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ABSTRACT

The neutral polysaccharide isolated from the fruits of Cordia dichotoma was
separated into two fractions, I and II, by gel filtration using Sephadex G-100. The
major fraction, I, was found to contain D-glucose and L-arabinose in the molar
ratio of 21:4. The results of complete hydrolysis with acid, permethylation studies,
periodate oxidation, and Smith degradation suggested it to be an arabinoglucan,
and the backbone of the polysaccharide to be composed of (1—6)-linked D-gluco-
pyranosyl and (1—2)-linked L-arabinofuranosyl residues. The average degree of
polymerization, determined through end-group analysis, was found to be ~144.

INTRODUCTION

The medicinally important', deciduous plant Cordia dichotoma
(Boraginaceae) is available all over India. Its ripe fruit produces a sticky, jelly-like
mass. Constituents of the polysaccharide present in the fruits of C. myxa have been
reported?, but no attempt has yet been made to elucidate the structure of the neu-
tral polysaccharide isolated from the fruits of C. dichotoma. We now report the
structural elucidation of the major polysaccharide fraction, II (separated by gel
filtration of the polysaccharide), on the basis of the results of complete hydrolysis
with acid, methylation analysis, periodate oxidation, and Smith degradation. Also,
the degree of polymerization (d.p.) of the polysaccharide was determined by end-
group analysis.

RESULTS AND DISCUSSION

The polysaccharide isolated from the ripe fruit by extraction with water was
purified by repeated precipitation from the aqueous solution with 9:1 (v/v) ethanol-
acetone. The ionic impurities were removed by passing a dilute, aqueous solution
of the polysaccharide through columns of Amberlite IR-120 (H*) and Amberlite
IRA-400 (HCOO™) resins. The eluate was concentrated, and the concentrate
lyophilized. The polysaccharide was then subjected to gel filtration through
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TABLEI

CONTENTS OF MONOSACCHARIDES IN THE POLYSACCHARIDE

Monosaccharide Percent Fragments obtained in g.1.c.—m.s. analysis
(m/z)
D-Glucose 86.7 43(100%), 73(5), 85(8), 97(7), 103(15),

115(28), 128(15), 139(14), 145(21), 157(14),
170(11), 187(13), 217(11), 259(3), 289(6),
361(1)

L-Arabinose 13.2 43(100%), 73(4), 85(10), 103(13), 115(28),
127(13), 145(17), 157(6), 158(5), 187(11),
200(4), 217(9)

Sephadex G-100 in 0.1M sodium chloride-0.1M sodium hydroxide buffer, the eluate
being monitored spectrophotometrically by using the phenol-sulfuric acid
reagent>. It was observed that two fractions (I and II) were present, their relative
distribution being 23 and 77%, respectively.

Fraction II was further gel-filtered through G-200, using the same buffer, and
there was no further fractionation. This fraction was also passed through a DEAE-
cellulose column. using phosphate buffer, and the homogeneity of the polysac-
charide thus obtained was tested by high-voltage electrophoresis in sodium tetra-
borate buffer, which gave a single band, either on treatment with periodic acid-
fuchsin sulfite reagent* or using benzidine periodate® as the spray reagent. The pre-
sent communication deals with the structural investigation of this purified fraction
11, [a] 3 +69°(c0.27 in 0.1M NaOH).

The optimum conditions for complete hydrolysis were ascertained from the
results of a number of pilot experiments, hydrolysis with M H,SO, for 20 h at 100°
being finally chosen. The monosaccharides were D-glucose and L-arabinose. The
identity of the monosaccharides was determined by paper chromatography using
solvent systems A, B, and C, and was confirmed by isolation of the sugars by pre-
parative, paper chromatography, followed by measurement of the specificrotation of
each. Further confirmation regarding their identity was achieved through
g.l.c. and g.1.c.-m.s.% analysis (see Table I). The ratio of the component sugars was
estimated by g.l.c. as their alditol acetates, using D-mannose as the internal stand-
ard.

Permethylation (twice) by the Hakomori method’ gave completely methyl-
ated products showing no infrared absorption for hydroxyl group. The methylated
material was completely hydrolyzed, the sugars converted into the methylated al-
ditol acetates, and these characterized by g.l.c.® using column /. The methylated
sugars were further characterized by g.l.c.—m.s. analysis®®®, using an SE-30 capil-
lary column.

