

s u lp h u r ic  method o f e s tim a tio n  ( th i s  o n ly  g iv es  a  co lo u r r e a c t io n  

w ith  red u c in g  s u g a r s ) • The carb o h y d ra te  co n te n ts  were read  o j^  

s u i ta b le  s ta n d a rd  graphs and th e  degree o f  p o ly m e risa tio n  was 

determ ined  b y : -

D .P . = ^ g  i n 3)_______

(/ig in  3) - (  /ig  in  2)

V II . G eneral R eac tions and P re p a ra tio n s

( i )  P re p a ra tio n  o f  IR 120H‘*~ d ry  form in  m ethanol. The r e s in  

was washed w ith  w ate r u n t i l  f r e e  o f c o lo u r . I t  was th e n  s t i r r e d  w ith  

m ethanol f o r  I 8 h and th e n  f i l t e r e d .  This was re p e a te d  th re e  tim e s , 

th e  t h i r d  tim e w ith  d ry  m ethano l. The r e s in  was th e n  s to re d  under 

d ry  m ethano l.



22

( i i )  P re p a ra t io n  o f  m ethano lic  hydrogen c h lo r id e . Hydrogen 

c h lo r id e  gas was passed  in to  d ry  m ethanol u n t i l  s a tu r a t io n  was reach ed . 

The s o lu t io n  was t i t r a t e d  w ith  N-NaOH and d i lu te d  w ith  d ry  m ethanol as  

re q u ire d .

( i i i )  P re p a ra tio n  o f d im ethyl su lp h in y l ca rb a n io n .^^  Sodium 

h y d rid e  (1 .5  g, 55^ co a ted  w ith  m in era l o i l )  was washed th r e e  tim es 

w ith  n -p en tan e  ( 3O ml) which was removed by su c cess iv e  ev acu a tio n s  o f 

th e  v e s s e l .  A f te r  each e v ac u a tio n , d ry  n it ro g e n  was passed  in to  th e  

v e s s e l .  Dry d i s t i l l e d  d im ethy lsu lp h o x id e  (15 ml) was added and th e  

c o n te n ts  o f  th e  v e s s e l h e a te d  a t  55°C u n t i l  e v o lu tio n  o f  hydrogen 

cea se d . The carb an io n  was t r a n s f e r r e d  to  serum b o t t l e s  and s to re d  

a t  0°C under an atm osphere o f  n i t ro g e n .  I t s  n o rm a lity  (ro 2N) was 

determ ined  by t i t r a t i o n  w ith  0.1N-HC1.

(iv )  E s t é r i f i c a t i o n  o f u ro n ic  a c id s  and g ly c o s id a tio n  o f s u g a r s . 

The su g ar was d r ie d  in  a  d e s ic c a to r  over co n c e n tra te d  su lp h u r ic  a c id  

and th e n  d is so lv e d  in  d ry  m ethanol and a  sm all amount o f  IR 120H"*"/

(d ry  form) added as c a t a ly s t .  The m ix tu re  was re f lu x e d  f o r  I 8 h , th e  

r e s in  f i l t e r e d  o f f  and th e  m ethanol removed by ev a p o ra tio n .

(v) R eduction  o f  sugar to  a l d i t o l . The sample (25 mg) was 

d is s o lv e d  in  w ate r (3 ml) o r w ater/m ethano l (1:1 v /v ) ,  and a  sm all 

s p a tu la  t i p  o f sodium bo rohydride  was added to  g iv e  ap p ro x im ate ly  a  2^ 

bo ro h y d rid e  s o lu t io n .  I t  was l e f t  s ta n d in g  f o r  about 6h. I f  th e  

s o lu t io n  was no t s t i l l  a lk a l in e  a f t e r  t h i s  tim e , more sodium borohydride  

was added and th e  m ix tu re  l e f t  f o r  a  f u r th e r  6 h and th e n  n e u t ra l is e d  

w ith  IR 120H"  ̂ r e s i n .  A f te r  f i l t r a t i o n  th e  f i l t r a t e  was c o - d i s t i l l e d  

w ith  m ethanol to  remove b o r ic  a c id  and f i n a l l y  evapo ra ted  to  d ry n e ss . 

Complete re d u c tio n  was checked w ith  F e h l in g 's  s o lu t io n .
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(v i)  T rim ethyl s i l y l  d e r iv a t iv e s ?^ The m a te r ia l  (10-15 mg) , 

d r ie d  by c o - d i s t i l l a t i o n  w ith  m ethanol and d ry  benzene, was d is so lv e d  

in  d ry  p y r id in e  ( l  ml) and tr im e th y l c h lo ro s i la n e  (O .l ml) added 

fo llow ed  by h ex am e th y ld is ila zan e  (0 .2  m l). A f te r  shak ing  f o r  

5 mins th e  p r e c ip i t a t e  o f  ammonium c h lo r id e  was removed by 

c e n t r i f u g a t io n  and th e  sample evapo ra ted  to  d ry n e s s . The re s id u e  

was d is so lv e d  in  d ry  hexane and an a ly sed  on g . l . c .  (column ( i ) ) .

/ \ 99( v i i )  A ld i to l  a c e t a t e s . ^  Samples o f sugar a l d i t o l s  o r  o f 

p a r t i a l l y  m e th y la ted  a l d i t o l s ,  d r ie d  in  a  d e s ic c a to r ,  were d is so lv e d  

in  a p y r id in e :  a c e t ic  anhyd ride  ( l :1  v /v ) m ix ture  and h ea ted  fo r  

10 mins a t  100°C. A f te r  d i lu t io n  w ith  w ate r th e  sample was 

evap o ra ted  to  d ry n e ss . The re s id u e  was d is so lv e d  in  chloroform  

and a n a ly se d  by g . l . c .  o r  g .l .c .-m .s .( c o lu m n s  ( i i )  and ( i i i ) ) .

( v i i i )  M é th y la tio n . The Hakomori method^^^ (m odified  by

101 '  B jo rn d a l and L indberg  ) was u sed . The p o ly sacc h a rid e  (5-20 mg)

was d is s o lv e d  o r  sw e lled  in  d ry  DMSO (2 ml) in  a  serum b o t t l e  under

n it ro g e n  a tm osphere . D im ethy lsu lph iny l carban ion  ( l  ml) was in je c te d

in to  th e  b o t t l e  and th e  m ix tu re  shaken f o r  8 h .  For a s in g le

m é th y la tio n  f r e s h ly  d i s t i l l e d  m ethyl io d id e  was added ( l  ml) w ith

co o lin g  and th e  m ix tu re  ag a in  shaken f o r  8 h .  F or two m é th y la tio n s

m ethyl io d id e  was added (O .l ml) w ith  c o o lin g  and a f t e r  8 h shak ing

more ca rb an io n  ( l  ml) was added and a f t e r  an o th e r  8 h shak ing  m ethyl

io d id e  was a g a in  added ( l  ml) w ith  c o o lin g . A f te r  th e  f i n a l  p e r io d

o f  sh ak in g  th e  s o lu t io n  was poured in to  w a te r (25 ml) and d ia ly s e d  f o r

th r e e  days when th e  o i ly  la y e r  became s o l i d .  The m ix tu re  was th e n

ev ap o ra ted  to  d ry n e ss .
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( ix )  P e r io d a te  O x id a tio n . E s tim a tio n  o f  th e  e x te n t o f o x id a tio n

was measured by th e  sp ec tro p h o to m e tric  method o f A sp in a ll and 
102

P e r r i e r .  An aqueous s o lu t io n  o f p o ly sacc h a rid e  was added to  an

equal volume o f  sodium m e tap e rio d a te  (O .IN ). A liq u o ts  (0 .3  ml) were 

w ithdraw n a t  in t e r v a ls  and d i lu te d  to  25O ml and th e  absorbance read  

a t  223 nm. The i n i t i a l  absorbance o f  th e  p e r io d a te  b e fo re  th e  

a d d i t io n  o f  p o ly sa c c h a rid e  and th e  absorbance o f  an equim olar 

s o lu t io n  o f  sodium io d a te  were m easured and th u s  th e  number o f moles 

o f  p e r io d a te  reduced  a t  any tim e was m easured. Excess p e r io d a te  was 

d es tro y ed  w ith  e th y len e  g ly c o l .  The p roduct was reduced by sodium 

b o roh y d rid e  and o b ta in ed  pure by d ia ly s i s  and f re e z e -d ry in g .

(x) R eduction  o f  u ro n ic  a c i d s . A  m odified  T aylor and Conrad 

method was u sed .

The p o ly sa c c h a rid e  (/O mg, 25 p eq /ca rb o x y l groups) was d is so lv e d  

in  50 nil o f  w ater and e th y l-3 -d im e th y l am inopropyl carbod iim ide HCl 

(25 mg, 0 .2 5  mol) was added, a f t e r  th e  pH had been a d ju s te d  to  

/ .7 5  w ith  0.1M h y d ro c h lo r ic  a c id .  D uring th e  r e a c t io n  th e  pH was 

m a in ta in ed  a t  d .75 by add ing  0.1M h y d ro c h lo r ic  a c id .  When hydrogen 

ion  u p take  had ceased , a  sodium bo rohydride  s o lu t io n  (2M, 10 ml) was 

added and th e  m ix ture  s t i r r e d  f o r  4 h .  The m ix tu re  was d ia ly se d  

a g a in s t  run n in g  ta p  w ate r o v e rn ig h t and a g a in s t d i s t i l l e d  w ate r f o r  

3 d ay s . T h e re a f te r  th e  s o lu t io n  was f r e e z e - d r ie d .

(x i)  P re p a ra t io n  o f  a DE-52 ion  exchange c e l lu lo s e  column.

The c e l lu lo s e  (200 g, D .E .A .E ., g rade D .E.52 p resw o llen ) was suspended 

in  O .5M HCl ( 21) and d e a e ra te d  w ith  m agnetic s t i r r i n g  under vacuum f o r  

about 20 rain. A f te r  s ta n d in g  a n o th e r  20 m in. th e  su p e rn a ta n t was 

decan ted  and th e  c e l lu lo s e  f i l t e r e d .  The c e l lu lo s e  was washed w ith
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w ate r to  n e u t r a l i t y  and th e r e a f t e r  suspended in  0.5M NaOH (21) • The

a lk a l in e  su sp en sio n  was t r e a te d  in  th e  same way as  th e  a c id

su sp e n s io n . These two o p e ra tio n s  were re p e a te d , though a f t e r  th e

second a l k a l i  tre a tm e n t th e  a lk a l in e  s lu r r y  was t r a n s f e r r e d  in to  a

column ( in te r n a l  d iam ete r 3*7 cm and le n g th  about 50 cm) and th e  

m a te r ia l  washed to  n e u t r a l i t y  w ith  w a te r .

The column was e q u i l ib r a te d  w ith  O .5M NaCl s o lu tio n  (2 l)  and 

washed w ith  w ater t i l l  th e  w ashings were c h lo r id e  f r e e .

( x i i )  D esu lp h atio n  by m ethano lic  hydrogen c h lo r id e . An a l iq u o t

(about 50 mg) was suspended in  O.O8M-HCI in  MeOH (25 ml) and l e f t  

on a  sh ak er o v e rn ig h t. The s o l id  was f i l t e r e d  o f f  and washed w ith  

d ry  MeOH and resuspended  in  HCl/MeOH s o lu t io n  (25 ml) and ag a in  l e f t  

on a  sh ak er o v e rn ig h t. A f te r  a  t h i r d  s im i la r  tre a tm e n t th e  s o l id  

was re d is s o lv e d  in  w ate r and f r e e z e - d r ie d .  ^

( x i i i )  D esu lphation  by a l k a l i  in  th e  p resen ce  o f  sodium b o ro h y d rid e . 

P o ly sacch a rid e  (25O mg) was d is so lv e d  in  w ate r ( 25O ml) and sodium 

b o roh y d rid e  (l25  mg) added . The m ix tu re  was l e f t  a t  room tem p era tu re  

o v e rn ig h t . Sodium bo rohydride  ( 25O mg) and 3N sodium hydroxide 

(125 ml) were th e n  added. The m ix tu re  was l e f t  a t  80 fo r  8 h and 

th e n , a f t e r  co o lin g , s e t  a s id e  a t  room tem p era tu re  o v e rn ig h t. The 

b o rohyd ride  and a l k a l i  were removed by d ia ly s i s  and th e  d esu lp h a ted  

polym er o b ta in ed  by f r e e z e -d ry in g .

(x iv ) D em ethy la tion .'^^^

The sugar sample in  d ry  d ich lorom ethane (2 ml) was cooled  

to  - 80° .  Boron t r i c h lo r id e  ( l - 2  g ) , cooled  to  -8 0 ° , was added and 

th e  m ix tu re  k ep t a t  -80° under anhydrous c o n d itio n s  f o r  30 min.
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The s o lu t io n  was th e n  allow ed  to  warm up to  room tem p era tu re  and 

a llow ed  to  s ta n d  under anhydrous c o n d itio n s  f o r  16 h . The 

rem ain ing  so lv e n t was removed under vacuum and m ethanol ( 3 x 3  ml) 

was added and ev ap o ra ted .
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This th e s i s  d e sc r ib e s  th e  chem ical in v e s t ig a t io n  o f  th e  

e x t r a c e l l u la r  p o ly sacc h a rid es  o f  two sp e c ie s  o f  Porphyrid ium , 

th e  m arine cruentum and th e  fre sh w a te r  aerugineum .

While t h i s  work was in  p ro g re ss  two chem ical s tu d ie s  on

113cruentum  were p u b lish e d , one by M edcalf e t  ^  in  l a t e  1975 

and th e  o th e r  by H e a n e y -^ e ra s  and Chapman in  l a t e  1976»
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Porphyridium  cruentum

In tro d u c t io n

P . cruentum  i s  a  u n ic e l lu l a r  red  a lg a  which occurs as numerous
129 '

c e l l s  embedded in  a  g e la tin o u s  p o ly sa c c h a rid e  m a tr ix . I t  may

r e a d i ly  be c u l t iv a te d  in  a r t i f i c i a l  m edia. Jones^^^  c a r r ie d  out th e

f i r s t  s t r u c t u r a l  s tu d ie s  on t h i s  a lg a .  He showed th a t  th e  p ro d u c tio n

o f e x t r a c e l l u la r  p o ly sa c c h a rid e  was d i r e c t l y  p ro p o rtio n a l to  th e

number o f  P . cruentum c e l l s  p r e s e n t .  Chemical a n a ly s is  o f  th e

m ucilage re v e a le d  th a t  b e s id e s  carb o h y d ra te  6-7^  o f p ro te in  (d ry

b a s is )  was p re se n t and app ro x im ate ly  10^ o f  e th e r e a l ly  bound s u lp h a te .

A n a ly s is  o f  a  h y d ro ly sa te  by chrom atography showed th e  p resen ce  o f

g a la c to s e ,  g lu c o se , x y lo se  and u ro n ic  a c id  as th e  carboh y d ra te

c o n s t i tu e n ts  w hile a s p a r t i c  a c id ,  g lu tam ic  a c id ,  s e r in e ,  g ly c in e ,

th re o n in e , a la n in e ,  p r o l in e ,  h i s t i d in e ,  ly s in e ,  a rg in in e ,  p h e n y la la n in e ,

v a l in e ,  m eth ion ine  and le u c in e  were d e te c te d  as  b e in g  c o n s t i tu e n ts  o f
! ,

th e  p r o te in  m o ie ty .
I

117More r e c e n t ly  W illiam son has re p o r te d  th a t  in  a d d i t io n  to  th e  

above amino a c id s ,  is o le u c in e  c y s te in e  and ty ro s in e  were a ls o  p re se n t 

in  th e  p r o te in  m o ie ty . He a ls o  found g a la c to s e ,  g lucose  and x y lo se  

as c o n s t i tu e n ts  o f  th e  ca rbohydra te  a lo n g  w ith  two u n id e n t i f ie d  

sp o ts  on chrom atogram s, one o f  which may have been a  m ethy la ted  o r 

deoxy m onosaccharide and th e  o th e r  an  a c id ic  d is a c c h a r id e . Evidence 

was o b ta in e d  f o r  th e  e x is te n c e  o f  two d i f f e r e n t  ty p e s  o f  p o ly sa c c h a rid e  

by a  h is to c h e m ic a l s tu d y  o f  th e  c e l l s .  O x idation  o f  th e  

p o ly sa c c h a rid e  w ith  p e r io d ic  a c id  fo llow ed  by s ta in in g  w ith  S c h i f f 's  

re a g e n t showed d i s t i n c t  re g io n s . Polymers whose c o n s t i tu e n t  sugars
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re a c te d  w ith  p e r io d ic  a c id  were s ta in e d  p in k . The e x t r a c e l lu la r  

re g io n  no t s ta in e d  w ith  S c h if f ’ s reag e n t hu t su b seq u en tly  s ta in e d  

w ith  a l c ia n  b lu e , which s ta in s  a c id ic  p o ly sa c c h a rid e s , may th e re fo re  

be an  a c id ic  p o ly sacch arid e  w ith  1 ,3 - l in k e d  r e s id u e s .  However no 

f r a c t io n a t io n  o f th e  e x t r a c e l lu la r  p o ly sacc h a rid e  was ach ieved  on 

an io n  exchange column.

More d e ta i le d  work on th e  s t r u c tu r e  o f  th e  e x t r a c e l lu la r
\  113

p o ly sa c c h a r id e  has been c a r r ie d  out by M edcalf e;t a l .  They

found th e  su lp h a te  co n ten t to  be 7 .4 ^  and th e  p ro te in  con ten t 5 -6^ .

A f te r  h y d ro ly s is  x y lo se , L -g a la c to se  ( l . 0 ; 0 .9  m olar r a t i o )  and 

g lu c u ro n ic  a c id  ( 9 ^  were th e  main su g ars  p re se n t bu t a  minor amount 

o f  g lu co se  and t r a c e s  o f  mannose and rhamnose were a ls o  found. These 

a u th o rs  showed th a t  th e  polym er was p r im a r i ly  1 ,4 -1  inked  w ith  branches 

on C-3 o f  x y lo se  and C-2 o r  C-6 o f  g a la c to s e . The g lucose  anc^ 

g lu c u ro n ic  a c id  were 1 ,3 - l in k e d  w ith  some b ran ch in g  a t  C-6 o f g lu c o se . 

V iscous s o lu t io n s  o f  th e  polym er were o b ta in ed  a t  c o n c e n tra tio n s  o f 

f̂o o r  l e s s  which showed good pH and tem pera tu re  s t a b i l i t y .

The most d e ta i le d  s tu d y  on t h i s  p o ly sacc h a rid e  has been 

by H eaney-K ieras e t They re p o r te d  a p o ly sa c c h a rid e -

p r o te in  complex ( l - 2 ^  amino ac id s)  w ith  9^ e s te r  su lp h a te  and 8 .5 ^  

u ro n ic  a c id .  The p ro te in  m oiety  co n ta in ed  th e  same amino a c id s  as 

had been  re p o r te d  by W illiam son w ith  th e  excep tio n  th a t  c y s te in e  

and m eth ion ine  were a b s e n t. The p ro te in  was shown to  be lin k e d  to  

th e  ca rb o h y d ra te  v ia  s e r in e —xylose  and th re o n in e —xy lo se  lin k a g e s .

The c o n s t i tu e n ts  o f  th e  carbohydrate  were shown to  be D- and 

L -g a la c to se , D -g lucose , x y lo se , D -g lucuron ic  a c id  and 2-0-m ethyl 

^ -g lu c u ro n ic  a c id  in  th e  m olar p ro p o r tio n , 2 .1 2 :1 .0 :2 .4 2 :1 .2 2  r e s p e c t iv e ly ,
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The hexoses and u ro n ic  a c id s  were shown, by p e r io d a te  o x id a tio n , 

t o  be jo in e d  to  o th e r  re s id u e s  by 1 ,3 - l in k a g e s , in  c o n tra s t  to  th e  

e a r l i e r  r e p o r t  o f  M edcalf*s. About h a l f  th e  x y lo se  re s id u e s  were 

p re se n t as  1 ,3 - l in k a g e s . D -g lucuron ic  a c id  was found in  th e  

a ld o b io u ro n ic  a c id  D -g lucuronosy l ( l  ^  3) -^j;-galactose w h ils t  th e  

2-0-m e th y l-^ g lu c u ro n ic  a c id  was p re se n t in  th e  d is a c c h a r id e  u n i t s  

2 -0 -m ethy l-D -g lucu ronosy l ( l  ^  3 )-D -g a la c to se  and 2-0-m ethyl-D-- 

g lu cu ro n o sy l ( l  ^  3 )- ^ g l u c o s e .
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EXPERIMENTAL 

Porphyridium  cruentum

Porphrid ium  cruentum was su p p lie d  (Septem ber 1974) by 

Dr P . W illiam son from Aberdeen as crude c e l l s  suspended in  e th a n o l.

The e x t r a c e l lu la r  p o ly sacc h a rid e  was e x tra c te d  by shak ing  th e  c e l l s  

w ith  w ate r and c e n tr i fu g in g  th e  s lu r r y .  The su p e rn a ta n t s o lu tio n
\
\  o f  th e  p o ly sa c c h a rid e  was e x te n s iv e ly  d ia ly se d  b e fo re  f re e z e -d ry in g

to  y ie ld  4 g o f  crude p o ly sa c c h a r id e . F u r th e r  m a te r ia l  was 

su p p lie d  by M arine C o llo id s  (U .S.A .) as  th e  Na"̂  s a l t  o f  th e  

p o ly sa c c h a rid e  (2 g, 6 .9 .7 5 ) ,  (2 .5  g , 5 -5 -7 6 ) , (2 g , 2 .1 0 .7 6 ) ,

(15 g , 3 0 .1 .7 7 ) .

E x p t. 1 A nalysis  o f  th e  d i f f e r e n t  samples
c

A liq u o ts  (lO mg) o f  th e  d i f f e r e n t  samples were hydro lysed  

[CM I I  ( i ) ]  and an a ly sed  by paper chrom atography in  so lv e n ts  

[ cm I I I  ( i )  ( a ) ( b ) ( c ) ]  w ith  srpays [CM IV ( i)  ( i i ) ( i i i ) ] .

E x p t. 2 F ra c t io n a t io n  on a DE52 c e l lu lo s e  column

The crude p o ly sacc h a rid e  (5OO mg, 27^ carbohydrate) was d is so lv e d  

in  w ate r (40 ml) and la y e re d  onto a  DE52 c e l lu lo s e  column (3 x 42 cm) 

[cm VII ( x i ) ] .  The sample was e lu te d  s u c c e s s iv e ly  from th e  column 

w ith  w a te r (8 l )  , 0.1M -  KOI (3 l )  , O .5M -  KOI (4 l )  and 1.0M -  KCl 

(4 1) . Each f r a c t io n  was d ia ly s e d  and reco v ered  by f re e z e -d ry in g .
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E x p t. 3 A nalysis  o f  th e  d i f f e r e n t  f r a c t io n s

A liq u o ts  (10 mg) o f  each o f  th e  f r a c t io n s  o b ta in ed  from th e  

column were hyd ro lysed  [CM I I  ( i ) ]  and an a ly sed  by paper 

chrom atography [CM I I I  ( i )  ( a ) ( b ) ( c ) ]  w ith  sp rays [CM IV ( i ) ( i i ) ] .

The carboh y d ra te  c o n ten ts  [CM VI ( i ) ]  and th e  u ro n ic  a c id  co n te n ts  

[GM VI ( i i ) ]  were determ ined  f o r  each o f  th e  f r a c t io n s .

E x p t. 4 P u r i f ic a t io n  o f  th e  crude p o ly sacc h arid e

The crude p o ly sa c c h a rid e  (2 .5  g ) , o b ta in ed  a f t e r  e x t ra c t io n  from 

th e  c e l l s ,  was e x te n s iv e ly  d ia ly s e d  a g a in s t d e io n ise d  w ater u s in g  

a hollow  f ib r e  beaker d ia ly s e r  b/HFD-1 (Dow C hem icals). A f te r  

f r e e z e -d ry in g  a  w hite p o ly sacc h a rid e  ( I . I 5 g) was reco v e re d . The 

ca rb o h y d ra te  [(M VI ( i ) ] ,  su lp h a te  [CM VI ( i i i ) ] ,  n itro g e n  [CM VI (iv ) ] 

and u ro n ic  a c id  [CM VI ( i i ) ]  co n ten ts  were determ ined  f o r  th e   ̂

p u r i f i e d  m a te r ia l  and a lso  f o r  th e  samples from M arine C o llo id s . As 

no d if f e re n c e  was found between th e  d i f f e r e n t  m a te r ia ls  no 

d i s t i n c t i o n  w i l l  be made between them . A ll subsequent experim ents 

were c a r r ie d  out e i th e r  on th e  p u r i f i e d  p o ly sacc h arid e  o r th e  samples 

from M arine C o llo id s  and w i l l  be c a l le d  e i th e r  th e  p o ly sacc h a rid e  

o r  th e  m u c ilag e .

E xp t. 5 P r e c ip i ta t io n  w ith  Hexadecyltrimethylammonium bromide (CETAB)

The p o ly sa c c h a rid e  (1 g) was d is so lv e d  in  w ater ( 5OO ml) and a 

s o lu t io n  o f  CETAB ( I .5 g) in  w ater (IO ml) was added. The m ix ture 

was l e f t  s t i r r i n g  ov ern ig h t a t  room te m p e ra tu re . The r e s u l t in g  

p r e c i p i t a t e  was f i l t e r e d  w ith  a  ny lon  c lo th  and th e  excess CETAB
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\

I I

removed by w ashing w ith  w a te r . The complex was s t i r r e d  w ith  2M-NaCl
]

(500 ml) o v e rn ig h t. The p r e c ip i ta te  d is so lv e d  com ple te ly , and th e  

p o ly sa c c h a rid e  was recovered  from s o lu t io n  by p r e c ip i t a t io n  w ith
I

e th a n o l.  P u r i f i c a t io n  was e f fe c te d  by tw ice  r e d is s o lv in g  in  w ater 

and r e p r e c ip i t a t in g  w ith  e th an o l (800mg).

The su p e rn a ta n t was t r e a te d  w ith  B iod em in ro lit r e s in  (ca rb o n a te  

fo rm ), and A m berlite  IR 120 ( h ^  and IR 45 (0H~) r e s in s  to  remove 

th e  CETAB. The carb o h y d ra te  co n ten t [(M VI ( i ) ]  was determ ined  on 

th e  r e s u l t in g  s o lu t io n .  The carboh y d ra te  con ten t was a lso  determ ined 

on a  s ta n d a rd  g lucose  s o lu t io n  c o n ta in in g  CETAB.

E x p t. 6 V is c o s ity  S tu d ie s

The v i s c o s i ty  o f a  0 .3 5 ^  s o lu t io n  o f  th e  m ucilage in  w ater was

measured u s in g  a  v iscom etry  U -tube ( B r i t i s h  S tandard  LAS 3) a t  ^0°

and was compared to  th a t  o f w ater ( r e l a t iv e  v i s c o s i t y ) . The

v i s c o s i t i e s  were a ls o  measured a f t e r  h e a t in g  to  70° and coo ling , and
o

a f t e r  a u to c l  av ing  in  a  p re s su re  cooker a t  120 f o r  15 min and co o lin g  

to  30° .  The pH dependence o f  th e  s o lu t io n  was determ ined  by 

m easuring  th e  v is o o s i ty  a t  pH 3 «5» 7 .0 , 8 .9  and 11.0 .

E x p t. 7 C h a ra c te r is a t io n  o f  th e  c o n s ti tu e n t sugars

An a l iq u o t  (50 mg) o f th e  p o ly sacc h a rid e  was hydro lysed  

[cm I I  ( i ) ] .  P a r t o f th e  h y d ro ly sa te  was an aly sed  by paper 

chrom atography [O î I I I  (a) (b) (c) ] u s in g  sp rays [GM IV ( i )  ( i i )  ( iv )  (v) (v i)  ] 

A second a l iq u o t  o f th e  hydro ly s a te  was an a ly sed  by g . l . c .
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[ cm V (a) B ( i ) ( i i ) ]  as th e  sugar TMS, th e  a l d i t o l  IMS [GM VII (v) (v i)  ] 

and th e  a l d i t o l  a c e ta te  [GM VI (v) ( v i i )  ] d e r iv a t iv e s .  E le c tro 

p h o re s is  in  b o ra te  b u f f e r  and in  p y r id in e /a c e t ic  a c id  b u f fe r  was 

c a r r ie d  out on th e  h y d ro ly sa te  [GM I I I  ( i i ) ( a ) ( b ) ( c ) ] .  The a l d i t o l  

a c e ta te  d e r iv a t iv e s  were a ls o  s tu d ie d  by g . l .c .- m a s s  sp e c tro m e try .

The methoxyl co n ten t o f  th e  p o ly sacc h a rid e  was determ ined  by 

A. B ernhard t (W. Germany).

The red u c in g  syrups g lu c o se , g a la c to s e , and x y lo se  (s e p a ra te d  

in  e x p t. 8) were s tu d ie d  by g . l . c .  as  th e  d e riv e d  IMS d e r iv a t iv e s  

[GM VII ( v i ) ] and were compared to  s ta n d a rd  IMS d e r iv a t iv e s  o f th e se  

s u g a r s .

The o p t ic a l  r o ta t io n s  o f  th e se  syrups [GM I  (v ) ] were m easured.

«
E xp t. 8 H ydro lysis and s e p a ra t io n  o f su gars  and o lig o sa c c h a rid e s

The m ucilage (2 g) was hydro lysed  [GM I I  ( i ) ]  and th e  c o n s t i tu e n ts  

se p a ra te d  by paper chrom atography on Whatman 3MM p a p e r. H alf th e  

h y d ro ly sa te  was s e p a ra te d  in  so lv e n t system  [GM I I I  ( i ) ( a ) ]  and h a l f  

in  [GM I I I  ( i )  ( b ) ] .  S ide and c e n tre  s t r i p s  were cu t from both  

chromatograms and were developed w ith  sp ray  [GM IV ( i i ) ( a ) ] .  The 

re g io n s  c o n ta in in g  th e  d i f f e r e n t  components were cu t from th e  r e s t  

o f  ,the  chromatograms and were e lu te d  w ith  w a te r . The carbohydra te  

co n ten t [GM VI ( i ) ] .  were determ ined  f o r  each o f  th e  e lu te d  sugars  

and o lig o sa c c h a r id e s  u s in g  s ta n d a rd  graphs made from th e  a p p ro p r ia te  

s y n th e t ic  m ix tu re s .
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The p ro p o rtio n s  o f  th e  d i f f e r e n t  sugars  p re se n t were a lso  

c a lc u la te d  from th e  peak a re a s  o f  a  g . l . c .  t r a c e  o f th e  d e riv e d  

a l d i t o l  a c e ta te s  from a h y d ro ly sa te  o f  th e  m ucilage [CM VI (v ) ] .

