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ABSTRACT 

The purified polysaccharide isolated from the cambium layer of a young bael 
(Aegle marmefos) tree contains galactose, arabinose, rhamnose, xylose, and glucose 
in the molar ratios of 10.0 : 9.8 : 1.4 : 1.9 : 1. Methylation analysis and Smith degrada- 
tion studies established the linkages of the different monosaccharide residues. The 
anomeric configurations of the various sugar units were determined by oxidation of 
the acetylated polysaccharide with chromium(W) trioxide. The oligosaccharides 
isolated from the polysaccharide by graded hydrolysis were characterized. The 
structural significance of these results is discussed. 

INTRODUCTION 

The gummy material surrounding the seeds of bael fruitle3, and the exudate 
gum4, of the bael (AegZe murmelos) tree contain (1+3)-linked galactopyranosyl 
groups in the backbone chains, but different side chains in these macromolecules. 
The structures of the polysaccharides of bael-fruit pulp5 and seed6 have been in- 
vestigated. Investigation of a hemicellulose fraction’ from the trunk of a young bael 
tree was also conducted. It was, therefore, of great interest to study the polysaccharide 
present in the cambium layer of bael trees to search for a precursor chain of the exudate 
bael-gum, and the results of investigations on this polysaccbaride are reported herein. 

RESULTS AND DISCUSSION 

The crude polysaccharide was obtained from the cambium layer of a bael tree 
by extraction with hot water, and precipitation with ethanol. It had [cx]g4 +33.8”, 
and contained galactose (9.13), arabinose (10.19), rhamnose (1.85), xylose (1.68), 
glucose (1.15 %), and a trace of glucuronic acid. The material, containing 24 % of 
total carbohydrate, was purified as follows; it was dispersed in water, the suspension 
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TABLE I 

METHYL ETHTiRS OF SUGARS FROM THE HYDROLYZATES OF METHYLATED POLYSACCHARIDE F 

-~- _. ._--. _ __ .-- ._._-.- ._-_ 

Sugar9 T” 
.___.__.. .___ 
a b 

Approximate Mode of 
mole Ob linkages 

-_-___. _-- .________~.. - _-- ..- --- 

2,3,4,6Gal 
2,3,6-Gal 
2,6Gal 
3,6-Gal 
6-Gal 
2,3,5-Ara 
2,3-Ara 
2-Ara 
3,4,6_Glc 
2,3,4Xyl 
2,3,4-Rha 
3,4Rha 
2,3,6-Glc 

1.27 
2.40 
3.67 
4.33 
5.06 
0.48 
- 
- 

2.00 
0.63 
0.45 
0.90 
2.49 

1.19 
2.21 
3.10 
- 
- 

0.42 
1.06 
1.96 
1.81 
0.52 
0.36 
0.86 
2.31 

22.09 Galp-(1 + 
5.38 +4)-Gal&l-t 
4.32 +3,4)-Galp-(1-r 
5.21 +2,4)-Galp-( 1 --t 
3.35 -+2,3,4)-Galp-(1 --t 

14.31 Araf-(1 + 
26.07 -+ 5 )-Araf-( I+ 

3.58 +3,5)-Araf-(l+ 
4.13 +2)-Glcp-(l+ 
3.23 XYlP-u-, 
4.59 Rhap-1 1 + 
3.73 +2)-Rhap-( I+ 

trace -+4)-Glcp-(l+ 

‘2,3,4,6_Gal = 2,3,4,6-tetra-O-methylgalactose, etc. bRetention times of the corresponding alditol 
acetates, relative to that of I ,5-di-O-acety1-2,3,4,6-tetra-O-methyl-D-glucitol, on (a) 3” (, of ECNSS-M 
column at 170”, and (b) 3:; of OV-225 column at 170”. 

centrifuged at 12,000 r.p.m. for 30 min, and the clear solution passed through a 
column (95 x 2 cm) of Sephadex G-100 and eluted with water, the elution being 
monitored with a differential refractometer. The major peak, obtained between 126 
and 180 mL, was collected, concentrated, and lyophilized. The polysaccharide (F), 
recovered as 42 7; of the material present in the aqueous solution apphed to the column. 
had [a]r + 15.2”, and contained galactose (42.73), arabinose (36.41), rhamnose 
(5.23), xylose (6.76), and glucose (4.36:~;); glucuronic acid was absent, as shown by 
paper chromatography. In high-voltage electrophoresis, using 0.05~ phosphate 
buffer, pH 7.8, at 38 V.cm- 1 for 45 min, polysaccharide F moved, as a single spot, 
a distance of 8.1 cm towards the anode (detected by spray reagent I), indicating its 
homogeneity. 