The results of the methylation analysis (see Table IT) could be assessed by
considering the characterized products from the methylated polysaccharide. The
occurrence of 3,5-di-O-methylarabinose (4 mol) could be explained by considering
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TABLEII

RESULTS OF METHYLATION ANALYSIS OF THE POLYSACCHARIDE

Methylated sugars Retention Molar  Linkage Fragments obtained
time” propor- pattern ing.l.c~m.s. analysis®
tion (m/z)
3,5-Di-O-methylarabinofuranose 0.79 4 —2)-Araf-(1-> 43 (84%), 45(34),

75(25), 87(100), 99(61),
129(79}, 130(35),
131(20), 189(28)
2,3,4,6-Tetra-O-methylglucopyranose 1.00 1 Glep-(1— 43(100%), 45(30),
71(7), 85(18), 87(19),
101(53), 117(71),
129(67), 145(49),
161(64), 205(21)
2,4,6-Tri-O-methylglucopyranose 1.82 3 ~»3}-Glep-(1->  43(100%), 45(15),
58(15), 71(16), 87(63),
99(17), 101(71), 103(16),
117(71), 129(16),
161(25)
2,3 ,4-Tri-O-methylglucopyranose 2.23 5 —6)-Glep-(1->  43(100%), 87(32},
99(39), 101(60),
117(62), 129(49),
161(21), 189(12)
2,4-Di-O-methylglucopyranose 4.21 2 -3,6)-Glcp-(1-> 43(100%), 44(24),
85(20), 87(29), 117(91),
129(62), 189(29)

“Retention times were calculated by taking 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylglucitol as 1.00, and
1,4,5-tri-O-acetyl-2,3,6-tri-O-methylglucitol as 2.32, using a column of 3% of OV-225 at 170°. *G l.c.~
m.s. analyses were performed by using an SE-30 capillary column (12 m).

(1—2)-linked L-arabinofuranosyl residues. The presence of 2,3.4,6-tetra-O-
methylglucose (1 mol) indicated that one D-glucopyranosyl unit is present as a non-
reducing group. The unbranched, interior parts constituting the branch chain were
composed of (1—3)-linked D-glucosyl (3 mol) and (1—6)-linked D-glucosyl (15
mol) residues, as is evident from the formation of the respective products, viz.,
2,4,6-tri- and 2,3,4-tri-O-methyl-D-glucose. The presence of 2,4-di-O-methyl-D-
glucose (2 mol) could be explained by considering (1->6)-linked D-glucosyl re-
sidues carrying branches at O-3. The alternative possibility, namely, (1—3)-linked
D-glucose having branching at O-6 was discarded on the basis of the results of a sec-
ond Smith degradation, where it was found that no D-glucose residue survived after
the second Smith degradation.

The results of periodate-oxidation studies supported the proposed mode of
linkages in the polysaccharide. Periodate kinetic-studies'®!! showed that the con-
sumption of periodate became constant within 22 h. The periodate uptake was 1.26
mol per mol of hexosyl residue. The value of periodate uptake observed was in
close agreement with the theoretical amount required for the mode of linkages pro-
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posed for them. The polysaccharide was subjected to periodate oxidation followed
by borohydride reduction, and complete hydrolysis of part of the periodate-
oxidized, borohydride-reduced material revealed the presence of D-glucose (68%)
and L-arabinose (32%). When the rest was subjected to a second Smith degrada-
tion, only L-arabinose survived.

An end-group analysis'> showed a value of ~144 for the average degree of
polymerization (d.p.).

The results of the methylation analysis and the Smith degradation studies
could be readily explained by considering an arabinoglucan backbone involving
(1—6)-linked D-glucopyranosyl (2 mol) and (1—2)-linked L-arabinofuranosyl (4
mol) residues for the average repeating-unit of the polysaccharide.

To the best of our knowledge, this is possibly the first report of the occur-
rence of an arabinoglucan from a natural source.

EXPERIMENTAL

General methods. — Specific rotations were measured with a Perkin—Elmer
Model 241 MC spectrophotometer at 22°. Infrared spectra were recorded with an
Acculab-10 Beckman instrument for KBr pellets. The homogeneity of the polysac-
charide was tested by high-voltage electrophoresis at 4° with a Labor Model No.
OE 201 instrument, using borate buffer (pH 9.2) on Whatman No. 1 filter paper.
Kinetic study of periodate consumption at room temperature (32°) was conducted
with a Beckman Model 26 spectrophotometer at 225 nm, and all other spec-
trophotometric estimations of sugars (by the phenol-sulfuric acid method) in the
visible region were performed with this instrument.

Descending paper-chromatography was performed on Whatman No. 1 paper
for detection, and Whatman No. 3 MM paper for preparative purposes. The sol-
vent systems (v/v) used for paper chromatography were (A) 8:2:1 ethyl acetate—
pyridine—water, (B) 9:2:2 ethyl acetate—acetic acid—water, and (C) 4:1:5 1-
butanol-acetic acid—water (upper layer). Spray reagents were (a) alkaline silver
nitrate solution in aqueous acetone and (b) a saturated, aqueous solution of aniline
hydrogenoxalate.

