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ABSTRACT 

The separation of oligouronic acids has been performed by the h.p.1.c. ion-pair method on a C,, 

reversed-phase column using various divalent-cation salt solutions containing 0.05% dodecyltrimethylam- 

monium chloride. Oligogalacturonic, oligoguluronic, and oligomannuronic acids have been studied. In each 
series, the separation is dependent on the ionic strength of the eluent. By changing the cation, it is possible to 

significantly modify the resolution, and the system has been shown to be very useful, not only in the studies of 

selective interaction between divalent cation and oligouronates, but also in structural studies of alginates. 

INTRODUCTION 

Liquid chromatography on bonded-phase silica gel and on ion-exchange resins 
has become a common and valuable method for the fractionation of neutral oligo- 
saccharides, and several reports have been published’m3. Conversely, the high-perform- 
ance liquid chromatography of oligouronic acids is more complex. Only a few papers of 
interest have appeared that principally deal with the analysis of oligogalacturonic 
acid?‘. Different systems based on anion-exchange4,7.x, cation-exchange6 or ion-pair 
chromatography4,5 have been described for the separation of saturated and unsaturated 
oligogalacturonic acids. Good resolution has been obtained for a broad range of degree 
of polymerization (d.p) among oligomers the results depending on the specific proce- 
dure used. The best results have been recently reported by Hotchkiss and Hicks’, with 
the separation of oligogalacturonic acids with a d.p. ranging from 2 to 50 by high- 
performance anion-exchange chromatography on pellicular anion-exchange resin sta- 
tionary phases coupled with pulsed amperometric detection. 

H.p.1.c. has also been used with success in analysis of alginate lyase-generated 
products, and separations of unsaturated oligomannuronans have been described”‘. In 
a recent paper” dealing with the structural characterization of alginates by liquid 
chromatography, we have proposed the use of divalent-cation salts in the eluent in an 
ion-pair method to analyze the composition of oligomers obtained by acid hydrolysis of 
heterogeneous blocks of alginates. The purpose of this paper is (i) to discuss the 
mechanism of separation involved on the basis of specific ionic interactions between 
divalent cations and oligouronides and (ii) to define the critical parameters involved in 
the separations. 

OOOB-6215/91/$03.50 @ 1991 ~ Elsevier Science Publishers B.V 



106 4, HIXRAUD. (‘. LIIONARI) 



TA
B

LE
 

I 

M
et

ho
ds

 
pr

op
os

ed
 

fo
r 

th
e 

fr
ac

tio
na

tio
n 

of
 “

lig
ou

ro
ni

de
s 

s,s
trm

 
C

0f
U

lil
tI 

O
liq

ou
ro

na
fe

s 

St
ro

ng
 a

ni
on

-e
xc

ha
ng

e 
N

uc
le

os
il 

IO
SB

 
co

lu
m

ns
 

(C
hr

om
pa

ck
) 

Zo
ba

x 
SA

X
 

(D
uP

on
t) 

O
lig

og
al

ac
tu

ro
ni

de
s 

an
d 

un
sa

tu
ra

t- 
ed

 “
hg

om
cr

s 

O
lig

og
al

ac
tu

ro
m

de
s 

an
d 

un
sa

tu
ra

t- 
ed

 “
lig

om
er

s 

Pa
rtl

si
l 

SA
X

 l
O

/n
n 

U
ns

at
ur

at
ed

 
“h

go
m

er
s 

fro
m

 a
lg

i- 
(P

er
ki

n-
El

m
er

) 
na

te
s 

TS
K

 D
EA

E 
2.

SW
 

(B
ec

km
an

) 
O

lig
og

al
ac

tu
ro

ni
de

s 
af

te
r 

de
nv

iL
a-

 
tio

n 

C
ar

bo
pa

ck
 

PA
I 

Io
n 

Pa
ck

 4
S4

A
 (

D
io

ne
x)

 
O

lig
og

al
ac

tu
ro

ni
de

s 

W
ea

k 
an

io
n-

ex
ch

an
ge

 
Ll

ch
ro

so
rb

 
IO

 N
H

, 
co

lu
m

ns
 

(M
er

ck
) 

#c
-B

on
da

pa
k 

N
H

, 
(W

a-
 

te
rs

) 

O
hg

og
al

ac
tu

ro
ni

de
s 

an
d 

un
sa

tu
ra

t- 
ed

 o
lig

om
er

s 

U
ns

at
ur

at
ed

 
ol

ig
om

er
s 

fro
m

 p
ol

y-
 

gu
lu

ro
ni

c 
ac

id
 

C
at

io
n-

ex
ch

an
ge

 
co

lu
m

ns
 

R
ev

er
se

d-
ph

as
e 

c”
lu

m
”S

 

