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DIFFERENTIAL B I N D I N G  OF S U G A R S  A N D  
P O L Y H Y D R I C  A L C O H O L S  TO I O N  E X C H A N G E  RESINS: 

INAPPROPRIATENESS FOR Q U A N T I T A T I V E  H P L C  

J o h n  G .  B a u s t  a n d  R i c h a r d  E .  L e e ,  J r .  
D e p a r t m e n t  o f  B i o l o g y  
U n i v e r s i t y  o f  H o u s t o n  

H o u s t o n ,  TX 7 7 0 0 4  

a n d  

Howie J a m e s  
W a t e r s  A s s o c i a t e s  

M i l f o r d ,  MA 0 1 7 5 7  

A B S T R A C T  

The u s e  of h y d r o x y l  e x c h a n g e  r e s i n s  (Dowex A G  1-X8 
a n d  A G  5 0 l - X 8 )  a s  a c o m p o n e n t  i n  t h e  p r e p a r a t i v e  c l e a n  
u p  o f  b i o l o g i c a l  s a m p l e s  f o r  H P L C  s u g a r  a n d  p o l y h y d r i c  
a l c o h o l  a n a l y s i s  i s  i n a p p r o p r i a t e .  On a w e i g h t  s p e c i -  
f i c  b a s i s ,  t h e s e  r e s i n s  b i n d  9 5 - 1 0 0 %  o f  m o n o s a c c h a r i d e s  
( f r u c t o s e  a n d  g l u c o s e )  I 45-85% o f  d i s a c c h a r i d e s  ( s u c r o s e  
a n d  t r e h a l o s e )  a n d  1 5 - 5 0 %  o f  p o l y h y d r i c  a l c o h o l s  ( g l y -  
c e r o l  a n d  a d o n i t o l )  p r e s e n t  i n  s a m p l e  s o l u t i o n s .  

I N T R O D U C T I O N  

S t r o n g l y  b a s i c  i o n  e x c h a n g e  r e s i n s  s u c h  a s  Dowex- 

1X8(OH-) h a v e  b e e n  u t i l i z e d  f o r  t h e  s e l e c t i v e  b i n d i n g  

o f  m o n o s a c c h a r i d e s  a n d  p r e s u m e d  s e p a r a t i o n  o f  a l d i t o l s  

( 1 , 2 1 3 ) .  R e c e n t l y ,  i t  was d e m o n s t r a t e d  ( 4 )  t h a t  a l d i -  
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768 BAUST, LEE, AND JAMES 

t o l s  a r e  a l s o  s e l e c t i v e l y  bound by t h i s  and  o t h e r  ca -  

t i o n i c  exchange  r e s i n s .  A t t e m p t s  t o  c o m p l e t e l y  e l u t e  

g l u c o s e  and a l d i t o l s  by e f f e c t i n g  t h e  p a r t i t i o n i n g  c h a r -  

a c t e r i s t i c s  of  t h e  column w i t h  d i s t i l l e d  w a t e r  ( u p  t o  

2 0  column vo lumes )  were  o n l y  p a r t i a l l y  s u c c e s s f u l .  

Both  t h e  q u a l i t a t i v e  and  q u a n t i t a t i v e  a n a l y s i s  

o f  t h e s e  s a c c h a r i d e s  a r e  f a c i l i t a t e d  by H P L C  ( 5 ) .  

However,  t h e  u s e  o f  HPLC f o r  c a r b o h y d r a t e  a n a l y s i s  of  

b i o l o g i c a l  e x t r a c t s  ( p l a s m a  and  a n i m a l / p l a n t  t i s s u e  

e x t r a c t s )  i s  s e v e r e l y  compromised by c o m p e t i t i v e  

b i n d i n g  of p r o t e i n a c e o u s ,  l i p i d  and  d i v a l e n t  i n o r -  

g a n i c  i o n  c o n t a m i n a n t s .  Even t r a c e  l e v e l s  of t h e s e  

c o n t a m i n a n t s  may r e s u l t  i n  a p p r e c i a b l e  loss i n  e i t h e r  

r e v e r s e  p h a s e  ( c a r b o h y d r a t e  a n a l y s i s  co lumn-Waters )  

o r  i o n  exchange  columns ( B i o  R a d  HPX-87) ( co lumn 

l i f e =  15-50  i n j e c t i o n s ) .  Sample p r e p a r a t i o n  o f  b i o -  

l o g i c s  mus t  t h e r e f o r e  e n s u r e  t h e  r e m o v a l  o f  e a c h  c a t e -  

g o r y  of  c o n t a m i n a n t .  L i p i d  e x t r a c t i o n  and  p a r t i a l  

d e p r o t e i n i z a t i o n  c a n  be r o u t i n e l y  a c c o m p l i s h e d  w i t h  

b o t h  s o l v e n t  ( i . e . ,  c h 1 o r o f o r m : m e t h a n o l )  a n d  h e a t  

( 6 0 - 1 0 0  C )  t r e a t m e n t .  Comple te  d e p r o t e i n i z a t i o n  

however  r e q u i r e s  t h e  a d d i t i o n  o f  Zn and  Ba s a l t s .  

