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SULFATED OLIGOSACCHARIDES FROM K-CARRAGEENAN AND 
DLIGOGALACTURONIC ACIDS SEPARATION BY H . P . L . C .  

A1 ai  n Heyraud Cyri 11 e Rochas 

Centre de Recherches s u r  l e s  Macromolecules 
Vegetales, Laboratoire propre du  C . N . R . S . ,  
Associe a l 'Un ive r s i t@ Scien t i f ique  e t  
Medicale de Grenoble, 53 X, 38041 Grenoble- 

Cedex - France - 

SUMMARY 

Sulfated oligosaccharidesproduced from enzymic hydrolysis of 
K-carrageenan have been separated u p  t o  DP 13 on a column of 
p-Bondapak C-18 o r  a Radial Pak car t r idge  "Dextropakl' 
w i t h  sodium n i t r a t e  as the mobile phase. Moreover, the separation 
of oligogalacturonic acids has been performed by the ion pa i r  
method on the same supports w i t h  0.05 % dodecyl tributylarnmonium 
ch lo r ide  i n  a sodium n i t r a t e  so lu t ion  as eluent.  

I N T R O D U C m  

High performance l iqu id  chromatography has been widely used 

i n  determination of su l fa ted  disaccharides produced from chondroi- 

t i n  s u l f a t e s  (1-3) o r  heparan s u l f a t e  and heparin (4 ) .  Meanwhile, 

there  i s  no paper on the  separation of the su l fa ted  oligosaccha- 
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404 HEYRAUD AND ROCHAS 

r ides  from kappa-carrageenan . Recently, we have shown t h a t  f rac-  

t iona t ion  u p  t o  DP 10 was obtained on a column of Bio-Gel P6 (5 )  

b u t  c lass ica l  gel permeation chromatography i s  time consuming ; 

so i t  was in t e re s t ing  t o  solve t h i s  problem w i t h  a rapid and per- 

formant method. In a same way, we have t r i e d  t o  separate by 

H.P .L .C .  the oligogalacturonic ac ids .  These oligosaccharides have 

been studied w i t h  several chromatographic systems, and the  most 

r e su l t s  have been summarized i n  a large review dealing w i t h  the 

separation o f  mono and oligosaccharides by 1 iquid chromatography 

( 6 )  ; high performance l i qu id  chromatography has never been used 

f o r  this fractionnation. 

EXPERIMENTAL 

Materi a1 s 

Kappa-Carrageenan i s  a copolymer (ab) ,  pur i f ied  as previously 

described (7-8). The enzymic hydrolysis was performed a t  pH 8.2 i n  

0.1M NaCl - 0.005M NaHC03 a t  40°C w i t h  a kappa-carrageenase kindly 

given by Dr. Yaphe from Mc Gill University (Canada). The oligogalac- 

turonic acids were obtained as a much appreciated g i f t  from J.F. 

Thibault (Nantes - France) (9 ) .  

Apparatus 

A1 1 separations were made u s i n g  Waters Associates equipment : 

model M-6000 A solvent delivery system, model U6K universal in jec-  
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SULFATED OLIGOSACCHARIDES 405 

t o r ,  and a model R 401 refractometric de tec tor .  The recorder used 

was a Servotrace instrument (Sefram - France). The chromatographic 

supports were a prepacked column ( 4  x 300 mm) of a p-Bondapak C-18 

and a Radial Pak ca r t r idge  "Dextropak" f o r  t h e  rad ia l  compression 

system RCM-100 manufactured by Waters. 

