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ABSTRACT 

Permethylated derivatives of the polysaccharide mucins from the leaves of 

Drosera binata and Drosera capensis have been subjected to the following se- 

quence of reactions: (i) saponification; (ii) decarboxylation-acetoxylation with lead 

tetraacetate; and (iii) reductive cleavage of the derived 5acetoxypentopyranosidic 

linkages with sodium borohydride to give series of 4-O-D-mannopyranosyl-D- 

xylitol derivatives having side-chain substituents (where present) attached. The 

oligosaccharide alditols have been separated and characterized to provide evidence 

for alternating sequences of D-glucuronic acid and D-mannose residues in the main 

chains, and for the nature and sites of attachment of sugar residues in side chains 

in both polysaccharides, and, for D. capensis, some evidence for anomeric configu- 

rations of glycosidic linkages. 

INTRODUCTION 

Recent structural studies on the polysaccharide mucins of the carnivorous 

plants Drosera binata’ and Drosera capensis2 have shown them to belong to the D- 

glucurono-D-mannan family3 of which rather few members have been fully authen- 

ticated. The results pointed to two polysaccharides (1) of only slightly different 

composition, each containing main chains of alternating 4-linked P-D-glucuronic 

acid and 2-linked cu-D-mannopyranose residues, with a-D-galactopyranose residues 

attached to O-3 of some mannose residues and L-arabinofuranose, and in- 
frequently cY-D-xylopyranose, residues attached to approximately half of the 

glucuronic acid residues’. Anomeric configurations of glycosidic linkages were as- 

signed on the basis of susceptibility or lack thereof towards oxidation with chro- 

mium trioxide4. In polysaccharides of this type it is often not possible to isolate, as 
products of partial depolymerization, oligosaccharides in which outer-chain units 
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remain attached to sugar residues in the relatively acid-resistant inner chains. In 

these two polysaccharides ‘,*, base-catalyzed degradation of the permethylated de- 

rivatives using 1,5-diazabicyclo[5.4.0]undec-5-ene and acetic anhydride afforded a 

3-0-D-galactopyranosyl-D-mannose derivative. However, only indirect evidence 

was obtained for the site of attachment of L-arabinofuranose residues. Recent 

studies have shown that treatment of permethylated glucuronans with lead tetra- 

acetate effects structural modification by decarboxylation-acetoxylation. Treat- 

ment of the altered polysaccharides with sodium borohydride then results in reduc- 

tive cleavage of the derived Sacetoxypentopyranosidic linkage@. The reaction se- 

quence furnishes partially methylated oligosaccharide alditols in which pentitol ter- 

mini arise from the former uranic acid residues, with exposure of aglyconic hydro- 

xyl groups to which the uranic acid residues had been attached. This nonhydrolytic 

degradation has been applied successfully to the permethylated derivative of the 

glucuronomannan leiocarpan A, which is structurally similar to the Droseru 
polysaccharides, to furnish two oligosaccharide alditols in which a man- 

nopyranosylxylitol unit carries one or two pentose residues attached as side-chains 

to each disaccharide segment7. We describe now the application of the same reac- 

tion-sequence to the permethylated derivatives of D. binata and D. capensis mu- 

tins. 

~4)-l)-~-GlcpA-(l-~2)-a-~-Monp-(1-4)-/3-~-Gl~PA-~l ~2ba-~-Manp-(l~4b/3-D-GlcpA-(l- 
3 3 

t t 
1 

a-D-Galp L-A:,f (or a-o-Xylp) 