Polysaccharide F was methylated, first by the Hakomori methods and then 
by the Kuhn method’, to yield fully methylated product. The permethylated poly- 
saccharide was hydrolyzed with 85:/, formic acid, and then, after removal of the 
formic acid, with 0.5M sulfuric acid. The hydrolyzate material was converted into 
alditol acetates as usual, and these were analyzed by g.1.c. using column n and h. The 
results are summarized in Table I. From these results, the modes of linkage of the 
different sugar residues could be ascertained. 

Characterization of 2,3.4,6-tetra-O-methylgalactose, 2,3,5-tri-O-methylarabi- 
nose, 2,3,4-tri-O-methylxylose, and 2,3.4-tri-0-methylrhamnose indicated their 
presence as the nonreducing end-units in the methylated polysaccharide. The doubly 
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TABLE II 

SURVIVAL OF SUQARS= IN THE OXIDATION OP ACETYLATBD FOLYSACCHARIDE P WlTFI CHROMIUM TRIOXIDE 

Time (h) myo- 
Inositol 

Galactose Arabinose 

-. 

Glucose Xylose Rhamnose 

0 100 95.19 52.12 16.35 12.47 
0.5 100 6.20 8.40 1.80 4.40 
1.5 100 0 4.90 0 1.60 

aThe sugars were analyzed, and estimated, by g.1.c. using column a at 180”. 

15.35 
4.00 
0 

linked galactose units are (1+4)-linked, and all of the doubly linked arabinose 
residues are (l-+5)-linked, as indicated by the presence of 2,3,6-tri-0-methylgalactose 
and 2,3-di-0-methylarabinose. Identification of 6-O-, 2,6&O-, and 3,6-di-o-methyl- 
galactose indicated that the galactopyranosyl residues are highly branched. The 
presence of 2-0-methylarabinose indicated that branches at arabinose residues are 
linked through O-l, O-3, and O-5. Glucosyl residues are present only in the interior 
part of the macromolecule, and are joined through (1+2) linkages, as indicated by 
the presence of 3,4,6-tri-0-methylglucose in the hydrolyzate of the methylated poly- 
saccharide. In the interior part of the polysaccharide, rhamnosyl residues are present 
as (l-2)-linked units, as is evident from the presence of 3,4-di-0-methylrhamnose. 
A trace of 2,3,6-tri-0-methylglucose was also detected in the hydrolyzate of methyl- 
ated polysaccharide F. The sum of nonreducing ends (viz., tetra-0-methylgalactose, 
and tri-0-methyl-arabinose, -rhamnose, and -xylose) exceeds the branched points 
(viz., di-0-methylgalactose, and mono-0-methyl-galactose and -arabinose). This 
discrepancy could not, however, be explained. 

Smith-degradation studies’ ’ on polysaccharide F indicated the formation of 
glycerol, threitol, arabinitol, and galactitol in the molar ratios of 20.1: 3.7 : 1: 1.6, 
together with a trace of erythritol. The calculated values are 19.7 : 1.5 : 1: 3.6. Charac- 
terization of these products further supported the results of the methylation analysis. 

An attempt was made to determine the anomeric configurations of the different 
sugar residues by oxidation, with chromium trioxidell, of the acetylated derivative 
of polysaccharide F in acetic acid at 50”, using myo-inositol as the internal standard. 
Aliquots were taken at different time-intervals, deacetylated, the products hydrolyzed, 
and the surviving sugars, as their alditol acetates, estimated by g.1.c. The results 
(see Table II) indicated that all of the sugars were degraded rapidly, thereby showing 
that they had the B configuration. But, as acetylated furanoses are nonspecifically 
oxidized i2 by chromium trioxide, the anomeric configuration of the arabinosyl 
groups could not be determined by this experiment. However, the high rate at which 
arabinose residues were released by hydrolysis with 10% formic acid during 2 h at 
100” indicated that they probably have the dl configuration. 

Guided by the results of pilot experiments, the polysaccharide was subjected 



148 R. K. BASAK, A. K. MUKHERJEE 

to graded hydrolysis with 20% formic acid for 4 h at 100”. A paper chromatogram 
of the hydrolyzate showed spots for monosaccharides, and a few spots in the region 
of oligosaccharides. The oligosaccharides were isolated by repeated, preparative 
paper-chromatography using solvent system B. Only three oligosaccharides were 
obtained pure. 