E x p t. 9 P a r t i a l  h y d ro ly s is

(a) P re lim in a ry  S tu d ie s

A liq u o ts  (50 mg) o f th e  p o ly sacc h a rid e  (ca rb o h y d ra te  con ten t 

65^  were d is s o lv e d  in  0 .5M -oxalic  a c id ,  0 .25M -oxalic a c id  and 

0 . 1N -su lphuric  a c id .  They were h ea ted  s e p a ra te ly  in  s e a le d  tu b es  

under 00^ a t  100°. A liq u o ts  were withdraw n a f t e r  0 .25  h , 0 .5 h ,

1.5 h , 2 h , 4 h and 8 h .  The o x a lic  a c id  h y d ro ly sa te s  were 

n e u t r a l i s e d  w ith  calcium  carb o n a te  and th e  s u lp h u r ic  a c id  h y d ro ly sa te  

w ith  barium  ca rb o n a te . A f te r  f i l t r a t i o n  th e  d i f f e r e n t  n e u tra l  

p a r t i a l  hydro lysaips were s tu d ie d  by paper chrom atography I I I  ( i )  

( a ) ( b ) ]  w ith  sprays [CM IV ( i i ) ] .  The co n d itio n s  y ie ld in g  th e  

maximum q u a n t i ty  o f o lig o sa c c h a r id e s  was found to  be O .IN -su lp h u rio  

a c id  a t  100 f o r  4 h .

(b) Large s c a le  h y d ro ly s is

The p o ly sacc h a rid e  (2 .9  g) was hydro lysed  w ith  0 .1N - 

s u lp h u r ic  a c id  (535 ml) under COg in  a  s e a le d  f la s k  a t  100 f o r  4 h .  

A f te r  n e u t r a l i s a t io n  w ith  barium  carbonate  and f i l t r a t i o n  o f th e  

r e s u l t in g  barium  su lp h a te , th e  h y d ro ly sa te  was la y e re d  onto an EP1P 

( ’D eac id ite * ) column (90 x 1.6 om). The n e u tra l  components were e lu te d  

w ith  w a te r . The absence o f  a c id  fragm ents was te s t e d  f o r ,  a f t e r  

c o n c e n tra tio n , by ru nn ing  an e lec tro p h o re to g ram  in  p y r id in e /a c e t ic  a c id
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b u f f e r  pH 6 .7  [CM I I I  ( i i ) ( b ) ] .  The a c id ic  m a te r ia l  was e lu te d  from 

th e  column w ith  2N-form ic a c id  which was removed from th e  su g ars  by

c o d i s t i l l a t i o n  w ith  m ethanol.
!

F ra c t io n a t io n  o f th e  n e u tra l  components was i n i t i a l l y  a ttem p ted

119u s in g  a  h o r iz o n ta l  column packed w ith  c e l lu lo s e  powder. However

as p re lim in a ry  r e s u l t s  u s in g  m ix tu res o f  s tan d a rd  su gars f a i l e d  to  g ive 

a  s a t i s f a c to r y  s e p a ra t io n , t h i s  method was abandoned. S ep a ra tio n  was 

ach ieved  however on 3MM paper chromatograms in  so lv en t \_(M I I I  ( i )  (a) ] .

The a c id ic  components were se p a ra te d  on 3MM paper chromatograms 

in  so lv e n t [GM I I I  ( i ) ( a ) ] .  For bo th  chromatograms two s id e  s t r i p s  

and a  c e n tre  s t r i p  were cu t and developed w ith  a n i l in e  o x a la te  

[GM IV ( i i ) ( a ) ] .  The re g io n s  c o n ta in in g  th e  d i f f e r e n t  components were 

cu t from th e  rem ain ing  chromatograms and th e  su gars  were e lu te d  w ith  

wat e r . *

E x p t. 10 S tu d ie s  on th e  n e u tra l  components

Three n e u tra l  o lig o sa c c h a r id e s  ( l )  O.5 mg, 0 .3 0 , ( 2) 5 mg,

Rglc 0 .51 and ( 3) 3 mg, R^^^ 1.0 were s e p a ra te d . The chrom atographic

m o b i l i t ie s  a re  f o r  so lv e n t ( b ) . ( 3) was re se p a ra te d  in  so lv e n t (a)

where i t  had R _ 0 .8 2 . The carbohydra te  con ten t [GM ( v i ) ( i ) ]  andg ic
th e  degree o f  p o ly m erisa tio n  [GM VI (v i)  ]  were determ ined  fo r  each 

o lig o sa c c h a r id e .

A liq u o ts  o f  each o f th e se  o lig o sa c c h a r id e s  were hydro lysed  w ith
0

90^  fo rm ic  a c id  in  se a le d  tu b es  under CÔ  a t  100 f o r  3 h , fo llow ed  

by  d i l u t io n  w ith  w ater e t c .  [CM I I  ( i ) ] .  The hydro ly s a te s  were 

s tu d ie d  by p ap er chrom atography [CM I I I  ( i ) ( b ) ]  and by g . l . c .  as th e
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su g ar T.M.S. [CM VII ( v i ) ]  and th e  a l d i t o l  a c e ta te  [CM VII ( v ) ( v i i ) ]  

d e r iv a t iv e s  •

A liq u o ts  o f ( 2) and ( 3) were reduced s e p a ra te ly  [CM VII (v) ] and 

th e n  h y d ro lysed  w ith  90^  form ic a c id  in  s e a le d  tu b es  under COg a t  100° 

f o r  1.5 h , fo llow ed  by d i lu t io n  w ith  w ate r e t c ,  [CM I I  ( i ) ] .  The 

r e s u l t in g  a ld o ses  and a l d i t o l s  were s tu d ie d  by g . l . c .  as th e  IMS 

d e r iv a t iv e s  [CM VII (v i)  ] and by paper chrom atography [CM I I I  ( i ) ( b ) ]  

w ith  sp ra y  [CM IV ( i ) , ( i v ) ] ^

E x p t. 11 Linkage s tu d ie s  on th e  n e u tra l  o lig o sa c c h a rid e s

The n e u tra l  o lig o sa c c h a r id e s  ( 2) and ( 3) were reduced [CM VII (v) ] 

and an e lec tro p h o re to g ram  ru n  in  molybdate b u f fe r  [GM I I I  ( i i ) ( d ) ] .  

O lig o sacch arid e  (2) ( l  mg) was m ethylated^^^ a f t e r  d ry in g , by shak ing  

w ith  m ethyl io d id e  (0 .2  m l), dim ethyl formamide (0 .2  ml) and d ry  

s i l v e r  ox ide (0 .2  g) in  th e  dark  a t  0° fo r  2-3 h , th e n  a t  room 

te m p era tu re  o v e rn ig h t. The m ix ture was f i l t e r e d  and th e  re s id u e  washed 

w ith  ch lo ro fo rm . The combined f i l t r a t e  and washings were d r ie d  

(anhydrous sodium s u lp h a te ) , f i l t e r e d  and evapora ted  to  dryness under 

0 .0 3  mm p re s su re  a t  room te m p e ra tu re . The r e s u l t in g  m ethy la ted  

o lig o sa c c h a r id e  was hydro lysed  [GM I I  ( i ) ]  and th e  d e riv e d  m e thy lated  

su g ars  were s tu d ie d  by g . l . c .  -  m .s . as th e  a l d i t o l  a c e ta te  d e r iv a t iv e s  

[GM VII (v) ( v i i ) ] .

E xp t. 12 S tu d ie s  on th e  a c id  o lig o sa c c h a rid e s

Pour o lig o u ro n ic  ac id s  were se p a ra te d  bu t two were p re se n t in  o n ly  

t r a c e  amounts making f u r th e r  s tu d y  im p o ss ib le . The m ajor o lig o u ro n ic
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a c id  (15 mg), O .4O in  so lv en t system  [CM I I I  ( i ) ( a ) ] ,  was t e s t e d

f o r  carboh y d ra te  con ten t [CM VI ( i ) ]  and f o r  th e  degree o f 

p o ly m e risa tio n  [(M VI ( v i ) ] .  The o p t ic a l  r o ta t io n  [CM I  (v) ] was 

m easured. An a l iq u o t was e s t e r i f i e d  [CM VII ( i v ) ] ,  reduced 

[CM VII (v ) ] and p a r t  was hyd ro lysed  [CM I I  ( i ) ] .  A second a l iq u o t 

was reduced , e s t e r i f i e d ,  reduced and hydro lysed  as above. The two 

h y d ro ly sa te s  were s tu d ie d  by paper chrom atography [CM I I I  ( i ) ( b ) ]  

w ith  sp ray s  [CM IV ( i )  ( i i )  ( iv ) (v) ] and by g . l . c .  [CM V (a) B ( i) ]  as 

th e  IMS d e r iv a t iv e s  [CM VII ( v i ) ] .

The rem ainder o f  th e  e s t e r i f i e d ,  reduced o lig o sa c c h a r id e  was 

m e t h y l a t e d a s  d e sc rib e d  in  e x p t. 11, hyd ro ly sed  [CM I I  ( i ) ]  and 

th e  h y d ro ly sa te  an a ly sed  by g . l . c .  -  m .s . [CM V (a )c ]  as th e  a l d i t o l
1

a c e ta te  d e r iv a t iv e s  [GM VII ( v ) ( v i i ) ] .

The o p t ic a l  r o ta t io n  [GM I  (v ) ] was determ ined  f o r  th e  o th e r  

o lg io u ro n ic  a c id  (3 mg), R^^^ 0 .6 ?  in  so lv en t system  [GM I I I  ( a ) ]$ 

which was th e n  e s t e r i f i e d  [GM V II ( i v ) ] ,  reduced [(M VII (v) ] and 

h a l f  was hydro lysed  [GM I I  ( i ) ] .  The h y d ro ly sa te  was s tu d ie d  by 

pap er chrom atography [GM I I I  ( i ) ( b ) ]  w ith  sp rays [GM IV ( i i ) ( i v ) ( v ) ] 

and by g . l . c .  [GM V (a) B ( i i ) ]  as th e  a l d i t o l  a c e ta te  d e r iv a tiv e s  

[GM V II ( v ) ( v i i ) ] .  The o th e r  h a l f  o f  th e  e s t e r i f i e d ,  reduced
105

o lig o sa c c h a r id e  was m ethy lated  as d e sc rib e d  in  e x p t. 11, 

h y d ro ly sed  [CM I I  ( i ) ]  and th e  h y d ro ly sa te  an a ly sed  by g . l . c .  -  m .s . 

[GM V (a) C] as th e  a l d i t o l  a c e ta te  d e r iv a t iv e s  [GM VII ( v ) ( v i i ) ] .

E x p t. 13. D esu lphation  o f th e  m ucilage and In f r a - r e d  S tu d ie s

D esu lp h a tio n  o f  th e  p o ly sacch arid e  ( 25O mg), carbohydra te  con ten t 

65^ , su lp h a te  co n ten t 10^ , was i n i t i a l l y  a ttem p ted  u s in g  sodium
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hydrox ide [CM VII ( x i i i ) ] .  A f te r  f re e z e -d ry in g  (213 mg) th e  

su lp h a te  co n ten t [CM VI ( i i i ) ]  o f th e  d e riv e d  m a te r ia l  was found to  

be unchanged.

M ethanolic  hydrogen c h lo r id e  (0.08m) was th e re fo re  used 

[GM VII ( x i i ) ]  on th e  recovered  p o ly sacc h a rid e  and e f fe c te d  com plete 

removal o f  th e  su lp h a te  [y ie ld  152 mg from 203 mgl.

I n f r a - r e d  s p e c tra  were run as  KBr d is c s  and a ls o  as p o ly 

sa c c h a rid e  f ilm s  on s i l v e r  c h lo rid e  p la te s  [CM V ( b ) ( i i ) ]  o f bo th  th e  

d esu lp h a ted  and th e  o r ig in a l  p o ly sa c c h a rid e .

The 3 ,6-anhydro g a la c to se ^ ^ ^ '^ ^ ^  co n ten t was determ ined  b e fo re  

and a f t e r  a ttem p ted  d e su lp h a tio n  w ith  a l k a l i  and was compared w ith  

a  s y n th e t ic  m ix tu re  o f  su g a rs , (x y lo se  ( 30) , g lucose  ( 20) ,  g a la c to se  

( 30) , g lu c u ro n ic  a c id  ( 20)3 . ^

E x p t. 14 O xidation  o f  th e  m ucilage and desu lp h a ted  m ucilage w ith  

sodium m e tap erio d a te

(a) The m ucilage (IOO mg) and th e  d esu lp h a ted  m ucilage (IOO mg) 

were s e p a ra te ly  d is so lv e d  in  w ater (IOO ml) and an equal volume o f 

10 mM-sodium m etap erio d a te  s o lu tio n  was added to  each . A liq u o ts
I

(3 ml) were w ithd raw n |a t in te r v a ls  and d i lu te d  to  250 ml w ith  w a te r, 

th e  absorbanoes were read  a t  223 urn. The o x id ise d  m ucilage was th en  

reduced  w ith  borohydride  as d e sc rib e d  in  [(M VII ( i x ) ] .  A d i lu te  

s o lu t io n  o f  sodium m etaperiodate  was used so th a t  th e  change in  

absorbance as  th e  p e r io d a te  was used up cou ld  be fo llow ed  more e a s i l y .  

A f te r  f re e z e -d ry in g  th e  d eriv ed  p o ly a lco h o ls  o f  th e  m ucilage (69 mg)
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and th e  d esu lp h a ted  m ucilage (68 mg) were su b je c te d  to  a  f u r th e r  

o x id a tio n  u s in g  10 mM-sodium m e tap e rio d a te . F u r th e r  o x id a tio n  was 

n e g l ig ib le ,  n e v e r th e le s s  reco n v e rs io n  in to  th e  p o ly a lco h o ls  was

e f f e c te d .
1

(b) A second o x id a tio n  o f th e  m ucilage ( 5OO mg) d is so lv e d  in  

w ate r ( 25O ml) was ach ieved  w ith  O.O^M-sodium m etaperiodate 

(250 m l) . A liq u o ts  (O.6  ml) were withdraw n a t  in t e r v a ls ,  d i lu te d  

to  250 ml w ith  w ate r and th e  absorbance read  a t  223 nm. The 

reco v ered  p o ly a lco h o l ( 36O mg) [GM VII ( i x ) ] was re o x id ise d  u s in g  

5 iriM sodium m e tap e rio d a te , no f u r th e r  o x id a tio n  was d e te c te d .

P a r t  o f  th e  d e riv e d  p o ly a lco h o l (317 mg) was hydro lysed  and s tu d ie d  

by p ap er chrom atography and g . l . c . .  The carbohydra te  con ten t 

[QM VI ( i ) ]  was determ ined  a f t e r  each o x id a tio n .

«

E x p t. 15 M éthy la tion  o f th e  m ucilage

The m ucilage (50 mg) was m e thy lated  once by Hakomori*s method 

[(M VII ( v i i i ) ] .  An a l iq u o t (20 mg) o f th e  p a r t i a l l y  m ethy lated  

p o ly sa c c h a rid e  (48 mg) was rem eth y la ted  by Hakomori*s method. In  

b o th  m é th y la tio n s  an u l t r a s o n ic  b a th  was used in  a d d i t io n  to  shak ing , 

b o th  a f t e r  a d d i t io n  o f  th e  ’ carbanion* and a f t e r  a d d i t io n  o f th e  

m ethyl io d id e . The m ethy lated  p o ly sacc h arid e  was hydro lysed  

[GM I I  ( i ) ]  and th e  sugars in  th e  h y d ro ly sa te  converted  in to  th e  

p a r t i a l l y  m ethy la ted  a l d i t o l  a c e ta te s  [GM VII (v) ( v i i )  ] which were 

s tu d ie d  by g . l . c .  -  m .s . [GM V (a) C^B ( i i ) ( i i i ) ]  and by g . l . c .  

u s in g  th e  same columns.
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The su lp h a te  con ten t [CM VI ( i i i ) ]  was determ ined  f o r  th e  

m e th y la ted  p o ly sa c c h a rid e .

E x p t. 16 S tu d ie s  on th e  p o ly a lco h o ls

A liq u o ts  (10 mg) o f  th e  p o ly a lco h o ls  d e riv e d  from th e  m ucilage 

and from th e  d esu lp h a ted  m ucilage were hydro lysed  [CM I I  ( i ) ] .  The 

h y d ro ly sa te s  were s tu d ie d  by e le c tro p h o re s is  [CM I I I  ( i i )  ( b ) ] ,  

paper chrom atography [GM I I I  ( i )  (b) ] w ith  sprays [CM IV ( i ) ( i i ) ]  and 

g . l . c .  [cm V (a) B ( i ) ]  as th e  sugar IMS d e r iv a tiv e s  [GM VII (v i)  ] .  

The p o ly a lc o h o ls  were m ethy la ted  once by th e  Hakomori method 

[GM V II ( v i i i )  ] and h y d ro ly sed  [CM I I  ( i ) ] .  The d e riv e d  p a r t i a l l y  

m e th y la ted  a l d i t o l  a c e ta te s  [GM VII (v) ( v i i ) ] were s tu d ie d  by 

g . l . c .  -  m .s . [GM V (a) 0 B ( i i ) ( i i i ) ]  and by g . l . c .
I

«

E x p t. 17 M olecular S ize  s tu d ie s

The m ucilage ( I .5 mg) was d is so lv e d  in  w ater (3 ml) and was 

la y e re d  onto a column (90 x 1.6 cm) packed w ith  Sepharose 4B. 

Throughout pack ing  and d u rin g  e lu t io n  o f  th e  column a flow  r a te  o f  

1 drop every  15 se c . was m ain ta ined  u s in g  a  p e r i s t a l t i c  pump. The 

sample was e lu te d  from th e  column w ith  1 .OM-KCl s o lu t io n .  F ra c tio n s  

(2 ml) were c o l le c te d  a u to m a tic a lly . The vo id  volume (38 ml) was

6determ ined  w ith  b lu e  d ex tra n  o f  m olecu la r w eight in  excess o f  5 x 10 

which i s  th e  ex c lu sio n  l im i t  o f  Sepharose 4B. Glucose was e lu te d  

a t  117 ml (F ig . 14) .

A second column was p repared  ( 16.5 % 1*3 cm) which had a  void  

volume o f  10 m l. Glucose was e lu te d  a t  31 m l. The d e riv e d
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p o ly a lc o h o l (O.5 mg) o b ta in ed  a f t e r  p e r io d a te  o x id a tio n  o f  th e  

m ucilage was d is so lv e d  in  w ater (0 .5  ml) and la y e re d  onto  th e  

column. P ra o tio n s  (2 ml) were c o l le c te d .d u r in g  e lu t io n  w ith  1.OM-KCl 

s o lu t io n .

A liq u o ts  (0 .5  mg each) o f th e  m ucilage a f t e r  one and a f t e r  two

Hakomori m é th y la tio n s  were d is so lv e d  in  w ater (0 .5  ml each) and

s e p a ra te ly  la y e re d  onto  columns ( 16.5 x 1.3 cm) and e lu te d  w ith

1.0 KOI, 2 ml f r a c t io n s  b e in g  c o l le c te d .  Each o f th e  f r a c t io n s

c o l le c te d  was an a ly sed  f o r  i t s  carbohydra te  con ten t [CM VI ( i ) ]

and a graph p lo t te d  o f  mis e lu te d  a g a in s t carbohydrate  c o n te n t( F ig s .3 , 4 ) ,

A s ta n d a rd  graph was made o f m olecu la r w eight a g a in s t  mis e lu te d

by s e p a ra te ly  p a s s in g  s ta n d a rd  d e x tra n  s o lu tio n s  o f  known m olecu lar

w eight (T 2000, T 250, T 70, T 40» T IO) th rough  th e  columns and

a n a ly s in g  th e  carboh y d ra te  con ten t in  each f r a c t io n  c o lle c te d *
( f i g s . 1 8 ,19)

I

E x p t. 18 Treatm ent o f  th e  p o ly a lco h o l w ith  t r i f l u o r o a c e t i c  a c id

The I p o ly a lco h o l ( 15O mg) was d is so lv e d  in  I .O M -tr if lu o ro a c e tio  

a c id  (28 ml) and l e f t  s t i r r i n g  a t  room t e m p e r a t u r e . A n  a l iq u o t

(0 .1  ml) was withdrawn a f t e r  23 h and passed  down a Sepharose 4B

column ( 16.5 X 1.3 cm) as  d e sc rib e d  in  e x p t. 17. A second a l iq u o t

(0 .1  ml) was withdrawn a f t e r  43 h and passed  down th e  column. The

p a r t i a l ly 'h y d ro ly s e d  p o ly a lco h o l was recovered  by f re e z e -d ry in g  

(145 mg) . An a l iq u o t was re d is s o lv e d  in  w ater and t r e a te d  w ith  

»Amberlite* IR 45 (OH) r e s in  to  remove th e  l a s t  t r a c e  o f 

t r i f l u o r o a c e t i c  a c id .  The r e s u l t in g  s o lu t io n  was s tu d ie d  by h igh  

p re s s u re  l iq u id  chrom atography on a  Vfeiters A sso c ia te s  L iquid  

Chromatograph ALC 202 and a  LiChrosphere S i 100 column (M erok).
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A ce tic  a c id  ( 0 .1 ^  s o lu tio n  was th e  s o lv e n t . The flow  r a te  was 

0 .1  ml/min and th e  column s iz e  was 60 x 0 .2  cm.

The L iC hrosphere column was c a l ib r a te d  by p a ss in g  s tan d a rd  

d e x tra n  s o lu tio n s  (T 70» T 40» T 10) o f  known m olecu la r w eight 

th rough  th e  column. ( F ig .5 ,6 ) .

An a l iq u o t  o f  th e  p a r t i a l l y  hydro lysed  po ly a lco h o l was 

hy d ro ly sed  [CM I I  ( i ) ]  and th e  hydro ly s a te  was s tu d ie d  by paper 

chrom atography [GM I I I  ( i )  (a) (b) ] u s in g  sp rays [CM IV ( i ) ( i i ) ) ] .

E x p t. 19 C arbodiim ide re d u c tio n  o f  u ro n ic  a c id

The m ucilage (lOO mg) was d is so lv e d  in  w ate r (lOO ml) and th e  

pH a d ju s te d  to  4.75* The carbod iim ide reag en t was added [GM V II (x ) ]» 

however th e  polym er p r e c ip i ta te d  im m ediately  and no change in  pH 

o c c u rre d . (The u ro n ic  a c id  con ten t [GM VI ( i i ) ]  was determ ined 

a f t e r  re d u c tio n , d ia ly s i s  and f re e z e -d ry in g .

E xp t. 20 H ydro lysis o f  th e  m ucilage w ith  h y d ro c h lo ric  a c id

The m ucilage (300 mg) was h yd ro lysed  w ith  1 .OM-HCl (30 ml) in  a
o

s e a le d  f l a s k  f o r  2 h a t  100 . The HCl was removed by ev ap o ra tio n  
o

under vacuum a t  40 • S a p o n if ic a tio n  o f  la c to n e s  was ach ieved  by

tre a tm e n t o f  th e  h y d ro ly sa te  w ith  1 .OM-NH^OH u n t i l  pH 8 .0  was

reach ed . The m ixture was l e f t  a t  room tem p era tu re  f o r  2 h and th e
o

ammonia was removed by ev ap o ra tio n  under vacuum a t  40 « The a c id ic

components were se p a ra te d  from th e  n e u tra l  components by passage

o f  th e  h y d ro ly sa te  through a Bio-Rad AG 3-X4A column (90 x 1.6 cm,
107fo rm ate  form) as  d e sc rib e d  by p rev io u s  w orkers. A ll th e  a c id io
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m a te r ia l  was eluted, w ith  1 .OM-formic acid* This was th e n

f r a c t io n a te d  on a  Bio-Rad AG 3-X4A column (90 x 1 .6  cm, form ate

form) u s in g  0.3M -form ic a c id  as th e  e lu e n t,  2 ml f r a c t io n s  b e ing

c o l le c te d .  The carbohydra te  con ten t [CM VI ( i ) ]  was determ ined  fo r

each f r a c t io n  c o l le c te d  and th e  a p p ro p r ia te  f r a c t io n s  were combined.

The form ic a c id  was removed by ev ap o ra tio n  and c o - d i s t i l l a t i o n  w ith
o

m ethanol under vacuum a t  40 » and th e  f r a c t io n s  an a ly sed  by paper 

chrom atography [CM I I I  ( i )  ( a ) ]  w ith  sp rays [GM IV ( i i ) ] .
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R e su lts  and D iscussion

I t  shou ld  he p o in ted  out th a t  th e  f i r s t  12 months o f  t h i s  work 

was r e s t r i c t e d  to  4  g  o f crude p o ly sacc h a rid e  e x tra c te d  from c e l l s  

o f  P . cruentum su p p lie d  by D r. W illiam son. This d ic ta te d  th e  ty p e  

o f  experim ent which could  be u ndertaken  and p rev en ted  a l l  la rg e  

s c a le  exp erim en ts.

The carbohydra te  co n ten t o f th e  crude p o ly sacc h arid e  from 

A berdeen was 27^. However a f t e r  p u r i f i c a t i o n  by th e  hollow  f ib r e  

b eak er d ia ly s e r  t h i s  had in c re a se d  to  65^ .  The samples from Marine 

C o llo id s  In c . co n ta in ed  75^ c a rb o h y d ra te . These measurements were by 

th e  p h e n o l/su lp h u r ic  a c id  method and were based  on a  s tan d a rd  graph 

made from a s y n th e t ic  m ix tu re  o f  x y lo se  (3 0 ) , g lucose  (2 0 ) , g a la c to se  

( 30) and g lu c u ro n ic  a c id  (2 0 )•

The p u r i f i e d  p o ly sacc h a rid e  and th e  p o ly sacc h a rid e  from Marine 

C o llo id s  In c .  bo th  had u ro n ic  a c id  co n ten ts  o f ç a .  13^1, su lp h a te  

c o n te n ts  o f ç a .  11^, p ro te in  co n te n ts  o f ç a .  5^ and methoxyl co n ten ts  

o f  ç a .  0 . 63^ .  The f i r s t  two f ig u re s  a re  expressed  as a  p ercen tage  

o f  th e  carbohydra te  .vdiil e  th e  l a s t  two a re  expressed  as a  p ercen tag e  o f  

th e  t o t a l  w e ig h t. .A nalysis o f  th e  m ucilage by M arine C o llo id s  i s  

shown in  t a b le  1.
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Table 1

A nalysis  o f  P . cruentum by M arine C o llo id s

È m ucilage anhydrous mi

Water 5 .42 -

Ash 13.55 14.32

Fa"*" 3.78 4 .00

K + 0.001 0.001

Ca^+ 0 .0 2 0 .02

Mg^+ 0 .0 3 0 .03

N 0.217 0 .21

C l" 0 .09 0.095

T o ta l su lp h a te 11.82 12.50

F ree  su lp h a te 0 .29 0 .31

3 ,6 -anhyd ro g a lac to s  e 1.26 1.33

U ronic a c id  (ca rb azo le ) 14.50 15.33

C arbohydrate (en throne) 83.0 87.8

0 .039 0.041

Hyamine — —

A s o lu t io n  o f  th e  p o ly sacc h a rid e  was opaque even a f t e r  f i l t r a t i o n  

th rough  m il l ip o re  f i l t e r s  so th e  o p t ic a l  r o ta t io n  could  no t be 

d e te rm in ed . I t  was decided  to  in v e s t ig a te  any d if fe re n c e s  between 

th e  sam ples by a n a ly s in g  t h e i r  h y d ro ly sa te s  by paper chrom atography; 

t h i s  showed t h e i r  e s s e n t ia l  s im i l a r i t y .  Paper chromatograms gave 

sp o ts  which corresponded  to  x y lo se , g lu co se , g a la c to s e , t r a c e s  o f  two 

f a s t  sp o ts  (RgiQ 1 .3  and 1 .4  in  so lv e n t ( b ) ) ,  one m ajor o lig o u ro n ic
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a o id  0 -4 3 ) , one minor o lig o u ro n ic  a c id  (R^^^ 0 .76) bo th  in

so lv e n t ( a ) ,  and f a in t  sp o ts  co rrespond ing  to  n e u tra l  o l ig o 

s a c c h a r id e s .  The absence o f f ru c to s e  was shown by th e  n e g a tiv e  

r e s u l t  o b ta in ed  w ith  u re a  h y d ro ch lo rid e  sp ra y . E le c tro p h o re s is  

in  b o ra te  b u f f e r  confirm ed th a t  mannose was a ls o  ab sen t (E xp t. 7 ) .

F ra c t io n a t io n  o f  th e  p o ly sacc h a rid e

Such a  complex m ix ture  sug g ested  th a t  th e re  could  be a  number 

o f  p o ly sa c c h a rid e s  p re s e n t ,  so f r a c t io n a t io n  o f th e  crude polymer 

was a ttem p ted  u s in g  a DE 52 c e l lu lo s e  column (e x p t. 2 ) .  The 

ca rb o h y d ra te  and u ro n ic  a c id  co n ten t o f  th e  v a r io u s  f r a c t io n s  o b ta in ed  

a re  shown in  ta b le  2 and a re  compared w ith  th o se  o f  th e  o r ig in a l  

m uc ilag e .

Table 2
«

F ra c tio n s  from DE 52 column

1
Weight C arbohydrate

con ten t
U ronic a c id  

co n ten t*

O r ig in a l m ucilage i 500 mg 27/0 13^

F ra c t io n  e lu te d  w ith  w ate r 51 mg 2yfo 10%,

'  ' 0.1M-KC1 83 mg 43^ 10%

0.5M-KC1 113 mg 43% 9%

1.OM-KCl 87 mg 1 19% 15%

*
C a lc u la te d  on carbohydrate  c o n te n t.

This shows a  67^ reco v ery  by w eight bu t a  83^ reco v e ry  o f  

c a rb o h y d ra te . The n itro g e n  con ten t o f  a l l  th e  f r a c t io n s  were v ery  

s im i la r  g iv in g  a  p r o te in  con ten t o f about 5^ f o r  eac h . H ydro lysates
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of* each f r a c t i o n  were compared by p ap e r chrom atography and w ere 

found  to  be p r a c t i c a l l y  i d e n t i c a l .  As th e r e  were o n ly  m inor 

d i f f e r e n c e s  betw een each f r a c t i o n  i t  was assumed t h a t  no 

s i g n i f i c a n t  f r a c t i o n a t io n  had ta k e n  p la c e .

