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Crystalline Structures of 
A lginic Acids
W e  h av e  recen tly  ob ta in ed  X -ra y  d iffrac tion  pho to g rap h s 
from  o rien ta ted  sam ples o f alginic acid  p rep a ra tio n s  in  w hich 
th e  ra tio  o f m annu ron ic  ac id  to  gulvironio acid  w as know n. 
T he purifled  u n o rie n ta te d  m a te ria l w as supp lied  b y  D r 
A. H au g , an d  o u r re su lts  form  th e  basis for s tru c tu re  
d e te rm in a tio n s  o f po lym annuron ic  acid  a n d  po lyguluronic 
ac id  respectively .

T he d iscovery  th a t  alginic acid  p rep a ra tio n s, o f d ifferent 
com position , could  giv'e rise to  d ifferen t X -ray  pow der 
pho to g rap h s w as m ade orig inally  b y  Froi a n d  P re s te n ^  
A lthough  th e y  recognized th a t  th e  analyses o f th e ir  
a lginic acids h a d  to  be in te rp re ted  w ith  cau tion , th e y  
nevertheless concluded  th e n  th a t  th e re  w ere tw o tj-pes o f 
X -ray  pow der ph o to g rap h s a n d  th e y  co rre la ted  these  
w ith  po lym annuron ic  ac id  a n d  po lyguhu ’onic acid.

F ig . la  show s th e  X -ray  fibre d iffrac tion  p h o to g rap h  
o b ta in ed  from  a  sam ple o f alginic acid  consisting  of 96 
p e r cen t m annu ron ic  acid. To our know ledge th is  is th e  
first a u th e n tic  s ta n d a rd  for po lym annuron ic  acid . F ig. Ib 
is th e  X -ra y  fibre diffi'action pho to g rap h  o f a  specim en of 
alginic acid  iso la ted  b y  u s from  th e  brow n alga, F ucus  
serratus. T h is is c lea rly  th e  samc! X -ra y  fibre d iag ram  as 
Fig. \a  a n d  there fo re  m u s t refer to  po lym annuron ic  acid . 
F ig. le  show s th e  “ u su a l” alginic ac id  X -ra y  fibre d iag ram  
as o b ta in ed  b y  A stbury^ in  th e  1940s from  sam ples o f com- 
m ercial a lg in ic ac id  an d  supposed , b y  h im , to  refer to  
po lym annuron ic  acid. F ig . Id  show s th e  X -ray  Abre 
d iffraction  p h o to g rap h  we h ave  ob ta in ed  from  a  sam ple 
o f alginic acid  con ta in ing  73 p e r cen t gu luronic  acid  a n d  
27 p e r cen t m annu ron ic  acid . (This sam ple w as th e  
richest in  guluronic acid  from  w hich o rien ta ted  specim ena 
could  be p repared .) T his la t te r  substanoe gave th e  sam o 
X -ra y  pow der d iag ram  (see Fig. 2) as a  degraded^ sam ple 
o f a lg in ic ac id  con ta in ing  92 p e r cen t guluron ic  acid . I t  
th e re fo re  ap p ears  th a t  th e  m annu ron ic  ac id  u n its  in  th o  
7 3  p e r cen t guluronic  ac id  sam ple do n o t co n tr ib u te  to  th o  
X -ra y  d iffraction  p a tte rn  (as suggested  previously^). W o 
there fo re  conclude th a t  th e  X -ra y  fibre d iag ram  show n 
in  Figs. le  a n d  Id  is indeed  th a t  o f po lyguluron ic  acid .

W e a re  ab le  to  give th e  follow ing p re lim in a ry  deta ils  
o f th e  s tru c tu re s  o f th e se  tw o  substances.

P olym annuronic acid: T he  X -ray  fibre d iffraction  
p h o to g rap h  (Fig. 16) h as  been  indexed  to  a n  o rthorhom bio  
u n it cell in  w hich  a =  7-58 Á, 6=  10-35 A (fibre axis) and 
c =  8-58 A, th e  u n it  cell con ta in ing  tw o d isaccharide chain  
segm ents ^vith p robab le  space group  P 2 i2 i2 i. Chem ical
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Fia. 1. X -ray Abre diffraction pliotograplis of algiuic acids. a, 96 per cent mannm oiüc
acid- b s p e c i m e n  isolated from í ’mcms sem iíus; c, commercial alginic acid; d, 73 peí cent 

’ ’ guluronic acid.