Gel-filtration chromatography was conducted on a column (60 X 2.5 cm) of
Sephadex G-100 and a column (40 X 2.5 cm) of G-200 with 0.1M sodium chloride—
0.1M sodium hydroxide buffer (pH ~10.9). Chromatography on a column (50 X
1.5 cm) of DEAE-cellulose was performed by using 25mM phosphate buffer (pH
11.0). Aqueous solutions of sugars were concentrated in a rotary evaporator at
bath temperatures below 50°. Concentrated sugar solutions were lyophilized.

Gas-liquid chromatography (g.l.c.) of the monosaccharides, as their alditol
acetates and partly methylated alditol acctates, was conducted in glass columns
containing (7) 3% of OV-225 on Gas-chrom Q (100-200 mesh) and (2) 3% of
ECNSS-M on Gas-chrom Q (100-200 mesh) with nitrogen as the carrier gas, in
Hewlett—Packard Model 5713A and Packard Model 419 instruments fitted with
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flame-ionization detectors. Aldito] acetates were characterized by matching of
g.l.c. peaks against those of standard alditol acetates produced from mixtures of D-
glucose, D-galactose, D-mannose, D-xylose, L-arabinose, D-fucose, and L-rtham-
nose. The partially methylated alditol acetates were identified by standard reten-
tion-times relative to those of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylglucitol and
1,4,5-tri-O-acetyl-2,3,6-tri-O-methylglucitol. G.l.c.—m.s. analyses of the alditol
acetates and methylated alditol acetates were performed in an SE-30 glass-capillary
column (12 m) in a Hewlett—Packard 5895 instrument.

Source of the polysaccharide. — The ripe fruits of Cordia dichotoma were
collected from the University campus during the month of August, 1981. The
polysaccharide present in the mesocarp was used in the investigation.

Isolation and purification of polysaccharide. — The ripe fruits (500 g) were
decoated, and the mesocarp was squeezed with water (2 L). The reddish-brown,
viscous mixture was centrifuged for 30 min at 8,000 r.p.m. The polysaccharide was
precipitated from the centrifugate with 9:1 (v/v) ethanol-acetone (10 L). The pre-
cipitation process was repeated thrice, ultimately giving a brown, spongy mass (10
g). This material was dissolved in water (1 L), and the solution was passed through
a column (80 x 1 ¢cm) of Amberlite IR-120 (H") resin and a column (60 X 1 cm)
of Amberlite IRA-400 (HCO;) resin. The eluate (1.5 L) was concentrated, and
then lyophilized (9.2 g).

Fractionation of polysaccharide. — The polysaccharide (250 mg) was frac-
tionated in a column (60 X 2.5 cm) of Sephadex G-100. The column was equilib-
rated with 0.1M sodium chloride-0.1M sodium hydroxide buffer, and eluted with
the same buffer, the eluate being monitored by the spectrophotometric method?.
Two fractions, namely, I (yield 55 mg), [«]3 +75° (¢ 0.24, 0.1M NaOH), and II
(yield 185 mg), [@]3’ +69° (c 0.27, 0.1M NaOH), were obtained. Gel filtration of
fraction 11 was further conducted on a column (40 X 2.5 cm) of Sephadex G-200,
using the same buffer solution. This fraction was rechromatographed on a column
(50 x 1.5 cm) of DEAE-cellulose, using 25mM phosphate buffer (yield 180 mg).

Test of homogeneity by electrophoresis of fraction 1. — Electrophoresis of
the polysaccharide was performed in 0.01M sodium tetraborate buffer (pH 9.2) on
a strip of Whatman No. 1 filter-paper, with an applied voltage of 20 V/cm at 4°. It
migrated as a single band, as seen when sprayed with benzidine—periodate reagent’
or treated with periodic acid-fuchsin sulfite reagent®.

Estimation of monosaccharides in the polysaccharide. — On the basis of the
results of pilot experiments, the polysaccharide (25 mg) was hydrolyzed with M
H,S0, (20 mL) for 20 h at 100°, using D-mannose as the internal standard. The ex-
cess of acid was neutralized with BaCQO,, and the solution decationized with Am-
berlite IR-120 (H*) resin. The monosaccharides were detected by paper chro-
matography using solvent systems A, B, and C, and quantitatively assayed as their
alditol acetates by g.l.c. in columns I and 2. The monosaccharides were charac-
terized as being glucose (86.7%) and arabinose (13.2%), and this was confirmed by
g.l.c.—m.s. analysis using an SE-30 capillary column. After isolation of these
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monosaccharides by preparative paper-chromatography, using solvent C, their
specific rotations were measured; these showed them to be D-glucose and L-
arabinose.