F r a c t io n a t io n  o f  th e  p u re  p o ly sa c c h a r id e  was a tte m p te d  by

co m p le tin g  th e  m ucilage w ith  CETAB (e x p t .  5) .  The complex was

o b ta in e d  as  a  w h ite  f lo c c u le n t  p r e c i p i t a t e .  A lthough th e  y ie ld

o f  p o ly s a c c h a r id e  re c o v e re d  from th e  complex was o n ly  80^  by w eigh t

o f  th e  s t a r t i n g  m a te r ia l ,  no ca rb o h y d ra te  co u ld  be d e te c te d  in  th e

s u p e rn a ta n t  a f t e r  rem oval o f  CETAB w ith  r e s i n .  A h y d ro ly s a te  o f

th e  re c o v e re d  p o ly sa c c h a r id e  gave th e  same ch rom atog raph ic  p a t t e r n

on p a p e r  and g . l . c .  a s  a  h y d ro ly s a te  o f  th e  i n i t i a l  m a te r i a l .  The

20^  lo s s  p ro b a b ly  o c c u rre d  d u r in g  th e  d i s s o lu t io n  in  w a te r  and
*

r e p r e c i p i t a t i o n  w ith  e th a n o l to  remove th e  l a s t  t r a c e s  o f  CETAB from  

th e  p o ly m er. At th e  same tim e  th e  p ro ced u re  d id  remove p a r t  o f  th e  

p r o te i n  w hich was red u ced  from 5^ to  1 .2 ^ . O therw ise  i t  i s  concluded  

t h a t  no f r a c t i o n a t io n ,  a p a r t  from p o s s ib ly  th e  rem oval o f  low 

m o le c u la r  w eigh t m a te r ia l ,  had o c c u rre d .

I n  view  o f  th e s e  r e s u l t s  no d i s t i n c t i o n  betw een th e  d i f f e r e n t  

sam ples i s  made in  su bsequen t s tu d i e s .

V is c o s i ty  s tu d ie s

The r e l a t i v e  v i s c o s i t i e s  (com pared to  t h a t  o f  w a te r)  o f  a  0.35?S s o lu 

t i o n  o f  th e  p o ly s a c c h a r id e  u nder v a r io u s  c o n d itio n s  a r e  shown in  

t a b l e  3 .
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T able 3

R e la t iv e  v i s c o s i t i e s  o f  a  0 ,3 5 ^  s o lu t io n  o f  Porph.yridium  cruentum

m ucilage a t  30°

pH R e la t iv e  v i s c o s i t y

3 .5  44

7 .0  12

9.5 10

11.0 16

a f t e r  h e a t in g  to  70° 16
a t  pH 9 .5

a f t e r  a u to s la v in g  11

As can  be  seen  th e  r e l a t i v e  v i s c o s i t y  rem ains re a s o n a b ly  s t a b l e  

u n t i l  pH 3 .5  when i t  in c re a s e s  s i g n i f i c a n t l y .
#

C h a r a c te r i s a t io n  o f  su g a rs

A f te r  s e p a r a t io n  by  p a p e r chrom atography (e x p t .  8) th e  

fo llo w in g  su g a rs  were c h a r a c te r i s e d .

X ylose i s o la te d  a s  a  re d u c in g  sy rup  ( e x p t .  IO) w hich on p a p e r 

chrom atogram  and g . l . c .  had th e  same m o b i l i ty  a s  x y lo s e .  The 

o p t i c a l  r o t a t i o n  + 19 .5° confirm ed  t h a t  D -xy lose  was p re s e n t  

( c f . _ ^ x y lo s e  +19°) •

G a la c to se   ̂ i s o la te d  as  a  re d u c in g  sy rup  w hich had th e  same 

r e t e n t i o n  tim e  a s  g a la c to s e  on p ap e r chromatogram s and g . l . c .

The o p t i c a l  r o t a t i o n  +41° in d ic a te d  th a t  75^ o f  th e  g a la c to s e  was 

p r e s e n t  a s  th e  D -sugar ( o f .  D -g a la c to se  [ a ] ^  +79 ) and 25^ a s  th e  

L -e u g a r . G a la c to se  o x id a se  showed th a t  some D ^-galactose was p re s e n t
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F o r  f u r t h e r  d e te rm in a tio n  o f  th e  p ro p o r tio n s  o f  D- and L -g a la o to se

se e  ^  aerugineum  p*85 .

G lucose i s o la te d  as  a  re d u c in g  sy rup  h av in g  th e  same m o b i l i ty  

a s  g lu c o se  on p a p e r chromatogram s and g . l . c .  G lucose o x id a se  

co n firm ed  th e  p re sen ce  o f  D -g lu co se . The o p t i c a l  r o t a t i o n  +58° 

in d ic a te d  t h a t  a l l  th e  g lu c o se  was p re s e n t  as  th e  D -sugar 

( c f .  D -g lu co se  + 5 3 °).

,, 3-0 -m e th y l x y lo se  i s o la te d  as  a  re d u c in g  sy rup  ( r  2 .1  ing lc .

s o lv e n t (a ) )  had th e  same m o b i l i ty  on p ap er chromatogram s and on 

g . l . c .  a s  3 -0 -m ethy l x y lo s e .  F u r th e r  p ro o f  f o r  th e  p re se n c e  o f  

t h i s  su g a r  i s  g iv en  f o r  P . aeru rineum  ( p . 99 ) .  This su g a r  h as  

r e c e n t ly  a l s o  been  found and c h a r a c te r i s e d  from th e  re d  a lg a
I
114 121R h o d e lla  m a c u la ta , and a ls o  from th e  b a c t e r i a  Myxococcus f u lv u s .

€

The a l d i t o l  a c e ta t e s  from th e  h y d ro ly sed  p o ly sa c c h a r id e  

( e x p t .  7) were a n a ly se d  by  g . l . c .  -  m .s .A  f u l l y  a c e ty la te d  p e n to se  

and  two f u l l y  a c e ty la te d  hexoses (x y lo se , g a la c to s e  and g lu co se ) 

w ere found  a s  th e  main c o n s t i tu e n t s .  In  a d d i t io n  to  th e s e  a  3 -0 -  

m ethy l p e n to se  ( 3- 0 -m ethy l x y lo se ) , 3-  and 4- 0-m eth y l hexose and  a  

2_0 -m ethy l hexose w ere a ls o  d e te c te d .  T h e ir  r e t e n t io n  tim es  

r e l a t i v e  to  x y l i t o l  p e n ta a c e ta te  w ere O .6O, 2 .02  and I .64  r e s p e c t iv e l y .  

The r e t e n t i o n  tim e  o f  th e  3 -  and 4 -0 -m eth y l hexose on p ap e r 

chrom atogram s and on g . l . c .  in d ic a te d  t h a t  th e y  were g a la c to s e  

d e r i v a t i v e s .  The 2-0 -m ethy l hex o se , how ever, cou ld  no t be r e s o lv e d  

in to  th e  g lu c o se  o r  g a la c to s e  d e r iv a t iv e .  Because o f  th e  sm all 

q u a n t i t i e s  o f  th e s e  su g a rs  p re s e n t in  t h i s  p o ly sa c c h a r id e  f u r t h e r  

c o n f irm a tio n  was im p o ss ib le . However more com plete c h a r a c te r i s a t io n
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o f  b o th  3“  and 4 -0 -m eth y l g a la c to s e  i s  g iven  in  P . aem gineum  

( p . 100 ) .

The r e l a t i v e  p ro p o r t io n  o f  th e  c o n s t i tu e n ts

The r e l a t i v e  amounts o f  th e  c o n s t i tu e n t  su g a rs  p re s e n t  in  a  

h y d ro ly s a te  o f  th e  p o ly sa c c h a r id e  were de term ined  by m easu ring  th e  

c a rb o h y d ra te  co n te n t o f  each f r a c t i o n  a f t e r  e lu t io n  from a  p ap e r 

chrom atogram  (e x p t .  8 ) .  At th e  same tim e an a l iq u o t  o f  th e  

h y d ro ly s a te ,  a f t e r  co n v e rs io n  o f  th e  ca rb o h y d ra tes  in to  th e  

c o rre sp o n d in g  a l d i t o l  a c e ta t e s ,  was an a ly se d  by g . l . c .  and th e  peak 

a re a s  o f  th e  m onosaccharides m easured . This l a t t e r  method to o k  no 

acco u n t o f  th e  o lig o s a c c h a r id e s  p re s e n t in  th e  h y d ro ly s a te  w hich 

co rresp o n d ed  to  30^ o f  th e  c a rb o h y d ra te s . In  o rd e r  to  compare th e  

two m ethods i t  was th e r e f o r e  n e c e ssa ry  to  a d ju s t  th e  p ro p o r tio n s  

d e te rm in e d  from peak a re a s  to  co rrespond  to  70^ o f  th e  c a rb o h y d ra te . 

When t h i s  ad ju stm en t i s  made i t  can be seen  th a t  th e  two methods a re  

i n  good agreem ent ( ta b le  4 )•

I t  can  be seen  from t h i s  t a b le  t h a t  a l l  th e  u ro n ic  a c id  in  

th e  h y d ro ly s a te  i s  p re s e n t as  a ld o b io u ro n ic  a c id s .  The p ro p o r t io n  

o f  th e s e ,  25^ ,  co rresp o n d s to  a  u ro n ic  a c id  co n ten t o f  12 .5^  w hich 

i s  in  good agreem ent w ith  th e  f ig u r e  o f  13^ o b ta in e d  from th e  u ro n ic  

a c id  d e te rm in a tio n  which i s  based  on a  ca rb o h y d ra te  c o n te n t o f  75^*

No t r a c e  o f  m onouronic a c id  cou ld  be d e te c te d  in  h y d ro ly s a te s  c a r r i e d  

ou t u n d er a  wide v a r i e ty  o f  c o n d itio n s  ( e x p ts .  7» 9)*
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T able 4

Sugar ?(%) C arbohydrate  c o n te n t A d ju s ted  

o f  e lu te d  f r a c t io n s  peak a reas^^^

X ylose 1.0 35% 32 . 8%

G a la c to se 2 .16 20.0%

G lucose 2 .35 12^ 12. 4%

1-0-m eth y l x y lo se 0 .5 8 1.6%

3 -  and 4 -0 -m ethy l 
g a la c to s e

2 .0 5% 1.6%

2 -0 -m e th y l hexose 1 .64 1.6%

O lig o u ro n ic  a c id  ( l ) 21% -

O lig o u ro n ic  a c id  (2) 4%

O th er o l ig o s a c c h a r id e s % -

R e te n tio n  tim e  r e l a t i v e  to  x y l i t o l  p e n ta  a c e ta te  on column ( i i )  • 

Based on 70^ o f th e  c a rb o h y d ra te  as  m onosacch arid es .

' These r e s u l t s  in d ic a te  th e  danger o f  d e te rm in in g  th e  m olar 

p ro p o r t io n s  o f  th e  m onosaccharides in  h y d ro ly s a te s  o f  p o ly s a c c h a r id e s  

c o n ta in in g  u ro n ic  a c id  re s id u e s  by peak a re a s  on g . l . c .  I t  i s  

im p o ss ib le  t o  h y d ro ly se  such polym ers to  th e  monouronic a c id  w ith o u t 

e x c e s s iv e  d e g ra d a tio n  o f  th e  a c id  and to  some e x te n t th e  n e u t r a l  

s u g a r s .
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The 4*8 — 5^ o f  monomethyl su g a rs  found i s  in  good agreem ent 

w ith  th e  f ig u r e  o f  4*7^ o b ta in e d  from th e  m ethoxyl c o n te n t o f  

0,62,% and b ased  on a  ca rb o h y d ra te  co n ten t o f  75^ ,

C h a r a c te r i s a t io n  o f  o lig o u ro n ic  a c id  ( l )

As s t a t e d  p re v io u s ly  a l l  a tte m p ts  to  s e p a ra te  a  m onouronic a o id

w ere u n s u c c e s s fu l .  However o lig o u ro n ic  a c id  ( l )  (17 mg) was

s e p a r a te d  from  a h y d ro ly s a te .  I t  had a D .P . o f  1 .95 , an  o p t i c a l

r o t a t i o n  o f  +19° and had R . O .4O and R _ „  . 0 .46 on a  p ap e r
g l c .  g lc .U .A . ^

chrom atogram  in  s o lv e n t (a) . An e le c tro p h o re to g ra m  in  p y r id in e /

a c e t i c  a c id  b u f f e r  pH 6 .7  showed i t s  m o b i l i ty  to  be M . „  . O .6 5 .
g lc .U .A .

These r e s u l t s  in d ic a te  an  a ld o b io u ro n ic  a c id .  A n ilin e  o x a la te  

s p ra y  gave a  ye llow  c o lo u r  showing th a t  th e  re d u c in g  end o f  th e  

m o lecu le  was a  h ex o se .
r

A f te r  e s t é r i f i c a t i o n ,  r e d u c t io n  and h y d ro ly s is  equal p ro p o r tio n s  

o f  g lu c o se  and g a la c to s e  were found, th e s e  were confirm ed  as  th e  

D -su g a r8 by  th e  p o s i t i v e  r e s u l t s  o b ta in e d  w ith  g lu c o se  and g a la c to s e  

o x id a s e s .

A f te r  r e d u c t io n ,  e s t é r i f i c a t i o n ,  r e d u c t io n  and h y d r o ly s is ,  

g lu c o se  and g a l a c t i t o l  were found to  be p re s e n t in d ic a t in g  t h a t  th e  

a ld o b io u ro n ic  a c id  i s  a  D - g lu c u ro n o s y l- ^ g a la c to s e .

A f te r  e s t é r i f i c a t i o n  and re d u c t io n  th e  d e r iv e d  d is a c c h a r id e  was 

m e th y la te d  ( e x p t .  12) and h y d ro ly se d . A n a ly s is  by g . l . c . - m . s .  o f  th e

d e r iv e d  m e th y la te d  su g a rs  as  th e  p a r t i a l l y  m e th y la ted  a l d i t o l  

a c e ta t e s  gave 2 ,4 , 6- t r i -O - m e th y l- 1 , 3 , 5 - t r i - O ^ c e t y l  g a l a c t i t o l  and

2 , 3 , 4 , 6- t e t ra -O -m e th y l-1 , 5-d i-O -a c e ty l  g lu c i to l  th u s  show ing t h a t
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th e  o r ig i n a l  a ld o b io u ro n ic  a c id  i s  3 -0 ( 3—D—g lu c o p y ra n o sy lu ro n ic  

a c id ) - D - g a la c to s e . From th e  r o t a t i o n ,  [ a ] ^  +19°, i t  can be 

deduced t h a t  th e  l in k a g e  i s  p - ( c f .  3 -0 -m e th y l-B -g a la c to se  [ a ] ^  +87°, 

^ -m e th y lg lu c u ro n a m id e  [ a ] ^  +136°, 3-m ethy l g lucuronam ide [ a ] ^  -4 7 °)

C h a r a c te r i s a t io n  o f  o lig o u ro n ic  a c id  (2)

The second o l ig o u ro n ic  a c id  (3 mg) had an o p t i c a l  r o t a t i o n  o f

+ 20°, Rg2.c ^"7^  s o lv e n t (a) . An e le c tro p h o re to g ra m  in

p y r id i n e / a c e t i c  a c id  showed i t s  m o b i l i ty  to  be M 0 .7 4 .
gXC #U#A #

A f te r  e s t é r i f i c a t i o n ,  r e d u c t io n  and h y d ro ly s is  D -g lucose and 

L -g a la c to s e  were found as shown by th e  r e a c t io n  w ith  g lu c o se  and 

g a la c to s e  o x id a s e s .  The d e r iv e d  a l d i t o l  a c e t a t e s ,  when a n a ly se d  

by  g . l . c . - m . s .  showed g a la c to s e  and a  2 -0 -m ethy l hexose as  th e  main 

c o n s t i tu e n t s  w ith  a  l e s s e r  amount o f  x y lo se  p r e s e n t .  ^

A f te r  e s t é r i f i c a t i o n  and r e d u c t io n  th e  d e r iv e d  d is a c c h a r id e  

was m e th y la te d , h y d ro ly se d , and th e n  a n a ly se d  by g . l . c . - m . s .  a s  th e  

d e r iv e d  p a r t i a l l y  m e th y la te d  a l d i t o l  a c e t a t e s .  T his showed th e  

p re se n c e  o f  2 , 3 , 4 , 6 - t e t ra -0 -m e th y l g lu c o se  and 2 , 3 , 6 - tr i-O -m e th y l 

g a la c to s e  a s  t h e i r  a l d i t o l  a c e t a t e s .

I I n  a d d i t io n  m inor amounts o f  2 ,3 ,4 -x y lo s e  and 2 ,4 -x y lo s e  were 

found  when th e  sam ple was a n a ly se d  by  g . l . c . .

The o p t i c a l  r o t a t i o n  o f  +20° in d ic a te s  t h a t  th e  a ld o b io u ro n ic  

a c id  i s  p ro b a b ly  a—lin k e d  ( o f .  [ a ] ^  4-0-m eth y l-L —g a la c to s e  —92 ,

[ a ] g  .a-m ethy lg lucuronam ide +138, [ a ] ^  3 -m ethy lg lucuronam ide - 4 7 ° ) ,  

The o r ig i n a l  a ld o b io u ro n ic  a c id  i s  th e r e f o r e  4“̂ —(2 -0 —m ethy l—a —D- 

g lucof^  p y ra n o s y lu ro n ic  a c id )-D —g a la c to s e ..  The p re se n c e  o f  x y lo se  

in  th e  hydro  l y s a t e  and o f  m e th y la ted  x y lo se s  in  th e  m e th y la ted
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h y d ro ly s a te  i s  c o n s id e re d  to  be due to  1 ,3 - l in k e d  x y lo b io se  b e in g  

p re s e n t  w ith  th e  a ld o b io u ro n ic  a c id .  This was su b se q u e n tly  

s e p a ra te d  from  a fo rm ic  a c id  h y d ro ly s a te .

P a r t i a l  h y d ro ly s is

S in ce  a l l  a tte m p ts  to  f r a c t io n a t e  th e  p o ly sa c c h a r id e  were 

u n s u c c e s s fu l  i t  was concluded  th a t  th e  m ucilage from P . cruentum  

was a  s in g le  h e te ro p o ly s a c c h a r id e  c o n ta in in g  D -xy lose , D- and 

L -g a la c to s e ,  D -g lu co se , 3 -0-m ethy l x y lo s e , 3 -  and 4 -0 -m ethy l g a la c to s e ,

2 -0 -m eth y l hex o se , D -g lu cu ro n ic  a c id  and 2 -0 -m e th y l- ^ g lu c u r o n ic  a c id .  

I n  o rd e r  to  i n v e s t ig a t e  th e  m utual l in k a g e s  w ith in  t h i s  complex 

p o ly s a c c h a r id e  i t  was d ec id ed  to  p a r t i a l l y  h y d ro ly se  i t  and to  

s e p a r a te  and c h a r a c te r i s e  any  o lig o s a c c h a r id e s  p re s e n t i n  th e  

h y d ro ly s a te  ( e x p t .  9)* ,

P re l im in a ry  h y d ro ly s is  experim en ts  w ith  d i f f e r e n t  c o n c e n tra t io n s  

o f  s u lp h u r ic  and o x a l ic  a c id s  f o r  v a r io u s  p e r io d s  o f  tim e fo llo w ed  

by  a n a ly s i s  o f  th e  d i f f e r e n t  h y d ro ly s a te s  showed th a t  0 .1 N -su lp h u r io  

a c id  a t  100° f o r  4h gave th e  h ig h e s t  y ie ld  o f  o l ig o s a c c h a r id e s .

These c o n d i t io n s  were th e r e f o r e  u sed  in  a  la rg e  s c a le  e x p e rim en t.

N e u tra l o lig o s a c c h a r id e s

A f te r  s e p a r a t io n  o f  th e  n e u t r a l  and a c id ic  fragm en ts  on a  

d e a c id i t e  column th e  fo llo w in g  n e u t r a l  o lig o sa c c h a r id e s  were 

s e p a r a te d  on 3 MM chrom atography p ap e r ( ta b le  5) •
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Table 5 

N eu tra l o lig o sa c c h a r id e s

M o b ili ty  in  

s o lv e n t (b) Weight D .P .
C olour when 
developed  w ith  
a n i l i n e  o x a la te

O lig o s a c c h a r id e  ( 1) 0 .3 0 0 .5  rag 3 .7 p in k

O lig o s a c c h a r id e  (2) 0 .51 5 mg 2 .2 ye llo w

O lig o s a c c h a r id e  ( 3) 1.0 3 mg 1.7 p in k

O lig o s a c c h a r id e  ( l ) , a f t e r  h y d ro ly s is  was found to  c o n ta in  g lu c o se , 

g a la c to s e  and x y lo se  in  th e  m olar p ro p o r tio n s  1 :1 :2 .  As t h i s  

o l ig o s a c c h a r id e  gave a  p in k  c o lo u r  w ith  e in ilin e  o x a la te  sp ra y  i t  was 

assum ed t h a t  x y lo se  was p re s e n t  a t  th e  re d u c in g  end . I n s u f f i c i e n t  

m a te r ia l  p re v e n te d  any  f u r th e r  s tu d y  o f  t h i s  o l ig o s a c c h a r id e .

O lig o sa c c h a r id e  ( 2 ) , a f t e r  h y d ro ly s is  was found to  c o n ta in  g lu c o se ,

g a la c to s e  and x y lo se  in  th e  m olar p ro p o r tio n s  o f  2 :3 : 0 .5* A f te r

r e d u c t io n  and h y d ro ly s is  D—g lu c o se  and g a l a c t i t o l  were found th u s

in d ic a t in g  t h a t  g a la c to s e  was p re s e n t a s  th e  re d u c in g  s u g a r .  The

red u ced  d is a c c h a r id e  a f t e r  e le c t ro p h o re s is  in  m olybdate b u f f e r  gave one

so o t w ith  M n . .  1 0 .5 6  which i s  in d ic a t iv e  o f  a  1 ,4 -1  inked  
^ g l u c i t o l

d i s a c c h a r i d e . Mé t h y l a t i on  o f  th e  d is a c c h a r id e  fo llo w ed  by 

h y d ro ly s is  and a n a ly s i s  by g . l . c .  — m .s . as  th e  d e r iv e d  a l d i t o l  a c e ta te s  

gave 2 , 3 , 4 , 6 - t e t ra -0 -m e th y l g lu co se  and 2 , 3 , 6 - tr i-O -m e th y l g a la c to s e .

T h is  shows t h a t  t h i s  d is a c c h a r id e  i s  m ain ly  D ^glucosyl ( l  4) g a la c to s e .  

The p re se n c e  o f  a d d i t io n a l  g a la c to s e  and x y lo se  was c o n s id e re d  to  be  due 

to  a  second  o l ig o s a c c h a r id e  o f  th e  same m o b i l i ty .
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O lig o s a c c h a r id e  ( 3) was r e s e p a ra te d  from g lu c o se  and g a la c to s e  

in  s o lv e n t  (a) ^ in  which i t  had 0 .8 2 .  However even a f t e r

r e s e p a r a t io n  some f r e e  g a la c to s e  rem ained as  an im p u r ity . In  view 

o f  th e  f a c t  t h a t  o n ly  a  sm all amount o f  m a te r ia l  was a v a i la b le  i t  

was d e c id e d  to  co n tin u e  a n a ly s is  o f  t h i s  o l ig o sa c c h a r id e  w ith  

g a la c to s e  p re s e n t  as  a  known co n tam in an t. A f te r  h y d ro ly s is  o f th e  

d is a c c h a r id e ,  x y lo s e , D -g lucose  and g a la c to s e  were found , x y lo se  and 

g lu c o se  b e in g  in  th e  m olar p ro p o r tio n s  o f  1 :1 . As th e  d is a c c h a r id e  

was p in k  when sp ray ed  w ith  a n i l in e  o x a la te  x y lo se  was th o u g h t to  be 

p r e s e n t  a t  th e  re d u c in g  end o f  th e  m o lecu le . A f te r  r e d u c t io n  and 

h y d ro ly s is  x y l i t o l ,  g a l a c t i t o l  and g lu c o se  were fo u n d . Thus t h i s  

d is a c c h a r id e  was co n s id e re d  to  be a  D -g lu c o sy l-x y lo s e . I n s u f f i c i e n t  

m a te r ia l  rem ained  f o r  m é th y la t io n  s tu d ie s .

A no ther o l ig o s a c c h a r id e  (4 mg) was s e p a ra te d  from a  fo rm ic  a c id
r

hydro  l y s a t e  ( e x p t .  8 ) .  T his o lig o sa c c h a r id e  had a  D .P . o f  1 .8 , gave 

a  p in k  c o lo u r  when developed  w ith  a n i l in e  o x a la te  and on h y d ro ly s is  

gave o n ly  x y lo s e .  I t  had R^^^ O .8 I in  so lv e n t ( a ) .  Comparison 

w ith  s ta n d a rd  1 ,3 -  and 1 ,4 - l in k e d  x y lo b io se  showed th a t  t h i s  

d is a c c h a r id e  was x y lo q y l ( l  —̂  3) x y lo se , x y lo sy l ( l  —̂  4) x y lo se  

h a v in g  R^^^ O.55 in  s o lv e n t ( a ) .

B es id e s  show ing some o f  th e  lin k a g e s  betw een th e  d i f f e r e n t  su g a rs  

in  t h i s  m u c ilag e , o l ig o sa c c h a r id e  ( 1) a l s o  confirm s th e  p re se n c e  o f  

g lu c o se ,  g a la c to s e  and x y lo se  in  a. s in g le  p o ly s a c c h a r id e .

D e su lp h a tio n  s tu d ie s  ( e x p t .  13)

The s u lp h a te  c o n te n t was u n a f fe c te d  by a l k a l i  in  th e  p re se n c e  o f  

b o ro h y d r id e  th u s  in d i c a t in g  th a t  t r a n s  e l im in a t io n  v ia  an  epoxide  r in g
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does no t o c c u r .  T h e re fo re  th e  s u lp h a te  i s  no t p re s e n t  in  a  t r a n s  

p o s i t i o n  r e l a t i v e  to  an a d ja c e n t f r e e  hydroxyl g roup . The absence  

o f  any  new su g a r  o r  th e  p resen ce  o f  3 , 6-anhydro  g a la c to s e  in  th e  

h y d ro ly s a te  o f  th e  a l k a l i  t r e a t e d  p o ly sa c c h a r id e  confirm s t h i s  r e s u l t ,  

a t  th e  same tim e  e l im in a t in g  th e  p o s s i b i l i t y  o f  a  6- s u lp h a te d  hexose 

w ith  a  f r e e  hyd roxy l a t  C -3. The p o ly s a c c h a r id e  was re c o v e re d  in  

y ie ld  from  th e  a l k a l i  t r e a tm e n t .

T rea tm en t w ith  0 .OSM -methanolic HCl e f f e c te d  com plete rem oval 

o f  th e  s u lp h a te ,  th e  d e su lp h a te d  m a te r ia l  was reco v e re d  in  71^ y i e l d .

I n f r a - r e d  s p e c t r a  o f  th e  p o ly s a c c h a r id e  b e fo re  d e s u lp h a t io n  gave

a b so rb a n c e s  a t  1250-60 cm \  820 and 830 cm  ̂ which a re  c h a r a c t e r i s t i c

o f  e s t e r  s u lp h a te  groups in  p o ly s a c c h a r id e s .  A band o c c u r r in g  a t

1240 cm"1 i s  c h a r a c t e r i s t i c  o f  S = 0 s t r e t c h in g  freq u en cy  and an

a b s o rp t io n  band a t  820 cm i s  c h a r a c t e r i s t i c  o f  a  p rim ary  h a l f  % ste r

s u lp h a te  group and th a t  a t  830 -  84O cm" i s  in d ic a t iv e  o f  an

111e q u a to r ia l  h a l f  e s t e r  s u lp h a te  g ro u p . A f te r  d e s u lp h a t io n  th e

a b s o rp t io n  band a t  I 25O -  60 cm”  ̂ and th e  bands a t  820 and 830 cm  ̂

were g r e a t l y  re d u c e d . No band a t  930 — 940 cm ^ , w hich i s  

c h a r a c t e r i s t i c  o f  3 , 6-^nhydro  g a la c to s e ,  was seen  in  e i t h e r  th e
I I

s u lp h a te d  o r  d e su lp h a te d  p o ly s a c c h a r id e .

U n lik e  most o th e r  p o ly sa c c h a r id e s  th e  s u lp h a te  i s  removed d u r in g  

m é th y la t io n  and i t  was th e r e f o r e  im p o ss ib le  to  de te rm in e  th e  s i t e  o f 

s u lp h a te  by  m é th y la t io n  b e fo re  and a f t e r  d e s u lp h a t io n .

The c o n c lu s io n s  t h a t  may be drawn from th e  s t a b i l i t y  to  a l k a l i  

ab o u t th e  p o s i t i o n  o f  th e  s u lp h a te  a re  t h a t  i t  cannot be p re s e n t  i n  a  

t r a n s  p o s i t i o n  r e l a t i v e  to  an  a d ja c e n t f r e e  hydroxy l group i . e .  i t  i s
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n o t p re s e n t  on C—2 o r  C—3 o f  1 ,4 —linked, g lu c o se , g a la c to s e ,  x y lo se  o r  

g lu c u ro n ic  a c id ,  a lth o u g h  th e se  u n i t s  may he d is u lp h a te d  a t  C -2and C -3 . 

The a b s o rp t io n  band a t  820 cm“ 1 in d ic a te s  th a t  th e  s u lp h a te  may be 

p r e s e n t  on p-6  o f  1 ,3 - l in k e d  g lu c o se  a n d /o r  g a la c to s e .  The 

a b s o rp t io n  band a t  83O cm"^ in d ic a te s  t h a t  th e  s u lp h a te  may be 

p r e s e n t  on C-2 o r  C-3 o f  g lu c o se , g a la c to s e ,  g lu c u ro n ic  a c id  o r  

x y lo s e  t h a t  a r e  1 ,2 -  o r  1 ,3 - l in k e d .  L a te r  work on th e  l in k a g e s  

w i th in  th e  p o ly s a c c h a r id e  (p . 7 0 ) in d ic a te  th a t  no 1 ,2 - l in k s  a re  

p r e s e n t  th e r e f o r e  th e  s u lp h a te  must be p re s e n t on C-2 o f  1 ,3 - l in k e d  

g lu c o s e , g a la c to s e ,  g lu c u ro n ic  a c id  o r  x y lo s e .

P e r io d a te  o x id a tio n  ( I )  (© xpt. I 4)

P e r io d a te  o x id a tio n  o f  th e  m ucilage (ca rb o h y d ra te  c o n te n t 7 0 ^  

and  th e  d e su lp h a te d  m ucilage (c a rb o h y d ra te  co n te n t 8 0 ^  w ith  5 dM 

sodium  m e ta p e rio d a te  gave a  re d u c t io n  p e r  anhydro u n i t  o f  0 .2 5  and 

0 .3 5  m oles o f  p e r io d a te  r e s p e c t iv e ly  ( P ig . t  ) .  The d e r iv e d  

p o ly a lc o h o ls  were rec o v e re d  in  y ie ld s  o f  69 and 68^ r e s p e c t iv e ly  by 

w e i ^ t  (c a rb o h y d ra te  c o n te n ts  48^  and 52^ r e s p e c t iv e ly ) .  The 

in c re a s e d  r e d u c t io n  o f  p e r io d a te  a f t e r  d e su lp h a tio n  means t h a t  

a d d i t io n a l  g ly c o l groups have r e s u l t e d  from th e  d e s u lp h a t io n  s u p p o r tin g  

ev id en ce  o f  s u lp h a te  on C-2 and C-3 o f  1 ,4 - l in k e d  u n i t s .  The 

h y d ro ly s a te s  o f  th e  two p o ly a lc o h o ls  were v e ry  s im i la r ,  each g iv in g  

g lu c o se ,  g a la c to s e ,  x y lo se , g ly c e ro l ,  e r y t h r i t o l  and t h r e i t o l ,

1 ,3 - l in k e d  a ld o b io u ro n ic  a c id  and a  t r a c e  o f  2 -0 -m e th y lg lu e u ro n i0 

a c i d .  No sm a ll a c id ic  fragm en ts were d e te c te d .  When th e  

h y d ro ly s a te  was a n a ly se d  by g . l . c . - m . s .  as  th e  d e r iv e d  a l d i t o l  

a c e t a t e s ,  sm a ll am ounts o f  m e th y la ted  hexoses were a l s o  fo u n d . The
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r e l a t i v e  p ro p o r tio n s  o f  th e  d i f f e r e n t  su g ars  p r e s e n t ,  as  shown by 

th e  peak a re a s  from g . l . o .  o f  th e  a l d i t o l  a c e ta te s ,  a r e  g iven  in  

t a b l e  6 .

