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SYSTEMATIC LIQUID CHROMATOGRAPHIC 
SEPARATION OF POLY-, OLIGO-, 

AND MONOSACCHARIDES. 

D. Noel, T. Hanai, and M. D'Amboise* 
University of Montreal 
Department of Chemistry 

P.O. Box 6210, Station A 
Montreal, Canada, H3C 3 V 1  

ABSTRACT 

High speed separations of poly-, oligo-, and monosaccharides 
were achieved on Chromosorb LC 9, Toyo Soda Starch Gel TSKLS170P5, 
and Hitachi 3013N packings. Post column reaction system with 
tetrazolium blue was used to obtain a l o w  detection limit for 
oligo-, and monosaccharides. Polysaccharides were analysed within 
20 min by gel permeation chromatography over TSKLS170P5 gel. 
DP 30 oligosaccharide was el.uted in 30 min on Chromosorb LC 9 
using a gradient of acetonitrile/water. Finally monosaccharides 
were separated in 25 rnin on Hitachi 3013N macroporous anion exchange 
resin. 

INTRODUCTION 

The analysis of poly-, oligo-, and monosaccharides is of 

the utmost importance in carbohydrate chemistry. Churms (1) 

published an excellent review on the separation of saccharides 

by gel permeation chromatography. Polysaccharides were analysed 

by GPC on Sephadex ( 2 - 4 )  or polyacrylamide gels (5-7); very long 

* 
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1326 NOEL, H A N A I ,  AND D'MBOISE 

t i m e s  were  r e q u i r e d  f o r  t h e  s e p a r a t i o n .  The newer macroporous  

r e s i n s ,  l i k e  t h e  Shodex 10Npah (8) of t h e  Toyo Soda g e l  ( 9 )  

have  r educed  c o n s i d e r a b l y  tlie e l u t i o n  t i m e .  C o n t r o l l c d  p o r e  s i z e  

macroporous  ion exchange r e s i n  (10)  as well a s  g c l  p e r m e a t i o n  

(11-14) chromdtograpliy were  a l s o  e x t e n s i v e l y  used .  Reve r sed  

phasc 1 i q i i i d  chromatography a l s o  s e r v e d  Lo s e p a r a t e  homogeneous 

polymers  ( 1 5 ) ,  and  s a c c h a r i d e s  have  been  s e p a r a t e d  by an a d s o r p -  

t i o n  mode (16-18).  We p r e v i o u s l y  reporLed (16)  t h e  u s e  of a 

bonded NH pack ing  f o r  t h e  s e p a r a t i o n  of o l i g o s a r c h a r i d e s .  

F i n a l l y ,  i o n  exchange  chromatography has of t e n  s e r v e d  f o r  t h e  

s e p a r a t i o n  of monosa rc l i a r ides  (12 ,  19-21).  G e n e r a l l y ,  however ,  

e l u t i o n  times a r e  v e r y  Long. S i n n e r  and P u l s  ( 21 )  s e p a r a t e d  

mono-, and d i s a c c h a r i d e s  Ihy ion-exchange  ch romatography  w i t h  a 

h i g h  s e n s i t i v i t y  post-column r e a c t i o n  s y s t e m ,  t h e  s e p a r a t i o n  

r e q u i r e d  70 min. 

2 

I n  the  p r e s e n t  p a p e r ,  we  p r o p o s e  a h i g h  speed  s e p a r a t i o n  

of po ly- ,  o l i g o - ,  and monosaccha r ides  by h i g h  pe r fo rmance  l i q u i d  

rhromntography.  A post-column r e a c t i o n  s y s t e m  based  on the  reduc-  

t i o n  of 3 ,3 ' - (3 ,3 ' -d imeLhoxy l'l'-biplienyl-4,4'-diyl) b i s  2 ,5 -  

d iphrnyl-2H-t et  r a z o l i  u m  d i r h l o r i t l e ,  I icrcaf t e r  c a l l e d  t e t r a z o l i u m  

11lue (BT) was used  f o r  d e t e c t i o n  p u r p o s e s  ( 1 6 , 2 2 ) .  

