
Carbohydrate Research, 214 (1991) 107-I 13 
Elsevier Science Publishers B.V., Amsterdam 

107 

A novel L-fuco-4-O-methyl-D-glucurono-D-xylan from 
Hyptis suaveolens* 

Gerald 0. Aspinall, Peter Capek+, Roshan C. Carpenter, D. Channe Gowdat, and 
Janusz Szafranek** 
Department qf Chemistry. York University, North York, Toronto, Ontario M3J I P3 (Canada) 

(Received September 6th, 1990; accepted for publication November ist, 1990) 

ABSTRACT 

The acidic polysaccharide from the seed-coat mucilage of Hyptis suaueolens is a highly branched 

L-fuco-4-0-methyl-o-glucurono-n-xylan for which a structure is proposed having a 4-linked D-D-xyhl 

backbone carrying side chains of single 4-0-methyl-a-n-glucuronic acid residues at O-2 and 2-O-L-fucopyra- 

nosyl-r)-xylopyranose units at O-3. The structural analysis involves base-catalyzed p-elimination of uranic 

acid residues from the methylated glycan followed by degradation using a modified Svensson oxidation- 

elimination sequence. 

INTRODUCTION 

Previous studies by one of us’ showed that the polysaccharide preparation from 
the seed-coat mucilage of Hyptis suaueolens contains a neutral and an acidic polysaccha- 
ride. The acidic glycan was shown to contain residues of L-fucose, o-xylose, and 
4-O-methyl-D-glucuronic acid in the ratio of 1:2.5:1 .l. The infrequent occurrence of 
L-fucose in glycans from higher plants* and the absence of previous evidence for this 
sugar as a constituent of polysaccharides of the o-xylan family prompted us to under- 
take a more-detailed examination of the Hyptis suaueolens glycan. 

DISCUSSION 

Examination of the hydrolysis products of the carboxyl-reduced glycan’ by 
g.l.c.-m.s. of the derived 1-deuterioalditol acetates showed the presence of a derivative 
of 4-O-methylglucose and confirmed the previously assumed location of the methyl 
ether substituent in the original uranic acid. Linkage analysis of the methylated 

carboxyl-reduced glycan (A) by g.l.c.-m.s. of the partially methylated alditol acetates 
(Table I) established its highly branched character with a variety of linkage types and 
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assignment of the cc-D-configuration to the original 4-0-methyl-D-glucuronic acid 
residues. Trideuteriomethylation of degraded methylated glycan C furnished methylat- 
ed glycan D which on sugar analysis (Table I) showed a decrease in the proportion of the 
mono-0-methylxylitol fraction (especially of the 3-0-methylxylitol component) and a 
corresponding increase in the proportion of the di-0-methylxylitol fraction. Exami- 

nation of the mass spectrum of the latter fraction showed the presence of fragment ions 
of the aforementioned 2,3- and 3,4-di-0-methylxylitol acetates and in addition those of 
2-0-trideuteriomethyl-3-0-methylxylitol triacetate with an ion at m/z 121 and an 
increase in the abundance of the ion at m/z 189 over that in the di-0-methylxylitol 

fraction from the methylated carboxyl-reduced glycan. These results clearly show that 
the 4-O-methyl-a-D-glucuronic acid residues in the Hyptis suaveolens polysaccharide 
are linked to O-2 of residues in the D-xylan backbone as in the 4-O-methyl-D-glucurono- 
D-xylans from woods and other higher plants’. 