Methylation. analysis. — The dry polysaccharide (25 mg) was mixed with dry
dimethyl sulfoxide (25 mL) in an air-tight vial, and the mixture was stirred. The so-
lution was then treated with 2M methylsulfinyl sodium (25 mL) under an atmos-
phere of dry nitrogen. After being stirred overnight, the solution was treated with

methyl iodide (25 mL) by dropwise addition, and kept stirred for a further 4 h at

° Th i i i
A & mivinre wae dialvzad and concentrate and the nraduct wac evtrartad gunith
T . 200 RHARIL Was Uidiy 404 anla LUBCIIUAIG, Al dal pruluet was Laual il Wi

chloroform. This treatment was repeated. The infrared spectrum of the per-
methylated product showed no absorption band in the region of 3600-3300 cm™!;
yield 14 mg.

The methylation product was treated with 90% formic acid (10 mL) for 5h
at 100°, and then the formic acid was removed, as the water azeotrope, in a rotary
evaporator. The material was now completely hydrolyzed with M sulfuric acid (10
mL) for 10 h at 100°. After the usual treatment, the partially methylated monosac-
charides were converted into their alditol acetates, and these were characterized by
g.l.c. using column 7 (see Table IT) and by g.1.c.—m.s. analysis.

Periodate-oxidation and Smith-degradation studies on the polysaccharide, —
The polysaccharide was dissolved in 0.1M sodium hydroxide solution, and the pH
was adjusted to 7 by adding hydrochloric acid. This solution was treated with 0.04M
sodium metaperiodate in the dark at 32°, the rate of consumption of the oxidant
being monitored spectrophotometrically>'®. The periodate consumption became
constant at 22 h, and was found to correspond to 1.26 mol of periodate per mol of
hexosyl residue.

Smith degradation of the polysaccharide was conducted as follows. The
polysaccharide (50 mg) was dissolved in 0.1M NaOH (20 mL), the base neutralized
with hydrochloric acid, and the volume made up to 50 mL with water. To this solu-
tion was added 0.08M sodium metaperiodate solution (50 mL), and the mixture was
kept for 27 h at 32° in the dark. The solution was then treated with ethylene glycol
(10 mL), kept overnight, dialyzed, and concentrated, and the contents were re-
duced with sodium borohydride (850 mg) at room temperature. The excess of
borohydride was decomposed with acetic acid, the solution decationized with Am-
berlite IR-120 (H™) resin, the boric acid removed by addition of methanol and
evaporation, and an aqueous solution of the residue lyophilized (18 mg).

Part (6 mg) of the borohydride-reduced, periodate-oxidized material was hy-
drolyzed with M sulfuric acid (6 mL) for 8 h at 100°. The neutral hydrolyzate obtained
after the usual treatment was examined by p.c. (solvent C) and as alditol ace-
tates by g.l.c. using column 2. Besides lower polyhydric alcohols and aldehydes,
glucose and arabinose were detected, their relative proportions being 68 and 32%
respectively. The other part (12 mg) was hydrolyzed with M sulfuric acid (12 mL)
for 10 h at room temperature, the acid neutralized with BaCO;, and the solution
decationized, and dialyzed. The dialyzate was concentrated to 10 mL, and the con-
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tents were subjected to a second Smith degradation. After the usual processing, the
fragment of the polysaccharide that resisted periodate oxidation was isolate¢ by
precipitation with ethanol-acetone (yield 1.5 mg).

This periodate-immune fragment was hydrotyzed with 0.5M sulfuric acid for
6h, and the monosaccharide was characterized as arabinose by p.c. (solvent C) and
by g.1.c. in column 2.

End-group analysis. — The polysaccharide (30 mg) was dissolved in 0.05M
NaOH solution (10 mL). Sodium borohydride (250 mg) was added to the solution,
and the mixture was kept for 48 h at room temperature. The excess of borohydride
was decomposed with dilute acetic acid, and the pH was adjusted to 5.5; then, 0.5M
sodium metaperiodate solution (5 mL) was added, and the volume of the mixture
was brought to 25 mL. The oxidation was allowed to proceed in the dark, and,
periodically, aliquots (2 mL) of the mixture were transferred to test tubes, and the
excess of periodate immediately precipitated by addition of a saturated solution of
lead acetate (3 mL). A length of dialysis tubing containing distilled water (5 mL)
was introduced into all of the test tubes, and the concentration of formaldehyde in
the tubing was determined by the chromotropic acid procedure’®. A similar set of
experiments was performed with D-mannitol.
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