EXPERIMENTAL _____-- 

Appara tus  

A modular  l i q u i d  ch romatograph  was dssemblcd  trom the 

f o l l o w i n g  : t h r e e  h i g h  p r e s s u r e  pumps (Wat e r q  A s s o c i a t c s ,  
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SEPARATION OF POLY-, OLIGO-,  AND MONOSACCHARIDES I 3 2  7 

Model 6000A, and Altex,  Model llOA), s o l v e n t  programmer, Waters 

A s s o c i a t e s ,  Model 660, a u n i v e r s a l  i n j e c t o r ,  Al tex  Model 905-19 

o r  905-42, a d i f f e r e n t i a l  r e f r a c t o m e t e r ,  Waters ,  Model R401 and 

a v a r i a b l e  wavelength d e t e c t o r ,  Perkin-Elmer, Model LC-55. 

Chromatograms were recorded w i t h  a Brinkman, Model 2541, or  Linear  

Ins t ruments ,  Model 915, recorder  I The r e a c t o r  f o r  t h e  r e d u c t i o n  

of t e t r a z o l i u m  b l u e  c o n s i s t e d  of a 4m long PTFE tub ing ,  0.5 mm 

i . d . ,  r o l l e d  on i t s e l f  t o  make a 5 cm c o i l .  The r e a c t o r  was 

connected t o  t h e  o u t l e t  of t h e  chromatographic column, t o  an 

a u x i l i a r y  pump, and t o  a d e t e c t o r  through an Gmnifit t h r e e  p o r t  

v a l v e ,  Unimetr ics  Co., Model 10009. 

MATERIALS 
-_I__ 

Chemicals s e r v i n g  a s  s t a n d a r d s  were a n a l y t i c a l  r e a g e n t s  

used without  f u r t h e r  p u r i f i c a t i o n .  Glucose and l a c t o s e  w e r e  

BDH chemicals ;  g a l a c t o s e ,  s t a r h y o s e  t e t r a h y d r a t e ,  and m a l t o t r i o s e  

came from Aldr ich  Chemical I n c . . ,  f r u c t o s e ,  i n u l i n ,  x y l a n ,  and 

mannose were from N u t r i t i o n a l  Biochemical Corp. Xylose and 

phosphoric  a c i d  were F i s h e r ' s  r e a g e n t s .  Polysacchar ides  and t h e  

wood e x t r a c t  were k i n d l y  suppl ied  by D r .  H. Morikawa from t h e  

Polymer Laboratory,  Univers i ty  of Montreal. Dextran-T 2000, 

500, 70 ,  4 0 ,  and 10 were purchased from Pharmacia, t e t r a z o -  

l i u m  b lue  came from Sigma Chemical and hydrolyzed s t a r c h  was 

from P l a s t i s t a r c h  Corp. (St .  T,aurent, Quebec). A c e t o n i t r i l e  

(ACN) was F i s h e r ' s  HPLC grade s o l v e n t .  Water was f i r s t  d i s t i l -  

l e d  i n  g l a s s  and then  t r e a t e d  wi th  t h e  M i l l i - Q  system of t h e  

M i l l i p o r e  Corp. 
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1328 NOEL, HANAI, AND D'AMBOISE 

Pr oc e d u r e s  

A l l  columns were p r e p a r e d  i n  ou r  l a b o r a t o r y .  Toyo Soda 

s t a r c h  g e l  TSKLS17OP5, 5 mic rons  a v e r a g e  d i a m e t e r ,  w a s  packed 

i n  a s t a i n l e s s  s t e e l  t u b i n g ,  25  cm long  x 0.7 cm i . d .  The 

column w a s  equ iped  w i t h  Swagelok f i t t i n g s  and a 2 mic ron  

( A l t e x )  SS f i l t e r .  Water w a s  used f o r  pack ing  pu rposes .  