Table 6

M olar p ro p o r tio n s  and p e rce n tag es  o f th e  su g ars  p re se n t in  

P . cruentum  and i t s  d e riv e d  p o ly a lco h o l

Sugar O rig in a l m ucilage D erived p o ly a lc o h o l

%Q based  on M olar %o based  on M olar

lyjo ca rb o h y d ra te  p ro p o r tio n  48^  carb o h y d ra te  p ro p o r tio n

X ylose 23.2 2.65 6 .4 1.03

G alac to se 14.1 1.61 11.0 1.75

G lucose 9 .0 1.0 6 .3 1.0

3 -0 -m ethy l x y lo se 1.2 0 .13 1.1 0 .1 7
*

3 -and 4-0 -m ethy l 

g a la c to s e

1.2 0 .13 1.1 0 .1 7

2 -0 -m ethy l hexose 1.2 0 .13 1.1 0 .1 7

U ronic ac id /^ ^ 13 1.44 21 3 .2

(a) m .s . in d ic a te s  th a t  equal q u a n t i t i e s  o f  th e  two monomethyl su g a rs  

were p r e s e n t .

(b) a s  de term ined  by th e  m -hydroxydiphenyl m ethod.

The m ethyl hexoses must be immune to  o x id a tio n  by p e r io d a te  and 

t h e i r  r e l a t i v e  in c re a s e  in  th e  p o ly a lco h o l support t h i s .  The above 

f ig u r e s  ( t a b le  6) c l e a r ly  in d ic a te  th a t  a  la rg e  p ro p o r tio n  o f  th e  

x y lo se  u n i t s  a re  c leav ed  d u rin g  o x id a tio n  bu t th e y  must be viewed w ith  

a  c e r t a in  amount o f  c a u tio n  when i t  i s  remembered th a t  about 30^ o f  th e
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m ucilage i s  l o s t  d u rin g  th e  o x id a tio n  and re d u c t io n . N ev erth e less  

th e  p re sen ce  o f  g ly c e ro l in  th e  h y d ro ly sa te  confirm s th e  lo s s  o f

1 , 4- l in k e d  x y lo s e . S ince th e  p o ly a lco h o l o n ly  c o n ta in s  48^  o f 

u n c leav ed  carb o h y d ra te  and th e  h y d ro ly sa te  c o n ta in s  t h r e i t o l  and 

e r y t h r i t o l ,  some o f  th e  g a la c to se  and g lucose  must have been 

c leav ed  by th e  p e r io d a te  and were th e re fo re  p re se n t as 1, 4- l in k e d  

u n i t s .

The o ccu rren ce  o f  th e  m a jo r ity  o f th e  u ro n ic  a c id  as an 

a ld o b io u ro n ic  a c id  ag ree s  w ith  th e  p resen ce  o f  3- 0 -(p -D -g lu c o p y ra n o sy l-  

u ro n ic  a c i d ) - ^ g a l a c t o s e .  I t  a ls o  in d ic a te s  th a t  th e  g lu c u ro n ic  a c id  

re s id u e  i t s e l f  i s  1, 3- 1inked  o r  i s  p re s e n t as a 1, 2 , 4-  o r 1, 3 , 4- 1inked  

b ran ch  p o in t .  The p resen ce  o f  a  sm all amount o f  2-0-m et hy l g lu c u ro n ic  

a c id  i s  in  agreem ent w ith  th e  e a r l i e r  f in d in g  o f  2- 0-m ethy l-D - 

g lu c u ro n o sy l ( l  —> 4) -L -g a la c to s e .  The 2 -0 -m e th y l-^ g lu c u ro n it ;  a c id

re s id u e  b e in g  1 ,3 -  o r  1 ,4 - l in k e d .  The r e l a t i v e  in c re a s e  in  u ro n ic  

a c id  in  th e  p o ly a lc o h o l and th e  absence o f  any sm all a c id ic  fragm ents 

such as g ly c e r ic  a c id  confirm s th a t  th e  u ro n ic  a c id  re s id u e s  a re

1 , 3- l in k e d  and a re  no t a t ta c h e d  by p e r io d a te .

The o n ly  d if fe re n c e  betw een th e  h y d ro ly sa te s  o f  th e  p o ly a lo o h o ls

d e r iv e d  from th e  m ucilage and th e  d esu lp h a ted  m ucilage was th e

l a r g e r  q u a n t i t y 'o f  xy lo se  p re s e n t ,  r e l a t i v e  to  g lu co se  and g a la c to s e ,

in  th e  l a t t e r .  This would in d ic a te  th a t  more g lucose  and g a la c to s e

had  been  c leav ed  by th e  p e r io d a te  in  th e  d esu lp h a ted  p o ly a lco h o l th a n

in  th e  s u lp h a te d  p o ly a lco h o l which confirm s th a t  th e  m a jo r ity  o f  th e

s u lp h a te  occu rs  in  th e s e  two su gars in  th e  p o ly sa c c h a r id e . That
112p e r io d a te  had no t been  h in d e red  by a c e ta l  fo rm atio n  was shown by 

th e  f a c t  t h a t  a  second tre a tm e n t o f  th e  p o ly a lo o h o ls  caused  no f u r th e r  

o x id a t io n .
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M é th y la tio n  o f  th e  p o ly a lc o h o ls

M é th y la tio n  o f  th e  d e riv e d  su lp h a te d  and d esu lp h a ted  p o ly a lc o h o ls  

(e x p t .  16) gave th e  fo llo w in g  p a r t i a l l y  m e thy la ted  su g a rs , a f t e r  

h y d ro ly s is ,  vdiich were an a ly sed  by g . l . c . - m . s .  as t h e i r  a l d i t o l  

a c e ta te  d e r iv a t iv e s .

Table 7

Sugar d e r iv a t iv e s  found in  b o th  m ethy la ted  p o ly a lc o h o ls

Sugar

2 . 3 .4 - tr i-O -m e th y l x y lo se

2 . 4-d i-O -m eth y l x y lo se

2 , 3- d i-O -  m ethy l xy lo se

2 . 4 . 6- tr i -O -m e th y l g lu co se

2 . 4 . 6- tr i -O -m e th y l g a la c to s e

2 . 6-d i-O -m eth y l g lu co se

2 . 6-d i-O -m eth y l g a la c to s e

Linkage in d ic a te d

end group xy lo se

1. 3- l in k e d  x y lo se

1 . 4- l in k e d  xy lo se

1. 3- l in k e d  g lucose

1. 3- l in k e d  g a la c to s e

1. 3 . 4- 1inked g lucose

1. 3 . 4- 1inked g a la c to s e

The p re sen ce  o f  end group and 1 ,4 - l in k e d  x y lo se  could  have a r i s e n  

from  th e  3- 0 -m eth y lx y lo se  which would no t be c leav ed  by p e r io d a te  

and  in  th e  p o ly a lc o h o l cou ld  have r i s e n  to  a t  l e a s t  5^ o f  th e  

ca rb o h y d ra t e .

The m e th y la ted  su lp h a te d  p o ly a lco h o l a ls o  co n ta in ed  some

2 , 3 ,6 - tr i-O -m e th y lh e x o se . Such re s id u e s  shou ld  have been c leav ed  

by p e r io d a te  u n le s s  th e  f r e e  hydroxyl groups were masked by 

su lp h a te  r e s id u e s .  This seems v e ry  p ro b ab le  as  th e  s u lp h a te  i s  

c leav ed  d u r in g  m é th y la tio n , and i s  f u r th e r  evidence th a t  th e  s u lp h a te  

g roups a r e  lo c a te d  a t  C—2 and C—3 o f  th e  1 ,4 - l in k e d  h ex o ses .
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P e r io d a te  o x id a tio n  2 (e x p t .  14 (b ))
to CVS

The d e r iv e d  p o ly a lc o h o lr e c o v e r e d  in  72^ y ie ld  from o x id a tio n  

o f  th e  m ucilage w ith  25 mM-sodium m e ta p e r io d a te r e d u c e d  0 .6  moles 

o f  p e r io d a te  p e r  anhydro u n i t  (P ig .2  ) .  This in c re a s e  in  r e d u c t io n  

o f  p e r io d a te  when compared w ith  th e  p rev io u s  o x id a tio n  in d ic a te s  th a t  

incom ple te  o x id a tio n  may have ta k e n  p la c e  w ith  5 m M -periodate.

At th e  same tim e th e  s tro n g e r  p e r io d a te  removed th e  s u lp h a te  from 

th e  p o ly sa c c h a rid e  d u rin g  o x id a tio n  so no com parison cou ld  be made 

betw een th e  su lp h a te d  and d esu lp h a ted  m ucilages in  t h i s  ex p erim en t.

A n a ly s is  o f  th e  h y d ro ly sa te  o f  th e  d e riv e d  p o ly a lco h o l (ca rb o 

h y d ra te  co n ten t 42^  by paper chrom atography, e le c tro p h o re s is  and 

g . l . c .  showed no d if f e re n c e s  from th e  h y d ro ly sa te  o f  th e  p o ly a lc o h o l 

o b ta in e d  a f t e r  o x id a tio n  o f  th e  m ucilage w ith  5 m M -periodate.

«
Two s e p a ra te  sam ples o f  th e  p o ly a lco h o l d e riv ed  a f t e r  o x id a tio n  

w ith  25 m M -periodate were m eth y la ted  and were an a ly se d , a f t e r  

h y d ro ly s is ,  by g . l . c . - m . s .  as th e  d e riv e d  a l d i t o l  a c e ta te s  on columns 

( i i )  and ( i i i )  r e s p e c t iv e ly .  The r e s u l t s  a re  shown in  ta b le  8 .

The p o ly a lc o h o l was s u b je c te d  to  a  s in g le  Hakomori m é th y la tio n  

w hich r e s u l t e d  in  c o n s id e ra b le  . under m é th y la tio n , g r e a te r  in  th e  f i r s t  

c a s e .  However a  second Hakomori m é th y la tio n  would have r e s u l t e d  in  

c o n s id e ra b le  d e g ra d a tio n  (see  p .68 ) « When th e  i n i t i a l  m ucilage was 

s u b je c te d  to  two Hakomori m é th y la tio n s  no monomethylhexose 

p e r s i s t e d  and th e  p ro p o r tio n  o f  2 , 6-d i-0-<nethyl hexose was 

c o n s id e ra b ly  l e s s  (se e  p .67 ) . N ev erth e less  ig n o rin g  th e  low er

m e th y la ted  su g a rs  c e r t a in  co n c lu sio n s can be drawn from th e  m é th y la tio n  

r e s u l t s  in  T able 8 .  The p resence  o f  th e  sm all amount o f  2 , 3 -d i-O -
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Table 8

P e rcen tag e  o f  su g a rs  found in  th e  m e th y la ted  p o ly a lc o h o l 

d e r iv e d  from P. oruentum m ucilage

Sugar Column ( i i )  Column ( i i i )

yjo OV 225 3^ ECNSS-M

2 , 3 , 4 - tr i -O -m e th y l x y lo se  

2 ,3 ,4 ,6 - te t r a -O -m e th y l  g lu co se t r a c e t r a c e

2 , 3 , 4 , 6 - t e t ra -0 -m e th y l g a la c to s e  

2 ,4 -d i-O -m eth y l x y lo se 28.0 24 .3

2 , 3-d.i-OHmethyl x y lo se 4 .9 4 .3

2 , 4 , 6 - tr i-O -m e th y l g lu co se 12.3

2 ,4 ,6 - tr i -O -m e th y l  g a la c to s e
16.0

3 .0

2 , 3 , 6 - tr i-O -m e th y l h e x o se ' 5 .6 10.6

2 , 6 -d i-O -m eth y l hexose 12.9 13.6

6-mono m ethyl hexose 15.8 31.9

u n m eth y la ted 16.8 0

I t  p roved  im p o ss ib le  to  s e p a ra te  2 , 3 , 6 - tr i-O -m e th y l-g lu c o se  and
123g a la c to s e  and hence to  d is t in g u is h  which su g a r t h i s  r e p re s e n te d .

m e th y lx y lo se  i s  due, as  p re v io u s ly  e x p la in e d , to  th e  p resen ce  o f

3-0-m ethylxylosô in  th e  o r ig in a l  p o ly s a c c h a r id e . S im i la r ly  th e

2 ,3 ,6 - tr i -O -m e th y lh e x o se  cou ld  be d e r iv e d  from th e  2 -0 -m ethy lhexose 

and 3-0—ciG th y lg a lac to se  which would be immune to  p e r io d a te  o x id a t io n .
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At th e  same tim e th e  percen tag e  10.6 o f t h i s  seems r a th e r  h ig h  and 

some o f  i t  may have r e s u l te d  from th e  incom plete removal o f  su lp h a te  

re s id u e s  from th e  hexoses d u rin g  th e  o x id a tio n  and t h e i r  removal 

d u rin g  m é th y la tio n .

M éth y la tio n  o f  th e  m ucilage (e x p t. 15)

The m ethy la ted  p o ly sa c c h a r id e s , a f t e r  one and a f t e r  two 

Hakomori m é th y la tio n s , were an a ly sed , a f t e r  h y d ro ly s is ,  by g . l . c . - m . s .  

as  th e  a l d i t o l  a c e ta te  d e r iv a t iv e s . The p ercen tag es  o f  th e  p a r t i a l l y  

m eth y la ted  sugars  found a re  shown in  ta b le  9*

The p ro p o rtio n s  o f xy lose  and 3 -0 -m e th y lx y lo se^ g a la c to se , and 

g lucose  in  th e  o r ig in a l  m ucilage i s  2 .7 8 :1 .6 1 :1 ,0  ( ta b le  4) .

The p ro p o r tio n  o f  xy lose  and 3-0-m ethyl x y lo se , g a la c to se  and 

g lucose  a f t e r  m é th y la tio n  i s  2 .3 1 :0 .3 3 :1 .0  ( ta b le  9)*
c

Table 9

P ercen tag e  o f  M ethy lated  su g ar from P. cruentum

Sugar
1

2 . 3 .4 - tr i-O -m e th y l xy lose

2 .3 .4 . 6 - t e t ra -0 -m eth y l g lucose  -r

2 .4 -d i-O -m ethy l xy lose

2 .3 .4 .6 -t  e t ra-O-methyl g a la c to se -s
2 , 3-di-O -m ethyl xy lose

2 .4 .6-tri-O -m ethyl g lucose -i
2 . 4 . 6 - tr i -0 - in e th y l  g a la c to se  -*

2 .3 .6 - tr i-O -m e th y l hexose

2 . 6-d i-O -m ethy l hexose 1 

non-m ethy lat ed su gars

*  I t  was assumed th a t  10 .0^  and 2»1̂  of t h i s  f ig u re  was due to  th e  g lucose  
. and g a la c to se  d e r iv a t iv e s  re s p e c t iv e ly  fro m 'th e  f ig u re s  o b ta in ed  from 

th e  m e th y la ted  p o ly a lco h o l as  th e  p ro p o rtio n  o f  th e se  su g ars  shou ld  be 
u n a l te re d  by p e r io d a te .

A fte r A f te r
I Hakomori

rr\ e.hŴ lcvKo.\
6 .6  7

2 Hakomori 
^  & hi\y lah'f>ns
17. 5 '

12.5
- c

11.1

15.5

10.7 - c
4 .9

16.1

6.1 12.1 *

6 .4 17.1

0 5 .7

57.7 0
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A d ju s tin g  th e  f ig u re s  to  th e  value  f o r  xy lose  as i t  was in  th e

i n i t i a l  m ucilage ( i . e .  2.78) th e  p ro p o rtio n s  o f  x y lo se , g a la c to se

and g lucose  become 2 .7 8 :0 .4 0 :1 .2 0 . These f ig u r e s ,  when compared to

th e  p ro p o r tio n s  o f  th e  sugars in  th e  o r ig in a l  m ucilage i . e .  2 .7 8 : 1,61

1 . 0 ,  show th a t  most o f > th e  2 ,3 ,6 -tr i-O -m e th y l and 2 ,6-d i-O -m ethyl

hexose (2 2 .8 ^ , i . e .  1.3 p a r ts )  in  th e  m ethy la ted  p o ly sacc h a rid e  must

be th e  g a la c to s e  d e r iv a t iv e .  This would make th e  p ro p o rtio n s  o f  th e

x y lo se , g a la c to s e  and g lucose  d e r iv a tiv e s  from th e  m ethy lated

p o ly sa c c h a rid e  2 .7 8 :1 .7 0 :1 .2 0  which i s  in  reaso n ab le  agreem ent w ith

th e  co rresp o n d in g  p ro p o rtio n s  o f  th e  sugars in  th e  i n i t i a l  m ucilage .

The h ig h  p ro p o rtio n  o f end group to  branch p o in t sugars  (which

shou ld  be equal) a f t e r  2 Hakomoris may be ex p la in ed  by th e  f a c t  th a t

d e g ra d a tio n  o f  th e  u ro n ic  a c id  and h y d ro ly s is  o f  th e  p o ly sacc h a rid e

109occu rs d u rin g  th e  m é th y la tio n  p ro c e s s .  ̂ <

C 0 ,C H 3 CO.CH,

base:  ̂ w  ^  _3 \ i  i 4
RO

I f  i s  p a r t  o f  th e  p o ly sacc h a rid e  chain  and i s  lirfced  t h r o u ^  

p o s i t io n  3 f u r th e r  d eg rad a tio n  occurs v ia  a  p - e l im in a tio n  r e a c t io n .
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CHjOMe COOMe
0 .  J— 0

CH , 0
OCH, OMe

t  base
OR

I ,

C H z O M e
O

CH , 0  V =
R ^ 0 “

COOMe

3X 1 0  R

This p ro cess  can co n tin u e  u n t i l  a  lin k ag e  th rough  a  p o s i t io n  

o th e r  th a n  C-3 i s  en co u n te red . This d eg rad a tio n  p ro cess  is  

co n s id e re d  to  ta k e  p la c e  o n ly  d u rin g  th e  second Hakomori m é th y la tio n  

as  th e  m ethyl io d id e  r e a c ts  f a s t e r  th a n  th e  e l im in a tio n  r e a c t io n  

d u rin g  th e  f i r s t  m é th y la tio n . However l a t e r  s tu d ie s  on th e  

m o lecu la r s i z e  o f  th e  p o ly sa c c h a rid e  b e fo re  and a f t e r  1 and 2 

Hakomori m é th y la tio n s  in d ic a te s  th a t  s u b s ta n t ia l  d eg rad a tio n  ta k e s  

p la c e  d u rin g  th e  f i r s t  m é th y la tio n  p ro cess  as w ell (e x p t.  17) .

A n a ly s is  o f a  h y d ro ly sa te  o f  th e  m ethy la ted  p o ly sa c c h a rid e  by 

e le c tro p h o re s is  showed th a t  some o f  th e  u ro n ic  a c id  was s t i l l  

p re s e n t as  an  a ld o b io u ro n io  a c id .
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The m é th y la tio n  r e s u l t s  show th a t  x y lo se  is  p re se n t as end group,

1 .4 -  and 1 ,3 - l in k e d  u n i t s .  The g lucose  and g a la c to se  occur a s  end 

group and as 1 ,3 -  lin k e d  u n i t s ,  they  a re  a lso  p re s e n t a s

1 . 4- l in k e d  u n i t s  and as 1, 3 , 4- 1inked branch p o in t s .

These r e s u l t s  a re  in  agreem ent w ith  th o se  o b ta in ed  from th e  

p e r io d a te  o x id a tio n  s tu d ie s .

The su lp h a te  i s  removed d u rin g  th e  m é th y la tio n  p ro ced u re .

M olecu lar s i z e  s tu d ie s  (e x p t.  17)

E lu tio n  o f th e  m ucilage from a Sepharose 4B column gave a  s in g le  

peak which corresponded to  a  m olecu la r w eight in  th e  o rd e r o f 4 x 10^ . 

The p o ly sa c c h a rid e  a f t e r  1 Hakomori m é th y la tio n  had a  wide m olecu la r 

w e i ^ t  d i s t r i b u t io n  bu t w ith  two d i s t i n c t  peaks o c c u rr in g  (F ig . > ) ,  

one co rresp o n d in g  to  a m o lecu la r w eight o f  4 x 10^ (40^) and th e  

o th e r  co rresp o n d in g  to  a  m o lecu la r w eight o f  30,000 ( 60^ .

A f te r  2 Hakomori m é th y la tio n s  a l l  th e  m ethy la ted  p o ly sacc h a rid e  

was e lu te d  in  a  band which corresponded  to  a  m olecu lar w eight o f  

about 30,000 (P ig . 3 ) .

The d e riv e d  p o ly a lco h o l o b ta in ed  a f t e r  o x id a tio n  o f  th e  

p o ly sa c c h a rid e  w ith  25 mM -periodate had a  wide m olecu lar w eight 

d i s t r i b u t io n ,  60^  o c c u rrin g  w ith in  th e  range 4 x 10^ 50,000

and 40^  o c c u rr in g  between 50,000 —  200 ( p ig .4  ) •

A f te r  tre a tm e n t o f th e  p o ly a lco h o l w ith  1 .O M -trif lu o ro a c e tio .. • 

a c id  a t  room tem p era tu re  (e x p t. I 8) th e  m o lecu la r w eight d i s t r i b u t io n  

was c e n tre d  around 30,000 (P ig . 4  ) .  A n a ly sis  o f  t h i s  sample by 

HPLC confirm ed t h i s  f ig u r e .  (Fig.5)
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These r e s u l t s  in d ic a te  th e  p o s s i b i l i t y  o f  a  re p e a tin g  u n i t  

o c c u r r in g  in  th e  p o ly sacc h a rid e  w ith  a  m olecu la r w eight o f  about

30,000 ( i . e .  about 15O sugar u n i t s ) .  They a ls o  show th a t  a  la rg e  

amount o f  d eg ra d a tio n  occurs bo th  d u rin g  1 and 2 Hakomori m é th y la tio n s  

and a ls o  d u rin g  p e r io d a te  o x id a tio n .

: /
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 _________________ Flp^ire ̂

'M olecular s iz e  o f  th e  m ethy lated  muc ila ^ e  from P.cruentum
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Plf^ure if

Molecu la r  s iz e  o f  th e  po ly a lco h o ls  from P.cruentum  m ucilage

P. cr\le:itiiiii cohc

p .ù  1  j i- iiljC o h jL

-f P-»-k> >-1^4iooho f  o r  - iÇ31ï
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T r i f lu o r o a c e t ic  a c id  t r e a te d  po lya lco h o l (e x p t. 18)

A f te r  com plete h y d ro ly s is  o f  th e  p o ly a lco h o l (mol. w t. c a .

30000) and a n a ly s is  o f th e  h y d ro ly sa te , th e  same su gars  were found, 

in  ap p ro x im ate ly  th e  same p ro p o rtio n s  as th o se  found in  a h y d ro ly sa te  

o f  th e  o r ig in a l  p o ly a lc o h o l. This adds a d d i t io n a l  ev idence fo r  

th e  p resen ce  o f  a  re p e a tin g  u n it  o f m olecu lar w eight 30 ,000.

C arhodiim ide re d u c tio n  o f th e  p o ly sacc h arid e  f a i l e d  to  g ive  any 

change in  th e  u ro n ic  a c id  con ten t o f  th e  polymer (e x p t. • The 

p o ly sa c c h a rid e  p r e c ip i ta te d  as soon as th e  carhod iim ide reag en t 

was added.

H y dro lysis  o f  th e  m ucilage w ith  h y d ro c h lo ric  a c id

T his experim ent was c a r r ie d  out in  o rd e r  to  see  w hether

2-0-m e th y l-^ g lu c u ro n ic  a c id  could  he i s o la te d  from th e  hydro ly s a te
107 *

o f th e  p re se n t m ucilage as had heen re p o r te d  p re v io u s ly .

Three a ld o h io u ro n ic  a c id s  were s e p a ra te d  from a h y d ro ly sa te  hy th e  

p rev io u s  w orkers, namely 3 -0 -(a -B -g lu co p ry a n o sy lu ro n ic  acid )-jL - 

g a la c to s e , 3 -0 -(2^0-m ethy l-a-D -g lucopyranosyT uron ic  ac id )^D - 

g a la c to s e  and 3 -0 -(2 -0 -m eth y l-a -D ^g lu co p y ran o sy lu ro n ic  acid ) 

g lu c o se . However in  th e  p re se n t s tu d y  o n ly  two a ld o h io u ro n ic  a c id s  

were p re se n t and se p a ra te d  from t h i s  h y d ro ly sa te , ho th  o f  which had 

a lre a d y  heen c h a ra c te r is e d  from a form ic a c id  h y d ro ly sa te  namely 

3_0-.(p -D -g lucopyranosy luron ic  ac id ) - ^ g a l a c t o s e  and 4 -0 - (2 -0 -  

m e th y l-a -B -g lu co p y ran o sy lu ro n ic  ac id ) -L -g a la c to s e .  N e ith e r  o f th e  

two u ro n ic  a c id s  were found as t h e i r  monomers.
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C onclusions

The p o ly sacc h a rid e  exuded hy th e  m icroscop ic  m arine red  a lg a  

Porphyridium  cruentum , as su p p lie d  to  us hy M arine C o llo id s  I n c . ,  

is  a complex m ucilage c o n ta in in g  D -xylose, D- and L -g a la c to se ,

D -g lucose, D -g lucuron ic  a c id  and i t s  2-0-m ethyl d e r iv a t iv e ,  3 -  and 

4-0-m ethy l g a la c to s e , 3-0-m ethyl xy lo se  and a 2-0-m ethyl hexose in  

th e  approxim ate m olar p ro p o rtio n s  o f  3 :2 .5 :1 :1 :0 .1 3 :0 .1 3 :0 .1 3 ,

H alf e s t e r  su lp h a te  (c a . 1 0 ^  and p ro te in  (c a . 3 -8 ^  a re  a lso  p re se n t

in  th e  m ucilage which appears to  he lin k e d  to  p r o te in .  This is  th e

f i r s t  tim e th a t  m ethy la ted  sugars have heen re p o r te d  in  t h i s  

p o ly s a c c h a r id e •

A ttem pts to  f r a c t io n a te  t h i s  m ucilage in to  s e p a ra te  p o ly sacc h a rid es

were u n su c c e ss fu l and th e  i s o la t io n  and c h a r a c te r i s a t io n  o f a  number
r

of h e te ro -o lig o s a c c h a r id e s  have confirm ed th e  e x is te n c e  o f a  h e te ro 

polym er c o n ta in in g  th e  ahove wide v a r ie ty  o f u n i t s .

These r e s u l t s  a p a r t  from th e  methyl a ld o ses  ag ree  in  th e  main

1 113w ith  th o se  o f Heaney K ieras  and Chapman. The m ucilage M edcalf

examined had a  sm a lle r  p ro p o r tio n  o f  g lucose  to g e th e r  w ith  t r a c e s  o f

rhamnose and mannose. Both groups o f  w orkers re p o r te d  ahout 85^

o f L - and 25^ o f  D -ga lac to se  u n i t s .  In  th e  p re se n t s tu d y  th e se

f ig u re s  appear to  he re v e rse d  app rox im ate ly  75^ o f  D -galac to se  h e in g

p re s e n t .

The g lu c u ro n ic  a c id  appears to  he s o le ly  lin k e d  to  C—3 o f 

D -g a lac to se  and th e  2 -0 -m ethy lg lucu ron ic  a c id  to  C-4 o f L -g a la c to se .

This i s  in  c o n tra s t  to  th e  r e s u l t s  o f  Heaney K ieras and Chapman.

T h e ir  1 ,3 - l in k e d  a ld o h io u ro n ic  a c id  co n ta in ed  L -g a la c to se  and th e
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2-0-m e-bhylglucuronic a c id  was re p o rte d  to  he lin k e d  to  C-3 o f 

D -g a la c to se .

Exact r e p e t i t i o n  o f  th e se  au thors*  h d y ro ly s is  co n d itio n s  and 

s e p a ra t io n  o f  th e  h y d ro ly sa te  f a i l e d  in  our experim en ts, in  c o n tra s t  

to  t h e i r s ,  to  y ie ld  any f r e e  g lu c u ro n ic  a c id  o r  i t s  2-0-m ethyl 

d e r iv a t iv e ,  a lthough  th e  two a ld o h io u ro n ic  a c id s  p re v io u s ly  

c h a ra c te r is e d  were se p a ra te d .

M éth y la tio n  and p e r io d a te  o x id a tio n  s tu d ie s  showed th a t  a l l  th re e

su g ars  a re  p re se n t as end group, a lthough  th i s  may he th e  r e s u l t  o f

some d e g ra d a tio n . Xylose and g a la c to se  a re  p re se n t as 1 ,3 -  and

1 ,4 - l in k e d  u n i t s ,  and g lucose  as  1 ,3 - l in k e d  and 1 ,4 - l in k e d

u n i t s .  In  a d d i t io n  ho th  may he p re se n t as 1 ,3 - l in k e d

branch  poin is and the  g a la c to se  as m e thy lated  u n its .T h e  u ro n ic

a c id  appears  to  he s o le ly  1 ,3 - l in k e d , in  agreem ent w ith  th e  finS .ings 
1 113o f  o th e r  w orkers, * hut th e  lin k a g e s  found f o r  th e  n e u tra l  sugars  

d i f f e r  somewhat from th o se  re p o r te d  p re v io u s ly .

I t  i s  d i f f i c u l t  to  e x p la in  th e  d i f f e r e n t  r e s u l t s  o f  o th e r  

in v e s t ig a to r s .  I t  i s  p o s s ib le  th a t  th e se  a r i s e  from d if f e r e n t  

c u l tu r e  c o n d itio n s  o r from h y b r id is a t io n  o f  th e  a lg a .

In f r a - r e d  s tu d ie s  and th e  s t a b i l i t y  to  a l k a l i  o f th e  su lp h a te  

groups in d ic a te  th a t  th e y  may he lo c a te d  a t  C-6 o f  1 ,3 - l in k e d  hexose 

u n i t s  and a t  C-2 and C-3 o f 1,4 - l in k e d  g a la c to se  r e s id u e s .

