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ABSTRACT

The acidic polysaccharide from the seed-coat mucilage of Hyptis suaveolens is a highly branched
L-fuco-4-O-methyl-D-glucurono-D-xylan for which a structure is proposed having a 4-linked f-D-xylan
backbone carrying side chains of single 4-O-methyl-a-p-glucuronic acid residues at O-2 and 2-O-L-fucopyra-
nosyl-D-xylopyranose units at O-3. The structural analysis involves base-catalyzed f-climination of uronic
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 suaveolens contains a neutral and an acidic polysaccha-
ride. The acidic glycan was shown to contain residues of L-fucose, p-xylose, and
4-O-methyl-p-glucuronic acid in the ratio of 1:2.5:1.1. 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 p-xylan family prompted us to under-
take a more-detailed examination of the Hyptis suaveolens glycan.

DISCUSSION

Examination of the hydrolysis products of the carboxyl-reduced glycan' by
g.l.c.—m.s. of the derived 1-deuterioaldito! 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 uronic 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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showed that fucopyranose and glucopyranose (from the uronic aad) residues were
present exclusively as non-reducing end-groups. The fragment ions of the | -deuterio-di-
O-methylxylitol triacetate fraction showed this to be a mixture of the otherwise enantio-
meric 2.3- and 3.4-dimethyl ethers. The fragnmient 1ons of the [-deuterio-mono-0-
methylxylitol tetraacetate fraction showed it to consist of bath 2- and 2-moenomethyi
cthersarising from two types of branch point, probably with side-chars attuched a1 O-2
and 0O-3 ot 4-linked xvlopyranose residues,

Aqueous solutions of the acidic glyean tend to gel in water and 'H-nam.r. spectra
(D.0) gave only broad signals. "C-N.m.r. spectra were more informutive. showing
compnsz[mnal features from resonances at 8 1736 (COHY RE9(C-3 of 4-Me-Glep Al
599 (OCH ) and 155 (C-o of Fuep). Four major signals among several resonances in
the anomeric region gave reasonably well resolved doublets in the proton-coupled
spectrum. Resonances at o 11807 156 Hz), T0G.R {7 160 Hyy 995 ¢/ 175 Hy ), and 98.0
{J 173 Hz) may be assigned to two f- and two x-glycosidiv residues.

Evidence for the site oi attachment of the 4-O-methyl-p-glucuronic acid residues

3

assingle unit side-chains was obtuined by base-catalyrzed degradation ™™ of the methylat-
ed acidic glycan (B}, Treaunent of this methvlated glvean with dimsyl base afforded
base-degraded methvlated glvean C. Comparison of the " C-nomer. spectra of the parent

(B) and base-degraded (O merhviated glyveans confirmed the removal of uronie acd
residues through the disappearance of resonances at & 1706 (CO.Me) and 513
(CO. My Whereas the Conmor spectrum of the parent methyvlated glvean B showe

inter alia two clearly defined anomeric-carbon resonances at ¢ 971 and 96,5, {hx:*

disappearance of the latter resonance i methylated. base-degraded glvean C allows the

TABLE

Sugar analysis of vmlh\ldlm H\/"'\ wuuu/um Lhum derivatives

Mothvlared alditol Rw/ultu C proporfions”
e fulle T -
A [P F
2.34-Me buc X ix [
2.34.6-Me Gl I
2.3-Me Xyl I i
14-Me Xy! I )
2* Me Xyt {
2R Me Xl 4
2-MeXai . e -
3. '\1 \w '

Normalized with respect 1o Mo Pues 7 (A Methylated carboxyl-reduced glyvean: (13 base-degraded
methylated glyean after trideutertiomethylavon: () base-degraded methylated givean after oxidation
elimination and trideuteriomethyiation. * Equimolar proportions as shown by ubundances of primary
fragment-ions at a2 (17 and 1850189 and 190 7 * Indicates location of trideateriomet! 1\‘ substituent
Approxinale quantitation of Me.Nvlisotopamers based onratios of fragment wns aim 2 H7 R and 1L
and changes (relative to rinrattos ol 1ons atm 2 189 and 190, Approximately cguimolar propartions based

onratios of fons atae - H¥and 1260 Relative decrease i abundances of woms due 1o 2MeNylcomponent