The two unusual features of the Hyptis glycan are the terminal L-fucopyranose 

and the 2-linked D-xylopyranose residues, the first being necessarily and the second 
considered possibly located in side chains to the 4-linked D-xylan. Evidence for the 
presence of a disaccharide unit as a side-chain was obtained by the application of a 
modification’ of the Svensson degradation6’* that takes place with decomposition of 
only those sugar residues at which oxidation takes place and thus results in minimum 

loss of structural information. Base-degraded methylated glycan C was oxidized with 
dimethyl sulfoxide and trifluoroacetic anhydride [Swern oxidation’], and then treated 
with triethylamine. The mixture was reduced with sodium borodeuteride and then 

heated with cation-exchange resin to effect mild acid hydrolysis of pent-3-enopyrano- 
syl-2-ulose residues, and the product was trideuteriomethylated to give degraded 
methylated glycan E. We have stressed elsewhere” that the conditions required for the 
modification of structurally related model compounds may not always be simply 
translated to polysaccharide substrates. In this instance it was not possible to ensure 
that all the 2-hydroxyl groups of the branch points formerly bearing uranic acid 

side-chains had been oxidized or that subsequent reactions had gone to completion. 
Even with incomplete reaction and thus limited chain cleavage (so that the quantitative 
significance of the compositional analysis of degraded methylated glycan E may be 
taken with reserve), qualitatively unambiguous conclusions may be drawn from the 

formation of 2-0-methyl-4-0-trideuteriomethylxylitol triacetate as the only detectable 
isotopically labelled methylated sugar and the absence of derivatives from any xylopy- 
ranose end groups (Table I). Information on the placing of the sugar residue giving rise 
to this derivative was obtained from the fast-atom bombardment (f.a.b.) mass spectrum 

of methylated degraded glycan E which showed prominent fragment ions at m/z 189, 
3 17,477, and 5 12. The generation of a glycosyl cation 1 at m/z 5 12 may be considered to 
arise from a terminal trisaccharide unit (residues A, B, and C). Regions in the methylat- 
ed 4-linked xylan, for which partial structure 2 may be proposed for the parent glycan, 
could furnish such a terminal trisaccharide unit through a sequence of reactions 

involving (i) base-catalyzed loss of uranic acid (residue E) to give methylated glycan C 
(3); (ii) oxidation and p-eliminative cleavage during work-up with triethylamine to 4; 
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and (iii) reduction and mild acid hydrolysis, with loss of residue D, and further 

alkylation of exposed hydroxyl groups in residue C. Glycosyl cation 1 is the fragment 
ion of lowest mass in which a trideuteriomethyl group could be recognized and the ready 
loss of trideuteriomethanol in a characteristic secondary fragmentation places the 
trideuteriomethyl substituent on residue C which bears the fucopyranosylxylopyranose 
unit, but was originally present as a branching residue in the xylan backbone. 

The Hyptis suaveolens polysaccharide provides an interesting addition to the 
xylan family2. Our evidence defines both types of side-chain, single 4-O-methyl-D- 
glucuronic acid and L-fucopyranosyl-D-xylopyranose units, as attached respectively to 
O-2 and O-3 of different 4-linked xylopyranose residues. It is considered probable that 
unbranched xylopyranose residues in the backbone are also 4-linked, and that the 
2-linked chain residues are more likely to be accommodated in the fucopyranosyl- 
xylopyranose side-chains. Assignment of anomeric configurations for the different 

glycosyl residues is certain only for the 4-0-methyl-a-o-glucuronic acid residues, and 
that those of others is not yet complete. The close relationship of this glycan to other 
4-0-methylglucuronoxylans would strongly suggest that j&D-configurations may be 
assigned to backbone xylopyranose residues. a-L-Fucopyranose residues are of most 
frequent occurrence and may be proposed for these units in this glycan. With in- 
complete resolution of anomeric carbon resonances in the ‘3C-n.m.r. spectrum, no 
conclusions can yet be drawn concerning the configuration of the 2-linked D-xylopyra- 
nose residues in the disaccharide side-chains. 

EXPERIMENTAL 

General methods. - Sugars and their methylated derivatives were determined as 
their alditol acetates by g.l.c.-ms.“. Methylations of glycan derivatives were performed 
by the Hakomori procedure as described by Jansson et al.“, and the methylated 
derivatives were hydrolyzed with 2M CF,CO,H for 1 h at 120”. Uranic acid determina- 
tions were carried out spectrophotometrically with the 3-hydroxydiphenyl reagent12. 

Other experimental methods are described in the accompanying paper’. 
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