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

c r e a s e d  o v e r  a l r e a d y  h i g h  endogenous  l e v e l s  ( i . e . ,  

p l a s m a :  Ca"= 9 -11  mg/dl and  Mg++= 1 -3  m g / d l ) .  Re- 

moval of  d i s r u p t i v e l y  h i g h  l e v e l s  o f  c a t i o n s  c a n  be  

s i m p l y  and e f f i c i e n t l y  a c c o m p l i s h e d  by s a m p l e  p r e -  

t r e a t m e n t  w i t h  a n  a n i o n i c  e x c h a n g e r  [Dowex -1X8 (H I ] .  
To a v o i d  complex ing  pH c h a n g e s ,  mixed bed  r e s i n s  

[Dowex A G  -501-X8 ( 5 0 %  OH-:50% H ) I  a r e  r o u t i n e l y  

u s e d  i n  t h e  p u r i f i c a t i o n  o f  b i o l o g i c a l  s a m p l e s  ( 6 ) .  

0 

++ ++ 

+ 

+ 

T h i s  p a p e r  d e s c r i b e s  t h e  d e g r e e  of  d i f f e r e n t i a l  

b i n d i n g  by a s t r o n g l y  b a s i c  c a t i o n  e x c h a n g e r  (Dowex 
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BINDING OF SUGARS AND POLYHYDRIC ALCOHOLS 769 

AG-1x8 (OH-) of polyhydric alcohols, mono- and disac- 

charides as effected by time and resin volume. 

MATERIALS & METHODS 

A Waters Model 6000A pump, Model 710B WISP auto- 

mated injection system and Model R401 differential 

refractometer were used in conjunction with a Waters 

Model 730 Date Module. A Radial pak silica cartridge 

(10cm x 8mm ID) (1Ou particle size) was employed in 

a RCM-100 radial compression module to effect carbohy- 

drate separation. The cartridge was initially condi- 

tioned by pumping 50 ml acetonitrile: water (70:30) 

containing 0.1% (v/v) tetraethylenepentamine (TEPA) 

(pH 9.2) at 2.0 ml/min. Following conditioning, a 

recirculating eluent of acetonitrile: water (81:19) 

containing 0.02% TEPA (pH 0.9) was introduced to the 

cartridge and stabilization allowed to proceed over- 

night. Carbohydrate and polyhydric alcohol standards 

were dissolved in distilled water (5mg/ml) and in- 

jected (50ul) at 26OC. A flow rate of 2.0 ml/min 

generated a back pressure of 300-400 psi. Acetoni- 

trile was Fisher HPLC grade (Pittsburg, PA). Tech- 

nical grade TEPA was obtained from Eastman Chemicals 

(Rochester, N.Y.) , and carbohydrates and polyhydric 
alcohols from Sigma Chemical (St. Louis, Mo.). The 

water phase of the eluent was prepared by deioniza- 

tion and glass distillation. Eluents were degassed 

and filtered through Millipore O.22um filter (GSWP) 

(Bedford, Ma.). Ion exchange resins are listed in 

Table I. 

A 0.65 ml sample of the seven component standard 

(Table 2 )  was exposed to each resin (0-300 mg) for 
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770  

TABLE I 

BAUST, LEE, AND JAMES 

I o n  E x c h a n g e  R e s i n s  

N o m e n c l a t u r e  T y p e  

AG 1 - X 8  ( O H - )  a n i o n  e x c h a n g e r  

A G  50-X8 ( H  , O H - )  m i x e d  b e d  e x c h a n g e r  

Dowex 1-X8-400 ( C 1 - )  a n i o n  e x c h a n g e r  

Dowex 50-X8-400 (C1-) c a t i o n  e x c h a n g e r  

C X / C o r a s i l  B o n d a p a k  c a t i o n  e x c h a n g e r  
A X / C o r a s i l  B o n d a p a k  a n i o n  e x c h a n g e r  

(20-50 m e s h )  