RESULTS A N D  DISCUSSION 

Separation of su l f a t ed  oligosaccharides 

In gel permeation chromatography process when a charged so lu t e  

i s  chromatographed on d i f f e r e n t  supports an e l e c t r o s t a t i c  exclusion 

e f f e c t  has t o  be taken in to  account and i t  i s  necessary t o  screen 

i t  by addition of an e l e c t r o l y t e  t o  the e luen t  (10-12). The same 

phenomenom i s  observed on a reverse phase support ; so w i t h  the  aim 

t o  suppress ion ic  e f f e c t  and t o  obtain the  same proper t ies  of the  

C-18 phase a s  found i n  the separation of neutral  mono and oligo- 

saccharides (13) a sodium n i t r a t e  so lu t ion  has been used as the 

mobile phase i n  the  concentration range 5.10-*M - 1M. The chromato- 

grams obtained a r e  reproduced i n  Figure 1. The reso lu t ion  i s  impro- 

ved by increasing the ionic  s t rength  and i n  a 1 M NaN03 eluent sul- 

f a t ed  oligosaccharides of kappa-carrageenan can be obtained up t o  

DP 13. In opposite,  there  i s  no separation on the  Dextropak ca r t r idge  

when the s a l t  concentration of the eluent i s  under 1M NaN03 ; the results 

a re  shown on Figure 2 .  The mechanism of separation of carbohydrate on a 

reverse phase column i s  due t o  hydrophobic in t e rac t ions  (13 ) .  Considering 
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Figure 2 : Separation of K-Carrageenan ol i gosacchari des on "Dextropak" 
car t r idge .  
A - e luent  : H20 ; flow r a t e  1 ml/mn 
B - e luent  : 0.1  M NaN03 ; flow r a t e  1 ml/mn ; T = 20°C 
C - e luent  : 1 M NaN03 ; flow r a t e  0.1 ml/mn ; T = 20°C 
The degree o f  polymerization i s  indicated by numbers over 
the peaks. 

; T = 20OC. 
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408 HEYRAUD AND ROCHAS 

the s t ruc tu re  of the  molecule (Figure 1) the hydrophobic anhydro- 

gal actopyranosyl u n i t  promotes the in t e rac t ions  ; the in t e rac t ion  

strength w i t h  the support i s  cont ro l led  by the  s a l t  concentration. 

The su l fa ted  polysaccharide i s  not kept back on the phase b u t  i t  

i s  excluded and e lu ted  before the  DP 1. In t h i s  case i t  seems 

tha t  the  charge dens i ty  i s  too h i g h  and the  hydrophobic i n t e r -  

actions do not control the  e lu t ion .  

The behaviour observed on both columns can be explained by 

differences i n  hydrophobic in te rac t ions  and  s t r u c t u r e  of t he  two 

phases. In Dextropak, the  paking i s  formed by more regular  

u-spherical s i l i c a  pa r t i c l e s  ; the  surface s i l ano l  groups a r e  mo- 

d i f i ed  by reacting w i t h  dimethyloctodecylchlorosilane b u t  

u-Bondapak C-18 i s  more hydrophobic (14)  due t o  an additional 

treatment w i t h  trimethyl si ly l  group on residual s i l  anol groups. 

As i t  has been found, hydrophobic bonds a r e  enhanced when the 

s a l t  concentration i s  increasing (15) ; so i n  1 M NaN03 e luen t ,  

the hydrophobicity of both paking should become nearly the  same. 

Separation of oligogalacturonic acids : 

The galacturonic acid un i t  has a weak hydrophobic charac te r ,  

due t o  the presence of the carboxylic s i t e s ,  so no separation 

occurs i n  NaN03 media. The reverse phase system based on the  ion- 

pa i r  chromatography (16) can be applied. In this method, the ion ic  

form of the so lu te  i s  suppressed by addition of an appropriate 
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SULFATED OLIGOSACCHARIDES 409 

counterion to  the mobile phase. Generally the retention time i s  

depending on the pH of the eluent and the nature and  the concentra- 

t i o n  of the counterion used. All experiments have been performed on 

the "Dextropak" cartridge. We have tested,  without success, t e t ra -  

methylammonium and tetrabutylammonium ions ; whatever the pH i s ,  

there i s  no retention. A counterion more hydrophobic has been t r ied : 

with 0.05 % dodecyltributylammonium ion in  water, the com- 

plex formed i s  so strong and so hydrophobic that  he can ' t  be eluted 

from the column. So we have eluted with 0.05 % dodecyltributylammo- 

nium chloride in sodium ni t ra te  solution. The resul ts  obtained i n  

0 .1  M and 0.2 M NaN03 are i l lus t ra ted  i n  Figure 3. !&!hen the concentra- 

t ion o f  the sodium ni t ra te  i s  0 .1  M y  the f i r s t  f ive DP are  resolved. 