M olecu lar w eight s tu d ie s  in d ic a te  a t  l e a s t  4 x 10^ f o r  th e  

i n i t i a l  m a te r ia l ,  hu t t h i s  h igh  value  might he due to  a g g re g a tio n  o f  

th e  m olecu les and lin k a g e  to  p r o te in .
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M éth y la tio n , p e r io d a te  o x id a tio n . Smith d e g ra d a tio n  and 

p a r t i a l  h y d ro ly s is  s tu d ie s  degrade th e  macromolecule to  ap p rox im ate ly  

30,000 m olecu la r w eig h t. In  every  case th e  degraded m a te r ia l  

co n ta in ed  th e  same complex m ixture o f  sugars  w ith , as would be 

expec ted , a h igh  p ro p o rtio n  o f  th e  g lucu ronosy l (1 —̂  3) g a la c to s e  

m o ie ty . I t  i s  tem p ting  to  suggest th a t  t h i s  re s id u a l  m a te r ia l  

r e p re s e n ts  a  re p e a tin g  u n i t  in  th e  p o ly sa c c h a rid e , bu t more evidence 

i s  n e c e ssa ry  to  e s ta b l i s h  t h i s .
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Porphyridium  aerugineum

In tro d u c t io n

Porphyridium  aerugineum i s  a u n ic e l lu la r  red  a lg a  e a s i ly  grown 

in  a r t i f i c i a l  c u l tu r e s .  I t  exudes an e x t r a c e l lu la r ,  w ater so luble^ 

p o ly sa c c h a rid e  m ucilage. Only v ery  lim ite d  work on th e  s t r u c tu r e  

o f  t h i s  m ucilage has been c a r r ie d  o u t.

124Ramus showed th a t  th e  p o ly sacch arid e  components were x y lo se ,

g lu co se , g a la c to se  and two u n id e n t if ie d  su g a rs . He found th a t  th e

polym er was p o ly a n io n ic , dem onstrated  by p r e c ip i ta t io n  in  th e  p resence

o f c e ty l  py rid in ium  c h lo r id e  (a q u a r te m a ry  ammonium compound) .

P a r t o f  th e  a n io n ic  c h a ra c te r  may be a t t r ib u t e d  to  th e  f a c t  th a t  7 .6^

o f h a l f  su lp h a te  e s te r  i s  p re s e n t .  A ttem pts to  determ ine th e

m olecu la r w eight o f th e  p o ly sacc h a rid e  by column chrom atography were
r

u n s u c c e s s fu l.  The m ucilage was v isco u s  a t  co n c e n tra tio n s  as low as 

1 mg/ml, in d ic a t in g  th a t  i t  i s  o f h igh  m olecu lar w e ig h t.

128Subsequent work by Ramus in d ic a te d  th a t  th e  main c o n s ti tu e n t  

sugars  were x y lo se , g a la c to se  and g lucose  and in  a d d i t io n  he 

t e n t a t i v e l y  id e n t i f i e d  sm all amounts o f g u lu ro n ic  a c id , g a la c tu ro n ic  

a c id , a n o th e r  pen tose  and an anhydrohexose. The m olecu lar w eight was 

found to  be in  excess o f 5 % 10^\ This seemed r a th e r  h igh  and was

ex p la in ed  by th e  f a c t  th a t  p o ly sacc h arid e  chains may have been form ing 

c ro s s - l in k a g e s ,  p o s s ib ly  v ia  th e  a n io n ic  fu n c tio n a l groups (carboxyl 

and h a l f  e s t e r  su lp h a te ) w ith  d iv a le n t c a t io n s ,  r e s u l t in g  in  a 

polym er o f  i n f i n i t e  m olecular w eig h t. However in  th e  absence of 

h a l f  e s t e r  su lp h a te  c ro s s - l in k in g  should  be a t  a  minimum so th e  

su lp h a te  was removed by m ild  h y d ro ly s is  and th e  m o lecu la r w e i ^ t  was
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determ ined  on th e  d esu lphated  m ucilage u s in g  a  Sephadex G200 column.

The r e s u l t in g  e lu t io n  p r o f i l e  was v ery  broad in d ic a t in g  a m olecu lar 

w eight range from 1.3 x 10^ -  2 x 10^. However th e  p o s s i b i l i t y  th a t  

th e  m ild  h y d ro ly s is  c o n d itio n s  may have c leaved  some la b i l e  

g ly c o s id ic  lin k a g e s  as w ell as th e  su lp h a te  cannot be ru le d  o u t .

Prom d a ta  o b ta in ed  from th e  m olecu lar w e i ^ t  d e te rm in a tio n s  and from 

e le c tro p h o re s is  ex%)eriments i t  was concluded th a t  th e  p o ly sacc h a rid e  

i s  h e te ro g en eo u s .

The p ro d u c tio n  o f t h i s  e n c a p su la tin g  p o ly sacc h arid e  is  m ainly

124dependent on th e  p a r t i c u la r  l i f e  phase th e  c e l l  i s  in .  The

p ro d u c tio n  o f th e  e x t r a c e l lu la r  m ucilage, when measured on a  p e r c e l l  

b a s i s ,  drops o f f  r a p id ly  d u rin g  th e  f i r s t  few c e l l  d iv is io n s  and 

s ta y s  d ep ressed  d u rin g  lo g  phase ( ra p id  c e l l  d iv is io n )  , th e n  in c re a se s  

s lo w ly  d u rin g  th e  s ta t io n a r y  p hase . T herefore d u rin g  th e  log rphase  

v e ry  l i t t l e  o r no e n c a p su la tin g  p o ly sacc h arid e  is  p re se n t as th e  r a te  

o f  s o lu b i l i s a t i o n  i s  g r e a te r  th a n  th e  r a te  o f p ro d u c tio n , th e  capsu le  

b u ild s  up ag a in  d u rin g  th e  s ta t io n a r y  phase . The p ro d u c tio n  o f 

p o ly sa c c h a rid e  i s  a lso  l i g h t  dependent as c e l l s  m ain ta ined  in  th e  dark  

produce th e  m ucilage a t  a  g r e a t ly  reduced r a t e .

The r a t e  o f p ro d u c tio n  o f c h lo ro p h y ll a  and P lo r id e a n  s ta rc h  

a re  s im i la r  to  each o th e r .  The q u a n t i t i e s  o f  bo th  p e r c e l l  drops 

s ig n i f i c a n t l y  f o r  th e  f i r s t  few d iv is io n s ,  th e n  beg ins to  b u i ld  up 

s lo w ly . In  th e  dark  th e  le v e ls  o f bo th  s low ly  d e c re a se .

The a lre a d y  polym erised p o ly sacc h arid e  is  tr a n s p o r te d  from 

w ith in  th e  c e l l  to  and through th e  c e l l  w a ll by Golgi v e s ic le s  

in d ic a t in g  th a t  th e  Golgi complex p lay s  a  c ru c ia l  r o le  in  th e  p ro d u c tio n  

o f  th e  m u cilage .
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F u r th e r  work hy Ramus and Groves^^^'T26,127 

as a l a b e l ,  has shown th a t  th e  c e l l s  accum ulate th e  la b e l  and th e n  

e x c re te  th e  su lp h a te  la b e l le d  p o ly sacch arid e  in  amounts which a re  

e a s i l y  m on ito red . The su lp h a te  f ix a t io n  i s  ra p id  and d i r e c t ,  50^ 

o f th e  su lp h a te  absorbed by th e  c e l l s  was in c o rp o ra te d  in to  th e  

p o ly sa c c h a rid e  as h a l f  e s te r  su lp h a te  th u s  in d ic a t in g  th a t  

p o ly sacc h a rid e  e s t é r i f i c a t i o n  i s  a major m etabo lic  pathway f o r  

s u lp h a te .  In o rg an ic  su lp h a te  (an d /o r th io su lp h a te )  i s  n ece ssa ry  

f o r  grow th, th e  c e l l s  ly s in g  when denied  adequate amounts o f t h i s  

n u t r i e n t .  3*-Phosphoadenosine-5*-phosphosulphate was t e n t a t i v e ly  

id e n t i f i e d  as th e  donor f o r  su lp h a te  t r a n s f e r  r e a c t io n s .

M olybdate was shown to  be a  co m p etitiv e  in h ib i to r  f o r  a c t iv e  tr a n s p o r t  

s i t e s  f o r  su lp h a te , however th e  in h ib i t io n  i s  r e v e r s ib le .  The 

m olybdate i s  t r a n s p o r te d  in to  th e  c e l l s  and in h ib i t s  th e  su lp h a tio n  

o f  th e  p o ly sa c c h a r id e .
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Experimental Porphyridium aerugineum

The p o ly sacc h a rid e  from th i s  a lg a  was su p p lie d  as  th e  Na'*’ s a l t  

by M arine C o llo id s  I n c . ,  Rockland, M aine, U .S .A ., (2 .5  g, 6 /9 /7 5 ) ,

(5 e ,  5 /5 /7 6 ) ,  (2 g, 2 /1 0 /7 6 ), (15 g, 30/ 1/ 77) .

S ev era l experim ents w ith  th e  m ucilage from P . aerugineum  were 

perform ed in  p a r a l l e l  w ith  th e  m ucilage from P . cruentum , in  th e se  

in s ta n c e s  re fe re n c e  w i l l  be made to  th e se  experim ents by u s in g  th e  

fo llo w in g  n o m e n c la tu re :-

P .o . 8, f o r  example, would mean th e  experim en tal s e c t io n  f o r  

Porphyridium  cruentum , experim ent 8 .

Experim ent 1 P r e c ip i ta t io n  w ith  hexadecyltrim ethylam m onium  bromide 
(CETAE)

The p o ly sacc h a rid e  (1 g) was d is so lv e d  in  w ater (5OO ml) and a 

s o lu t io n  o f CETAE ( I .5 g) (Eastman Kodak) in  w ater (IO ml) was 

added. The r e s u l t in g  w hite  p r e c ip i t a t e  was t r e a te d  as d e sc rib e d  

p re v io u s ly  (P .c .  5) •  The reco v e ry  o f p o ly sacc h a rid e  a f t e r  tw ice  

r e d is s o lv in g  in  w ater and r e p r e c ip i t a t in g  in  e th an o l was 750 mg.

The su p e rn a ta n t was t r e a te d  a s  p re v io u s ly  d e sc r ib e d  ( P .c .5 ) .

Experim ent 2 V isc o s ity  s tu d ie s

The v i s c o s i ty  o f a  0.35% s o lu t io n  o f  th e  p o ly sacc h a rid e  in  

w a te r  was measured under th e  same co n d itio n s  d e sc rib e d  in  P .c . 6 .
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Experiment 3 Preliminary analysis of the mucilage

The p o ly sacc h a rid e  (20 mg) was hydro lysed  [OM I l ( i ) ]  and an a ly sed  

hy pap er chrom atography [(M I l l ( i ) ( a ) ( h ) ( c )  ] w ith  sp rays 

[GM IV ( i ) ( i i ) ( i i i ) ] .

The carbohydra te  con ten t [CM VI ( i ) ] ,  th e  su lp h a te  con ten t 

[ cm V l ( i i i ) ] ,  th e  u ro n ic  a c id  con ten t [(M V T ( ii) ] ,  th e  n itro g e n  

co n ten t [CM V l( iv ) ]  and th e  methoxyl con ten t (a . B ernhard t, W. Germany) 

were determ ined  f o r  th e  p o ly sa c c h a rid e .

Experim ent 4 C h a ra c te r is a t io n  of th e  c o n s ti tu e n t sugars

An a l iq u o t (5O mg) o f th e  p o ly sacc h a rid e  was hydro lysed  

[cm I l ( i ) ] .  P a rt o f th e  h y d ro ly sa te  was an a ly sed  by paper 

chrom atography [CM I l l ( i )  (a) (b) (c) ] u s in g  sp rays [CM I V ( i ) ( i i ) ^ iv )  

( v ) ( v i ) ] .  S ep ara te  a l iq u o ts  o f th e  hydro ly s a te  were su b je c te d  to  

e le c tro p h o re s is  in  b o ra te  b u f fe r  [CM I I I  ( i i ) ( a ) ]  and in  p y r id in e /  

a c e t ic  a c id  b u f fe r  [CM I I l ( i i ) ( b ) ] .  The rem ainder o f th e  

h y d ro ly sa te  was s tu d ie d  by g . l . c .  as th e  sugar TMS [GM V l l ( v i ) ] ,  

th e  a l d i t o l  TMS [(M V I I ( v ) ( v i ) ] and as th e  a l d i t o l  a c e ta te  

[cm V I I ( v ) ( v i i ) ] d e r iv a t iv e .  The a l d i t o l  a c e ta te  d e r iv a t iv e s  were 

f u r th e r  an a ly sed  by g . l . c . - m . s .  [CM V (a) B ( ii )  C ]. The p ro p o rtio n s  

o f  th e  su g ars  p re se n t were determ ined  from th e  peak a re a s  o b ta in ed  

from g . l . c .  o f th e  a l d i t o l  a c e ta te  d e r iv a t iv e s .

Experim ent 3 S ep a ra tio n  o f sugars  and o lig o sa c c h a rid e s  from a 

h y d ro ly sa te

The m ucilage (9OO mg) was hydro lysed  [CM I I  ( i ) ]  and th e  

c o n s t i tu e n ts  s e p a ra te d  by paper chrom atography on Whatman 3MM paper
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in  so lv e n t system  [ gM I I I  ( i ) ( b ) ] .  S ide and c e n tre  s t r i p s  were cu t 

from th e  chromatogram and were developed w ith  sp ray  [CM I V ( i i ) ( a ) ]  

and th e  reg io n s  c o n ta in in g  th e  d i f f e r e n t  su gars were cu t from th e  

chromatogram and th e  sugars e lu te d  from th e  paper w ith  w a te r . The 

ca rb o h y d ra te  con ten t was determ ined [GM VI ( i ) ]  f o r  each f r a c t io n  

u s in g  s ta n d a rd  graphs made from th e  a p p ro p r ia te  s u g a r s . Those 

f r a c t io n s  th a t  were s t i l l  m ix tu res , as shown by paper chrom atography 

[GM I I I  ( i ) ( a ) ] ,  were re s e p a ra te d  on Whatman 3MM paper in  th a t  

s o lv e n t .  The o p t ic a l  r o ta t io n s  [GM I  (v ) ] o f th e  x y lo se , g lucose 

and g a la c to s e  f r a c t io n s  were m easured.

Experim ent 6 D eterm ination  o f th e  p ro p o rtio n  o f D- to  L -g a la c to se

The o p t ic a l  r o ta t io n  [(M I  (v) ] o f a s o lu tio n  o f g a la c to se  

( 2 .8  mg), is o la te d  from th e  h y d ro ly sa te  o f th e  m ucilage (e x p t. 5)» in  

w a te r (1 ml) was d e term ined . This s o lu tio n  was th e n  d i lu te d  to  

10 m l. A s tan d a rd  s o lu t io n  o f D -g a lac to se  (IO mg) in  w ater (lOO ml) 

was made and a graph was p lo t te d  o f  w eight a g a in s t absorbance u s in g  

th e  p h e n o l/su lp h u r ic  method [GM VI ( i ) ] .  G alac tose  ox idase reag en t 

(enzyme and chromagen) was added to  th e  s ta n d a rd  s o lu tio n  and th e  

m ix tu re  was in cu b a ted  a t  30° f o r  2 h , a f t e r  which tim e th e  re a c t io n  

was com plete . A liq u o ts  were withdraw n and th e  absorbance was 

m easured (520 nm) and p lo t te d  a g a in s t th e  w eight o f D -g a lac to se  

p r e s e n t .

The w eight o f  sugar p re se n t in  th e  s o lu tio n  o f g a la c to se  from 

th e  h y d ro ly sa te  was determ ined u s in g  th e  p h e n o l/su lp h u ric  method.

The same p ro p o r tio n  o f g a la c to se  ox idase reag en t was added and th e  

m ix tu re  in cu b a ted  a t  30° f o r  2 h .  A liq u o ts  were w ithdraw n and t h e i r
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a b so rp tio n s  measured and compared to  th e  s tan d a rd  g raph . The 

d if f e re n c e  between th e  w eight o f g a la c to se  p re se n t as shown by th e  

p h e n o l/su lp h u r ic  method and th e  w eight shown by th e  g a la c to se  

ox idase  method in d ic a te s  th e  amount o f L -g a la c to se  p re se n t as th e  

g a la c to s e  ox idase  enzyme on ly  o x id ise s  th e  D -g a lac to se .

Experim ent 7 C h a ra c te r is a t io n  o f th e  m ethy la ted  hexoses

Two unknown f a s t  moving sp o ts  were p re se n t in  th e  h y d ro ly sa te  

o f th e  m ucilage . One o f th e s e , 1.3 in  so lv en t (b) , R^^^ 1.6

in  so lv e n t (a) , was se p a ra te d  from a paper chromatogram. The 

second sp o t, R^^^ 2.1 and 2 .2  in  th e  above re s p e c t iv e  so lv e n ts  proved 

to  be a m ix tu re .

A liq u o ts  o f th e se  unknown sugars  were s e p a ra te ly  reduced w ith  

b o rohyd ride  and th en  a c e ty la te d  [CM VII ( v ) ( v i i ) ] .  The r e s u l t in g  

a l d i t o l  a c e ta te s  were s tu d ie d  by g . l . c . - m . s .  [CM V (a) B ( i i )  C ].

A second a l iq u o t o f  th e  f i r s t  unknown (R^^^ 1.3 and 1.6) was 

reduced w ith  b o ro d e u te r id e , th e n  a c e ty la te d  and s tu d ie d  by g . l . c . - m . s .  

as above.

Both unknowns were s e p a ra te ly  dem ethy la ted  [CM VII ( x iv ) ] and th e  

r e s u l t in g  su gars were an a ly sed  by paper chrom atography in  so lv e n t 

[ cm I I I  ( i ) ( a ) ( t ) ]  w ith  sp rays [CM IV ( i i ) ( i v ) ( v ) ] .

Experim ent 8 P a r t i a l  h y d ro ly s is  s tu d ie s

(a) P re lim in a ry  s tu d ie s

The same c o n d itio n s  were used f o r  t h i s  p o ly sacc h a rid e  as fo r  

P . cruentum [ P .c .  9 ( a ) ] .  In  th e  case o f  P . aerugineum  th e  co n d itio n s  

y ie ld in g  most o lig o sa c c h a r id e s  were 0.'25M—o x a lic  a c id  a t  100 f o r  2 h .
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(b) Large s c a le  h y d ro ly s is

The p o ly sacc h a rid e  (1 g) was hydro lysed  w ith  0 ,25M -oxalic a c id  

(70 ml) a t  100° fo r  2 h . A f te r  n e u t r a l i s a t io n  w ith  CaCO  ̂ and 

f i l t r a t i o n  o f th e  r e s u l t in g  calcium  o x a la te  th e  uncleaved  p o ly 

s a c c h a rid e  (290 mg) was p r e c ip i ta te d  w ith  e th a n o l. This polymer 

was re d is s o lv e d  in  0 .25M -oxalic a c id  (20 ml) and was f u r th e r  

h y d ro ly sed  a t  100° f o r  2h. A fte r  n e u t r a l i s a t io n  as  above th e  

uncleaved  polym er (54 mg) was ag a in  p r e c ip i ta te d  w ith  e th a n o l, 

hyd ro lysed  and s tu d ie d  by paper chrom atography. The two p a r t i a l  

h y d ro ly sa te s  were s tu d ie d  by paper chrom atography [CM I I I  ( i ) ( a ) ( b ) ]  

and were th e n  combined as no d if fe re n c e  could be seen  between them .

The c o n s ti tu e n t  sugars and o lig o sa c c h a r id e s  were se p a ra te d  on Whatman 

3MM pap er in  so lv en t [CM I I I  ( i ) ( a ) ]  [ P .c .  9 ( b ) ] .

<t

Experim ent 9 N eu tra l o lig o sa c c h a rid e s  from form ic a c id  and o x a lic  

a c id  h y d ro ly s is

Three n e u tra l  o lig o sa c c h a r id e s  (A, B and C) were se p a ra te d  from 

th e  o x a l ic  a c id  h y d ro ly sa te  (e x p t. 8 ) .  The degree o f p o ly m erisa tio n  

[GM VI (v i)  ] was determ ined  fo r  each and each was hydro lysed  

[GM I I  ( i ) ]  and th e  h y d ro ly sa te  an a ly sed  by paper chrom atography 

[ cm I I I  ( i ) ( b ) ]  and by g . l . c .  [CM V (a) B ( i ) ]  as th e  sugar IMS 

d e r iv a t iv e s  [GM VII ( v i ) ] .

The o lig o sa c c h a rid e s  were reduced [GM VII (v ) ] and th e  d e riv e d  

o lig o sa c c h a r id e  a l d i t o l s  were s tu d ie d  by e le c tro p h o re s is  in  

m olybdate b u f f e r  [CM I I I  ( i i ) ( d ) ] .  A fo u r th  o lig o sa c c h a r id e  (d) 

was i s o la te d  from a form ic a c id  h y d ro ly sa te  (e x p t.  5) and was compared 

w ith  a u th e n t ic  1 ,4 -  and 1 ,3 - lin k e d  xy lo b io se  by paper chrom atography 

[CM III ( i )  (a) ( t ) ] .
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Experim ent 10 The ac id  o lig o sa c c h a rid e

One a c id  o lig o sa c c h a rid e  was se p a ra te d  from th e  form ic a c id  

h y d ro ly sa te  (e x p t, 5)» This was su b je c te d  to  e le c tro p h o re s is  in  

p y r id in e /a c e t ic  a c id  b u f fe r ,  pH 6 .7  [GM I I I  ( i i ) ( b ) ] .  An a l iq u o t 

was e s t e r i f i e d ,  reduced [CM VII ( iv ) (v )  ] and p a r t  was hydro lysed  

[GM I I  ( i ) ] .  A nother a l iq u o t was reduced , e s t e r i f i e d ,  reduced and 

hy d ro ly sed  as above. The two h y d ro ly sa te s  were s tu d ie d  by paper 

chrom atography [GM I I I  ( i ) ( b ) ] w ith  sprays [GM IV ( i ) ( i i )  ( i v ) ( v ) ] 

and by g . l . c .  [CM V (a) B ( i ) ]  as th e  TMS d e r iv a tiv e s  [CM VII ( v i ) ] .  

The rem ainder o f  th e  e s t e r i f i e d ,  reduced o lig o sa c c h a rid e  was 

met hy l a t  ed"**̂  ̂ (P .c .  1 l ) ,  hydro lysed  [(M I I  ( i ) ]  and th e  hydro ly s a te  

reduced and a c e ty la te d  [(M VII ( v ) ( v i i ) ] .

The r e s u l t in g  p a r t i a l l y  m e thy la ted  a l d i t o l  a c e ta te s  were 

an a ly se d  by g . l . c .  -  m .s. [CM V (a) B ( ii)  C].

Experim ent 11 D esu lphation  o f  th e  m ucilage and I n f r a - r e d  s tu d ie s

D esu lphation  o f th e  p o ly sacc h a rid e  (250 mg) was i n i t i a l l y  

a ttem p ted  u s in g  a l k a l i  [CM VII ( x i i i ) ] ,  t h i s  method on ly  r e s u l te d  

in  th e  p a r t i a l  lo s s  o f su lp h a te  from th e  p o ly sacc h a rid e  (205 mg). i 

An a l iq u o t  (5 mg) o f th e  p a r t i a l l y  d esu lp h a ted  p o ly sacc h a rid e  was 

h y d ro ly sed  [GM I I  ( i ) ]  and th e  h y d ro ly sa te  s tu d ie d  by paper 

chrom atography [GM I I I  ( i ) ( a ) ( b ) ]  and by g . l . c .  as  th e  a l d i t o l  a c e ta te  

d e r iv a t iv e s  [GM V II ( v ) ( v i i ) ] .

M ethanolic  hydrogen c h lo rid e  (O.OBm) was used to  e f f e c t  com plete 

removal o f  th e  su lp h a te  [GM VII ( x i i ) ]  from th e  p o ly sacc h a rid e  

(200 mg, y ie ld  130 mg) .
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I n f r a - r e d  s p e c tra  were run of bo th  the d esu lp h a ted , p a r t i a l l y  

d esu lp h a ted  and th e  o r ig in a l  polym ers as p o ly sacch arid e  f ilm s  on

AgCl p la te s  and a ls o  as KBr d is c s  ] gm V ( b ) ( i i ) [ .

110 120The 3 ,6 -an h y d ro g a lac to se  co n ten t » was determ ined  b efo re  

and a f t e r  d e su lp h a tio n  and was compared w ith a s y n th e tic  m ixture of 

su g ars  xy lose  (3 0 ) , g lucose (2 0 ) , g a la c to se  (3 0 ), g lu cu ro n ic  a c id  f 2 0 ).

Experim ent 12 A u tohyd ro lysis  of the  m ucilage

The m ucilage (2 g) was d is so lv e d  in  w ater (600 ml) and th e  

s o lu tio n  was poured in to  a d ia ly s i s  sac w ith  prewashed IR 120 

r e s in  (20 g) to  co n v ert th e  p o ly sacch arid e  in to  i t s  f re e  a c id  form .

The sac was supported  in  an u p rig h t p o s it io n  in  a beaker o f d e io n ise d  

w ater (3 l ) .  The s o lu tio n  was s t i r r e d  by a m echanical s t i r r e r  and th e  

d ia ly s a te  by a m agnetic s t i r r e r ,  bo th  were kep t a t  70°. As soon as 

th e  c o n c e n tra tio n  o f sugars  o u ts id e  the  sac reached  20 ug /m l, as  

determ ined  by th e  p h e n o l/su lp h u ric  method [GM V l ( i ) ] , f iv e  drops t f  

880 ammonia were added to  the d ia ly s a te  which was th en  changed. The 

ammonia was added to  ensu re  th a t  any a c id ic  or su lp h a ted  fragm ents 

p re se n t in  the  d ia ly s a te  would not hydro lyse  f u r th e r  when the d ia ly s a te  

was c o n c e n tra te d . F ive d ia ly s a te s  were c o l le c te d  esich of 3 1 over a 

p e rio d  o f 3 weeks. Each was c o n c e n tra te d  and an a ly sed  by paper 

chrom atography [ gM I I I  ( i ) ( a ) ( b ) ]  which showed th a t  th ey  were very  

s im ila r  to  each o th e r so th ey  were combined. E le c tro p h o re s is  in  

p y r id in e /a c e t ic  a c id  b u f fe r  pH 6 .7  [GM I I I  ( i i ) ( b ) ]  however showed 

th a t  th e  f i r s t  d ia ly s a te  co n ta in ed  a  sm all amount o f a  n e g a tiv e ly  

charged  sugar d e r iv a t iv e  which was ab sen t from th e  o th e r  f r a c t io n s .
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T h ere fo re  th e  experim ent was rep ea ted  th re e  more tim es hu t on ly  th e  

f i r s t  d ia ly s a te  was r e ta in e d .  The re s id u a l  polym er ( l . 2  g) in  th e  

sac  a f t e r  th e  i n i t i a l  experim ent was recovered  by f i l t e r i n g  o f f  th e  

r e s in  th rough  g la s s  wool and f re e z e -d ry in g  th e  s o lu t io n .  This 

polym er w i l l  h e r e in a f te r  be c a l le d  th e  r e s id u a l  polym er and a l l  

f u r th e r  experim ents on i t  were c a r r ie d  out in  p a r a l l e l  w ith  th e  

o r ig in a l  p o ly sacc h a rid e  from P . aerugineum .

Experim ent 13 N eu tra l o lig o sa c c h a rid e s  from th e  au to h y d ro ly sa te

Three n e u tra l  o lig o sa c c h a rid e s  were se p a ra te d  from th e

d ia ly s a te ,  a f t e r  a u to h y d ro ly s is  o f  th e  m ucilage, by paper

chrom atography [GM I I I  ( i ) ( a ) ]  on Whatman 3MM p a p e r. The degree

o f p o ly m e risa tio n  [CM VI (v i)  ] and th e  o p t ic a l  r o ta t io n s  [GM I  (v ) ]
r

were determ ined  fo r  each except th a t  th e  amount o f o lig o sa c c h a rid e  

I I  was too  sm all to  measure th e  r o ta t io n .  No u ro n ic  a c id  c o n ta in in g  

fragm ents could  be d e te c te d .

The n e u tra l  o lig o sa c c h a r id e s  were each reduced [CM VII (v ) ] and 

s tu d ie d  by e le c tro p h o re s is  in  m olybdate b u f fe r  [CM I I I  ( i i ) ( d ) ] .

The reduced o lig o sa c c h a r id e s  were hyd ro ly sed  [CM I I  ( i ) ] and were 

s tu d ie d  by paper chrom atography [GM I I I  ( i ) ( a ) ( b ) ]  and by g . l . c .  

as th e  TMS d e r iv a t iv e s  [CM V (a) B ( i ) , VII ( v i ) ] .  The o lig o 

sa c c h a rid e s  were hydro lysed  [GM I I  ( i ) ]  and an a ly sed  by paper 

chrom atography [GM I I I  ( i )  (a) (b) ] w ith  sp rays [CM IV ( i ) ( i i ) ( i v ) ]  

and by g . l . c .  as th e  a l d i t o l  a c e ta te  d e r iv a t iv e s  [(M V (a) B ( i i ) ,  

V I l ( v ) ( v i i ) ] .  O lig o sacch arid es  I  and I I I  (p .l lO ) were m ethy lated  

and an a ly se d  as  th e  d e riv e d  a l d i t o l  a c e ta te s .
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Experiment 14 The charged oligosaccharide from the autohydrolysate

The f i r s t  d ia ly s a te  from each o f th e  th re e  a u to h y d ro ly s is  

experim ents were combined and co n c e n tra te d . The charged m olecule 

(900 jig) was se p a ra te d  by e le c tro p h o re s is  in  p y r id in e /a c e t ic  a c id  

b u f f e r  [GM I I I  ( i i ) ( b ) ]  on Whatman 3MM p ap e r.

An a l iq u o t was hydro lysed  [CM I I  ( i ) ]  and th e  h y d ro ly sa te  

s tu d ie d  by paper chrom atography [GM I I I  ( i ) ( a ) ( b ) ]  w ith  sprays 

[GM IV ( i i ) ( i v ) ( v ) ]  and by e le c tro p h o re s is  in  p y r id in e /a c e t ic  a c id  

b u f fe r  [GM I I I  ( i i ) ( b ) ] .  The su lp h a te  [GM VI ( i i i ) ]  was determ ined 

q u a l i t a t i v e l y  on th e  h y d ro ly sa te .

An in f r a - r e d  spectrum  was run  o f th e  o lig o sa c c h a rid e  on a

AgGl p la te  [GM V ( b ) ( i i ) ] .  S im ila r ly  an in f r a - r e d  spectrum  was run

a f t e r  d e su lp h a tio n  o f th e  o lig o sa c c h a r id e  by a l k a l i  [C3VI VII ( x i i i ) ] .
c

The o p t ic a l  r o ta t io n  [CM I  (v ) ] was determ ined  f o r  th e  o lig o sa c c h a r id e .