S i m i l a r l y ,  Johns-Manvil le  LC 9 ,  a bonded NH p a c k i n g ,  w a s  

packed i n  a t u b i n g  25 cm long  x 0 .43  c m  i . d .  u s i n g  i s o p r o p y l  

a l c o h o l  and me thano l .  H i t a c h i  3013N, a n  a n i o n  exchange r e s i n ,  

w a s  conve r t ed  t o  t h e  p h o s p h a t c  form and t h e n  packed by a w e t  

s l u r r y  method i n  R 2 5  c m  l o n g  x 0 .43  cm i . d .  t u b i n g  u s i n g  

a c e t o n i t r i l e  i n  water  a s  s o l v e n t .  

2 

The d e t e c t i o n  of  s u g a r s  w a s  accompl i shed  as p r e v i o u s l y  

d e s c r i b e d  (16)  by r e d u c i n g  t e t r a z o l i u m  b l u e .  The f i r s t  3m 

of t h e  4m r c a c t o r  were immersed i n  a watcr  b a t h  k e p t  a t  85°C; 

t h e  l a s t  meLer was a t  room t e m p e r a t u r e .  The r e a c t o r  w a s  c o l -  

l e c t i n g  t h e  e r f l u e n t  from t h e  a n a l y t i c a l  column and t h e  t e t ra -  

zol ium b l u e  s o l u t i o n  as s u p p l i e d  by a n  a u x i l i a r y  pump. The 

t e t r a z o l i u m  b l u e  w a s  added a s  a 2 %  s o l u t i o n  p r e p a r e d  i n  50% 

e t h a n o l / w a t e r .  The s o l u t i o n  was a l s o  0 .18 M i n  sodium hydro- 

x i d e .  The chromatograms were measured a t  530 nm, t h e  

a b s o r p t i o n  maximum f o r  t e t r a z o l i u m  b l u e  monoformazan, t h e  

p roduc t  of t h e  r e a c t i o n .  

RESULTS AND D I S C U S S  

P o l y s a c c h a r i d e s  were s e p a r a t e d  by g e l  pe rmea t ion  chroma- 

tog raphy .  A d i f f e r e n t i a l  r e f r a c t o m e t e r  w a s  u sed  f o r  d e t e c t i o n  
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SEPARATION OF POLY-, OLIGO-,  AND MONOSACCHARIDES 1329 

purposes .  The c a l i b r a t i o n  c u r v e  of d e x t r a n s  on s t a r c h  g e l  

TSKLS170P5 w a s  o b t a i n e d  and i s  shown i n  F i g u r e  1. The column 

had 4450 p l a t e s  /25 c m  f o r  g l u c o s e .  The e x c l u s i o n  l i m i t  w a s  

a round  M.W. 2 x 1 0  . Although t h e  f r a c t i o n n a t i o n  r a n g e  i s  

q u i t e  l a r g e ,  t h e  pack ing  a l l n w s  a s h o r t  e l u t i o n  t i m e  f o r  

g l u c o s e  (20 min.)  which,  i n  i t s e l f ,  i s  a ma jo r  a d v a n t a g e  

and r e n d e r s  t h e  system a t t r a c t i v e  f o r  t h e  a n a l y s i s  of deg ra -  

ded p r o d u c t s  such  as  hydro lyzed  s t a r c h ,  hydro lyzed  x y l a n  , 

wood e x t r a c t . . .  I n  F i g u r e  2 ,  chromatogram A r e p r e s e n t s  t h e  

s e p a r a t i o n  of hydro lyzed  x y l a n  chromatogram B,  t h e  s e p a r a -  

t i o n  of  a wood e x t r a c t ,  and chromatogram C ,  t h e  s e p a r a t i o n  

of hydro lyzed  s t a r c h .  The t r a c e s  A , B ,  and C show t h a t  t h e  

v a r i o u s  samples  a r e  m i x t u r e s  of poly- ,  o l i g o - ,  and mono- 

6 

7 t  

% =  
5 
F 5  
4 

4 

3 

2 

c dextran 2000  

d e x t r a n  5 0 0  

c dextran 7 0  

\y dextran 10 
dextran 4 0  

t stachyose 

c glucose 

inul in  

I I I I 

5 10 1 5  2 0  
R e t e n t i o n  Time (min) 