RESULTS AND DISCUSSION 

Methylated D. binatu glucuronomannan was treated twice with dilute aque- 

ous alkali with saponification of - 80% of the uranic ester residues. The methyl- 

ated polysaccharide acid was treated wirh lead tetraacetate until no ionizable car- 

boxy1 groups could be detected. That a high degree of structural modification had 

been achieved was shown by treatment of a portion of the methylated polysac- 
charide product with sodium borohydride followed by methylated sugar analysis of 

the hydrolyzate after conversion into partially methylated alditol acetates. The re- 

sults showed the formation of derivatives of 2,3,5-tri-0-methylarabinose, 2,3,4,6- 

tetra-0-methylgalactose, 3,4,6-tri-, and 4,6-di-0-methylmannose, which had been 
shown previously to be constituents of the parent methylated polysaccharide’, to- 

gether with 2,3-di- and 2-0-methylxylitol arising from the corresponding 

glucuronic acid residues originally present. 
The modified, methylated polysaccharide was treated with sodium borohyd- 

ride to give a mixture of partially methylated oligosaccharide alditols, which was 
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examined in two ways. The major portion of the oligosaccharide mixture was ben- 

zoylated and the derivatives were separated by preparative l.c. to give three major 

fractions from which oligosaccharides Bl’, B2’, and B3’ were obtained by O- 

deacylation. These three fractions were each trideuteriomethylated to give peral- 

kylated oligosaccharide alditols Bl, B2, and B3 for examination by mass spec- 

trometry (direct insertion) and for methylated sugar analysis by g.l.c.-m.s. after 

conversion into partially methylated alditol acetates. The assigned structures 2a, 3, 

and 4 for the oligosaccharides Bl, B2, and B3, which are shown together with the 

major fragment-ions of structural significance, are in accord with the methylated 

Scheme 1. In all formulas other than Zb, R = CD3. Salient features of mass-spectral fragmentations are 
shown with the convention that (257)-+197 or (257)++197 indicates that an ion of the J1 series is or is 
not observed. 
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sugar analysis. The main features of the mass spectra of these methylated oligosac- 

charides are the Ions arising from cleavage on either side of the glycosidic oxygen 

atoms, together with Jr fragments arising from neighboring sugar residues carrying 

methoxyl groups” at C-3. In the case of the branched oligosaccharide aldito14, the 

appearance of an ion of the V series’ at m/z 211 (5 or 6) supports the presence of 

vicinal glycosyl substituents in the xylitol residue. The remaining portion of the 

mixture of partially methylated oligosaccharide alditols was trideuteriomethylated, 

and the more-volatile components (di- and tri-saccharide alditols only) were 

analyzed directly by g.l.c.-m.s. The mass spectra of the two major components (B4 

and B7) were identical to those of fractions Bl and B2 for which structures 2a and 

3 had been previously assigned. Structures 7 and 8 may be proposed for the two 

other components (B5 and B6) of the mixture on the basis of the fragment ions 

shown and of the known sugar constituents of the methylated polysaccharide. In 

the case of the branched trisaccharide alditol 8, the same V ion was observed as for 

the tetrasaccharide 4. 

Methylated D. cupensis glucuronomannan was subjected to the same series 

of reactions as the D. binatu polysaccharide. In this case, the mixture of partially 

methylated oligosaccharide alditols formed on reductive cleavage of the modified 

polysaccharide was acetylated; preparative t.1.c. of these derivatives furnished 

three major components Cl’, C2’, and C3’. Oligosaccharide Cl’ as the acetylated 

derivative was examined by mass spectrometry (direct insertion) and structure 2b 

was in accord with the methylated sugar analysis. Oligosaccharides C2’ and C3’ 

were each 0-deacetylated and then trideuteriomethylated to give the peralkylated 

oligosaccharide alditols C2 and C3 for examination by mass spectrometry and ‘H- 

n.m.r. spectroscopy, and for methylated sugar analysis. These two compounds 

were indistinguishable from oligosaccharides 8 and 3 from the D. binatu polysac- 

charide. In addition, the ‘H-n.m.r. spectrum of oligosaccharide alditol C3 (3) 

showed anomeric protons at 6 4.75 (doublet, Jr,* 3.5 Hz) and 5.10 (doublet, 5,~ 1.4 

Hz) which may be assigned to o-D-galactopyranose and a-D-mannopyranose re- 

sidues, respectiv’ely. The ‘H-n.m.r. spectrum of oligosaccharide alditol C2 (8) 

showed two signals for anomeric protons at S 5.17 (not resolved) and 5.07 (doublet, 

J,,* 1.6 Hz). Although the signals could not be individually assigned, they may be 

attributed to a-D-mannopyranose and cu-L-arabinofuranose residues. Neither signal 

shows a coupling constant similar to that of H-l of a P-L-arabinofuranose residue 

(Jr,* 4.3 Hz) in a methylated oligosaccharide alditol similarly derived’ from methyl- 

ated leiocarpan A. 