10 s
The d esu lp h a ted  o lig o sa c c h a rid e  was m ethy la ted  (P .c .  1I) and

th e  d e riv e d  a l d i t o l  a c e ta te s  [GM VII ( v ) ( v i i ) ]  were an a ly sed  by g . l . o .

[GM V (a) B ( i i ) ] .

Experim ent 15 P re lim in a ry  s tu d ie s  on th e  re s id u a l  polymer

The su lp h a te  con ten t [GM VI ( i i i ) ] ,  th e  u ro n ic  a c id  con ten t 

[GM VI ( i i ) ]  Sind th e  methoxyl con ten t (A. B ern h ard t, W. Germany) o f

th e  r e s id u a l  polym er were determ ined .

T h e -v is c o s i t ie s  o f  0, f̂o s o lu tio n s  o f th e  r e s id u a l  and i n i t i a l  

polym ers in  w ate r were determ ined a t  30° and a f t e r  h e a t in g  to  70° 

and a llo w in g  to  cool to  30° ̂  v iscom etry  U—tu b e  (BSS No.2)•

The v i s c o s i t i e s  were compared to  th a t  o f  w a te r . The tim e ta k en  f o r

w a te r to  pass t h r o u ^  t h i s  tube vjas 17 s e c s .
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An a l iq u o t  o f th e  r e s id u a l  polym er was h yd ro ly sed  [GM I I  ( i ) ]  

and th e  h y d ro ly sa te  analysed  by paper chrom atography [GM I I I  ( i ) ( a ) ( b ) ]  

w ith  sp ray s  [GM TV ( i ) ( i i ) ( i v ) ( v ) ] ,  by e le c tro p h o re s is  in  p y r id in e /  

a c e t ic  a c id  b u f fe r  pH 6 .7  [GM I I I  ( i i ) ( b ) ]  and by g . l . c .  as  th e  

a l d i t o l  a c e ta te  d e r iv a tiv e s  [CM V (a) B ( i i ) ,  VII ( v ) ( v i i ) ] .

Experiment 16 Oxidation o f the m ucilage, desulphated mucilage and 

resid u a l polymer with periodate

(a) The polym ers (100 mg) were each s e p a ra te ly  d is so lv e d  in  w ater 

(100 ml) and an eqpial volume o f 10 mM-sodium m etap erio d a te  s o lu t io n  

was added to  each (P .c .  I4) .  A f te r  f re e z e -d ry in g ^ a liq u o ts  from th e  

d e riv e d  p o ly a lco h o ls  [m ucilage (64 mg), d esu lp h a ted  m ucilage (70 mg), 

r e s id u a l  polymer (65 mg)] were hyd ro ly sed  [GM I I  ( i ) ]  and a n a ly se d .

(b) The mwtilage ( 5OO mg) and th e  r e s id u a l  polymer (45O mg) wefe 

s e p a ra te ly  d is so lv e d  in  w ate r (25O ml) and were o x id ise d  w ith  an 

equal volume o f 50 mM -periodate [a s  in  P .c .  14 (b ) ] and th e n  reduced  

to  th e  p o ly a lc o h o ls . The recovered  p o ly a lco h o ls  (372 mg, 3OI mg 

re s p e c t iv e ly )  were re o x id is e d  w ith  10 m M -periodate. N eg lig ib le  

f u r th e r  o x id a tio n  could  be d e te c te d . A liq u o ts  o f  th e  d e riv e d  

p o ly a lc o h o ls  (340 mg, 28l mg re s p e c t iv e ly )  were h yd ro ly sed

[GM I I  ( i ) ]  and th e  h y d ro ly sa te s  a n a ly se d .

Experiment 17 A nalysis o f the po lya lcohols

A liq u o ts  o f th e  p o ly a lco h o ls  d e riv e d  from th e  m ucilage, 

d esu lp h a ted  m ucilage and th e  r e s id u a l  polymer (e x p t.  l6a) were 

s e p a ra te ly  hy d ro ly sed  [O î I I  ( i ) ]  and th e  h y d ro ly sa te s  an a ly sed  by 

p ap er chrom atography [O î I I I  ( i ) ( a ) ( b ) ]  w ith  sp rays [GM IV ( i ) ( i i ) ] .
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by e le c tro p h o re s is  in  p y r id in e /a c e t ic  a c id  b u f fe r  pH 6 .7  [CfM I I I  ( i i )

(b ) ]  and in  m olybdate b u f fe r  pH 5-0 [GM I I I  ( i i ) ( d ) ] ,  and by g . l . c .  

as  th e  a l d i t o l  a c e ta te  d e r iv a t iv e s  [OM V (a) B ( i i ) ,  VII ( v ) ( v i i ) ] .

P a r t o f th e  p o ly a lco h o ls  d e riv e d  from th e  m ucilage and th e  

r e s id u a l  polym er (e x p t. I6b) were m ethy la ted  once [GM V II ( v i i i ) ] ,  

h yd ro ly sed  [CM I I  ( i ) ] ,  reduced and a c e ty la te d  [GM V II (v) ( v i i )  ] 

and th e  r e s u l t in g  p a r t i a l l y  m ethy lated  a l d i t o l  a c e ta te s  were 

an a ly sed  by g . l . c .  -  m .s . [CM V(a) B ( i i ) ( i i i ) C ] .

Experim ent 18 M éth y la tio n  o f th e  m ucilage and th e  re s id u a l  polymer

(a) Hakomori m é th y la tio n

A liq u o ts  (50 mg) o f  th e  m ucilage and th e  re s id u a l  polym er were 

s e p a ra te ly  m ethy la ted  once [GM V II ( v i i i ) ] .  The m ethy la ted  

p o ly sa c c h a rid e s  ( 39mg, 37 mg) were rem e th y la ted  [GM V II ( v i i i ) ] .  A liq u o ts  

(5 mg) o f th e  m e thy la ted  polym ers a f t e r  one and a f t e r  two 

m é th y la tio n s  were h y d ro ly sed  [GM I I  ( i ) ] ,  reduced and a c e ty la te d  

[GM VII ( v ) ( v i i )  ] and th e  d e riv e d  p a r t i a l l y  m e thy la ted  a l d i t o l  

a c e ta te s  were an a ly sed  by g . l . c . - m . s .  [GM V(a) B(ii)(iii)c]. The 

su lp h a te  co n ten t [GM VI (iii)] was determ ined  f o r  each m ethy la ted  

p o ly s a c c h a r id e .

(b) Haworth m e th y la tio n ^^^

The m ucilage (5OO mg) formed a  s lu r r y  in  ace to n e  (5O m l) .

D imethyl su lp h a te  (20 ml) and 30^ NaOH (40 ml) were added s im u ltan e o u sly , 

dropw ise, w ith  s t i r r i n g  over a p e r io d  o f  2 h .  Excess d im ethyl 

su lp h a te  was decomposed and th e  ace tone removed by r a i s i n g  th e  

tem p era tu re  to  85° .  The p a r t i a l l y  m ethy la ted  m ucilage was f i l t e r e d
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and washed w ith  m ethanol, th en  d is so lv e d  in  w a te r, d ia ly s e d  and 

f re e z e —d r ie d .  The p a r t i a l l y  m ethy la ted  p o ly sacc h a rid e  was 

d is so lv e d  in  dim ethyl su lphoxide  (30 ml) ( in s o lu b le  in  THF, ace tone  

and 1,4 -d ioxan ) and 30^ NaOH (20 ml) and dim ethyl su lp h a te  (6 ml) 

were added in  seven p o r tio n s  over 1 day. The m ixture was re f lu x e d  

fo r  1 h , and th e n  mixed w ith  w a te r . The s o lu tio n  was d ia ly se d  and 

th e  p o ly sacc h a rid e  reco v ered  by f re e z e -d ry in g  (302 mg)• The 

su lp h a te  co n ten t [GM VI ( i i i ) ]  and th e  methoxyl con ten t 

(a . B ern h ard t, W. Germany) were determ ined . The m ethy lated  

p o ly sa c c h a rid e  was hyd ro ly sed  [C3/I I I  ( i ) ] ,  reduced  and a c e ty la te d  

[ cm V II (v) ( v i i )  ] and th e  r e s u l t in g  p a r t i a l l y  m ethy la ted  a l d i t o l  

a c e ta te s  were an a ly sed  by g . l . c .  [GM V (a) B ( i i ) ] .

109Experiment 19 A lk a li degradation o f  the m ethylated mucilage ^

An a l iq u o t (50 mg) o f th e  m ucilage a f t e r  one Hakomori 

m é th y la tio n  [(M V II ( v i i i ) ]  was d is so lv e d  in  BMSO (3 ml) and 2.0M- 

carb an io n  (2 ml) [CM VII ( i i i ) ]  was added. The m ixture was l e f t  

s t i r r i n g  o v ern ig h t and th e n  50^  a c e t ic  a c id  (6 ml) was added to  

n e u t r a l i s e  th e  ca rb an io n . The degraded m ethy la ted  p o ly sacc h a rid e  was 

re p e a te d ly  e x tra c te d  w ith  chloroform  u n t i l  no MSO was l e f t  in  th e  

ch loroform  e x t r a c t .  The chloroform  s o lu t io n  was tak en  to  dryness 

and t r e a te d  w ith  50^ a c e t ic  a c id  (IO ml) a t  100° fo r  1 h .  This 

s o lu t io n  was evapora ted  under reduced p re s su re  a t  40° and th e  

r e s u l t in g  syrup re d is s o lv e d  in  w a te r . Sodium b o ro d e u te rid e  (50 mg) 

was added and th e  s o lu tio n  l e f t  o v e rn ig h t . The m ix tu re  was th e n  

t r e a te d  w ith  IR 120 H*̂  r e s in ,  f i l t e r e d  and th e  b o r ic  a c id  removed 

by  re p e a te d  c o d i s t i l l a t i o n  w ith  m ethanol. An a l iq u o t  (25^0 o f th e
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reco v e re d  m a te r ia l  was hydro lysed  [GM I I  ( i ) ] ,  reduced and 

a c e ty la te d  [GM VII ( v ) ( v i i )  ] and th e  r e s u l t in g  a l d i t o l  a c e ta te s  

an a ly sed  by g . l . c . - m . s .  [GM V (a) B ( ii)  C ]. The rem ain ing  

m a te r ia l  (7 5 ^  was rem e th y la ted  once u s in g  t r id e u te r o  m ethyl io d id e  

[GM VII ( v i i i ) ] .  The rem e th y la ted  m a te r ia l  was ag a in  e x tra c te d  

w ith  ch loroform , hydro lysed  [CM I I  ( i ) ] ,  reduced and a c e ty la te d  

and an a ly se d  by g . l . c . - m . s . .

Experim ent 20 M olecu lar s iz e  s tu d ie s

The m ucilage and r e s id u a l  polym er (1 .5  mg each) were s e p a ra te ly  

d is s o lv e d  in  w ate r (3 ml) and la y e re d  onto a  Sepharose 4B column 

(90 X 1.6  cm) as d e sc rib e d  p re v io u s ly  (P .c .  1 7 ).

The m ethy la ted  m ucilage (O.5 mg) a f t e r  one and a f t e r  two Hakomori
r

m é th y la tio n s , and a f t e r  two Haworth m é th y la tio n s  were s e p a ra te ly  

d is so lv e d  in  w ate r (0 .5  ml) and were s e p a ra te ly  la y e re d  onto a 

Sepharose 4B column ( 16.5 x 1.3 cm) as d e sc rib e d  p re v io u s ly  

(P .c .  17).
I

The d e riv e d  p o ly a lco h o ls  o f th e  nracilage and r e s id u a l  polym er 

(0 .5  mg each) a f t e r  o x id a tio n  by p e r io d a te  were s e p a ra te ly  d is so lv e d  

in  w a te r (0 .5  ml) and were s e p a ra te ly  la y e re d  onto a Sepharose 4B 

column ( 16.5 X 1.3 cm) as d esc rib e d  p re v io u s ly  (P .c .  17 ). The 

columns were c a l ib r a te d  as  d esc rib e d  in  P .c .  17 (P ig s . I 8 , 19) .

Experim ent 21 Treatm ent o f th e  p o ly a lco h o ls  o f th e  m ucilage and 
r e s id u a l  polymer w ith  t r i f l u o r o a c e t i c  a c id

The two d e riv e d  p o ly a lco h o ls  ( 15O mg) were s e p a ra te ly  d is so lv e d

in  I .O M -tr if lu o ro a c e t ic  a c id  (28 ml) and were l e f t  s t i r r i n g  a t  room
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te m p e ra tu re . They were th e n  t r e a te d  and an a ly sed  as d e sc rib e d  

in  ( p .c .  18) .

Experim ent 22 Carbodiim ide re d u c tio n  o f  u ro n ic  a c id

The m ucilage and r e s id u a l  polym er (100 mg each) were s e p a ra te ly  

d is so lv e d  in  w ater (lOO ml) and th e  pH a d ju s te d  to  4*75* However 

on a d d i t io n  o f  th e  carbod iim ide re a g e n t, bo th  polymers 

p r e c ip i ta te d  as w ith  P . cruentum (P .c .  19)• The u ro n ic  a c id  

co n ten t was determ ined  [GM VI ( i i ) ]  a f t e r  a d d i t io n  o f b o rohydride , 

d ia ly s i s  and f r e e z e -d ry in g .
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R e su lts  and d is c u s s io n

The e x t r a c e l lu la r  p o ly sacc h a rid e  exuded from th e  red  a lg a  

P . aerugineum , su p p lie d  as th e  Na"*" s a l t  by M arine C o llo id s  I n c . ,  

had a carboh y d ra te  con ten t o f c a . 68^, a u ro n ic  a c id  co n ten t o f c a .

9^, a  su lp h a te  con ten t o f c a . 9^, a  p ro te in  co n ten t o f _ca. 5^ and 

a methoxyl con ten t o f c a . 3*6^. The u ro n ic  a c id  and su lp h a te  

p e rce n tag es  a re  based on th e  carbohydra te  con ten t and th e  o th e rs  

a re  ex p ressed  as p e rce n tag es  by w e ig h t. The a n a ly s is  o f th e  

m ucilage as  determ ined  by M arine C o llo id s  i s  shown in  ta b le  10.

V is c o s ity  experim ents

The v is c o s i ty  o f a 0 .3 5 ^  s o lu t io n  o f th e  m ucilage under v a rio u s  

c o n d itio n s  (e x p t. 2) a re  shown in  ta b le  11. The v i s c o s i ty  rem ains 

re a so n a b ly  s ta b le  u n t i l  an a c id ic  pH i s  reached  when i t  in c re a se s  

c o n s id e ra b ly . *

F ra c t io n a t io n  o f th e  p o ly sacc h a rid e

This was a ttem p ted  u s in g  CETAB (e x p t. l ) , however a n a ly s is  o f  

th e  su p e rn a ta n t showed th a t  no carb o h y d ra te  was p re se n t so i t  was 

assumed th a t  no f r a c t io n a t io n  had tak en  p la c e .  Chrom atographic 

a n a ly s is  o f a  h y d ro ly sa te  o f th e  reco v ered  p o ly sacc h a rid e  a f t e r  

CETAB p r e c ip i ta t io n  when compared to  a  h y d ro ly sa te  b e fo re  

p r e c i p i t a t io n  showed no d if fe re n c e s  between them.

A s o lu t io n  o f  th e  p o ly sacc h a rid e  was opaque, even a f t e r  f i l t r a t i o n  

th rough  m il l ip o re  f i l t e r s ,  so th e  o p t ic a l  r o ta t io n  cou ld  no t be 

d e term ined .
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Table 10

A nalysis o f P. aerugineum by Marine C ollo ids

m ucilage anhydrous

HjO 9.95 -

Ash 8.08 8.97

Na+ 2.03 2.25

K+ 0.001 0.001

Ca^+ 0 .2 5 0 .2 8

Mg^* 0 .03 0.033

N 1.51 1.68

C l" 0 .39 0 .43

S O ^ ^ -(to ta l) 3 .53 3.92

SO ^^"(free) 0 .12 0 .1 3 "

3 ,6 -an h y d ro g a lac to se 2.31 2.56

U ronic a c id  (ca rb azo le ) 8.50 9 .44

C arbohydrate (an th rone) 85.0 9 4 .4
3 -

p o / 0 .33 0 .3 6

Hyamine — _

Table 11

R ela tive  v is c o s i ty  o f a 0 .35^  so lu tio n  of the mucilage

0 .3 5 ^  s o lu t io n

Normal s o lu t io n  (pH 8 .9)
A f te r  h e a t in g  to  70° and co o lin g  to  30° 

A f te r  a u to c la v in g

pH 3.5 
pH 7.0 

pH 8 .9  
pH 11.0

r e l a t i v e  v i s c o s i ty  a t  30

79
103

59
225

77

79
57
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C haracterisation  o f the con stitu en t sugars

The fo llo w in g  sugars were se p a ra te d  as sy rups from a h y d ro ly sa te  

o f  th e  m ucilage .

x y lo se  -  a red u c in g  syrup which had th e  same m o b ility  on paper 

chromatograms and g . l . c .  as x y lo se . The o p t ic a l  r o ta t io n  +18° 

confirm ed th a t  B -xylose was p re se n t ( o f .  D^xylose + 19°).

g a la c to s e  -  a red u c in g  syrup which on paper chromatograms and 

g . l . c .  had th e  same r e te n t io n  tim e as g a la c to s e . The o p t ic a l  

r o ta t io n  o f  +26° ( c f .  D -g a lac to se  + 79°) in d ic a te d  th a t  67^ was 

p re se n t as D -g a lac to se  and 33^ as L -g a la c to se . When g a la c to s e  

ox idase  was used (e x p t. 6) to  determ ine th e  p ro p o r tio n s , 75^ was 

found as D -g a lac to se  and 25^ as th e  L -su g ar.

. g lu cose -  a reducing syrup which had the same re te n tio n  tim e, 

on paper chromatograms and g . l . c .  as g lu co se . The o p tic a l  

r o ta tio n  +56° showed that D -glucose was present ( o f ,  ^ g lu c o s e  + 5 3 ° ) .  

Glucose oxidase confirmed the presence o f  D -glucose.

M ethylated  sugars

3-0 -m ethy lxy lose  and 2 ,4 -d i-O -m e th y lg a lac to se  -  a red u c in g  syrup 

which on paper chromatograms (R^^^ 2.1 in  so lv e n t (a ))  and g . l . c .  had 

th e  same m o b ility  as 3-0-m ethyl x y lo se . In  a d d i t io n  to  3-0-m ethyl 

x y lo se  t h i s  f r a c t io n  a lso  co n ta in ed  a  red u c in g  hexose . A f te r  

d ém éth y la tio n  (e x p t. 7) o f  th e  m ixture xy lo se  and g a la c to se  were 

found th u s  in d ic a t in g  th e  p resence  o f a m ethy la ted  x y lo se  and a 

m e th y la ted  g a la c to s e .  The r e te n t io n  tim e o f  th e  m ethy la ted  g a la c to se  

shows th a t  i t  i s  p robab ly  a  d i-O -m ethyl g a la c to s e .  When an a ly sed  by 

g . l . c . - m . s .  as  th e  d e riv e d  a l d i t o l  a c e ta te  d e r iv a t iv e s  a  3-0-m ethyl
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p en to se  and a  2 ,4-d i-O -m ethyl hexose were c h a ra c te r is e d .  T herefo re  

i t  can be concluded th a t  t h i s  f r a c t io n  c o n ta in s  3-0-m ethyl xy lo se  

and 2 ,4 -d i-O -m ethy l g a la c to s e .

An unknown red u c in g  syrup  1.6 ( in  so lv e n t a) and 1.3

( in  so lv e n t b) was a lso  s e p a ra te d . A f te r  d ém éthy la tion  (e x p t. 7)

on ly  g a la c to s e  could  be d e te c te d  on a  paper chromatogram.

A nalysis  o f  th e  syrup by g . l . c . - m . s .  as th e  d e riv e d  a l d i t o l  a c e ta te  

showed th a t  i t  could  be e i th e r  3 -  o r 4 -0 -m ethyl g a la c to s e . To

show which o f th e se  was p re se n t th e  m ethy la ted  g a la c to se  was reduced

w ith  sodium b o ro d u e te rid e  in s te a d  o f bo rohydride  and th e  product 

was th e n  an a ly sed  as i t s  d e riv e d  a l d i t o l  a c e ta te  by g . l . c . - m . s . .

I f  3 -0-m ethyl g a la c to s e  was th e  i n i t i a l  sugar th e n  fragm ents o f 

m/e 261 and I90 should  be found, and i f  4 -0 -m ethyl g a la c to s e  was 

p re s e n t fragm ents o f  m/e o f 262 eind I 89 should  be found (P ig . 7) •

1 ,2 ,4 ,5 ,6  p e n ta -0 -a c e ty l-

3-0-m ethyl g a l a c t i t o l

1»2 ,3 ,5 16 p e n ta -0 -a c e ty l-

4 -0-m ethyl g a l a c t i t o l

CHDOAc

261_

MeO

AcO

GAc

190

GAc

CH^OAc

CHDOAc

189
AcO

MeO

GAc

-  262 
GAc

CHgGAc

F ragm en ta tion  o f  3 - and 4 -0 -m eth y lg a lac to se

F ig u re  7
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A n aly sis  o f  th e  mass spectrum  showed peaks a t  m/e I 89, 190, 26l 

and 262. This showed th a t  bo th  3 -  and 4-0—methyl g a la c to se  were

p r e s e n t .  The in t e n s i t i e s  o f  th e  peaks in d ic a te d  th a t  app rox im ate ly

equal q u a n t i t i e s  o f  each sugar were p re se n t (P ig . 8 ) .

Mannose was shown to  be absen t in  th e  h y d ro ly sa te  from th e  

r e s u l t s  o b ta in ed  a f t e r  e le c tro p h o re s is  in  b o ra te  b u f f e r .  F ru c to se  

was a ls o  absen t as shown by th e  n eg a tiv e  r e s u l t  o b ta in ed  a f t e r  

development o f a paper chromatogram w ith  u rea  h y d ro ch lo rid e  sp ra y .

R e la tiv e  amounts o f  th e  c o n s ti tu e n t  s u g a rs .

These were determ ined by a n a ly s in g  each f r a c t io n  o f a 

h y d ro ly s a te , a f t e r  s e p a ra t io n  on paper chromatogram s, fo r  i t s  

carb o h y d ra te  con ten t and a ls o  by m easuring th e  peak a re a s  from a 

g.JL .c. t r a c e  o f th e  d e riv e d  a l d i t o l  a c e ta te s  from a h y d ro ly sa te  

(e x p t.  4 and 5)* The r e s u l t s  from th e  two methods and th e  r e te n t io n  

tim es r e l a t i v e  to  x y l i t o l  p e n ta a c e ta te  (t) a re  g iven  in  ta b le  12.

The methoxyl co n ten t (3 . 6^  by w eigh t, 5^ by carbohydrate) shows 

th a t  about 20^ o f th e  re s id u e s  c o n ta in  a methoxyl group which i s  

in  re a so n a b le  agreem ent w ith  th e  f ig u re s  in  th e  t a b l e .

The main d if fe re n c e s  between th e  c o n s ti tu e n t  su gars in  th e  

p o ly sa c c h a rid e s  from P . aerugineum  and P . cruentum is  th a t  th e  

form er co n ta in s  co n s id e ra b ly  more m e thy la ted  su g ars  and g lucose  th a n  

th e  l a t t e r ,  and no 2-O -m ethylglucuronio  a c id  could  be d e te c te d  in  

P . aerugineum  p o ly sa c c h a rid e .
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Table 12

P ercen tag e  p ro p o rtio n s  o f  th e  c o n s ti tu e n t  su gars  in

P . aerugineum

Sugar T

x y lo se  1.0

g a la c to s e  2 .16

g lucose  2.35

3 -0 -m ethy lxy lose  O.58

2 ,4 -d .i-O -m eth y lg a lac to se  1.35

3-  and 4- 0-m e th y lg a la c to se  2.0
(c)o lig o u ro n ic  a c id  ' -

o th e r  o lig o sa c c h a r id e s  -

u ro n ic  a c id  -

Peak a re a

29

11

18

5

11

5

( a ) C arbohydrat e 
co n ten t o f  
e lu te d  f r a c t io n s

29

17

20

5

19

(t)

(b)

(a) Based on 79fo o f  th e  ca rb o h y d ra te .

(b) No s ta n d a rd  sugars were a v a i la b le  so th e  a b so rp tio n  was
read  from a s ta n d a rd  graph o f  th e  f r e e  s u g a r .

(c) C ontains 9*5^ g a la c to s e .

(d) As determ ined  by th e  m -hydroxydiphenyl method.
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C h a ra c te r isa tio n  o f  a ld ob iou ron ic  a c id  (a) (e x p t . 10) .

O ligou ron ic  a c id  (a) (20 mg) (Table 12) was sep arated  from a 

form ic a c id  h y d r o ly sa te . I t  had a s p e c i f ic  r o ta t io n  o f  + 18 .5 °

( o f .  + 1 5 ° ' fo r  th e  a ld ob iou ron ic  a c id  from P. cruentum ). A ll  o th er  

experim ents ca rr ied  out on t h 's  a ld ob iou ron ic  a c id  produced id e n t ic a l  

r e s u lt s  to  th o se  ob ta in ed  fo r  o lig o u r o n ic  a c id  ( 1) sep arated  from a 

h y d r o ly sa te  from P. cruentum ( p .5 3 ) . T herefore t h i s  o lig o u r o n ic  

a c id  (a) can be sa id  a ls o  to  be 3 - 0 -(P -B -g lu co p y ra n o sy lu ro n ic  a c id ) -  

D -g a la c to s e .

P a r t ia l  h y d r o ly s is

V arious c o n d itio n s  fo r  h y d r o ly s is  were t r i e d  in  order to  

determ ine which would y i e ld  th e  maximum amount o f  o lig o s a c c h a r id e s .  

The o n ly  a c id ic  o lig o sa c c h a r id e  found was th e  a ld o b io u ro n ic  a c id  

g lu c u r o n o sy l-g a la c to se  which has a lrea d y  been i s o la t e d  and 

c h a r a c te r is e d . T herefore o n ly  th e  amount o f  n e u tra l o lig o s a c c h a r id e s  

found determ ined which c o n d itio n s  were used , 0 .25M -oxa lic  a c id  gave 

th e  g r e a te s t  amount. The n e u tr a l o lig o sa c c h a r id e s  sep arated  

( a ,  B, C ), to g e th e r  w ith  another i s o la t e d  from a form ic a c id  

h y d ro ly sa te  ( d ) , are shown in  ta b le  13. The uncleaved  polymer 

( 5 4  mg) recovered  a f t e r  p r e c ip i t a t io n  o f  th e  h y d ro ly sa te  w ith  

e th a n o l, showed th e  same su g a rs, a f t e r  com plete h y d r o ly s is ,  as were 

p resen t in  th e  i n i t i a l  m u cilage .



Table 13

N eu tra l o lig o sa c c h a rid e s  i s o la te d  from a p a r t i a l  

h y d ro ly sa te  o f P. aerugineum m ucilage

M o b ility  in  Weight
O lig o sacc h arid e  so lv e n t (b)

D .P.
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Colour when 
developed w ith  
a n i l in e  o x a la te

A 0.45 1.5 mg 2 yellow

B 0 .6 8 1.5 mg 2 p ink

C 0 .8 4 2.0  mg 2 pink

D 1.06 2.0  mg 2 pink

O lig o sacch arid e  (a) was found to  c o n ta in , a f t e r  h y d ro ly s is ,  

D -glucose and g a la c to s e  in  th e  m olar p ro p o rtio n s  1 :1 . The ,  

o lig o sa c c h a r id e , a f t e r  re d u c tio n  and io n o p h o resis  in  molybdate 

b u f f e r ,  had a  m o b ility  o f 0 .49  which in d ic a te s  a 1 —> 4

l i n k a g e . T h e  h y d ro ly sa te  o f th e  d isa c c h a rid e  a l d i t o l  co n ta in ed  

D -glucose and g a l a c t i t o l ,  th u s  showing th a t  th e  o r ig in a l  o lig o 

sa c c h a rid e  was D -glucosyl ( l  —̂  4) g a la c to s e .

O lig o sacch arid e  (b) , a f t e r  h y d ro ly s is ,  co n ta in ed  D -glucose

and x y lo se . Ionophoresis  o f th e  reduced d is a c c h a r id e  gave one

sn o t M 0 .48  which i s  in d ic a t iv e  o f a  1 4 l in k a g e . A nalysis
^  g lu c i to l
o f  th e  h y d ro ly sed  d isa c c h a rid e  a l d i t o l  showed th e  p resen ce  o f  

D -glucose and x y l i t o l .  The o r ig in a l  d is a c c h a r id e  may t e n t a t i v e ly  be 

a ss ig n e d  as  D -g lucosy l ( l  4) x y lo s e .
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O lig o sacch arid e  (c) con ta in ed  ^ g lu c o s e  and xy lo se  a f t e r  

h y d ro ly s is .  Ionophoresis  o f th e  reduced d is a c c h a r id e  gave a spo t 

M g iu c ito i This would seem to  in d ic a te  th a t  h y d ro ly s is  o f

th e  d is a c c h a r id e  had o ccu rred  d u rin g  th e  re d u c tio n  p ro cess  as a 

m o b ili ty  o f  1.05 i s  too  f a s t  f o r  a d is a c c h a r id e . The o r ig in a l  

d is a c c h a r id e  was t e n t a t i v e ly  id e n t i f i e d  as b e in g  a D -g lucosy l x y lo se .

O lig o sacch arid e  (p) showed on ly  th e  p resen ce  o f  xy lo se  a f t e r  

h y d ro ly s is .  Comparison by paper chrom atography o f t h i s  

d is a c c h a r id e  w ith  a u th e n tic  1 ,3 -  and 1 ,4 -1 inked x y lo b io se  showed 

th a t  t h i s  d isa c c h a r id e  was x y lo sy l ( l  —> 3) xy lose  which had been 

found p re v io u s ly  in  P. cruentum p o ly sa c c h a r id e .

D esu lphation  s tu d ie s

D esu lphation  o f th e  m ucilage w ith  a l k a l i  (e x p t. 1l) reduced th e

su lp h a te  con ten t from 9^ to  3*7^, th e  p a r t i a l l y  d esu lp h a ted  f

p o ly sacc h a rid e  was reco v ered  in  87^ y ie ld .  However no new sugars

could  be d e te c te d  in  a h y d ro ly sa te  o f  th e  p a r t i a l l y  d esu lphated

m a te r ia l .  M ethanolic hydrogen c h lo r id e  (0 .08 m) e f fe c te d  com plete

removal o f th e  su lp h a te  (69^ re c o v e ry ) . No 3 ,6 -anhyd ro g a lac to se

was d e te c te d  e i th e r  b e fo re  o r  a f t e r  d e su lp h a tio n  (w ith  a l k a l i  o r w ith

m ethano lic  hydrogen c h lo r id e ) . However i t  should  be p o in ted  out

110 120th a t  th e  c o lo u rim e tr ic  method ’ f o r  e s tim a tio n  o f 3 ,6 -anhydro -

g a la c to s e  is  masked to  a  la rg e  ex ten t by some o f th e  o th e r  su g ars

p re se n t in  th e  m ucilage as shown by com parison w ith  a s y n th e t ic  m ixture 
(e x p t.  1 1 ).

