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A homogeneous, water-soluble 4-O-methyl-D-glucurono-p-xylan has
been isolated from the leaves of marsh mallow. The mole ratio of D-xylose
and 4-O-methyl-D-glucuronic acid was 7:1. The main chain was built of
(1—-4)-linked S-D-xylopyranosyl residues and 4-O-methyl-D-glucuronic acid
was attached as single terminal units to O-2 of D-xylose.

The single-ion activity coefficient of calcium counterions y¢,2+ was esti-
mated in a molecular disperse solution of the polysaccharide. The mean
distance of adjacent carboxyl groups, b = 4.00nm, was obtained from
experimentally determined value of yc,+ =0.712, using the relation
Yca2+ = f(b). From comparison of the b value with the length of the D-xylose
unit (0.52 nm) it follows that the uronic acid units are apart and distributed
regularly along the macromolecule chain, i.e. approximately each seventh
D-xylose unit is substituted by 4-O-methyl-D-glucuronic acid.

W3 nucTheB anTest anTe4HOTo BbIJIEJIEH TOMOTEHHBIH BOJOPaCTBOPUMBII
4-O-MeTUN-D-TJIIOKYPOHO-D-KCHJIaH. MOJIbHOE OTHOLLEHHE D-KCHJIO3bI U
4-O-MeTII-D-TJIOKYPOHOBOH KHMCJIOTHI B HeM Obuio 7:1. 'maBHas uenb
coctosiia u3 (l1—4)-CBA3aHHBIX OCTaTKOB [-D-KCHJIOMMPAHO3bI, MPUYEM
4-O-MeTHII-D-TJIIOKYpPOHOBasl KHCJIOTa ObLIa IpPHCOEOUHEHA B BHIE OOM-
HOYHBIX KOHUEBBIX Ipymnm k aToMy O-2 D-KCHJIO3BI.

BenuunHa OOHOMOHHOro Ko3(duUHEHTa AKTHBHOCTH KaJIbLIUEBBIX
MPOTUBOHOHOB ¥c,2+ ObLIA ONpENENCHA B MOJIEKYJISIPHO JAUCIIEPCHOM pac-
TBOpE MOJIMCaXxapuaa. 3HaueHHe CPeIHEro pacCTOSHUS MEXIY COCeIHUMH
KapOokcunbHbIME Tpynnamu, b = 4,00HM, ObUIO MOJY4YEHO HAa OCHOBE
OMBITHO YCTAHOBJEHHOTO 3HAYEHHS Jcpo+ = 0,712, HCmoOb3ys COOT-
HOLIEHHUE Y2+ = f(b). 3 cpaBHEHHs BEJIMYHMHBI b C pa3MeEpOM €IHHHIIBI
D-kcuno3el (0,52HM) cnenyer, 4TO €IMHHILI YPOHOBOW KHCJIOTHI He
HaXOATCS PSIOM, a PETYJISIPHO pacnpelesieHbl BOIb LeMH MakKpOMOJIEKY-
JIbl, T.€. TPUOJIN3UTENILHO KaXKas CebMas eIMHUIA D-KCHIIO3BI 3aMellieHa
4-O-MeTUN-D-TJIOKYPOHOBOH KHUCJIOTOH.

Elucidation of sequential arrangement of 4-O-methyl-pD-glucuronic acid in
the D-xylan molecule is not an easy task. Partial acid or enzyme hydrolysis
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followed by fractionation and characterization of oligomeric fragments is time-
-consuming and may lead to ambiguous conclusions. Earlier [1] it was generally
accepted that in glucuronoxylans the monomeric uronic acid units are distri-
buted randomly along the D-xylan chain. However, Shimizu and coworkers [2]
isolated a tetramer containing two vicinal units of 4-O-methyl-D-glucuronic acid
bound to O-2 of D-xylobiose from the hydrolyzates of hemicelluloses of neutral
sulfite waste liquor of larch. Lately, Kohn et al. [3, 4] have suggested a block-wise
distribution of 4-0O-methyl-p-glucuronic acid in 4-O-methyl-D-glucurono-np-
-xylans isolated from the bark of white willow and beech. They came to this
conclusion on the basis of the results obtained by a novel methodic approach,
i.e. by determination of the single-ion activity coefficient of calcium counterions
(Yca2+) in solutions of calcium salts of these polysaccharides.