The results of this investigation, which confirm and extend previous struc- 

tural conclusions, establish the close similarity between the two Drosera polysac- 
charides other than in the actual proportions of sugar residues in side-chains. The 

oligosaccharide alditols formed from one or both glucuronomannans, for which 
structures 2,3,4, and 8 are proposed, are derivatives of 4-O-a-o-mannopyranosyl- 
D-xylitol in which O-2 of mannose residues carry trideuteriomethyl substituents. 

The isolation of these oligosaccharides from the degradative sequence involving 
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selective cleavage of glucosiduronic acid linkages confirms the presence of alternat- 

ing glucuronic acid and mannose residues in the inner chains of both polysac- 

charides. The characterization of oligosaccharides 3, 4, and 8 provides direct evi- 

dence for the sites of attachment of side-chains in confirmation of galactopyranose 

and in support of previous indirect evidence for the location of arabinofuranose re- 

sidues. The ‘H-n.m.r. data obtained for oligosaccharide alditols 3 and 8 from D. 

cupensis mucin confirms earlier assignments of anomeric configurations for a-D- 

galactopyranose and a-D-mannopyranose residues and gives the first configura- 

tional evidence for cu-L-arabinofuranose residues in the polysaccharides. a-~- 

Arabinofuranose residues have been reported as substituents of the arabino- 

glucuronomannan from suspension-cultured tobacco cells”, and this conclusion 

has been confirmed in this laboratory (unpublished results) using the lead tetraace- 

tate degradation of the permethylated polysaccharide. In contrast, the 

arabinofuranose residues in leiocarpan A have the P-L-configuration. 

Oligosaccharide 7 is the only degradation product in these studies not con- 

taining a terminal xylitol residue, but it is obviously structurally related to oligosac- 

charides 3 and 4. No oligosaccharide of this type was encountered in the corres- 

ponding studies7 on leiocarpan A, where no 3,4-di-0-glycosylglucuronic acid re- 

sidues were present. In view of the susceptibility of 3-0-glycosyl sugars to base- 

catalyzed degradation, it is possible that reaction intermediates leading to the 

branched oligosaccharide 4 may have undergone degradation with loss of both 3-0- 

and 4-0-glycosyl substituents (compare ref. 11). No information was obtained on 

the specific location of cY-D-xylopyranose residues. 

This investigation gives further examples of the selective cleavage of gluco- 

siduronic acid linkages in permethylated glucuronans by the decarboxylation- 

acetoxylation reaction followed by reduction. Full success in the overall sequence 

is dependent on completeness of reaction at each stage including (i) methylation of 

the polysaccharide with minimum accompanying base-catalyzed /?-elimination 

from 4-O-substituted glucuronic acid residues (compare ref. 12) (ii) saponification 

of methyl glucuronate residues, often under more extended conditions than are re- 

quired for uranic esters of low molecular weight, but without base-catalyzed degra- 

dation, (iii) the lead tetracetate reaction as judged by disappearance of ionizable 

carboxyl groups, and (iv) reductive treatment with sodium borohydride. These 

reaction sequences generate partially methylated oligosaccharide alditols of gener- 

ally similar structure. Preparative separations of mixtures of such compounds or 

their 0-acyl derivatives, for which there is little precedent in the literature, is not 

easy to achieve without loss of material. As the present investigations started with 

not more than 50 mg of polysaccharides, the quantities of oligosaccharide deriva- 
tives obtained after several steps were inadequate to explore extensively a range of 

possible separation methods in order to obtain both sufficient quantities of indi- 

vidual components for complete characterization and an accurate quantitative 
assay. 

