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SUMMARY 

Correlation between optical act ivi ty and conformational behavior is 
attempted for the series of oligomannosides and pure  mannan 
polysaceharide.  Then,  the principle of decomposing the contr ibution to 
optical rotation into some basic components is extended to the case of 
branched polymers.  It is shown that the derived relationship fits the 
experimental rotation data gathered for this series.  Conclusions about 
the influence of b ranch ing  on solution behavior  of galactomannan chains 
are drawn. 

INTRODUCTION 

Crystal lographic investigations of oligosaccharides s t ruc tu re s ,  and 
the extension of such studies to the elucidation of the solid state 
s t ruc tu res  of polysacchar ides ,  have led to the conclusion that 
separation of the polymeric backbone into rigid entities (bond lengths ,  
bond angles and suga r  r ing  conformation) al ternatively oriented about 
flexible l inkages (the glycosidic torsion angles) is valid. Because of the 
spatial separation afforded by  the rigid suga r  residues which are 
interpolated between the flexible l inkages,  the independence of the sets 
of  glycosidic torsional angles from neighboring sets within the 
polysaceharide chain has been shown to be a valid model, at least in a 
first  approximation. As a consequence,  the principle of decomposing a 
given observable into additive contr ibutions of  adequately choosen 
segments has emerged. 

Following the work of Whiffen (1) and Brewster  (2) in the late 
50's,  Rees and collaborators (3,4) have pionnered the field of 
connect ing information derived from optical rotation measurements to 
eonformational behavior  of  oligo and polysacchar ides .  These attempts 
follow the established tradition of ca rbohydra te  chemistry,  where optical 
act ivi ty has been used as an index to monitor the spatial relationships 
between const i tuents .  Many systems of rules have been proposed to 
relate monochromatic optical rotat ions,  usually at the sodium D-line 
(589nm), to stereoehemical features .  Optical aetivity of polysacchar ides  
has been shown to be sensitive to chain conformation, indicating that  
contr ibutions to total act ivi ty can arise not only from the s t ruc tu re  and 
conformation of  individual ca rbohydra te  moieties, along with their  
configurat ions at the anomeric cen ters ,  but  also from torsion angles 
about the glycosidic l inkages.  
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Based upon the pr inciple  of  decomposing the contr ibut ion to optical  
rotat ion into some basic  components ,  the concept  of  l inkage rotat ion I AI 
was in t roduced  (3) .  This  r e p r e s e n t s  the contr ibut ion of the  glycosidic 
l inkage to the molar rotat ion of a disaccharide segment .  In what follows, 
a somewhat simplified definit ion will be  used .  For a d isacchar ide ,  the 
l inkage rotat ion I AI is  defined as follows : 

IAI -- I M I D  - ( I M I R  §  <Z> 

where I M I D  , I IlR and I zvil N represent the mo, ar rotation of the 
disacchar ide  segment ,  the  reduc ing  res idue ,  and the non - r educ ing  
res idue ,  r e spec t ive ly .  In o rde r  to use  <I> in an efficient  way I M |~T 
shou ld  have  the  same anomeric conf igurat ion than  the  one at t ~  
glycosidic l inkage in the  d isacchar ide .  

Equation <1> can be ex tended  to the  more complex cases  of  
homopolysaccharides hav ing  degree  of polymerization (DP) = n.  

I P l n  = <n-z) (tZ~IN + IA|) + I M I R  <2> 

where [P I n  r e p r e s e n t s  the molar rota t ion of the polymer.  

Providing tha t  the  DP is high enough,  the contr ibut ion of the  reduc ing  
res idue  to the measured p r o p e r t y  becomes negligible.  This  leads to the 
following equat ion : 

m I~ID = I MI N + IAI <3> 

m being the molecular weight ( in g. tool -I) of the monomeric unit, and 
I~, the D-line specific rotation. Relation <3> provides a direct 

experimental way of assessing the value of the linkage rotation for a 
homopolymer. 