I n f r a - r e d  s p e c tra  o f th e  m ucilage and th e  p a r t i a l l y  d esu lp h a ted  

m ucilage showed absorbances a t  1250 -  1260 cm \  (which i s  

c h a r a c t e r i s t i c  o f  S « 0 s t r e tc h in g  frequency) and a t  850 and 820 c m " \
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The a b so rp tio n  a t  85O cm  ̂ i s  consid ered  to  be due to  h a l f  e s te r

111su lp h a te  group in  an a x ia l  p o s i t io n ,  t h i s  band was d ecreased  

by about h a l f  in  th e  spectrum  o b ta in ed  from th e  m ucilage a f t e r  

p a r t i a l  d e su lp h a tio n . The band o c c u rrin g  a t  820 cm  ̂ i s  thought to  

be due to  p rim ary  h a l f  e s te r  s u lp h a te .  Complete d e su lp h a tio n  removed 

a l l  th re e  a b so rp tio n  bands. No band a t  930 -  940 cm  ̂ was observed 

in  any o f th e  s p e c tra ,  t h i s  a b so rp tio n  i s  c h a r a c te r i s t i c  o f 

3 ,6 -an h y d ro g a lac to se .

115Like P . cruentum and R hodella m aculata  and u n lik e  most o th e r  

su lp h a te d  p o ly sacc h a rid es  th e  su lp h a te  i s  removed by m é th y la tio n  th u s  

making i t  im possib le  to  determ ine th e  s i t e  o f  th e  su lp h a te  by 

a n a ly s is  o f th e  d e riv ed  m ethy la ted  p o ly sacc h a rid e  b e fo re  and a f t e r  

d e su lp h a tio n .

c
Prom th e  d e su lp h a tio n  s tu d ie s  i t  may be concluded th a t  th e  

su lp h a te  which i s  a l k a l i  l a b i l e  occurs m ainly in  an a x ia l  p o s i t io n  

which means th a t  th e  su lp h a te  must be p re se n t on C-4 o f 1 ,3 -1 inked 

g a la c to s e , assum ing th a t  th e  sugars  ta k e  up th e  p re fe r re d  

conform ation  (P ig . 9 )•

The r e s t  o f  th e  su lp h a te  i s  p re se n t on C-6 o f  g lucose  a n d /o r  

g a la c to s e .

These r e s u l t s  a re  d i f f i c u l t  to  e x p la in . The o n ly  su lp h a te  

which should  be l a b i l e  to  a l k a l i  would be on C-2 o r C-3 o f 1 ,4 - l in k e d  

x y lo se , g lucose  o r g a la c to se  and u n le ss  th e se  a re  p re se n t in  th e  

u n fav o u rab le  conform ation such s i t e s  would not be a x i a l .



Conform ations o f  g lucose and g a la c to s e  

F igu re  9

OH

g a la c to s e

H.OH

HO

HO HO
H.OH

g lucose

conform ation

H.OH
CHpn  

oTT

H.OH

OH

HO

g a la c to s e g lucose
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C. conform ation
4

1
However g lucose  and g a la c to s e  2 - s u lp h a te s  have been shown t o  g ive  

anomalous p eak s ,  and i t  i s  p o s s ib l e  t h e r e f o r e  t h a t  th e  s u lp h a te  may be 

p r e s e n t  on C-2 o f  1 , 4 - l i n k e d  u n i t s .
* p'In a d d i t io n

th e  in te rm e d ia te  epoxide r in g  which should  be formed d u rin g  

d e su lp h a tio n  w ith  a l k a l i  should  be c leaved  on b o th  s id e s  to  g ive  

a d d i t io n a l  su gars  a rab in o se  from x y lo se , a l t r o s e  from g lu co se  and 

idose  from g a la c to s e  (F ig . 10)•
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A lk a lin e  d esu lp h ation
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CH O H

H.OHOH
HO

OSO T

H OH

OH
g lu c o se

OH

CH OH

CH^OH

H o V ^ "
OH

H.OH

rose

No ev id en ce o f  th e se  new sugars could  be d e te c te d  on paper 

chromatography or g . l . c . .  However s t e r i c  fa c to r s  in  th e  

po-lysaccharide may have prevented  c leavage  o f  th e  epoxide r in g
t

excep t on th e  s id e  g iv in g  th e  o r ig in a l  su g a r s .

A u toh yd rolysis

The d ia ly s a t e ,  ob ta in ed  by a u to h y d r o ly s is  o f  th e  fr e e  a c id  

form o f  th e  m ucilage in  a d ia ly s i s  s a c , con ta in ed  g lu c o se , 

g a la c to s e ,  x y lo s e , 3 - 0 -m ethyl x y lo s e , 3 -  and 4 - 0 -m e th y lg a la c to se ,

2 , 4 -d i-O -m e th y lg a la cto se  and th r ee  o l ig o s a c c h a r id e s . Small' 

amounts o f  a charged o lig o sa c c h a r id e  were a ls o  found but no 

o lig o u r o n ic  a c id s  or a c id ic  fragm ents were p r e s e n t . D e ta ils  o f  th e  

th r e e  n e u tr a l o lig o sa c c h a r id e s  are  shown in  ta b le  14.
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Table 14

o lig o sa c c h a r id e  I  

o lig o sa c c h a r id e  I I

M o b i l i t y  i n W e i g h t D . P . C o l o u r  w h e n
s o l v e n t d e v e l o p e d  w i t h

(a) (b)
a n i l i n e  o x a l a t e

0.35  ; 0 .40 8 rag 2 y e l l o w

0 .52  ; 0 .74 0 .8  mg 2 p i n k

0 .7 6  ; 0 .90 4 .4  mg 2 p i n k

O lig o sacch arid e  I  had [ a ]^  + 20° and a f t e r  h y d ro ly s is  gave

D -glucose and g a la c to s e . The m o b ility  o f t h i s  d is a c c h a r id e  and

th e  p resence  o f D -glucose and g a la c to s e  in  a h y d ro ly sa te  suggested  th a t

t h i s  was th e  same as d is a c c h a r id e  (a) which had been found e a r l i e r

a f t e r  p a r t i a l  h y d ro ly s is  s tu d ie s  ( p . 105) .  H ydro lysis  o f th e

d is a c c h a r id e  a l d i t o l  gave D -glucose and g a l a c t i t o l .  U n fo rtu n a te ly
*

th e  m é th y la tio n  r e s u l t s  could  not be in te r p r e te d .  I t  would seem 

th a t  t h i s  d is a c c h a r id e  i s  indeed th e  same as th a t  found e a r l i e r ,  

namely D -g lucosy l ( l  —» 4) g a la c to s e .

O lig o sacch arid e  I I ,  a f t e r  h y d ro ly s is ,  gave g lucose  and x y lo se . 

A f te r  re d u c tio n  and h y d ro lj 's is ,  g lu c o se , g lu c i to l  and x y l i t o l  were 

found . No m a te r ia l  was a v a i la b le  f o r  any f u r th e r  s tu d y  bu t i t  may 

be concluded th a t  t h i s  i s  a  g lu c o sy l-x y lo se  which d u rin g  re d u c tio n  i s  

p a r t i a l l y  hydro lysed  and bo th  sugars  red u ced . The m o b ili ty  in  so lv e n t

(b) suggest th a t  t h i s  d isa c c h a r id e  i s  p robab ly  th e  same as o lig o 

sa c c h a rid e  B is o la te d  e a r l i e r .

O lig o sacc h arid e  I I I  had [ a ] g  + 8 . 2 °  and a f t e r  h y d ro ly s is  gave 

D -glucose and x y lo se . The m o b ili ty  o f t h i s  d is a c c h a r id e  in  so lv e n t (b)
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su g g ested  th a t  t h i s  too  was th e  same as th e  d is a c c h a r id e  (c) 

i s o la te d  e a r l i e r  namely D -g lucosy l x y lo se . U n fo rtu n a te ly  th e  

m é th y la tio n  r e s u l t s  could not he in te rp r e te d  so th e  lin k a g e  could  not 

be d e term ined .

The charged o ligosacch arid e from the autohydrolysate

The charged o lig o sa c c h a rid e  was se p a ra te d  by e le c tro p h o re s is  

(e x p t.  14) .  I t  had [ a ] ^  -31° and on h y d ro ly s is  gave g a la c to se  and 

x y lo se . E le c tro p h o re s is  o f th e  h y d ro ly sa te  showed th a t  no charged 

ca rb o h y d ra tes  were p r e s e n t .  Glucose ox idase  and g a la c to se  ox idase  

on th e  h y d ro ly sa te  bo th  gave n eg a tiv e  r e s u l t s .  The r o ta t io n  

in d ic a te d  th e  p resence  of L -g a la c to se  and t h i s  i s  confirm ed by th e  

enziymic r e s u l t s .  The o lig o sa c c h a r id e  gave a p ink  co lo u r when 

developed w ith  a n i l in e  o x a la te  and i t s  m o b ility  in  s o lv e n ts  (a) c

0 .3 4  and (b) 0 .32  and i t s  e le c tro p h o re t ic  m o b ili ty  ( a t  pH

6 .8 ) M „  . 0 .9  sug g est th a t  i t  i s  p robab ly  a d is a c c h a r id e . I tg lc .U .A .
gave a p o s i t iv e  t e s t  f o r  f r e e  s u lp h a te , a f t e r  h y d ro ly s is ,  th e re fo re  

t h i s  o lig o sa c c h a rid e  i s  t e n t a t i v e ly  id e n t i f i e d  as a su lp h a ted  

L -g a la c to sy l-x y lo s e . 1

I n f r a - r e d  s p e c tra  o f t h i s  su lp h a te d  d is a c c h a r id e  showed a sm all 

a b s o rp tio n  band a t  83O cm  ̂ which in d ic a te s  th a t  th e  su lp h a te  is  

p re se n t in  an e q u a to r ia l  p o s i t io n ,  in  c o n tra s t  to  in f r a - r e d  s tu d ie s  

on th e  p o ly sacc h a rid e  which in d ic a te d  a x ia l  and prim ary  su lp h a te  

g ro u p s .

D esu lp h atio n  o f th e  d is a c c h a r id e  by a l k a l i  in  th e  p resen ce  o f 

bo rohydride  r e s u l te d  in  th e  lo s s  o f th e  a b so rp tio n  band a t  83O cm"'*.
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Prom t h i s  i t  can be deduced th a t  th e  su lp h a te  was p re se n t on C—2 o r 

C-3 o f  th e  sugar u n i ts  which in  th e  d isa c c h a rid e  have th e  ^0.  ̂

confo rm ation , but which, as suggested  e a r l i e r ,  may e x is t  in  th e  

confo rm ation  in  th e  p o ly sa c c h a rid e .

M éth y la tio n  o f th e  d isa c c h a r id e  was in c o n c lu s iv e ^ te t r a -0 -  

m e th y lg a lac to se  b e in g  th e  on ly  p a r t i a l l y  m e thy la ted  sugar d e te c te d .

The a n a ly s is  o f t h i s  d is a c c h a r id e  rem ains incom plete bu t i t  i s  

p ro b ab ly  a su lp h a ted  L -g a la c to sy l-x y lo s e .

The re s id u a l  polymer

The r e s id u a l  polym er (ca rb o h y d ra te  con ten t 80^; 60^ by w eight

o f  th e  i n i t i a l  m ucilage) o b ta in ed  a f t e r  au to h y d ro ly s is  o f th e  m ucilage

co n ta in ed  no su lp h a te  bu t th e  u ro n ic  a c id  and methoxyl co n te n ts  had
r

in c re a se d  from 9^ and 3*6^ in  th e  o r ig in a l  m ucilage, to  20^ and 4% 

r e s p e c t iv e ly  in  th e  r e s id u a l  polym er. The in c re a se d  carbohydra te  

c o n te n t,  80^ from 68^, i s  ex p la in ed  by th e  lo s s  o f  9^ su lp h a te  and 

i t s  accompanying m e ta ls .

The v is c o s i ty  o f a 0 .1 ^  s o lu t io n  compared to  th a t  o f w ater 

(17 secs) was 1 .13 , th a t  o f a s im i la r  s o lu t io n  a f t e r  h e a tin g  to  70° 

and co o lin g  to  30° was 1.14» A 0.1% s o lu t io n  o f th e  o r ig in a l  m ucilage 

had a r e l a t i v e  v is c o s i ty  o f 6 and a f t e r  h e a t in g  to  70° i t s  v i s c o s i ty  

was 6 .5  (e x p t.  15).

A f te r  h y d ro ly s is  th e  fo llo w in g  sugars  were found as shown by 

paper chrom atography io n o p h o resis  and g . l . c . : -  x y lo se , D -glucose, 

g a la c to s e , 3-0-m ethyl x y lo se , 3 -  and 4-0-m ethy l g a la c to s e ,

2 ,4 -d i-O -m ethy l g a la c to se  and th e  a ld o b io u ro n ic  a c id ^ 1 ,3 -1 inked
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^ g lu c u ro n o s y l-D -g a la c to s e j which has been c h a ra c te r is e d  p re v io u s ly  

(p .1 0 4 ) . The p ro p o rtio n s  o f th e  su g a rs , as  determ ined  by peak 

a re a s  from a g . l . c .  t r a c e  o f  th e  d e riv e d  a l d i t o l  a c e ta l s ,  a re  

shown in  ta b le  15.

Table 15

C o n s titu e n t sugars  found in  h y d ro ly sa te s  o f th e  r e s id u a l  

polym er and th e  o r ig in a l  m ucilage

Approximate p e rcen tag e  as 
determ ined  by peak a r e a s .

Sugar R esidua l polym e^^^O riginal m ucilage^°^

x y lo se 27.5 29.5

g a la c to s e 7 .5 11.0

g lu co se 7 .0 18.5

3-0 -m ethy lxy lo se 4 .5 5 .0

2 ,4 -d i-O -m e th y lg a la c to se 10.0 11.0

3- and 4 -0 -m e th y lg a lac to se 3.5 5 .0
Ca)

u ro n ic  a c id ' 20.0 9 .0

(a) As determ ined  by th e  m -hydroxydiphenyl m ethod. This i s  
h o ld in g  20% and 9% o f  g a la c to se  in  lin k ag e  from th e  r e s p e c t iv e  

p o ly s a c c h a r id e s .

(b) N eu tra l sugars  should  be 60%

(c) N eu tra l su gars  shou ld  be

S ince th e  r e s id u a l  polym er re p re s e n ts  o n ly  60% o f  th e  i n i t i a l  

p o ly sa c c h a rid e  and th e  u ro n ic  a c id  co n ten t in  i t  has r i s e n  to  20%, 

i t  fo llo w s th a t  th e  40% lo s t  i s  made up e n t i r e ly  o f  n e u tra l  su g a rs . 

The ta b le  g iv es  th e  r e l a t iv e  p e rcen tag es  o f  th e  m onosaccharides 

p re se n t in  th e  h y d ro ly sa te s  o f  th e  r e s id u a l  polym er and th e  o r ig in a l
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m u cilag e . Prom th e  above f a c t s  i t  i s  c le a r  t h a t ,  a p a r t  from th e  

u ro n ic  a c id , a p ro p o rtio n  o f each o f th e  sugars  has been cleaved  

d u rin g  a u to h y d ro ly s is . This was confirm ed by paper chrom atography 

o f th e  d ia ly s a te .  However a g r e a te r  p ro p o rtio n  o f th e  g lucose  and 

g a la c to se  were s p l i t  o f f  in d ic a t in g  th a t  a h ig h e r  p ro p o r tio n  o f 

hexoses th a n  p en to ses  occurs a t  th e  p e r ip h e ry  o f th e  polym er. T h e ir 

removal a p p a re n tly  exposed pen to se  u n i t s  as new non -reducing  end 

groups s in c e  th e  p ro p o r tio n  o f tr i-O n m eth y lx y lo se  i s  co n s id e ra b ly  

h ig h e r  in  th e  m e thy la ted  r e s id u a l  polym er th a n  in  th e  m ethy la ted  

o r ig in a l  m ucilage ( p .122) .

P e r io d a te  o x id a tio n  o f th e  m ucilage, th e  d esu lp h a ted  m ucilage

O x id a tio n  o f th e  m ucilage and th e  d esu lp h a ted  m ucilage (e x p t.

16(a ))  w ith  5 mM -periodate s o lu t io n  r e s u l te d  in  a  re d u c tio n  o f 0 .43
r

moles o f  p e r io d a te  p e r  anhydro u n i t  by each . However th e  o x id a tio n  

o f  th e  su lp h a te d  polym er took  lo n g e r to  reach  com pletion  (F ig . I I ) .

The su lp h a te  con ten t o f th e  d e riv e d  p o ly a lco h o l showed th a t  alm ost all 

th e  su lp h a te  had been removed from th e  i n i t i a l  polym er d u rin g  th e  - 

o x id a tio n  p ro c e s s . A nalysis  o f  th e  d ia ly s a te  d u rin g  th e  p u r i f i c a t i o n  

o f th e  d e riv e d  p o ly a lco h o l showed th a t  f r e e  su lp h a te  was p re se n t in  

th e  d ia ly s a te .  I t  can be concluded th a t  th e  lo n g e r tim e ta k e n  for 

com plete o x id a tio n  o f  th e  su lp h a te d  m ucilage i s  due to  th e  slow 

removal o f  th e  su lp h a te  d u rin g  th e  o x id a tio n  p ro c e s s .

The h y d ro ly sa te s  o f th e  two p o ly a lc o h o ls  were id e n t i c a l ,  each 

c o n ta in in g  th e  fo llo w in g  s u g a r s : -  x y lo se , g lu c o se , g a la c to s e ,

3-0-methyl xylose, 3- and 4-0-methylgalactose, 2,4-di-O^ethylgalactose, 

an aldobiouronic acid, glycerol, erythritol and threitol. Althou^
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( I

e r y t h r i t o l  and t h r e i t o l  cou ld  not be s e p a ra te d  in  any of th e  so lv e n ts  

used  f o r  paper chrom âtograpy, e le c tro p h o re s is  in  m olybdate b u f f e r  

e f f e c t i v e l y  d is t in g u is h e s  th e  tw o. No a c id ic  fragm en ts  o r 

monouronic a c id s  were d e te c te d .
I

G lycero l showed th a t  1 ,4 - l in k e d  x y lo se  was p re s e n t in  th e  

o r ig in a l  polym er and e r y t h r i t o l  and t h r e f t o l  showed th e  p resen ce  o f

1 ,4 - l in k e d  g lu co se  and g a la c to s e .  The absence o f  any a c id ic  

fragm en ts and th e  o ccu rren ce  o f  an a ld o b io u ro n ic  a c id  in d ic a te d  

th a t  th e  u ro n ic  a c id  was lin k e d  th ro u g h  p o s i t io n  C-3 and th a t  i t  

was lin k e d  to  C-3 o f  th e  nex t sug ar u n i t .  This confirm s th a t  th e  

u ro n ic  a c id  i s  p re se n t in  th e  p o ly sa c c h a rid e  as  ^ g lu c u r o n o s y l  ( l  —̂  3) 

D -g a la c to se  w ith  C-3 o f th e  u ro n ic  a c id  in v o lv ed  in  lin k a g e .

f
P e r io d a te  o x id a tio n  o f  th e  m ucilage and th e  r e s id u a l  polym er

O x id a tio n  o f  th e  m ucilage and th e  r e s id u a l  polym er w ith  25 mM- 

p e r io d a te  (e x p t.  l6b) r e s u l t e d  in  a  re d u c tio n  o f  p e r io d a te  p e r  anhydro 

u n i t  o f  0 .55  and 0 .5 9  moles r e s p e c t iv e ly  (F ig . 1 2 ). A f te r  r e d u c tio n  

th e  d e r iv e d  p o ly a lc o h o ls  were reco v e re d  in  y ie ld s  o f  74^ and 6?^ 

r e s p e c t iv e ly  by w e ig h t. A llow ing f o r  th e  lo s s  o f  9^ s u lp h a te  from 

th e  m ucilage t h i s  b r in g s  th e  reco v e ry  o f  o rg a n ic  m a te r ia l  to  Syfo,

The two p o ly a lc o h o ls  had ca rb o h y d ra te  c o n te n ts  o f  44^ and 45^ 

r e s p e c t iv e ly .

R eo x id a tio n  o f  th e  p o ly a lc o h o ls  w ith  5 m M -periodate r e s u l t e d  in

no f u r th e r  re d u c tio n  o f p e r io d a te  p ro v in g  th e  absence o f  a c e ta l
112fo rm a tio n  d u rin g  th e  i n i t i a l  o x id a tio n .
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The in c re a se d  re d u c tio n  o f p e r io d a te  r e s u l t in g  from th e  use o f 

25 mM -periodate in s te a d  o f th e  5 mM s o lu t io n  was p ro b ab ly  due to  

incom plete o x id a tio n  o f  th e  p o ly sacc h a rid e  w ith  th e  weaker s o lu t io n .

H ydro lysa tes o f th e  two above p o ly a lco h o ls  gave th e  same sugars  

and fragm ents as th e  p rev io u s  p o ly a lc o h o ls . The r e l a t i v e  

p ro p o rtio n s  o f  each o f th e  m onosaccharides were determ ined  from th e  

peak a re a s  o f  a g . l . c .  t r a c e  o f th e  d e riv e d  a l d i t o l  a c e ta te s  from 

th e  p o ly a lco h o l o b ta in ed  a f t e r  th e  more com plete o x id a tio n  ( ta b le s  

16, 17) and th e se  a re  compared w ith  th e  r e l a t i v e  p ro p o rtio n s  o f  th e  

su g ars  p re se n t in  h y d ro ly sa te s  o f th e  o r ig in a l  m ucilage and th e  

r e s id u a l  polym er.

Table I 6

Approximate r e l a t i v e  p e rcen tag es  and m olar p ro p o rtio n s  o f  th e  
su g a rs  p re se n t in  P . aerugineum  m ucilage and i t s  d e riv e d   ̂
p o ly a lco h o l

Sugar M ucilage P o lya lcoho l

p e rcen tag e  m olar p ro -  p e rcen tag e  m olar p ro -
p o r tio n p o r t io n

x y lo se 29 1.93 7 0 .47
g a la c to se 11 (20)^ 1.11 28(42) A 2 .8  j

g lucose 18 1.0 15 1.0 1

3 -0 -m ethylxy10se 5 0 .2 8 4 0 .2 7
2 , 4 -d i-O -m eth y lg a lac to se 11 0.61 8 0 .5 3  1
3 - and 4 -0 -m e th y lg a lac to se 5 0 .27 10 0 .6 7  1

u ro n ic  acid^^^ 0 .50 0 .93  ■

fa) As determ ined  by th e  m -hydroxydiphenyl method.

(b) Based on 68^ ca rb o h y d ra te , and lin k e d  to  9^ o f  th e  g a la c to s e .

(c) Based on 44^ ca rb o h y d ra te , and lin k e d  to  14^ o f  th e  g a la c to s e .

(d) F ig u re s  in  b ra c k e ts  in c lu d e  th e  g a la c to s e  r e ta in e d  lin k e d  to  th e
u ro n ic  a c id .
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I t  must be remembered th a t  bound up w ith  th e  u ro n ic  a c id  i s  an 

equal q u a n t i ty  of g a la c to se  which i s  no t h y d ro ly sed  to  th e  in d iv id u a l 

u n i t s .  Allowance has been made f o r  t h i s  in  th e  m olar p ro p o rtio n s  

in  th e  ta b le  by adding  9^ and 14^ to  th e  g a la c to s e  c o n te n ts  in  th e  

o r ig in a l  m ucilage and th e  d e riv e d  p o ly a lco h o l r e s p e c t iv e ly .  I t  

must a lso  be remembered th a t  _ca. 20^ o f  th e  m a te r ia l  has been lo s t  

d u rin g  th e  o x id a tio n  and re d u c tio n . N ev erth e less  i t  i s  c le a r  th a t  

a  much h ig h e r  p ro p o r tio n  o f  xy lo se  has been o x id ise d  th a n  th e  o th e r  

su g ars  and more g lucose  th a n  g a la c to s e .  This i s  to  be expected  as 

about h a l f  th e  g a la c to s e  i s  p re se n t in  th e  a ld o b io u ro n ic  a c id  

g lu cu ro n o sy l ( l  —> 3 )g a la c to s e .

Table 17

Approximate r e la t iv e  p ercen tages and molar p rop ortion s o f  th e  

. sugars p resen t in  th e  r e s id u a l polymer and i t s  d er ived

p o ly a lc o h o l *

r e s id u a l  polym er 

p e rce n tag e  m olar

p o ly a lco h o l 

p e rcen tag e  m olarSugar
I

x y lo se  
g a la c to s e

g lu co se
3 -0 -m ethy lxy lose
2 , 4 -d i-O -m eth y lg a lac to se

3 -  and 4 -0 -m e th y lg a lac to se  
fa)u ro n ic  ac id^  ^

(a) As determ ined  by th e  m -hydroxydiphenyl method.

(b) Based on 80^ carb o h y d ra te , l in k e d  to  20^ g a la c to s e .

(c) Based on 43^ ca rb o h y d ra te , lin k e d  to  35^ g a la c to s e .

(d) Figures in brackets include the galactose found in glucuronosyl 
linkage.

p ro p o r tio n p ro p o r tio n

27.5 3 .9 2.5 0 .55

7 .5  a 3.93 14.0(49) ^ 10.8
(27.5)

7 .0 1.0 4 .5 1.0

4 .5 0 .64 2 .0 0 .4 4
10.0 1.43 3.5 0 .7 7  -

3 .5 0 .5 3.5 0 .77
20 .o(t") 2 .86 35.o(°) 7 .8
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A g a i n  i t  m u s t  b e  r e m e m b e r e d  t h a t  t h e  u r o n i c  a c i d  i s  b o u n d  t o  

e q u a l  q u a n t i t i e s  o f  g a l a c t o s e ,  t h e r e f o r e  i n  t h e  m o l a r  p r o p o r t i o n s  

2 0 ^  a n d  3 5 ^  h a v e  b e e n  a d d e d  t o  t h e  g a l a c t o s e  f i g u r e  i n  t h e  r e s i d u a l  

p o l y m e r  a n d  i t s  p o l y a l c o h o l  r e s p e c t i v e l y .  D u r i n g  t h e  o x i d a t i o n  a n d  

r e d u c t i o n  p r o c e s s  3 3 ^  o f  t h e  m a t e r i a l  h a s  b e e n  l o s t , h o w e v e r  i t  i s  

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

a n d  m u c h  m o r e  g l u c o s e  t h a n  g a l a c t o s e .

T h e s e  r e s u l t s ,  a s  i n  P .  c r u e n t u m  c o n f i r m  t h a t  m u c h  o f  t h e  x y l o s e  

w a s  p r e s e n t  a s  e n d  g r o u p  a n d  1 , 4 - l i n k e d  u n i t s .

T h e  a b s o l u t e  g a l a c t o s e  c o n t e n t  c a n n o t  h a v e  i n c r e a s e d  s o  t h e  

g l u c o s e  a s  w e l l  a s  x y l o s e  m u s t  h a v e  d e c r e a s e d  i n  t h e  p o l y a l c o h o l s .  

L a t e r  w o r k  o n  t h e  m o l e c u l a r  s i z e  o f  t h e  p o l y a l c o h o l s  (p .129) s h o w e d  

t h a t  c o n s i d e r a b l e  d e g r a d a t i o n  o c c u r s  d u r i n g  t h e  o x i d a t i o n  a n d  ^ 

r e d u c t i o n  p r o c e s s e s  s o  i t  i s  p o s s i b l e  t h a t  d u r i n g  o x i d a t i o n  t h e  o t h e r  

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

m o l e c u l a r  w e i ^ t  o l i g o s a c c h a r i d e s  a n d  a r e  s u b s e q u e n t l y  l o s t  d u r i n g  

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

g a l a c t o s e  i n  t h e  p o l y a l c o h o l .

A liq u o ts  o f th e  p o ly a lco h o ls  d e riv e d  from th e  m ucilage and th e  

r e s id u a l  polym er were m e thy la ted  and were an a ly sed  as th e  d e riv e d  

p a r t i a l l y  m e thy la ted  a l d i t o l  a c e ta te s  (e x p t.  1 7 ). The r e s u l t s  a re  

shown in  t a b le  18.
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Table 18

P ercen tages o f  sugars found in  th e  h y d r o ly sa te s  o f  th e  m ethylated

p o ly a lc o h o ls  from th e  m ucilage and th e  r e s id u a l polymer

Sugar •1 (a) m u c ilag e ' ‘ r e s id u a l  pc

2 ,4 -d i-O -m ethy l xy lose 4 8

2 ,3 ,4 ,6 - te tra -O -m e th y l g a la c to se 23 25

2 , 4 , 6 - tr i-O -m e th y l hexose 27 16

2 , 3 , 6 - tr i-O -m e th y l hexose 19 18

2 , 6-d i-O -m ethy l hexose 19 28

6 -0 -m ethyl hexose 8 5

.(b)

(a) P o ly a lc o h o l recovered  in  8 3 ^ y ^ e ld , carbohydrate conten t

(b) P o ly a lc o h o l recovered  in  6?^ y i e ld ,  carbohydrate conten t 45^«

r
When a n a ly s in g  th e se  r e s u l t s  i t  must be remembered th a t about 

some 20 and 30^ r e s p e c t iv e ly  o f  th e  m a te r ia ls  are l o s t  during the  

o x id a tio n  p r o c e ss . The presen ce  o f  2 , 3 ,4 » 6 -te tra -O -m eth y l g a la c to s e  

may be p a r t ia l ly  due to  3 -0 -m ethyl g a la c to s e  and 2 ,4 -d i-O -m ethyl 

g a la c to s e  occu rrin g  as end groups in  th e  o r ig in a l  polym ers. S im ila r ly  

part o f  th e  2 , 3 , 6 -tr i-O -m eth y l hexose may be due to  th e  presen ce  o f

1 ,4 - l in k e d  3 -0 -m e th y lg a la c to se . However during th e  m éth y la tion  

p ro cess  a la r g e  amount o f  degrad ation  occurs and i t  i s  t h i s  which 

probably accounts fo r  a la rg e  amount o f  th e  2 ,3 ,4 ,6 -te tra r O -m e th y l-  

g a la c to s e ,  in d ic a t in g  th a t a la r g e  number o f  non-reducin g g a la c to se  

u n it s  are exposed as end groups during t h i s  d egrad ation .