The results show that 4-0-cY-D-mannopyranosyl-D-glucuronic acid segments 
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of the D. binata polysaccharide have substituents attached to neither residue, to 
one or the other, or to both. Our failure to detect oligosaccharide alditol4 as a de- 
gradation product from the D. cupensis polysaccharide does not rule out the pre- 
sence of segments in which both residues carry side-chains since a different separa- 
tion system was employed. Even for an estimate of the statistical distribution of 
side-chains along the glucuronomannan core, it would be necessary to perform a 
complementary non-hydrolytic depolymerization specific for mannopyranosidic 
linkages. 

EXPERIMENTAL 

General methods. - Acidic polysaccharides from the mucins of Drosera 
binatu and D. cupensis were isolated as described previous1y13. Evaporations were 
performed under diminished pressure at 40” or less. The i.r. spectra were measured 
with a Unicam SP 200 spectrophotometer. The ‘H-n.m.r. spectra were measured 
with a Bruker WH 400 spectrophotometer. G.l.c. was performed with a Perkin- 
Elmer Sigma 3B chromatograph using (A) a packed column of 3% of silicone- 
polyester copolymer ECNSS-M on Gas-Chrom Q or (B) a S.C.O.T. column coated 
with silicone gum OV-225. Mass spectra were determined for samples introduced 
by direct insertion or from g.1.c. capillary columns of (C) silicone gum OV-225 or 
(D) silicone DB5-15N (permanently bonded OV-54) attached by a jet separator to 
a VG Micromass 16F mass spectrometer, which was operated with an inlet temper- 
ature of 250”, an ionization potential of 70 eV, and an ion-source temperature of 
-260”. High-performance liquid chromatography (l.c.) was performed on a Waters 
Associates p.-Porasil column (3.9 x 300 mm, 10pm silica), the solvent gradient was 
delivered by two mode1 6000A pumps controlled by a Waters Associates model 660 
programmer, and a model 440 u.v.-absorbance detector set at 254 nm was used. 
Elution at a flow rate of 2 mL/min was with chloroform for 8 min, followed by a 
linear gradient over 20 min to a final solvent composition of 7:3 chloroform- 
acetonitrile, and isocratic elution at that solvent composition for a further 10 min. 
Preparative t.1.c. was performed on precoated silica plates (20 x 20 cm) [Baker 
t.1.c. plate silica gel 60-F (250 pm)]. 

Methylations by the Hakomori procedure were performed as described by 
Jansson et al. . I4 Acidic po y a 1 s ccharides, if present in salt form, were treated in 
aqueous solution with Amberlite IR-120(H+) resin and the filtered solutions were 
freeze-dried to give polysaccharide acids, which were further dried over phos- 
phorus pentaoxide for 24 h. In order to minimize base-catalyzed p-elimination dur- 
ing methylation, the base (sodium methylsulfinylmethanide) was added in 30% ex- 
cess of the quantity required to ensure complete ionization of carboxyl and hydro- 
xyl groups, and the presence of a sufficient excess of base was checked by using tri- 
phenylmethane’“. Methylated sugar analyses were conducted as described by 
Jansson et al. 14. 

Degradation of methylated D. binata polysaccharide acid by lead tetraacetate. 
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- Permethylated D. binatu polysaccharide (from 50 mg of parent polysaccharide) 

was treated with aqueous sodium hydroxide at pH 12 for 4 h at 0” and 15 h at room 
temperature to give methylated polysaccharide acid (35 mg) whose i.r. spectrum 
showed slight residual absorption at 1750 cm-’ in the presence of triethylamine. 

The polysaccharide was unchanged on further treatment with alkali. Methylated 

polysaccharide acid (35 mg) in benzene (4 mL) containing pyridine (0.2 mL) and 

lead tetraacetate (200 mg) was boiled under reflux for 24 h. The modified methyl- 

ated polysaccharide was isolated as described previously, -ymax 1750 cm-’ but no 

absorption at 1600 cm-’ with triethylamine, indicating (within the limits of detec- 

tion) that all ionizable glucuronic acid residues had been modified. A portion of the 

product was treated with sodium borohydride, hydrolyzed, and converted into par- 

tially methylated alditol acetates for g.1.c. analysis on column A (isothermal, 180”). 