RESULTS AND DISCUSSION 

The above descr ibed  concepts  have  been applied to the  oligomers 
and polymers  of  mannan and galactomannan family. Mannan is a l inear  
homopolysaccharide made up of • -D-mannopyranosy l  uni ts  l inked (1§ 
Galactomannans p r e s en t  the  same backbone but  exhibi t  side chain c~-D- 
galaetosyl  r es idues ,  l inked (1 -~ 6) to the main chain,  in a somewhat 
i r r egu l a r  fashion (5) .  The amount of b ranch ing ,  as measured  by  the  
galactose to mannose rat io ,  exhibi ts  a wide r ange  of  var ia t ions ,  
depending  upon the botanical  or igin of  the  galactomannan (Fig.  1 ) .  

OH CH2C~ OH CH2OH OH M2OH 

CHIOH CH 1 CHI 

HO OH OH ~'~ 

Fig. I .  Schematic r ep resen ta t ion  of a typical  galactomannan s t r u c t u r e .  
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M a n n o d e x t r i n s .  D- l i ne  s p e c i f i c  r o t a t i o n s  of  m a n n o d e x t r i n s ,  up  to a DP = 
6, a r e  a v a i l a b l e  ( 6 ) .  From t h e s e  e x p e r i m e n t a l  v a l u e s ,  t he  molar  
r o t a t i o n s  of  t h e  o l igomers  can  b e  e x t r a c t e d .  
C"~Jn P l o t t i n g  t h e  v a r i a t i o n s  o f  I Man l  n 
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Fig .  2. Op t i ca l  r o t a t i o n  of  o l igo -  
m a n n o s i d e s  v e r s u s  DP. 

as  a f u n c t i o n  o f  n y i e l d s  a s t r a i g h t  
l ine ,  t h e  s lope  of  which  is  t h e  sum 
I M a r s  e q u a l  to - 88 ~ . �9 The  

molar  r o t a t i o n  o f  I Man B I was t a k e n  
as  b e i n g - 3 0 . 0  ~ (7 ) .  A v e r y  c lose  
v a l u e  can  be  o b t a i n e d  when  
c o n s i d e r i n g  t h e  molar  r o t a t i o n  of  
B-me thy l  ma nnob ios ide  o f - 1 3 5 . 5 ~  
from which  105 ~ h a v e  to b e  a d d e d  
(2) s i n c e  t h e y  c o r r e s p o n d  to t h e  
me thy l  g r o u p  c o n t r i b u t i o n .  From 
t h i s ,  a v a l u e  of  IAI=  - 5 7 . 4 ~  
a s s o c i a t e d  to  t he  l i n k a g e  r o t a t i o n  
b e t w e e n  two (1§ l i n k e d  mannose  
r e s i d u e s  i s  f o u n d  ( F i g .  2) .  

Mannan .  Mannan p o l y s a c c h a r i d e  is  r e p o r t e d  to be  i n s o l u b l e  in  w a t e r .  
H o w e v e r ,  i t  can  b e  r e a d i l y  so lub i l i z ed  in  c o n c e n t r a t e d  sodium h y d r o x y d e  
s o l u t i o n s .  F o r  t h e  p r e s e n t  i n v e s t i g a t i o n ,  Mannan from I v o r y  n u t  
(DPn~50) was d i s s o l v e d  in  NaOH, 1N. The  c o n c e n t r a t i o n ,  m e a s u r e d  b y  

t h e  a n t h r o n e  me thod  (9) was 1.75 g l -1 ;  t h e  D- l ine  s p e c i f i c  r o t a t i o n  
l a b  = -48"6~ ( O t h e r  r e p o r t s  in  t h e  l i t e r a t u r e  (10 ,11)  g ive  v a l u e s  