(20-50 m e s h )  

(200-400 m e s h )  

(200-400 m e s h )  

4- 

S o u r c e  

B i o  Rad 

B i o  Rad 

S i g m a  

S i g m a  

Waters 
Waters  

T A B L E  I1 

R e t e n t i o n  T i m e  o f  S t a n d a r d s  

O r d e r  C o m p o n e n t  R e  t e n t i o n  T ime  ( m i n )  

Water 
E t h y l e n e  G l y c o l  

G l y c e r o l  
A d o n i t o l  ( R i b i t o l )  

F r u c t o s e  
G l u c o s e  
S u c r o s e  

T r e h a l o s e  

1.95 
2.83 
3.75 
6.33 
7.29 
9.29 

14.70 
20.37 
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BINDING OF SUGARS AND POLYHYDRIC ALCOHOLS 7 7 1  

periods of 3-120 rnin, with or without vortexing (15 

sec). Samples were then filtered (0.45um) (HAWP), 

degassed in a vacuum for 5 rnin and injected. All 

samples were run in duplicate with mean values 

plotted. Reproducibility of duplicate samples was 

less than 52%. 

RESULTS & DISCUSSIONS 

Separation of polyhydric alcohol-carbohydrate 

mixtures at pH 8 . 9  is illustrated in Figure 1. Elu- 

tion times ranged between 2.8 and 20.4 min and sepa- 

ration appeared related to carbon number (Table 2). 

Addition of 75 mg AG 1-X8 (OH-) for 10 rnin resulted 

in the illustrated decreased amplitude (concentra- 

tion) of each component. Attempts to elute the com- 

ponents by successive Sistilled water washes did not 

result in uniform recovery ( 4 ) .  

The time dependent binding of simple carbohy- 

drates and polyhydric alcohols to the hydroxyl resin 

AG 1-X8 is illustrated in Figure 2. Polyols were 

not as effectively bound (%15-25%) as monosaccharides 

(75-85%). Disaccharides demonstrated a wide range of 

binding. Trehalose, a 1-a-D-glucopyranosyl-a-D-glu- 

copyranoside, and sucrose, a 1-a-D-glucopyranosyl-B- 

D-fructofuranoside, are both non-reducing sugars and 

lack the properties characteristic of the free sugar 

group. The similarities in overall reactiveness be- 

tween these two sugars would suggest similar binding 

capacities. This however was not the case. After 

2 min exposure to the resin, nearly 70% of the sucrose 

was bound but only 2 5 %  of the trehalose. The binding 
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TIME ( m i n )  

FIGURE 1. E f f e c t  o f  t r e a t m e n t  w i t h  AGl-X8 A n i o n  
Exchange  R e s i n  ( h y d r o x y l  f o r m )  on  p o l y o l / s a c c h a r i . d e  
r e c o v e r y .  C h r o m a t o g r a m  r e p r e s e n t  p o l y o l / s a c c h a r i d e  
s e p a r a t i o n  on  a h y d r o s t a t i c a l l y  c o m p r e s s e d  l o p  R a d i a l -  
p a k  s i l i c a  c a r t r i d g e  (10cm X 8mm I.D.). E l u t i o n  s o l -  
v e n t :  A c e t o n i t r i l e - w a t e r  ( 8 1 : 1 9 )  , pH 9 . 2 ,  m o d i f i e d  
w i t h  0 . 0 2 %  T E P A ,  f l o w  r a t e  = 2 . 0 m / n i n . ,  300-450 p s i .  
Top :  u n t r e a t e d  s t a n d a r d  s o l u t i o n .  B o t t o m :  0 . 6 5 m l  
o f  s t a n d a r d  s o l u t i o n  t r e a t e d  w i t h  7 5 m 9  of  r e s i n  for 1 0  
m i n .  1 = w a t e r ;  2 = e t h y l e n e  g l y c o l ;  3 = g l y c e r o l ;  
4 = a d o n i t o l ;  5 = f r u c t o s e ;  6 = g l u c o s e ;  7 = s u c r o s e ;  
8 = t r e h a l o s e .  
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F I G U R E  2 .  E f f e c t  o f  e x p o s u r e  t i m e  i n  t h e  p r e s e n c e  
of  AG1-X8 Anion Exchange  R e s i n  ( h y d r o x y l  fo rm)  o n  t h e  
r e c o v e r y  o f  p o l y o l / s a c c h a r i d e  s t a n d a r d  m i x t u r e .  'I 
= e t h y l e n e  g lycol ; .=  g l y c e r o l ; A =  a d o n i t o l ; O =  f r u c t o s e ; V  
glucose; .= s u c r o s e ; A =  t r e h a l o s e .  

c h a r a c t e r i s t i c s  o f  t r e h a l o s e  were  s i m i l a r  t o  t h o s e  o f  

t h e  p o l y o l s  a n d  s u c r o s e  t o  t h o s e  o f  t h e  rnonosaccha-  

r i d e s .  