In the present work we made use of this method in determination of distribu-
tion pattern of side 4-O-methyl-D-glucuronic acid units in 4-O-methyl-D-
-glucurono-D-xylan isolated from the leaves of marsh mallow (Althaea officinalis
L., var. Rhobusta).

Experimental

Potentiometric titrations were performed on a PHM 64 (Radiometer, Copenhagen)
potentiometer using a GK 2401 C combined electrode.

Spectrophotometric measurements were carried out on a Specol 11 (Zeiss, Jena)
spectrometer.

The Cd spectra of both potassium and calcium salts of the polysaccharide were
measured in 1.00 mmol dm ™~ * solutions of COOK and COOCa, s with a Jobin Yvon Mark
111 (France) dichrograph.

Reagents used: 0.058 M-KOH, 0.021 M-Ca(OH),, 0.005 M-CaCl,, redistilled water
freed from carbon dioxide, and tetramethylmurexide synthesized according to the meth-
od described in [5].

Isolation and characterization of the polysaccharide

The isolation of 4-O-methyl-p-glucurono-p-xylan from the leaves of marsh mallow
and its subsequent separation from the accompanying polysaccharides were carried out
as described in our previous work [6]. The structural features, determined by methylation
analysis and "C NMR spectroscopy, are described in the same work. The content of
4-O-methyl-D-glucuronic acid was determined by potentiometric titration and the meth-
oxyl content according to the method of Viebock and Brecher [7]. Both methods afforded
consistent results. The number average molecular mass (M,) was determined osmo-
metrically at 30°C after equilibration with 0.1 M-NaCl, using a Knauer membrane
osmometer fitted with a Zweischicht-Membrane (Knauer).
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Determination of activity of Ca** ions in the solution of calcium
salt of 4-O-methyl-D-glucurono-p-xylan

The polysaccharide was converted into H* form by percolating the polysaccharide
solution through Amberlite IR 120 (H*) and then it was neutralized to the point of
equivalence with saturated Ca(OH), solution.

The activity of Ca’* ions was determined in the solution of calcium salt of the
polysaccharide (¢(COOCa,s) = 3.00mmoldm ™) by the spectrophotometric method
using tetramethylmurexide (¢ = 4 x 10™>mol dm *) as the metallochromic indicator [8,
9]; the solution did not contain any additional inert electrolyte. The calibration curve was
constructed from the data obtained with CaCl, solution. The single-ion activity coefficient
Yca2+ Was calculated from the Ca®* activity and the total concentration of Ca** in the
solution (1.5 mmoldm ).

Determination of distribution of 4-O-methyl-D-glucuronic acid
in the polysaccharide )

The mean distance (b/nm) between two adjacent free carboxyl groups in their perpen-
dicular projection on the axis of the D-xylan linear chain was estimated from the
analytical curve y¢,2+ = f(b). This function was introduced in our earlier paper [10] using
Yca2+ determined in model solutions of variously esterified pectins (£ > 43 %) [11].

Results and discussion

A homogeneous, water-soluble 4-O-methyl-D-glucurono-b-xylan has been
isolated from the leaves of marsh mallow. The polysaccharide was composed of
(1—+4)-linked p-D-xylopyranosyl residues, =70 % being unsubstituted, ~5 %
carrying a single substitution at O-2 and/or O-3, and ~11 % being doubly
branched on O-2 and O-3. 4-O-Methyl-p-glucuronic acid was attached to O-2
of D-xylose as single terminal units. The mole ratio of D-xylose to 4-O-methyl-D-
-glucuronic acid in the polysaccharide was 7:1 (Table 1).