M éth y la tio n  o f th e  m ucilage and r e s id u a l  polymer

The m ucilage and th e  r e s id u a l  polym er were m ethy la ted  (e x p t.  1 8 (a ) ) ,  

and were a n a ly se d , a f t e r  h y d ro ly s is ,  by g . l . c . - m . s .  as  th e  d e riv e d
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a l d i t o l  a c e ta te  d e r iv a t iv e s .  The percen tage r e la t iv e  p rop ortion s  

o f  th e  p a r t ia l ly  m ethylated  sugars are shown in  ta b le  19.

Table 19

P a r t i a l l y  m e thy la ted  sugars found in  th e  h y d ro ly sa te  o f 

P . aerugineum  m ucilage and th e  re s id u a l  polym er a f t e r  m é th y la tio n

Sugar m ucilage r e s id u a l

io io

2 , 3 ,4 -tr i-O -m e th y l x y lo se 14 24

2 , 3 ,4 ,6 - te tr a -O -m e th y l g lu c o se 5
13

2 ,4 -d i-O -m eth y l x y lo se 7

2 , 3 ,4 ,6 - te tr a -O -m e th y l g a la c to s e 10
26

2 , 3 - d i7-0 -m ethyl x y lo se 12

2 , 4 , 6- tr i-O -m e th y l hexose 21 14

2 , 3 , 6 -tr i-O -m e th y l hexose 15 7

2 , 6 -d i-O -m eth yl hexose 12 15

6-monomethyl hexose 5 1

No m ethylated  u ron ic  a c id  could  be d e te c te d  on g . l . c . ,  however 

io n o p h o res is  in d ic a te d  th e  p resen ce  o f  a m ethylated  a ld o b io u ro n ic  

a c id  in  a h y d ro ly sa te  o f  th e  m ethylated  p o ly sa cc h a r id e .

The p ro p o rtio n  o f  1 ,3 - lin k e d  to  1 ,4 - lin k e d  u n its  i s  ap proxim ately  

e q u a l.

The 2 , 3 ,4 ,6 -te tr a -O -m e th y l g a la c to s e  cou ld  have o r ig in a te d  from 

e it h e r  o f  th e  m ethylated  g a la c to se s  or g a la c to s e  i t s e l f  as end group. 

However th e  h igh  p rop ortion  o f  end group to  branch p o in t may be 

ex p la in ed  as fo r  P . cruentum (p . 6 8 )  i . e .  th a t  a c e r ta in  amount o f



123

a lk a l in e  d eg ra d a tio n  occurs d u rin g  m é th y la tio n . This i s  s u b s ta n t ia te d  

by th e  change in  m olecu lar s iz e  which occurs d u rin g  m é th y la tio n  

(P ig . 13).

These r e s u l t s  show th a t  x y lo se  i s  p re se n t in  th e  p o ly sacc h a rid e  

and r e s id u a l  polymer as end groups, 1 ,3 -  and 1 ,4 - lin k e d  u n i t s ;  

g lucose  and g a la c to s e  a re  p re se n t as end groups, 1 ,3 - l in k e d  and

1 ,4 - l in k e d  u n i t s  and branch p o in t s .

The on ly  m ajor d if fe re n c e  between th e  h y d ro ly sa te s  o f th e  two

m ethy la ted  polym ers (Table 19) i s  th e  r e l a t i v e  in c re a s e  in  end group

xy lo se  and a d ecrease  in  th e  p ro p o rtio n s  o f 1 ,3 -  and 1 ,4 - l in k e d  hexoses

in  th e  r e s id u a l  polym er. As 40^ o f th e  p o ly sa c c h a rid e  was hyd ro lysed

d u rin g  a u to h y d ro ly s is  th e  above r e s u l t s  in d ic a te  th a t  g lucose  and

g a la c to s e  were p r e f e r e n t i a l l y  c leaved  from xy lose  u n i t s  le a v in g  th e
«

l a t t e r  as  end g roups. The r e s u l t s  a lso  in d ic a te  th a t  th e  r e s id u a l  

polym er has s h o r te r  chains th a n  th e  m ucilage, t h i s  was l a t e r  borne out 

by s tu d ie s  on th e  m o lecu la r s iz e  o f th e  two (P ig . 14)•

The su lp h a te  was removed d u rin g  m é th y la tio n  th u s  making i t  

im possib le  to  determ ine th e  s i t e  o f th e  su lp h a te  by s tu d y in g  th e  

m e thy la ted  p o ly sacc h a rid e  o b ta in ed  b e fo re  and a f t e r  d e su lp h a tio n .

As a r e s u l t  o f t h i s  a d i f f e r e n t  m é th y la tio n  p rocedure  was used to  t r y  

and m e th y la te  th e  p o ly sacc h a rid e  w ithou t removing th e  su lp h a te  (e x p t. 

1 8 (b ) ) • However a f t e r  two Haworth m é th y la tio n s  th e  methoxyl co n ten t 

in d ic a te d  th a t  on ly  47^ o f th e  re s id u e s  were com ple te ly  m e th y la ted , 

a n a ly s is  o f th e  h y d ro ly sa te  by g . l . c .  confirm ed th a t  a la rg e  number o f  th e  

u n i t s  were unm ethy la ted . The m o lecu la r s iz e  showed th a t  co n s id e ra b le  

d e g ra d a tio n  had o ccu rred  (P ig . 15)* The su lp h a te  co n ten t had d ecreased
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from 9^ to  3^ so no more in fo rm a tio n  as to  th e  s i t e  o f  th e  su lp h a te  

could  he o b ta in ed  from t h i s  experim ent.

A lk a li d eg rad a tio n  o f th e  m ethy la ted  m ucilage

A fte r  a l k a l i  d e g rad a tio n  o f th e  m ethy la ted  p o ly sa c c h a rid e  (e x p t.

19) and a n a ly s is  by g . l . c . - m . s .  th e  same p a r t i a l l y  m ethy la ted  sugars 

were d e te c te d  as were p re se n t in  th e  p o ly sacc h a rid e  a f t e r  one 

Hakomori m é th y la tio n  and in  app rox im ate ly  th e  same p ro p o r tio n s .

A fte r  re m e th y la tio n  w ith  t r id e u te r o  m ethyl io d id e  no d e u te ra te d  

p a r t i a l l y  m ethy la ted  sugars  were d e te c te d . This may be because th e  

p ro p o r tio n  o f  th e se  sugars a re  so sm all when compared to  th e  m ethy la ted  

sugars  p re se n t a f t e r  th e  f i r s t  m é th y la tio n . I t  i s  p robab le  th a t  

c o n s id e ra b le  a l k a l i  d e g ra d a tio n  ta k e s  p la c e  d u rin g  th e  f i r s t  Hakomori 

m é th y la tio n , as shown by m olecu lar s iz e  ( f ig .1 3 ) ,  and th a t  th e
*

subsequent d eg rad a tio n  p ro cess  has l i t t l e  f u r th e r  e f f e c t  on th e  

polym er. This i s  confirm ed by s tu d y in g  th e  m olecu lar s iz e  o f th e  

p o ly sa c c h a rid e  a f t e r  a second Hakomori m é th y la tio n  (which should  

a l k a l i  degrade th e  p a r t i a l l y  m eth y la ted  p o ly s a c c h a r id e ) . This 

in d ic a te s  th a t  f u r th e r  d e g ra d a tio n  o f th e  polym er does occur bu t i t  i s  

on ly  sm all when compared to  th e  d e g ra d a tio n  which occurs d u rin g  th e  

f i r s t  m é th y la tio n  p ro ced u re .

C arbodiim ide re d u c tio n

As f o r  P. cruentum th e  p o ly sa c c h a rid e  p r e c ip i ta te d  as soon as  

th e  carbod iim ide  reag en t was added w ith  no change in  pH o c c u rr in g  

(e x p t.  2 2 ). A f te r  trea tm e n t w ith  b o ro h y d rid e , d ia ly s i s  and f r e e z e -  

d ry in g  no change in  th e  u ro n ic  a c id  co n ten t was d e te c te d .
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M olecu lar s iz e  s tu d ie s

E lu tio n  o f th e  m ucilage and re s id u a l  polymer from a Sepharose 4B 

column ( f ig s .  l8 , 19) (e x p t. 20) showed th a t  th e  form er had a 

m olecu la r w eight o f 5 x 10^ and th e  l a t t e r  had a wide m olecu lar w eight 

d i s t r i b u t io n  w ith  a maximum c o n c e n tra tio n  o c c u rrin g  a t  1 x 10^

( f i g .  14) .  S ince 40^ o f  th e  carbohydrate  (by w eight) was lo s t  

d u rin g  th e  a u to h y d ro ly s is  i t  fo llow s from th e  r e l a t i v e ly  sm all change 

in  m o lecu la r s iz e  th a t  a co n s id e ra b le  p ro p o r tio n  o f th e  lo s s  o ccu rred  

from th e  p e r ip h e ry  o f th e  m olecule and th a t  an average o f on ly  about 

fo u r  c leavages o f th e  m acromolecule o ccu rred  a lo n g  i t s  backbone.

M olecular s iz e  s tu d ie s  o f th e  m ucilage a f t e r  one and a f t e r  two

Hakomori m é th y la tio n s  (P ig . 13) showed th a t  ex te n s iv e  d eg rad a tio n

had o ccu rred  even a f t e r  one m é th y la tio n . A fte r  two m é th y la tio n s  th e
€

m a jo r ity  o f  th e  polym er had a m olecu lar w eight o f on ly  30 ,000.

A f te r  two Haworth m é th y la tio n s  a v ery  broad  m olecu lar w eight 

d i s t r i b u t io n  i s  found (P ig . 15)•

The p o ly a lco h o ls  d e riv e d  from P . aerugineum and th e  r e s id u a l  

polym er a re  shown, a f t e r  passage down a Sepharose 4B column (P ig s . I 6 , 

17) . Some d eg rad a tio n  o f th e  m ucilage has o ccu rred  d u rin g  p e r io d a te  

o x id a tio n  bu t th e re  is  s t i l l  a s u b s ta n t ia l  amount o f h igh  m olecu lar 

w eight m a te r ia l .  The r e s id u a l  polym er p o ly a lc o h o l, on th e  o th e r  hand, 

shows th a t  a la rg e  amount o f d e g ra d a tio n  has ta k e n  p la c e  and th e  

m a jo r ity  o f  th e  m a te r ia l  has a m olecu lar w eight o f  around 10,000.

A f te r  tre a tm e n t o f  th e  two p o ly a lco h o ls  w ith  1.O M -tr if lu o ro a c e tic  

a c id  a t  room tem p era tu re  (c o n d itio n s  which shou ld  h y d ro ly se  th e  a c e ta l  

l i n k a g e s ) ^ t h e  m olecu la r w e i ^ t  o f  th e  p o ly a lco h o l d e riv e d  from th e
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r e s id u a l  polymer remained con stan t a t about 10,000 but th e  p o ly a lc o h o l

d er ived  from th e  m ucilage had d ecreased  from 3 x 10^ to  30,000

(as shown by a Sepharose 4B column and a ls o  by HPLC) (P ig s .  16, 17, 5)

These experim ents appear to  in d ic a te  th a t P. aerugineum  

p o ly sa cch a r id e  has a r e p e a tin g  u n it  o f  30 ,000  although  th e  r e s u l t s  

from th e  r e s id u a l polymer su ggest a r e p e a tin g  u n it  o f  10,000 ( i . e .  

about 5 0  sugar u n i t s ) . They a ls o  show th a t a la rg e  ex ten t o f  

d egrad ation  occurs during th e  Hakomori m éth y la tio n  p r o c e ss .
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E lu tio n  p a tte r n s  from Sepharose 4B o f  m ethylated  m ucilage from P.aerugineum
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Figure 14
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E lu tio n  p a tte r n s  from Sepharose 43 o f  m ethylated  P, aerugineum m ucilage
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Fi^^ure 16
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E lu t io n  p a t t e r n s from Sepharose 42 o f  r e s id u a l  polymer po lya lcoho l
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Figure  18
E lu t io n  p r o f i l e s  from Sepharose 43: column 132
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T r i f l u o r o a c e t i c  a c id  t r e a t e d  p o ly a lc o h o ls

A n a ly s is  o f  h y d ro ly s a te s  o f  th e  two p o ly a lc o h o ls  a f t e r  t re a tm e n t  

w ith  1.O M -tr i f lu o ro a c e t ic  a c id  showed th a t  th e  same sugars  were 

p re s e n t  in  each and, as expec ted , th e  p ro p o r t io n s  o f  th e s e  sugars  

were th e  same as  b e fo re  t r i f l u o r o a c e t i c  a c id  h y d r o ly s i s .  Although 

t h e r e  were a l so  t r a c e  q u a n t i t i e s  o f  g ly c e r o l ,  e r y t h r i t o l  and t h r e i t o l  

th e s e  were v e ry  sm all i n d i c a t i n g  th a t  th e  a c id  had h yd ro ly sed  th e  

m a jo r i ty  o f  th e  a c e t a l  l i n k a g e s .

I t  i s  d i f f i c u l t  to  e x p la in  th e  apparen t la c k  o f  change in  s i z e  

o f  th e  m olecules o f  th e  p o ly a lco h o l  from th e  r e s id u a l  polymer on 

t re a tm e n t  w ith  t r i f l u o r o a c e t i c  a c i d .  I t  can on ly  be assumed t h a t  th e  

p e r io d a te  o x id ise d  u n i t s  were on th e  p e r ip h e ry  o f  th e  m olecules  and 

t h a t  a m olecule o f  m o lecu la r  w eight 10,000 r e p r e s e n t s  a  p o r t i o n  o f  th e
t

o r i g i n a l  m a te r ia l  which i s  immune to  p e r io d a te .

C onclusions

The p o ly sa c c h a r id e  exuded by th e  red  a lg a  Porphyridium aerugineum

has an  apparen t  m o lecu la r  w eight o f  5 x 10^. This h igh  va lue  however
128could  be due to  a g g re g a t io n  o f  m olecu la r  c h a in s .  I t  co n ta in s  th e

fo l lo w in g  s u g a r s : -  D -xylose , ^  and L -g a la c to se ,  D -glucose ,

D -g lucu ron ic  a c id ,  3 -  and 4 -0 -m e th y lg a la c to s e ,  2 , 4 -d i-O -m e th y lg a la c to se ,  

3 -0 -m ethy lxy lose  i n  th e  molar p ro p o r t io n s  1 .7 :  1 .1 : 1 .0 :  0 . 5 :  0 .6 :  0 . 3 :  0 .3 ,  

I t  a l s o  c o n ta in s  9^ s u lp h a te ,  9^ g lu c u ro n ic  a c id ,  3*6^ methoxyl and 6^ 

p r o t e i n .  The g a la c to s e  i s  p re s e n t  as  75^ in  th e  D-form and 25^ as  th e  

L - s u g a r •
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M éth y la t io n  and p e r io d a te  s tu d ie s  gave e s s e n t i a l l y  s im i l a r  r e s u l t s  

and showed t h a t  x y lo se  i s  p re s e n t  as end groups, 1 ,3 -  and 1 ,4 - l in k e d  

u n i t s ,  g lucose  and g a la c to s e  a r e  p re s e n t  as  end groups, 1 ,3 -  and 1 ,4 -  

l in k e d  u n i t s  and a l s o  as 1 ,3 ,4 - l i n k e d  branch  p o i n t s . The u ro n ic  a c id  

i s  1 ,3 - l in k e d  and on ly  occurs  l in k e d  to  C-3 o f  D -g a la c to se ,  e i t h e r  in  

chains  o r  a t  b ranch  p o in t s .

Some o f  th e  s u lp h a te  was shown to  be p re s e n t  on L - g a l a c t o s y l -

x y lo se ,  p o s s ib ly  on 0-2 o r  C-3 o f  th e  g a la c to s e  r e s id u e .  In

c o n t r a s t  i n f r a  re d  s tu d ie s  on th e  m ucilage in d i c a te d  t h a t  su lp h a te  i s

p re s e n t  on C-4 and C-6 o f  th e  hexose u n i t s  w ith  th e s e  in  th e  '^Ĉ

con fo rm ation .  I f ,  however th e s e  u n i t s  a r e  h e ld  i n  th e  ^C conform ation
4

in  th e  p o ly sa c c h a r id e  th e n  th e  s u lp h a te  could  be lo c a te d  on C-2 o r C-3 

( i n  a d d i t io n  to  C-6) o f  th e  hexose u n i t s .  This would ag ree  witft th e  

i n f r a  re d  r e s u l t s  and a l s o  w ith  a l k a l i  l a b i l i t y  o f  th e  s u lp h a te .

A u tohydro ly s is  removed 40^ o f  the  n e u t r a l  s u g a rs ,  however the 

com position  o f  the  r e s id u a l  polymer, a p a r t  from the  u ro n ic  a c id  c o n te n t  

which had doubled, was s im i la r  to  the  i n i t i a l  m ucilage . The m olecu la r  

weight was reduced  from 5 x 10^ to  1 x 10& in d i c a t i n g  the  h y d ro ly s is  of 

a  minimum of fo u r  g ly c o s id ic  l i n k s  a t  r e g u la r  i n t e r v a l s .  However many 

more l in k a g e s  cou ld  have been h yd ro ly sed  had th e  h y d ro ly s is  o ccu rred  a t ,  

fo r  example, only th e  p e r ip h e ry  of the  m olecu le .  From t h i s  ev idence  i t  

may be concluded  th a t  th e  g lu c u ro n ic  a c id  (a s  g lu c u ro n o s y l -g a la c to s e )  

only  occurs  on th e  i n t e r i o r  o f  th e  m olecule and not on th e  s id e  c h a in s .
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Comparison of the  m ucilages  from P.cruentum and P.aerugineum

I t  i s  c l e a r  from th e se  s tu d ie s  t h a t  the  p o ly s a c c h a r id e s  from 

P. aerugineum and P. cruentum m ucilages a re  branched  m olecules which 

have no simple r e p e a t in g  u n i t .  However c e r t a i n  s t r u c t u r a l  f e a t u r e s  have 

emerged which a re  common to  b o th .  A ll  th e  g lu c u ro n ic  a c id  i s  

g ly c o s i d i c a l l y  l in k e d  to  C-3 o f  g a la c to s e  and t h i s  a ld o b io u ro n ic  a c id  

appea rs  to  be a  fundam ental s t r u c t u r a l  u n i t  in  bo th  p o ly s a c c h a r id e s .

Other s t r u c t u r a l  f e a t u r e s  a re  xy lose  l in k e d  t o  C-3 of a second xy lose  

u n i t ,  1 ,4 - l in k e d  x y lo se ,  1 ,4-»  1 »3- and 1 ,3 ,4 - l i n k e d  g lucose  and 

g a la c to s e  u n i t s  .

The main d i f f e r e n c e s  between the  two m ucilages a re  t h a t  the  

mucilage from P. aerugineum c o n ta in s  a  much h ig h e r  p ro p o r t io n  of 

m e th y la ted  su g a rs ,  the  s u lp h a te  in  c o n t r a s t  to  t h a t  of P. cruen tum , 

i s  p a r t i a l l y  a l k a l i  l a b i l e  and i t  forms much more v isco u s  s o lu t io n s  

th a n  th e  mucilage from P. cruentum . Furtherm ore no 2 -0 -m eth y lg lu cu ro n ic  

a c id  co u ld  be d e te c te d  in  P. aerugineum m ucilage . The d i f f e r e n c e  in  

th e  v i s c o s i t y  may be due to  the  d i f f e r e n t  confo rm ations  of th e  two 

p o ly sa c c h a r id e s  which was i n d i c a te d  by s tu d ie s  on th e  p o s i t i o n  of th e  

su lp h a te  g roups .

F in a l ly  i t  must be remembered t h a t  a l l  th e  a n a ly se s  a re  based  on 

th e  average o f th e  m olecules p re s e n t  and t h a t  th e se  p o ly sa c c h a r id e s  

p robab ly  belong  to  two f a m i l i e s  o f  polymers each  w ith  the  same g e n e ra l  

p la n  bu t d i f f e r i n g  in  f in e  d e t a i l s .
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Appendix I  S t r u c t u r a l  s tu d ie s  on a p u r i f i e d  fuco idan

A sample o f  a p a r t i a l l y  d e su lp h a ted  fu co id an  (ca rb o h y d ra te  

con ten t  73^» su lp h a te  con ten t  8^, y i e l d  30^  o b ta in e d  a f t e r  t re a tm e n t  

o f  th e  o r i g i n a l  p u r i f i e d  fu co id a n  A (ca rb o h y d ra te  con ten t 54^» 

s u lp h a te  co n ten t  3 1 ^  w ith  d im ethy lsu lphox ide^^^  was m e thy la ted  once 

by th e  Hakomori method. The p a r t i a l l y  m e thy la ted  sugars  p re s e n t  

were c h a r a c te r i s e d  as  t h e i r  a l d i t o l  a c q t a te s  by g . l . c . - m . s . .   ̂ •

Comparison o f  th e s e  su g ars  w ith  th e  p a r t i a l l y  m e thy la ted  sugars  found 

in  th e  m e thy la ted  o r i g i n a l  fu co id an  A (one Hakomori, t a b l e  20) show 

t h a t  a  l a r g e  p r o p o r t io n  o f  th e  unm ethy la ted  fucose  has d isap p ea red

Table 20

P a r t i a l l y  m e thy la ted  su g ars  found in  a  fu co id a n  and i t s  

p a r t i a l l y  d e su lp h a ted  d e r iv a t i v e  a f t e r  m é th y la t io n  *

Sugar Fucoidan D esulphated

2 , 3 , 4 - t r i -O -m e th y lfu c o s e 5 .0 ^ 18.4^

2 , 3-d i-O -m ethy lfucose 7.4% 2 6 . 2%

2 , 4 -d i-O -m ethy lfucose t r a c e t r a c e

2-0-m ethy lfucose S.9% 14.0^

3 -0 -m ethy lfucose 11.% 41 .4#

unm ethy la ted  fucose 4 5 .2 ^ t r a c e

and th e  p ro p o r t io n  o f  2 , 3 -d i-0 -m e th y l  fucose  has in c re a s e d  

c o n s id e ra b ly  i n  th e  h y d ro ly sa te  from th e  d esu lp h a te d  fu c o id a n s .

This i s  th e  f i r s t  tim e t h i s  d im ethyl sugar has been c h a r a c t e r i s e d  as  

a  p roduct from m eth y la ted  fu co id a n  p ro v id in g  d e f i n i t e  p ro o f  o f  

1 ,4 - l i n k a g e s .
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132E a r l i e r  work had in d i c a te d  t h a t  th e  fucose  u n i t s  were m ain ly
✓ 1 "̂ 11 ,2 - l in k e d  w ith  s u lp h a te  on C-4. L a te r  Cote i s o l a t e d  bo th  1 ,2 -  

and 1 ,4 - l in k e d  d is a c c h a r id e s  to g e th e r  w ith  t r a c e s  o f  th e  1 ,3 - l in k e d  

d is a c c h a r id e  from a p a r t i a l  h y d ro ly s a te  o f  a  fu co id a n .  These 

s tu d ie s  confirm  th e  r e s u l t s  o f  bo th  p rev io u s  i n v e s t i g a t i o n s .  The 

3 -0-m ethyl fucose  could  be d e r iv e d  from 1 ,2 - l in k e d  u n i t s  s u lp h a te d  

o r b ranched  a t  C-4 o r  from 1 ,4 - l in k e d  u n i t s  su lp h a te d  o r  b ranched  a t  

C-2. The 2 , 3-d i-O -m ethy l sugar  in d i c a t e s  a  re a so n a b le  p ro p o r t io n  

o f  1 ,4 - l in k e d  r e s id u e s .

In  n e i t h e r  o f  th e  h y d ro ly s a te s  does th e  p ro p o r t io n  o f  end group 

correspond  to  th e  p ro p o r t io n  o f  b ranches  bu t t h i s  cou ld  be ex p la in ed  

by lo s s  o f  th e  t r i - 0 - m e th y l  fucose  d u r in g  c o n c e n t r a t io n  o f  th e  

h y d ro ly s a te  as t h i s  i s  v e ry  v o l a t i l e .

ff
M olecu lar  s i z e  s tu d ie s  o f  th e  two p o ly sa c c h a r id e s  b e fo re  and 

a f t e r  m é th y la t io n  on a  Sepharose 4B column (F ig s .  2 0 ,2 l) show t h a t  

th e  m é th y la t io n  p rocedure  does not degrade th e  m olecules to  any 

a p p re c ia b le  e x t e n t .  However d e s u lp h a t io n  had reduced th e  m olecu la r  

w eight from 250,000 to  20,000 in d i c a t i n g  t h a t  some d e g ra d a t io n  

occurs  d u r in g  th e  d e s u lp h a t io n  p ro cess  and t h i s  i s  su p p o r ted  by th e  \ 

in c re a s e  i n  end group i n  th e  m e th y la ted  d esu lp h a ted  p o ly s a c c h a r id e .
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Appendix I I

M éth y la t io n  o f  s t a r c h  e x t ra c te d  from Chroomonas s a l i n a

A sample o f  p u r i f i e d  s t a r c h  from th e  a lg a  Chroomonas s a l i n a  

was o b ta in ed  from Dr. N.J* A n tia ,  F i s h e r i e s  Research Board,

Vancouver, Canada. The s t a r c h  was m e thy la ted  once by th e  Hakomori 

method. The r e s u l t i n g  m ethy la ted  polymer was ana ly sed  as th e  

d e r iv e d  p a r t i a l l y  m ethy la ted  a l d i t o l  a c e ta t e s  by g . l . c . - m . s .  This 

showed th e  p resence  o f  th e  fo l lo w in g  sugars  in  th e  m e thy la ted  s t a r c h ;  

2 ,3 ,4 ,6 - te t ra -O -m e th y lg T u c o se ,  2 ,3 ,6 - t r i -O -m e th y lg lu c o s e  and

2 , 3 -d i-O -rae thy lg lucose .  The r a t i o  o f  1 ,4 - l in k e d  g lucose  to  1 ,4 ,6 -  

l in k e d  branch  p o in t s  was 15: 1••
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Appendix I II

P re lim in ary  s tu d ie s  on th e  p o ly sa cch a r id es  e lab ora ted  by th e  red  

a lg a e  C on stantin ea  s u b u life r a  and C on stantin ea  sim plex

These two a lg a e ,  members o f  th e  Dumontiaceae fam ily ,  were 

re p o r te d  to  have a n t i v i r a l  p r o p e r t i e s ,  jC. simplex b e ing  more a c t iv e  

th a n  _C. s u b u l i f e r a . The ’ in s ide*  and ’ ou ts ide*  o f  th e  d r ie d  frond  

(as  t h i s  ten d s  to  p ee l  and d iv id e )  o f £ .  s u b u l i f e r a  and th e  

r e s p e c t iv e  a n io n ic  p o ly sa c c h a r id e s  from both  weeds were su p p lie d  f o r  

in v e s t i g a t i o n  by Marine C o llo id s  In c .  U.S.A.

P re l im in a ry  s tu d ie s  on th e  h y d ro ly s a te s  o f  th e  ’ ins ide*  and 

’o u t s i d e ’ fronds  by paper chromatography showed no major d i f f e r e n c e s  

between them or between th e  h y d ro ly s a te s  o f  th e  r e s p e c t iv e  

p o ly s a c c h a r id e s .

H ydro lysa tes  o f  th e  r e s p e c t iv e  a n io n ic  p o ly sacc h a r id es  from 

C. s u b u l i f e r a  and £ .  simplex when an a ly sed  by paper chromatography 

and by g . l . c . - m . s .  a s  th e  d e r iv e d  a l d i t o l  a c e t a t e s  in d ic a te d  t h a t  th e  

fo l lo w in g  sugars  were p re s e n t  in  b o th ,  x y lo s e ,  g a la c to s e ,  g lucose  and 

a ra b in o se  in  th e  approxim ate molar p ro p o r t io n s  0 .7 5 :  4»1: 1 .0 : 0 .22  

and 4 . 0 :  7 - 3 :  0 . 3 :  0 .7* . I n  a d d i t i o n  th e  p o ly sacc h a r id e  from 

£ ,  sim plex a l s o  con ta ined  a  3 -  a n d /o r  4-0-m ethylhexose (l.O ) and a

3,4-& i-0-m ethylhexose  ( 0 .2 3 ) .  Traces o f  th e  monomethyl hexose were 

a l s o  found in  th e  p o ly sacc h a r id e  from £ .  s u b u l i f e r a . Paper 

chromatograms of bo th  h y d ro ly sa te s  in d ic a te d  th e  p resence  o f  a  sm all 

p ro p o r t io n  o f  a ld o b io u ro n ic  a c id .

Treatment o f  h y d ro ly sa te s  from each o f  th e  two p o ly sacc h a r id es  

w ith  g lucose  and g a la c to s e  ox idase  showed t h a t  D-glucose and L -g a la c to se  

were p r e s e n t .
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About 18^ o f  h a l f  e s t e r  su lp h ate  was p resen t in  each p o ly sa cc h a r id e .

M éth y la tion  o f  both p o ly sa cc h a r id e s  by a s in g le  Hakomori m |cvl-ic?rt 

fo llo w e d  by h y d r o ly s is  and c h r a c te r is a t io n  o f  th e  sugars as th e  

d erived  a l d i t o l  a c e ta te s  by g . l . c . - m . s .  showed th a t th e  major product 

was 2 , 3 , 6 -tr i-O -m e th y l h e x o se . In  view  o f  th e  r e la t iv e  p rop ortion s  

o f  g a la c to s e  and g lu c o se  in  th e  p o ly sa cch a r id e  i t  i s  reason ab le  to  

assume th a t t h i s  i s  th e  g a la c to s e  d e r iv a t iv e ,  con seq u en tly

1 ,4 - l in k e d  g a la c to s e  must be a major s tr u c tu r a l u n it  in  both  

p o ly sa c c h a r id e s . 2 ,3 ,4 - tr i -O -m e th y lx y lo s e , 2 ,3 ,4 ,6 - te tr a -O -m e th y l  

g lu c o se  and g a la c to s e  were a ls o  c h a r a c te r ise d  in d ic a t in g  th a t a l l  th r ee  

sugars were p resen t as end grou p s. 2 , 3 ,-d i-O -m eth y lh ex o se  was a ls o

found to  be p r e s e n t .

An unusual fe a tu r e  in  both p o ly sa cc h a r id e s  was th e  p resen ce  o f  a

r e l a t i v e l y  la r g e  p ro p o rtio n  o f  unm ethylated g a la c to s e  and x y lo se
*

(g r e a te r  in  C. s im p le x ) . A lthough th e  p o ly sa cch a r id es  had been  

su b je c te d  to  o n ly  one Hakomori m éth y la tio n  t h i s  i s  unusual and 

might in d ic a te  th a t th e se  two sugars were ca rry in g  an u n id e n t if ie d  

s u b s t i t u e n t .  This i s  th e  o n ly  unusual fe a tu r e  d e te c te d  in  th e  

p o ly sa cch a r id es  which might account fo r  th e  a n t iv ir a l  p r o p e r t ie s  o f  th e  ' 

two red a lg a e .
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