H
PX

-2
2H

 
(B

io
-R

ad
 

La
bs

) 

Ix
hr

os
or

b 
IO

 RP
- 

18
 

(M
er

ck
) 

PB
on

da
pa

k 
C

,, 
(W

a-
 

te
rs

) 

p-
B

on
da

pa
ck

 
C

,, 
8M

B
 

10
 /m

l 
(W

at
er

s)
 

O
lig

og
al

ac
tu

ro
m

de
s 

0.
00

5M
 

su
lfu

ric
 a

ci
d 

is
oc

ra
tic

 
r.i

. 
6 

O
hg

og
al

ac
ru

ro
ni

de
s 

an
d 

un
sa

tu
ra

t- 
ed

 o
lig

om
er

s 

O
lig

og
al

ac
tu

ro
ni

de
s 

U
ns

at
ur

at
ed

 
ol

ig
om

er
s 

fro
m

 p
ol

y-
 

m
an

nu
ro

ni
c 

ac
id

 

So
di

um
 a

ce
ta

te
 

bu
ff

er
s 

So
di

um
 a

ce
ta

te
 

bu
ff

er
s 

Po
ta

ss
iu

m
 

ph
os

ph
at

e 
bu

ff
er

s 

A
ce

ta
te

 
bu

tT
em

 

A
ce

ta
te

 
or

 o
xa

la
te

 
bu

fT
er

s 

So
di

um
 a

ce
ta

te
 

bu
ff

er
s 

A
q.

 a
m

m
on

iu
m

 
fo

rm
at

e 

M
ix

tu
re

 
of

 m
et

ha
no

l 
an

d 
ph

os
ph

at
e 

bu
lT

er
 c

on
ta

m
in

g 
te

tra
bu

ty
la

m
m

om
- 

ur
n 

br
om

id
e 

A
q.

 s
od

iu
m

 
ni

tra
te

 
co

nt
ai

ni
ng

 
0.

05
%

 
do

de
cy

ltr
im

et
hy

la
m

m
on

iu
m

 
ch

lo
rid

e 

10
%

 a
ce

to
ni

tri
le

+l
O

m
M

 
te

tra
bu

ty
la

m
- 

m
on

iu
m

 
hy

dr
ox

id
e-

O
.1

 M
 so

di
um

 
ph

os
ph

at
e.

 
pH

 6
.5

 

is
oc

ra
tlc

 

is
oc

ra
tic

 

lin
ea

r 
co

nc
en

tra
tio

n 
gr

ad
ie

nt
 

lin
ea

r 
co

nc
en

tra
tio

n 
gr

ad
ie

nt
 

no
n-

lin
ea

r 
co

nc
en

tra
- 

tio
n 

gr
ad

ie
nt

 

is
oc

ra
tx

 

is
oc

ra
tic

 

1s
oc

ra
tic

 

Is
oc

ra
tic

 

is
oc

ra
tic

 

I-.
,. 

or
 

U
.“.

 

r.i
. 

or
 U

.V
. 

U
.“

. 

U
.“

. 

p.
a.

d.
 

U
.V

. 

r.i
. 

or
 u

.v
. 

r.i
. 

r.i
. 

4 4 10
 7 8 4 II

 

5 

_-
 

-_
 

__
 

--
 

.._
_.

 
-_

-_
- 

.I.
.“.

” I 
. 

.._
 

__
._

--
.- 

_-
. ._

_ ..-
_ _.

 



the system used, the capacity factors for oligomers have been shown depending on the 
molarity and/or the pH ofthe eiuent. lfit is obvious that bq’ increasing the ionic strength 
of the eluent, the retention of the oligouronides on the column is decrr;rscd. no result 
was found on the possible role ofcations in the mobile phase AS ion-exchange cc>lutnns 
were not convenient for this study. WC chose to work with ion-pair ctlromatograph~ on ;1 
reversed-phase C,, column. isocratic rlution was the only eiut~ctn mode considered, and 
a detector based on optical rotation was adapted to the h.p.1.c. equipment and connect- 
ed in series with the differential refractometer to suppress some p.ro\slcm~ of b:lseline 

drift sometimes observed by eluting with salts of divalent cations“. 
In a previous paper’ we describe an eluent for the separatl~x~ of oligogalactur- 

onates. A 0.1 N sodium nitrate solution containing O.O5”% (V Y) ~fot-lccyitrimethyl~mmo- 
nium chloride was shown to provide an interesting system for the revolution of the first 
five d.p.s. By increasing the ionic strength, a decrease in rcicntion time wax nh~rvcd 
(Fig. I). indicating that separations ofhigher d.p. areindeed fensible. Similar results are 
obtained with oligoguluronidcs and c)ligornannuronicies 3s shown on Fig .? 