Table 1

Characterization of 4-O-methyl-p-glucurono-bp-xylan

w (D-Xylose) . . 83.10 %
w (4-0-Methyl-p-glucuronic acid) 16.90 %
w(OCH,;) 2.712%
M, 21563
[a)(D, 22°C, o = 5.0gdm™3, water) —71.3°
Mole ratio D-xylose : 4-O-methyl-D-glucuronic acid 7.09:1.00

Chem. Papers 44 (1) 111 117 (1990) 113



A. KARDOSOVA. A. MALOVIKOVA. J. ROSIK. P. CAPEK

The principle of the method for determination of the distribution pattern of
carboxyl groups in an acid polysaccharide molecule, based upon interpretation
of single-ion activity coefficient of calcium counterions (yc,+), has already been
described [10]. The prerequisite for applying the foregoing method is the elec-
trostatic bond between the calcium ions and carboxyl groups of the polysac-
charide. The activity coefficient of counterions (y;), bound by electrostatic bond
to the polysaccharide, is a function of linear-charge density of the macromole-
cule characterized by the mean distance between two adjacent carboxyl groups
(b/nm). The function yc,.+ = f(b) (Fig. 1) has a general validity for linear acid
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polysaccharides, regardless of the kind of uronic acid units in the polysac-
charide. As it was mentioned in Experimental, Fig. 1 was constructed from the
values of activity coefficients determined in solutions of calcium salts of pectins
having more than 43 % carboxyl groups esterified, wherein the bond between
calcium and carboxyl groups was exclusively electrostatic [11].

The identity of circular dichroic spectra (Fig. 2) of calcium and potassium
salts of the glucuronoxylan studied herein indicated that the bond between
calcium and carboxyl groups was electrostatic [12]. The spectra, recorded with
transparent solutions (concentration of COOK and COOCa, s = 1.00 mmoldm™?),
revealed the maximum in the negative value of the ellipticity range at
A =210nm.

The activity of Ca’* counterions (ac,:+) was estimated in the solution of
calcium salt of 4-O-methyl-D-glucurono-b-xylan (c(COOCa,;) = 3mmoldm?)
and the activity coefficient 7.+ = 0.712 was calculated. This value is very
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similar to that found at the same concentration with calcium D-glucuronate
(Yca2+ = 0.755). _
The distance between two vicinal carboxyl groups in the polysaccharide
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Fig. 2. Circular dichroic spectra of potassium and calcium salts of 4-O-methyl-b-glucurono-p-xylan
(concentration of COOK and COOCa, s = | mmoldm ™).
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Fig. 3. Linearized form (1/y¢,2+ = f(1/b)) of the relationship illustrated in Fig. 1.
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b = 4.00 nm, corresponding to the found activity coeflicient, was obtained from
the linearized form (1/yc,2+ = f(1/b); Fig. 3) of the function .+ = f(b) (Fig. 1).
Though this relationship was proved to be valid for linear acid polysaccharides
[11], i.e. when the uronic acid units are built in the linear chain, we consider this
dependence applicable to our polysaccharide, since 4-O-methyl-D-glucuronic
acid is attached to the main linear chain exclusively as single terminal units.

When considering the analogy with the macromolecule of p-mannuronan,
having the same type of glycosidic bonds (f-(1 —4)) of the saccharide units in
*C, conformation, the length of one D-xylose unit in the D-xylan chain is 0.52 nm
[13]. Then from the b/ value 4.00 nm it follows that approximately each seventh
D-xylose unit in the macromolecule is substituted by one unit of 4-O-methyl-n-
-glucuronic acid. This conclusion is in agreement with the results of structural
studies.

Table 2

Mean distance between two adjacent carboxyl groups (b) in 4-O-methyl-D-glucurono-b-xylans
in a perpendicular projection on the main axis of their molecules

S Mole ratio
e Xyl: UA b/nm
Bark of white willow [3] - 6.0 1.10
Beech wood [4] 6.1 1.20
Leaves of marsh mallow 7.0 4.00

For comparison, we present in Table 2 the b values determined with 4-O-
-methyl-D-glucurono-p-xylans isolated from the bark of white willow and beech
wood [3, 4]. These point to irregular distribution of uronic acid units in the
macromolecule. The polysaccharides are composed of blocks with more fre-
quent branching (approximately at each second xylose unit), alternating with
those composed exclusively of xylose units or containing only small amount of
uronic acid units. Contrary to these polysaccharides, in the 4-O-methyl-D-
-glucurono-p-xylan studied herein, the uronic acid units are apart and distri-
buted regularly along the macromolecule chain. This finding completes the
knowledge on the structure of this polysaccharide. Moreover, it may be of
importance in view of investigations and possible classifications of further types
of glucuronoxylans or hemicelluloses in general, considering their origin.
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