FUCOGLUCURONOXYLAN FROM Hyptis suaveolens 109

assignment of the a-D-configuration to the original 4-O-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-O-methylxylitol fraction (especially of the 3-O-methylxylitol component) and a
corresponding increase in the proportion of the di-O-methylxylitol fraction. Exami-
nation of the mass spectrum of the latter fraction showed the presence of fragment ions
of the aforementicened 2,3- and 3,4-di-O-methylxylitol acetates and in addition those of
2-O-trideuteriomethyl-3-O-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-O-methylxylitol
fraction from the methylated carboxyl-reduced glycan. These results clearly show that
the 4-0O-methyl-a-D-glucuronic acid residues in the Hyptis suaveolens polysaccharide
arelinked to O-2 of residues in the D-xylan backbone as in the 4-O-methyl-p-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 degradation®® 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 uronic 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-O-methyl-4-O-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,
317,477, and 512. The generation of a glycosyl cation 1at m/z 512 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 uronic acid (residue E) to give methylated glycan C
(3); (ii) oxidation and S-eliminative cleavage during work-up with triethylamine to 4;
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and (/i) 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 family?. Our evidence defines both types of side-chain, single 4-O-methyl-D-
glucuronic acid and L-fucopyranosyl-p-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-O-methyl-o-p-glucuronic acid residues, and
that those of others is not yet complete. The close relationship of this glycan to other
4-O-methylglucuronoxylans would strongly suggest that f-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 *C-n.m.r. spectrum, no
conclusions can yet be drawn concerning the configuration of the 2-linked p-xylopyra-
nose residues in the disaccharide side-chains.

EXPERIMENTAL

General methods. — Sugars and their methylated derivatives were determined as
their alditol acetates by g.1.c.-m.s.'". 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°. Uronic acid determina-
tions were carried out spectrophotometrically with the 3-hydroxydiphenyl reagent'’.
Other experimental methods are described in the accompanying paper’.
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Samples of polysaccharide and the carboxyl-reduced derivative were those de-
scribed previously!. When further quantities of acidic glycan were required samples
were purified by ion-exchange chromatography on DEAE-Sephadex A-50 (carbonate
form) and clution with .3 and ).5M ammonium carbonate

Composition of carboxvi-reduced glvean. - Hydrolysis of carboxvi-reduced ghy-
can gave fucose, xvlose. and 4-O-methylglucose in the molar ratio of 1:3.1:1.2. The
acetylated alditol from the reduced uronic acid component gave fragment tons at mi'z
189 and 262 in confirmation of the locauon of the methvl ¢ther substituent,

Uronic acid degradation of metiviaied acidic gfvean, -~ Methyvlated acidic glvean
B (50 mg) was kept m 0.5m sodium sulfinvimethanide (4 mbL) for 4 days at 60°. The
cooled solution was neutrahized with AcOH. was poured into water and extracted with
CHC,. Extracts were washed with water. dried. concentrated, and chromatographed
on Sephadex LH-20 to give methylated glvcan € (Z6mg) which showed no ester
carbonyl absorption at 1720-1740 ¢cm "

Degradation of methyviated glvean C by oxidation- elimination reactions and analy-
sis of the product.  Trifluoroacetic anhydride (900 g1y in CH,CL (1 mL) was added at
— 70" to dry Me.SO (600 uL ). i CH.CL (4mL). the muxture was stirred for 30 min. and
methylated glycan C (26 mgyin CH.CIL (2 mL) was added with maintenance of temper-
ature below —65 . After 4 duys Et,N (1.6 mL) was added. the mixture was brought to
room temperature, washed with saturated NH,C! solution. washed with water. dried
and concentrated. The residue was kept overnight in CH,Cl. contaiing ~ 10% of Et,N.
Concentration of the solution followed by chromatography on Sephadex LH-20 in
CH.CIL, furnished a residue (14 mg) whose i.r. spectrum showed absorptionat 1 710¢m
(C=0)and 1635cm ' (C =) The residue was successivelyv reduced with NaBD, and
heated with Amberlite TR-120 (H '} resin at 80" ax described in the accompanying
manuscript, and the product was trideuteriomethylated to give methylated glvean D
{(4mg).
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