The remainder of the mixture was filtered, the precipitate was washed with ben- 

zene, the combined filtrate and washings were concentrated, and the residue was 

purified by chromatography on Sephadex LH-20 in dichloromethane to give mod- 

ified, methylated polysaccharide (30 mg). The modified, methylated polysac- 

charide in oxolane-water (1: 1, 2 mL) was treated with sodium borohydride (50 

mg) for 15 h to give a mixture of partially methylated oligosaccharide-alditols. A 

portion of the mixture was trideuteriomethylated. Examination of the resulting 

peralkylated oligosaccharide-alditols by g.l.c.-mass spectrometry on column D 
(180”, 4”/min to 230” and hold) showed oligosaccharide fractions B4-B7, having re- 

tention times* of 6.0, 7.8, 16.6, and 26.3 min. The remaining portion of the par- 

tially methylated oligosaccharide-alditols was treated with benzoyl chloride (0.05 

mL) in pyridine (0.5 mL) at 0” and then kept for 24 h at room temperature. The re- 

sulting benzoates were separated by l.c. to give three chromatographically 

homogeneous fractions, each of which was 0-deacylated to give fractions Bl’-B3’ 

and then trideuteriomethylated to furnish peralkylated oligosaccharide-alditols Bl, 

B2, and B3, which were examined by mass spectrometry (direct insertion) and by 

methylated sugar analysis (g.l.c.-m.s. on column C at 180”). The following partially 

methylated alditols were identified as their acetates: Bl, 1,5-di-O-(2H3)methyl-2,3- 

di-0-methylxylitol and 2-0-(2H~)methyl-3,4,6-tri-O-methylmannitol; B2, 1,5-di- 

0-(2H3)methyl-2,3-di-O-methylxylitol, 2,3,4,6-tetra-O-methylgalactitol, and 2-0- 

(2H3)methyl-4,6-di-O-methylmannitol; and B3, 1,5-di-O-(2H,)methyl-2-O-methyl- 

xylitol, 2,3,5-tri-0-methylarabinitol, 2,3,4,6-tetra-O-methylgalactitol, and 2-0- 

(2H,)methyl-4,6-di-O-methylmannitol, with a small amount of 4,6-O-methylman- 

nitol that probably resulted from incomplete re-alkylation. 

Degradation of methylated D. capensis polysaccharide acid by lead tetraace- 
fate. - Permethylated D. capensis polysaccharide (42 mg) was successively 
saponified (no residual ester) and treated with lead tetraacetate, as already de- 

scribed to afford modified methylated polysaccharide (33 mg), which was treated 

‘Under these conditions, permethylated disaccharide-alditols have retention times in the range of 5-8 
min. 
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with sodium borohydride (50 mg) for 15 h to give a mixture (25 mg) of partially 

methylated oligosaccharide alditols. The oligosaccharide derivatives were acetyl- 

ated, and preparative t.1.c. (6: 1 chloroform-acetone), gave fractions Cl’-C3’ (RF 

0.55, 0.4, and 0.3, respectively). Fraction Cl’ was examined directly by m.s. and 

methylated sugar analysis showed derivatives of 3,4,6-tri-0-methylmannose and 

2,3-di-0-methylxylitol. Fractions C2’ and C3’ were each 0-deacetylated and tri- 

deuteriomethylated to give peralkylated oligosaccharide-alditols C2 and C3, which 

were examined by ‘H-n.m.r. spectroscopy, mass spectrometry (direct insertion), 

and methylated sugar analysis (g.l.c.-m.s. on column C at 180’). The following par- 

tially methylated alditols were identified as their acetates: C2, 1,5-di- 

0-(2H,)methyl-2-O-methylxylitol, 2,3,5-tri-0-methylarabinitol, and 2-0- 

(2H3)methyl-3,4,6-3,4,6-tri-O-methylmannitol; and C3, 1,5-di-O-(2H,)methyl-2,3- 

di-0-methylxylitol, 2,3,4,6-tetra-0-methylgalactitol, and 2-0-(2H,)methyl-4,6-di- 

0-methylmannitol. 
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