F i g u r e  1: C a l i b r a t i o n  c u r v e  f o r  TSKLS170P5 s t a r c h  g e l  w i t h  
Dex t rans .  Column 25 c m  x 0 .7  c m  i . d .  E l u t i o n :  Water a t  0.5 
ml min-1. 
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1330 NOEL, HANAI, AND D'AMBOISE 

d e x t r a n  7 0  /I 

OD 

X - 
K 

I I  g l u c o s e  

I I I I 

0 5 10 15 2 0  
Retention T i m e  (min) 

Fi j iu re  2 :  
( A ) ,  wood extract ( B ) ,  and hydro lyzed  s t a r c h  ( C ) .  Column: 
2 5  c m  x 0 .7  rill i . d .  of TSKLS170P5 s t a r c h  g e l .  E l u t i o n :  Water 
a t  0.5 m l  min-l .  D e t e c t i o n :  r e f r a c t i v e  Index :  R I  x 8. 

(kxl Permeat ion chromatograms f o r  hydro lyzed  xy lnn  

s a c c h a r i d e s .  R e p r e s e n t a t i v e  f r a c t i o n s  of o l i g o s a c c h a r i d e s  

and monosaccha r ides  were c o l 1  e c t e d  f o r  f u r t h c r  r h a r a c t e r i z a -  

t i o n .  

T h e  sample of o l i g o s a c c h a r i d e s  c o l l e c t e d  a f t e r  f r a c t i o n a -  

t i o n  by GPC was i n j e c t e d  o v e r  the= Chromosorb LC 9 column and 

s e p a r a t e d  i n  a s h o r t  t i m e  w i t h  a n  a c e t o n i t r i l e / w a t e r  g r a d i e n t .  

The chromatograph o b t a i n e d  when a wood e x t r a c t  i s  i n j e r t e d  

is shown i n  F i g u r e  3 ,  c o n d i t i o n s  of e l u t i o n  a r e  g i v e n  w i t h  

t h e  chromatogram. DP 30 o l i g o s a c c h a r i d e  (M.W. 5405) w a s  e l u t e d  

i n  30 min. F i g u r e  4 - A  shows t h e  chromatogram f o r  hydro lyzed  

s t a r c h  and 4-R r e p r e s e n t s  t h e  t race o b t a i n e d  when a n  impure 

c e l l o t r i o s c  sample w a s  i n j e c t e d  f o r  i d e n t i f i c a t i o n  p u r p o s e s  

i n  chromatogram A .  S i m i l a r l y ,  the  s e p a r a t i o n  of t h e  hydro-  
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SEPARATION OF POLY-, OLIGO-, ANTI MONOSACCHARIDES 1331 

T 

a 

9 

3 

N 

0 
A 

I I I 1 

30 2 0  10 0 
R e t e n t i o n  T ime (rnin) 

F i g u r e  3: Chromatogram of a wood e x t r a c t  f r a c t i o n a t e d  by GPC 
us ing  reversed  phase chromatography. Column: 25  cm x 0.43 cm 
i . d .  f i l l e d  wi th  Chromosorb LC 9 .  E l u t i o n :  Linear  g r a d i e n t  from 
70% ACN t o  62.5% ACN i n  water  i n  30 min. Flowrate:  1 .0  m l  min-1. 
Detec t ion :  V i s i b l e  d e t e c t i o n  of t h e  t e t r a z o l i u m  b l u e  monoformazan 
a t  530 nm. Flowrate  f o r  t e t r a z o l i u m  blue :  1 .5  m l  min-l. Tempera- 
t u r e  of r e a c t o r :  85°C 

l i z a t i o n  products  of xylan i l l u s t r a t e s  a n  i n t e r e s t i n g  

a p p l i c a t i o n  of t h e  method. The chromatogram of t h i s  

s e p a r a t i o n  i s  shown i n  F igure  5 ;  a long t h e  t r a c e ,  around DP 1 0  

and DP 25, two r e p r o d u c i b l e  p a t t e r n s ,  A and B,  were always 

observed. We sugges t  t h a t  t h e s e  are r e l a t e d  t o  t h e  mechanisms 

of d e g r a d a t i o n  and could be u s e f u l  i n  t h e  s tudy  of t h e s e  

mechanisms. 