r a n g i n g  from -48 ~ to - 4 1 ~  The  so lu t i on  was t h e n  d i a l y z e d  a g a i n s t  
w a t e r .  In  n e u t r a l  med ia ,  mannan  c h a i n s  remain  m e t a s t a b l e  fo r  a few 
d a y s ,  b e f o r e  c r y s t a l l i z a t i o n  o c c u r s .  An l a i d  = -42 .3  ~ was m e a s u r e d  for  
t h e  mannan  c h a i n s  in w a t e r .  Us ing  t h i s  v a l u e ,  a l i n k a g e  r o t a t i o n  
IAI=-37 .9  ~ was e x t r a c t e d  from e q u a t i o n  <3>. Th i s  va lue  is  in  a g r e e m e n t  
wi th  t h e  l i n k a g e  r o t a t i o n  o b t a i n e d  for  t he  o l i gome r s .  The  d i f f e r e n c e  may 
b e  a c c o u n t e d  fo r  b y  t h e  i n f l u e n c e  o f  t h e  r e d u c i n g  end  (12) ;  t h e r e f o r e ,  
t he  va lue  o b t a i n e d  from t h e  op t i c a l  r o t a t i o n  of  t h e  p o l y m e r  seems  more  
a d e q u a t e .  I t  is  to be  n o t e d  t h a t  t h e  v a l u e  of  t h e  l i n k a g e  r o t a t i o n  so 
o b t a i n e d ,  is  v e r y  c lose  to  t h e  one ( -40 .7  ~ ) f o u n d  in t h e  c e l l o d e x t r i n  
s e r i e s  fo r  ( I  § 4) l i n k e d - D - g l u c o s e  r e s i d u e s .  Whe the r  o r  no t  t h i s  
i n d i c a t e s  a con fo rma t iona l  homology  b e t w e e n  t h e s e  two s e r i e s  is  s t i l l  to 
be  c o n f i r m e d .  

Ga l ac tomannan .  In  t he  ca se  o f  a b r a n c h e d  p o l y s a c c h a r i d e ,  t he  op t i ca l  
r o t a t i o n  is  e x p e c t e d  to  be  s t r o n g l y  i n f l u e n c e d  b y  t h e  c o n t r i b u t i o n  o f  t h e  
s ide  g r o u p s .  F o r  g a l a c t o m a n n a n ,  t h e  d e t e r m i n i n g  f a c t o r  will be  t h e  
amount  o f  b r a n c h i n g  o f  ~ - D - g a i a c t o s e  u n i t s  on t h e  mannan  b a c k b o n e .  In 
t h e  fo l lowing;  we will d e s i g n a t e  : 

m : as  t he  molar  f r a c t i o n  of  t h e  mannose  u n i t s  in  t he  p o l y m e r ,  
g : as  t h e  molar  f r a c t i o n  o f  t h e  g a l a c t o s e  u n i t s  in t he  p o l y m e r ,  
wi th  m+g = 1. 
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Neglec t ing  the  inf luence  of  the  r e d u c i n g  e n d ,  the  molar ro ta t ion  of  a 
ga lae tomannan IGMI of  DP = n will be in a f i r s t  approximat ion  : 

I~'~I n = n m ( l ~ g l  +JAI M ) + n g ( I G a l ~ l +  IAIG)<4> 

In  t h i s  exp re s s ion  I AI M and I AI G r e p r e s e n t  the  l inkage  ro ta t ion  of  the  

~ ( 1 + 4 )  mannose  mannose  l inked  r e s i d u e s  and  the  l inkage  ro ta t ion  o f  
the  ~ (1 -+ 6) galac tose  mannose  l inked r e s i d u e s ,  r e s p e c t i v e l y .  
The  values  o f  I GM I n  can  be e x p r e s s e d  as follows : 

I GM] n = n ~ 162 I~1D <5> 
100 

Combining <4> and <5> yields <6> : 

1.62 laiD =(IManBI + IAIM)+ g(LGal~l +IAIG - [ManBI-]AIM ) <6> 

Clearly, equation <6> expresses how the various galactose content may 
in f luence  the  o b s e r v e d  opt ical  ro ta t ions  of  ga lae tomannans ,  as a l r eady  
not iced  (13).  

In o r d e r  to c h e c k  the  va l id i ty  o f  equa t ion  <6>, the  r e p o r t e d  
exper imenta l  va lues  of  speci f ic  ro t a t ions  of  numerous  ga lac tomannans  
(14) were c o n s i d e r e d ,  and  p lo t t ed  a c c o r d i n g  to the  galae tose  molar 
f rac t ion  : g .  The r e su l t s  a re  schemat ical ly  shown in Fig.  3. 
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Fig. 3. Optical rotation of galactomannans versus galactose content (g). 
The,, distribution is best fitted by the following equation : 
. .[c~[ D = 2 6 8  g - 44.5 o 
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From these  r e su l t s  seve ra l  poin ts  can be s t a t ed  : 

- despi te  some s c a t t e r i n g  of the da ta ,  a s t r a i g h t  l ine is ob ta ined ,  
in agreement  with equat ion (6) .  