Fig 2. X -ray powder pliotographs of (a) 92 per cent guluronic acid and 
(Íí) 73 per cent guluronic acid.



evidence ind ica tes th a t  th e  D -m annuronic aoid u n its  aro 
¡3-1^4 linked , an d  i t  is th ere fo re  sa tisfy ing  t h a t  th e  
flbre rep ea tin g  d is tance  o f  10-35 A is th e  sam e as th a t  
observed  in  th e  th re e  o th e r P-1 —̂ 4 Hnked hexosans, celhi- 
lose ch itin  a n d  m annan*’’’. I n  m odels o f these  substances, 
th e  requ ired  rep ea tin g  d is tance  can  be o b ta in ed  b y  con- 
s tru c tin g  chaíns in  w hich  th e  m onosaccharide u n its  are 
in  th e  energetica lly  favou rab le  C1 chair conform ation , w hile 
sim ultaneously  m ain ta in in g  an  in tra  residue hydrogen

bond  betw een  th e  — O 3H  a n d  th e  ring  oxygen  a to m  (O^)

of th e  n e x t su g a r u n it  in  th e  cha in  ( th a t is, O 3 . . . O 5 

d is tan ce  o f  2-7-2-8 Á). A  chain  b u ilt in  th is  w ay  au to - 
m atica lly  con ta in s d i-eq u a to ria lly  (le , 4e) (ref. 6 ) h nked  
sugar u n its  (w ithou t reg a rd  to  th e  n a tu ra  o f  th e  sugar 
u n its  itself). T h is is th e  basic s tru c tu ra l fo rm  w hich we 
h ave  a d o p ted  in  m odel bu ild ing  s tud ies o f po lym annuron ic  
acid.

Polyguluronic acid. T he  X -ray  fibra d iffraction  photo- 
g rap h  o f th is  substanoe (Fig. Id) h as  been indexed  to  an  
o rtho rhom bic  u n it  cali also con ta in ing  tw o  disaccharide 
cha in  segm ants an d  in  w hich  o =  8 - 6  A, 6 =  8-72 A (fibre 
axis) a n d  c =  10-74 A w ith  p robab le  space group  P 2 i 2 i2 , 
(see also ref. 2). T he m ost significant differenca from  th e  
po lym annuron ic  ac id  s tru c tu re  is th e  fibre re p e a t o f 
8-72 A, T his va lué  can  be ob ta in ed  in  m olecular m odels 
by  m ain ta in in g  th e  1 ^ 4  linked  L-guIuronic acid  iin its  in 
th e  IC  co n fo rm ation ’, th e  glycosidio linkagos hav in g  th e  
a-configuration . T hus th e  bu ild ing  u n its  a re  d i-ax ially  
( la ,4 a ) linked . W hen  th e  sugar u n its  a re  a rran g ed  in 
th is  w ay, i t  is found  th a t  several possib ilities ex is t for th e  
fo rm ation  o f in tra  residue hydrogen  bonds betw een  th e  
equ a to ria l hyd ro x y l group  of th e  C 2 a to m  {— O 2H ) an d  
e ith e r oxygen  a to m  in th e  carboxy l group  o f th e  ad jacen t 
su g a r u n it in  th e  chain . I t  is likely  th a t  o th a r exam ples o f 
lo ,4 a  linked  s tru c tu re s  cx is t. F o r  exam ple, poorly  orien- 
ta te d  fibre d iffraction  p h o tog raphs o f pectic  acid  (a-1—>4 
linked  po ly  D -galacturonic acid) show  th e  sam a fibre 
rep ea tin g  d is tance  o f 8-7 A (sea also refs. 2  an d  8 ), a n d  th is  
can  be un d ers to o d  if  th a  D -galacturonic acid  u n its  a re  in 
th e  C l conform ation.

A tte n tio n  is cu rren tly  being d irac ted  to  th e  a rran g em en t 
o f th e  chaina o f p o lym annuron ic  an d  po lyguluron ic  acid  
in  th e  u n it  cells a n d  th e  n a tu re  an d  e x te n t o f in ta r-cha in  
bondings. T ria l s tru c tu re  fac to rs h av e  been ca lcu la tad  
a n d  refinam en t o f th a  m odels is in  progress.

I t  is ex p ec ted  th a t  th e  s tru c tu ra l da ta rm in a tio n s of these 
substances w ill p rov ide  In fo rm ation  w hich will be  helpful 
in  reach ing  a n  u n d ers tan d in g  o f th e  physical an d  biological 
p ro p ertie s  o f thase  m olacules.
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