F i n a l l y ,  t h e  s e p a r a t i o n  of v a r i o u s  monosaccharides ,  namely 

xylose ,  f r u c t o s e ,  mannose, g a l a c t o s e ,  and g l u c o s e  was achieved 
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f 
a 

9 

3 

N 

0 
1 

30 2 0  10 0 

R e t e n t i o n  T i m e  ( m i n )  

Figure  4 :  Reversed phase chromatography of hydrolyzed s t a r c h  (A) 
and impure c e l l o t r i o s e  ( B )  on Chromosorb LC 9. Condi t ions :  same 
a s  i n  F igure  3. 

through a H i t a c h i  3013N anion exchange r e s i n .  The r e s u l t s  

a r e  shown i n  F igure  6. The r e s i n  was s t u d i e d  a s  t h e  b o r a t e ,  

s u l f a t e ,  phosphate ,  and c h l o r i d e  forms. O f  t h e s e  i o n s ,  only 

t h e  phosphate permi t ted  s e p a r a t i o n  i n  a r e a s o n a b l e  t ime,  t h e  

c a p a c i t y  r a t i o s ,  k', decreas ing  i n  t h e  order :  

b o r a t e  > phosphate > s u l f a t e  > c h l o r i d e .  

A c e t o n i t r i l e  i n  water  was t h e  e l u e n t .  The s e p a r a t i o n  was 

achieved i n  25 min. Chromatogram A i n  F igure  6 r e p r e s e n t s  

v a r i o u s  s t a n d a r d s  of monosaccharides and chromatograms B and 
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0 
f hl 

n 
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v- 
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0 1 

c- U 

1333 

30 20 1 0  0 
R e t e n t i o n  Time (min) 

Figure  5: Reversed phase chromatography of hydrolyzed xylan on 
Chromosorb LC 9.  Condi t ions:  same a s  i n  F igure  3. 

C r e p r e s e n t  r e s p e c t i v e l y  t h e  s e p a r a t i o n  of a monomeric f r a c t i o n  

of hydrolyzed s t a r c h  and wood e x t r a c t .  I t  i s  noteworthy t o  

observe t h a t  t h e  s t a r c h  f r a c t i o n  g i v e s  only g lucose  and t h a t  t h e  

wood f r a c t i o n  shows many monosaccharides; x y l o s e  and g lucose  

being t h e  main c o n s t i t u e n t s .  

t o  g a l a c t o s e ,  mannose, and f r u c t o s e .  The peaks preceding  

xylose  could be due t o  reducing  subs tances  such a s  a r a b i n o s e  

and t h e  uronic  a c i d s  (23) l i k e l y  t o  be p r e s e n t  i n  a wood 

e x t r a c t .  

The o t h e r  peaks found correspond 

CONCLIJ S I O N  

The method w a s  found t o  g i v e  f a s t  and r e p r o d u c i b l e  

r e s u l t s  f o r  t h e  s e p a r a t i o n  of poly-, ol igo- ,  and monosac- 

c h a r i d e s .  The l i m i t  of d e t e c t i o n ,  a s  e s t a b l i s h e d  p r e v i o u s l y ,  

(16)  i s  very  l o w ,  t y p i c a l l y  l e s s  than  10 ng f o r  monosaccharides. 
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g l u c o s e  li 

galactose  

30 

F i g u r e  6 :  S e p a r a t i o n  
a n  ion exchange r c s i n .  
i s o c r a t i r ,  802  ACN i n  
i n  F i g u r e  3 .  

2 0  10  0 

Retent ion  Time ( r n i n )  

of v a r i o u s  monosaccha r ides  on H i  t a c h i  3013N 

wa te r  a t  1 . 0  m l  min-1. D e t e c t i o n :  same as  
Column: 25 cm x 0.43 cm i . d .  E l u t i o n :  

Thus t h c  method s h o u l d  be q u i t e  u s e f u l  i n  c l i n i c a l ,  f o o d ,  and 

c a r b o h y d r a t e  c h e m i s t r y .  
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