- the  i n t e r s ec t  of th is  s t r a i g h t  line with the laiD ax i s ,  is close to 
the  [a I~ value obta ined  for  a pu re  merman. TherefSre ,  the  sum 
] Man B AIM seems to be i ndependan t  of the  degree  of b r a n c h i n g  on 

the mannan backbone .  Assuming that  each of these  two terms remains 
e f fec t ive ly  cons tan t ,  we can in fe r  tha t  : 

- the b r a n c h i n g  of galaetose  uni t s  on the  main chain does not 
s ign i f i can t ly  modify the  conformation about  the  g lycosid ic  l inkage  
between mannose un i t s .  

- the  conformational  equ i l ib r ia  of the  p r imary  h y d r o x y l  g roups  
of the  mannose r e s idues  is not s ign i f i can t ly  a l t e r ed  by  the b r a n c h i n g  of 
a ga lac tosyl  un i t .  

- a value of IAIG = 91.1 ~ may be deduced  from re la t ion <6>, 

us ing  a value of 271.8 ~ for ] Gala] .  

CONCLUSIONS 

It is f i r s t  to be noted tha t  the exper imenta l  optical  ro ta t ion da ta  
p r e s e n t e d  in th is  s t u d y  can be unde r s tood  in a s a t i s f a c t o r y  manner ,  
us ing  the assumpt ion tha t  the  molar opt ical  ro ta t ion of oligo and 
po ly saccha r ide s  is de termined b y  the sum of con t r ibu t ions  a r i s ing  from 
the s ingle  cons t i t u t i ng  uni t s  p lus  a l inkage  rota t ion component 
associa ted  to the  g lycosid ic  junct ion .  Connected to the obse rva t ions  (15) 
tha t  the opt ical  ac t iv i ty  of po lysaccha r ides  can be sens i t ive  to chain 
conformat ions ,  these  conclusions es tab l i sh  that  a method of a s s e s s i n g  
the molecular bas i s  u n d e r l y i n g  behav io r  in solution may be at hand .  
One essent ia l  ques t ion  re l ies  in the  connect ion between an ave rage  
macroscopic p r o p e r t y  and local conformations which can only be 
de sc r ibed  in terms of mul t i - s t a te  d i s t r i bu t ions  implying seve ra l  
va r i ab l e s .  Nonetheless ,  Reests approach  (3) based  on a h igh ly  simplified 
model as compared to these  ideas  has p roved  i ts  workabi l ty  in numerous 
cases .  One of the  most cr i t ica l  assumptions  remains the invar iance  of 
the molar ro ta t ion of the  r e p e a t i n g  uni t  in the  monomer and in the  
p a r e n t  po ly saccha r ide .  This implies an exact  i den t i t y  between the 
monosaccharide conformation and the conformation of the r e p e a t i n g  unit  
in the  chain .  Pa r t i cu l a r l y ,  the  conformational  equil ibrium between the 
allowed pos i t ions  of the  p r imary  h y d r o x y l  g roups  (16) must impera t ive ly  
be p r e s e r v e d ;  o therwise ,  the  value of the molar ro ta t ion would be 
s e v e r e l y  a f fec ted .  

Extended  to complex cases  such as the  one of b r a n c h e d  polymers ,  
the p r inc ip le  of decomposing the opt ical  ro ta t ion  into some basic  
c o n t r i b u t o r s  has been shown to be qui te  ope ra t ive .  From the p r e s e n t  
work,  we can a s se s s  tha t  the solution behav io r  of a p u r e  mannan chain 
and a mannan backbone  of a galactomannan chain are  qui te  similar.  This 
has to be connected  with the  s t r u c t u r a l  s imi lar i ty  o c c u r r i n g  between 
some of the  t h r e e  dimensional pack ing  fea tu res  of mannan and 
galactomannan po ly saccha r ide s  in the solid s t a t e  (17). 
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