V o r t e x i n g  enhanced  s a m p l e  r emova l  f rom t h e  t e s t  

s o l u t i o n .  R a t e s  of b i n d i n g  of  s a c c h a r i d e s  and  p o l y o l s  

were  maximized  w i t h i n  1-5  m i n u t e s  f o l l o w i n g  b r i e f  v o r -  

t e x i n g  ( 0 . 2 5  o r  1 . 0  m i n . )  ( F i g u r e  3 ) .  E q u i l i b r i u m  

b i n d i n g  o c c u r r e d  more r a p i d l y  t h a n  would be p r e d i c t e d  

by s i m p l e  p r o b a b i l i s t i c  c o n s i d e r a t i o n s .  

P e r  c e n t  r e c o v e r i e s  were  a l s o  l o w e r  f o r  a l l  componen t s .  

The i n t e g r i t y  of  t h e  b i n d i n g  d i f f e r e n t i a l  o b s e r v e d  b e -  

tween  t h e  n o n - r e d u c i n g  d i s a c c h a r i d e s  ( A =  42-52%) and  

t r e h a 1 o s e : e t h y l e n e  g l y c o l  (A=18-20%) s u g g e s t s  t h a t  
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FIGURE 3 .  E f f e c t  o f  v a r i a b l e  s h a k i n g  t i m e  ( 2 4 0  
c y c l e s / m i n . )  o n  r e c o v e r y  of  p o l y o l s  a n d  s a c c h a r i d e s  
t r e a t e d  w i t h  7 5  mg of  A G I - X B  A n i o n  E x c h a n g e  R e s i n  
( h y d r o x y l  f o r m ) .  v =  e t h y l - e n e  g l y c o l ; . =  g l y c e r o l ;  A 
= a d o n i t o l ; O =  f r u c t o s e ; v =  g lucose ; .=  s u c r o s e ; A =  

t r e h a l o s e .  

m o l e c u l a r  d e n s i t y ,  s o l u b i l i t y  o r  e x c h a n g e  s i t e  s p a -  

c i n g  a r e  n o t  c r i t i c a l  d e t e r m i n a n t s  o f  b i n d i n g .  
+ 

I n c o r p o r a t i o n  o f  a c a t i o n i c  e x c h a n g e r  (H ) w i t h  

a n  a n i o n i c  e x c h a n g e r  ( O H - )  (Dowex AG 501-XE) (150mg)  

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

a s  c o m p a r e d  t o  t h e  u s e  o f  t h e  a n i o n  e x c h a n g e r  o n l y  

( F i g u r e  2 ) .  Also, t h e  u s e  o f  a c a t i o n i c  e x c h a n g e r  

o n l y  (Dowex S O W )  ( H  ) r e s u l t e d  i n  1 0 0 %  s a m p l e  r e c o v e r y .  

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

i n  b i n d i n g .  

+ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



BINDING OF SUGARS AND POLYHYDRIC ALCOHOLS 775 

I n  a d d i t i o n  t o  t i m e ,  s a m p l e  b i n d i n g  i s  d e p e n d e n t  

on r e s i n  w e i g h t  ( F i g u r e  4 ) .  I n t e r e s t i n g l y ,  h o w e v e r ,  

1 0 0 %  b i n d i n g  ( 0 %  r e c o v e r y )  was e n c o u n t e r e d  o n l y  f o r  

g l u c o s e  i n  t h e  s h a k e n  s a m p l e s .  S h a k i n g  f o r  1 0  min -  

u t e s  a u g m e n t e d  t h e  s e p a r a t i o n  on  a w e i g h t  s p e c i f i c  

b a s i s  ( F i g u r e  5). However ,  c o m p l e t e  b i n d i n g  was n o t  

o b s e r v e d  e x c e p t  f o r  g l u c o s e ,  f r u c t o s e  a n d  s u c r o s e .  