In 0 .2  M y  the resolution o f  the upper DP i s  increased b u t  i n  1 M 

NaN03 there i s  no more separation. I t  was concluded tha t ,  by adding 

electrolyte ,  the complex is destabilized by a competition bet- 

ween the electrolyte and the hydrophobic counterions. 

CONCLUSION 

High performance liquid chromatography on C-18 supports has 

been proved t o  be an excellent method t o  analyse the oligosaccha- 

rides produced from kappa-carrageenan by enzymic hydrolysis or t o  

fractionate a mixture of oligogalacturonic acids. I n  the f i r s t  

case, the mechanism i s  based on hydrophobic interactions between 

C-18 chains and the a'ohydrocjalactosyl unit a f t e r  

suppression of the ionic exclusion with elution by a sodium ni- 
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SULFATED OLIGOSACCHARIDES 411 

t r a t e  so lu t ion .  This system is not ava i lab le  w i t h  oligogalactu- 

ronic ac ids ,  b u t  the  separation can be performed by the  ion-pair  

method ; the  hydrophobic counterion used is dodecyltributylammo- 

nium. A concentration o f  0.05 % i n  a sodium n i t r a t e  as the  mobile 

phase allows to  get good r e s u l t s ,  the reso lu t ion  of d i f f e r e n t  DP 

being checked by the ionic  s t rength .  

Acknowledgements : the  authors wish t o  thank Prof. RINAUDO f o r  
helpful advice and Dr. J.F. THIBAULT f o r  the  g i f t  of t he  oligo- 
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REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

G.J.L. Lee, H. Tieckelmann. Anal. Biochem. 94, 231 (1979) 

A. Hjerpe, C.A. Antonopoulos, B. Engfeldt. J. Chromatogr. - 171 
339 (1979). 

N. Ototani, N. Sato, Z. Yosizawa. J. Biochem. g, 1383 (1979). 

G.J.L. Lee, H .  Tieckelmann. J. Chromatogr. 195, - 402 (1980) 

C. Rochas, A. Heyraud. Polymer Bul le t in  - 5 ,  8 1  (1981) 

A. Heyraud, M. Rinaudo. J. Liq.Chromatog. ( spec ia l  Issue) 
175 (1981)- ' 

C. Rochas, M. Rinaudo. Biopolymers - 19, 1675 (1980) 

C. Rochas, M. Rinaudo, M. Vincedon. Biopolymers - 19 2165 
(1980). 

J.F. Thibault. J. Chromatogr. - 194, 315 (1980) 

A. Domard,M. Rinaudo, C .  Rochas. J .  Polym. Sc i .  Polym. Phys. 
Ed. - 17 673 (1979). 

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



412 HNRAUD AND ROCHAS 

11. C. Rochas;A.Domard,M. Rinaudo. Polym. J. - 16 135 (1980). 

12. M .  Rinaudo, J .  DesbriPres. Eur. Polym. J. - 16 849 (1980) 

M. Rinaudo, J. DesbriSres, C. Rochas. J .  Liq. Chromatog. - 4 (8 ) ,  
1297 (1981). 

13. A. Heyraud, M. Rinaudo. J .  Liq. Chromatog . - 3, 171 (1980) 

14. Seminaire Waters, Pa r i s ,  (1981). 

15. C.  Horvath, W. Melander; Chromatographia - 11, 262 (1978) 

16. G. Serouss i ,  R. Barbes, J.D. Dauchy, X. Delamare, C. I s r a e l i a n ,  
M. Laparra. Spectra 2000, - 65, 29 (1981). 

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