The mechanism ofretention in reversed-phase ion-pair chrl)matc~gr~l,phy has been 
the subject of considerable discussion in the literature” ” We propose an ionic interac- 

tion between the uronate and the ion-pairing reagent. The pseudo neutral cr~n~plc~ 
interacts by its alkyl chain with the alkyl chain of the CiA phase 4n increase 111 the ionic 
strength (I) with a simple salt leads to both ;i decrease of the uronate dodecyltrimcthyl- 
ammonium form by ion-exchange xnd a decrease of retcnt:on rime (‘onsidcrrng ;t 

A 

Fig. 1. Separation of oligogalacturonates. (A) eluent. 0.1 M NaNO, + 0.05?,0 iv:v) ciodecylrrimethylammo- 
nium chloridr: flow rate. 0.6 mL;min, (B) eluen!, 0.2M NaNO, + O,OS”J~, (~‘5) dodecyltrirnethyl;~m~~~~nium 
chloride: Ilow rate 0.4 mL!min: detector, refractive-index (r.1.). The degree of polymerization (ci.p.) I& 
indicated by numbers over the praks. 
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(GUI A ) 
rl 

I I I F 

0 
I 
5 10 15 min 

Fig. 2. Separation of alginate oligomers. (GUI A), oligoguluronates; (Man A), oligomannuronates. Experi- 
mental conditions: eluent, 0.2M NaNO, + 0.05% (v/v) dodecyltrimethylammonium chloride; flow rate, 0.6 
mL/min; detectors: polarimeter (p.) and refractive-index detector (r.i.). The degree of polymerization (d.p.) 
is indicated by numbers over the peaks. 

particular d.p. in the three different series, there is a similar behavior in regard to ionic 
strength, but a great difference in capacity factor is observed with the given conditions of 
elution. Fig. 3 shows the relationship between the capacity factor and different d.p. of 
the uronate series in 0.15~ NaCl eluent. There is considerable similarity among capacity 
factors of ohgoguluronates and oligogalacturonates; however, the values are higher 
with the oligomannuronates. This difference may be due, not only to the difference in the 
dissociation of the complex controlled by the ionic strength, but also to the difference in 
the value of the selectivity coefficients for the dodecyltrimethylammonium-sodium 
ion-exchange reaction. 

Considering the original polysaccharides (except the polymannuronate), it is well 
known that the polyguluronate and the polygalacturonate are able to form gels in the 



presence of divalent cations such as calcium. due to the remarkable affinity of. the two 
latter polyuronates for calcium ions I7 ‘li, This behavior has been related to their poly- 
merit nature“‘; nevertheless. we thought it would be possible to modify the capxit? 
factors of oligomers by clutlng with divalent-cation salts in place of !adiutn nitrate. 

Calcium. barium. and magnesium chlorides were assessed ;I> c!uents. and these 
are compared in Fig, 4 with results obtained using sodium chloride AS ?.+a~ expected. 
whatever the cation. a small difference is observed in the mannuronate seric~“~. Excq~t 
with barium. the values of the slopes are XI-~ simliar. indicating;l l;tcR ot selecti\-it>, The 
difference in k’ for a particular d.p. IS related to the difli’rtancc in tilt* <t;lbilit!. a~n~t;~t-lt crf’ 
the oligouronidc dodec~ltnmcthylammonium complex in ttic prz::rn~~ *..rf‘ the partic-. 
ular cation. In the same way.. the capacity factors of oligogaE:~c:turOnId~~ art slighti> 
modified in this range of d.p.. which is in agreement with the hteraturr: data”. The 
activities of the calcium and barium ions decrease slowly in ;I Lontinuous manner with 
increasing degree of polymerization, and purely electroct;tti*: intcractiotir of counter- 
ions with the carboxyl group ol‘oligomers are in-\;olved’” ‘i. On the 0th~~ hai~d. 1 his etTecr 
is very important on oligoguluronates, and it is therefore reasonable tt\ assume that 
cations such as calcium or harlum interact specifically with low d.p. ( i. to units). These 
results differ significantly from the literature data assuming no c?riginni btJhavi<>r II? 
selectivity up to d.p. 18 with oligoguluronides~-‘ With the polymer. the mcrtrase of’ the 

affinity for the calcium or barium cation has been related to ;t coopcratiw association 
according to the “egg-box*’ model”. Considering this model_ at krst four unirs arc 
necessary. and a change in the slope ofthe plot k’ f3.i. d.p. u,ould be ~+wTT~. In the range 
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d.p 

100 

0.1 I I / I I I 
1 2 

ctp. 