S i n c e  o n l y  7 5 %  o f  t r e h a l o s e  was b o u n d  as  c o m p a r e d  t o  

s u c r o s e ,  b i n d i n g  s i t e  s a t u r a t i o n  d o e s  n o t  a p p e a r  t o  

b e  t h e  e x p l a n a t i o n  f o r  t h i s  o b s e r v a t i o n .  D i f f e r e n -  

t i a l  b i n d i n g  a p p e a r s  d u e  t o  a f f i n i t y  r e l a t i o n s h i p s  
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F I G U R E  4 .  E f f e c t  o f  t r e a t m e n t  w i t h  v a r y i n g  w e i g h t s  
o f  AGl-X8 A n i o n  E x c h a n g e  R e s i n  ( h y d r o x y l  f o r m )  on  t h e  
r e c o v e r y  o f  p o l y o l / s a c c h a r i d e  s t a n d a r d  m i x t u r e .  v =  
e t h y l e n e  g l y c o l ; . =  g l y c e r o l ; A =  a d o n i t o l ; O =  f r c c t o s e ;  
v= g l u c o s e ;  .= s u c r o s e ; A =  t r e h a l o s e .  
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F I G U R E  5 .  E f f e c t  o f  t r e a t m e n t  w i t h  v a r y i n g  w e i g h t s  
o f  AGl-x8 A n i o n  E x c h a n g e  R e s i n  ( h y d r o x y l  f o r m )  o n  t h e  
r e c o v e r y  o f  p o l y o l / s a c c h a r i d e  s t a n d a r d  m i x t u r e  a f t e r  
s h a k i n g  (240 c y c l e s / m i n . )  f o r  1 0  m i n .  v =  e c h y l e n e  g l y c o l ;  
0= g l y c e r o l ;  A =  a d o n i t o l ;  a= f r u c t o s e ;  v-- g l u c o s e ;  .= 
s u c r o s e ; A =  t r e h a l o s e .  

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

h i g h  r e c o v e r y  o f  g l y c e r o l  ("1/2 g l u c o s e " )  when c o n s i -  

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

f u r t h e r  s u p p o r t s  t h i s  s t a t e m e n t .  S i m p l e  s a t u r a t i o n  

k i n e t i c s  w o u l d  s u g g e s t  t h a t  a t  r e s i n  c o n c e n t r a t i o n s  

t h a t  c o m p l e t e l y  b i n d  g l u c o s e  ( 1 5 0 m g ) ,  5 0 %  o f  t h e  g l y -  

c e r o l  o u g h t  t o  b e  b o u n d  a n d  a t  a r e s i n  c o n c e n t r a t i o n  

o f  300mg, 1 0 0 %  o f  t h e  g l y c e r o l  w o u l d  b e  b o u n d .  A t  
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t h e s e  c o n c e n t r a t i o n s ,  o n l y  1 9 %  a n d  3 7 %  o f  t h e  g l y -  

c e r o l  w a s  b o u n d .  

The  p o s s i b i l i t y  o f  d i f f e r e n t i a l  b i n d i n g  b e i n g  

m a t r i x  d e p e n d e n t  was c o n s i d e r e d .  F i g u r e  6 i l l u s -  

t r a t e s  t h a t  r e c o v e r y  f r o m  a s e v e n  c o m p o n e n t  t e s t  

s t a n d a r d  was s o l u t e  s p e c i f i c  a n d  n o t  d e p e n d e n t  o n  

m a t r i x  e f f e c t s .  

The  u s e  o f  h y d r o x y l  i o n  e x c h a n g e r s  i s  n o t  r ecom-  

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

up  f o r  H P L C  a n a l y s i s  o f  p o l y h y d r o x y  compounds d u e  

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

t i o n ,  s a m p l e  h a n d l i n g  i s  made more  c o m p l e x  b y  t h e  
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FIGURE 6 .  M a t r i x  e f f e c t s :  R e c o v e r y  o f  g l y c e r o l  
I f r u c t o s e  i n  s i n g l e  v e r s u s  m u l t i - s o l u t e  s o l u t i o n s  

a f t e r  t r e a t m e n t  w i t h  A G 1 - X 8  A n i o n  E x c h a n g e  R e s i n  
( h y d r o x y l  f o r m ) .  Open s y m b o l  f o r  s i n g l e  s o l u t e  s o l u -  
t i o n s ;  s o l i d  s y m b o l  f o r  m u l t i - s o l u t e  s o l u t i o n s .  
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s p e c i f i c  t i m e / w e i g h t  d e p e n d e n c i e s  ( e x p o s u r e s ) .  

The  u s e  o f  c a t i o n i c  e x c h a n g e r s  o r  c h l o r i d e  i o n  a n i o n  

e x c h a n g e r s  ( T a b l e )  d i d  n o t  e f f e c t  t h e  r e c o v e r y  o f  

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