4 5 

Fig. 4. Influence of the cations on the elution of the three series considered in a 0.15 ionic strength of eluent 
(A) (Man A),, oligomannuronates; (B) (GUI A),, oligoguluronates: (C) (Gal A),, oligogalacturonates. 



ofd.p.s studied. there is no change in the behavior, so the high selectivity is not due to the 
length of the oligomer, but must be related to the intrinsic propertzes of ihe guiuronic 
acid unit”. From these results. we can assume a great difTerence in thus behavior of 
galacturonides and guluronides and a long sequence of guluronatc units mu> ni)t be 
essential for alginate gelification. In regard to divalent catIons. information about the 
order of selectivity can also be deduced. ‘Thus the Ivwer the sclectjttt;+ ~:~lue. the highs 

the k’ value, which corresponds to a shift iI1 the equilibrium shown hclou: 

Oligouronide~~dodec\;ltrimerhylammoniurn ;-” oligouronide ~atior~. 
In all three series, thtt k’ values of magnesium are hrgher. 4ssum1ng :f similarily in 

affinity ofoligouronides for sodium and magnesium” “‘,, Ihe eH-CY_.?, oi‘the iii\:-tlcnt caticw 

III?I.Li__LL_‘__~i_L.i_: !...~~ll_iLILIL~LIILL.~.?__ ’ 

- : ,+ c : i. 

I! ;’ 

Fi_e. 5. Influence of the divalent catlon on the elutmn ofalglnate ohgomers, E.xpertmental conditions. ~nn~c 
strength. 0.2: flow rate, 0.6 mL;mm; detector. polarimeter. (A) cluent. IlaC1, + 0.05”~; dodecl;ltrimethq lam 
monium chloride: (B) elucnt. BaCl. L (~.(~5”~0 dodecyltrimethylamnronlum &lorxi~ 
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on the stability of the complex is less important than that of a monovalent cation. Due to 
a higher affinity of calcium and barium, the stability of the complex decreases, as do the 
k’ values. The role of calcium and barium is closely similar in the case of the galacturo- 
nides, but a great difference is observed in the case of the guluronides, and the selectivity 
increases in the following order: Mg < Ca < Ba. The same classification has also been 
proposed by Haug and Smidsrod25~26 for alginates. 

Among problems of ion selectivity, another ofinterest is the study of the composi- 
tion of oligomers resulting from hydrolysis of the alternating structure (Man A-GUI A). 
In Fig. 5, the different capacity factors for alginate oligomers obtained by eluting the 
column with CaCl, and BaCI, are shown. It is interesting to note the behavior of these 
types of oligomers. When CaCl, is used (Fig. 5a), the binding properties of calcium are 
consistent with the results reported above. It is possible to fractionate the (Man A-Gul 
A) oligomers from the (Man A) oligomers due to the selectivity of the guluronate unit 
for Ca’+ . With BaCl, (Fig. 5b), this high selectivity is lost, and we can observe the same 
behavior with the (Man A-GUI A) oligomers and the (Man A) oligomers. Thus, it seems 
reasonable to conclude that there is a different mechanism governing the interactions of 

NaCl 

c 
r 
0 

I I I I I t 
5 10 15 20 25 min 

Fig. 6. Chromatograms showing the influence of the nature of divalent cations on the fractionation of 
tetramers obtained by acid hydrolysis of alternated alginate blocks. Ionic strength, 0.2; flow-rate, 0.6 
mljmin; detector, polarimeter. 



the calcium and barium cations. The fixation of barium in enhanced by a regularity ol 

the structure whatever the sequence (GUI A), or (Man A),,. These part ieularities are -\~r-> 

useful in the study of a particular d.p. isolated from acid or en/ymtc hydrolysis oi 

alginates, as shown on the chromatograms of F-ig. 6. B> ;1 j adic~ous choizc o!‘cat~on. :t 

may he possible to resolve ;i cc~rnply~ mixture ot‘dilferenl ‘~t~~iXtlUK1~~” _ 
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