Fraction I, [a J$’ +SO”, on hydrolysis, and g.1.c. analysis of the derived alditol 
acetates gave peaks for galactose. On methylation by the Kuhn method’, hydrolysis, 
and analysis of the derived alditol acetates by g.1.c. in columns a and b, peaks of 
2,3,4,6-tetra-0-methylgalactose and 2,3,6-tri-0-methylgalactose were obtained in the 
molar ratio of 1: 2.1. All of these observations, and the results of chromium trioxide 
oxidation, indicated that the structure of fraction I is as follows. 

/I-Gal-(1 +4)+Gal-(l -*L))-Gal 

Fraction ZZ, [a)? f45.4”, showed only galactose in g.1.c. analysis of the alditol 
acetates from its hydrolyzate. On hydrolysis, and g.1.c. examination, the fully methyl- 
ated oligosaccharide yielded 2,3,4,6-tetra- and 3,6-di-0-methylgalactose in the molar 
ratio of 1.9 : 1. Based on these results, the structure assigned to this oligosaccharide 
is as follows 

#I-Gal-( l-*4)-Gal 
2 

t 

S-cdl 

Fraction ZZZ, [u]i4 +64.3”, on g.1.c. analysis of the alditol acetates derived 
from its hydrolyzate, showed only galactose. On methylation, hydrolysis, and 
g.1.c. analysis of the product (as already described), it showed peaks for 2,3,4,6&&a- 
and 2,3,6-tri-0-methylgalactose in almost equimolar proportions (1.08 : 1). The oligo- 
saccharide therefore appears to be a disaccharide having the following structure. 

@Gal-( 1+4)-Gal 

From the foregoing experimental results, it is evident that the polysaccharide is 
dominated by a stable chain of (l-+4)-linked galactopyranosyl residues. However, 
presentation of a repeating unit is not yet feasible, particularly because of the high 
yields of the tetra-0-methylhexose and tri-0-methylpentoses in the hydrolyzate of the 
methylated polysaccharide. 

EXPBRIMBNTAL 

General. - Paper partition-chromatography was performed by the descending 
technique, using Whatman No. 1 chromatographic paper with the following solvent 
systems: (A) 8 : 2 : 1 ethyl acetate-pyridine-water, and (B) 9 : 2 : 2 ethyl acetate-acetic 
acid-water. Sugars were detected with alkaline silver nitrate. All specific rotations 
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are equilibrium values, and were recorded with a Perkin-Elmer Model 241 MC 
spectropolarimeter at 24 ‘. All evaporations were conducted at 40’ under diminished 
pressure. A Shandon high-voltage electrophoresis instrument, model L-24, was used 
for testing the homogeneity of the material. A Hewlett-Packard Model 573OA gas 
chromatograph, fitted with a flame-ionization detector and a glass column (1.83 m x 
6 mm) containing (a) 3 % of ECNSS-M on Gas Chrom Q (lo&l20 mesh) and (b) 3 % 
of OV-225 on Gas Chrom Q (SO-100 mesh), was used for g.1.c. Infrared spectra were 
recorded with a Beckman IR-20A instrument. 

Isolation of polysaccharide from the cambium layer of a bael tree. - The cam- 
bium layer was carefully collected from growing branches of a bael tree (Aegle 
marmelos), and thoroughly washed with ethanol. The dried material (1.239 g) was 
extracted with water (200 mL), with stirring, for 4 h on a water-bath at 100”. The 
extract was cooled, and centrifuged, to collect the aqueous solution. The residue was 
re-extracted as before. Cold ethanol (3 vol., acidified with acetic acid to pH 4-5) 
was added to the combined, aqueous extract. The precipitate that separated was 
centrifuged off, dissolved in water, and reprecipitated with ethanol. Finally, the 
precipitate was washed with dry ethanol, and dried in vacua. The dried material 
(0.261 g) had [a]? +33.8”. 

Hydrolysis, and sugar analysis. - The polysaccharide (5 mg) was treated with 
77 % sulfuric acid13 (0.1 mL), and kept for 30 min at room temperature. The solution 
was diluted with water (20 vol.) and then heated for 6 h on a boiling-water bath. 
The solution was cooled, made neutral with barium carbonate, and centrifuged. Part 
of the centrifugate was analyzed by paper chromatography using solvents A and B, 
and the other part was converted into the alditol acetates as usual. The alditol acetates 
were analyzed by g.1.c. in column a. Neutral sugars were estimated by g.l.c., using 
myo-inositol as the internal standard. 

PuriJication of the polysaccharide. - The crude polysaccharide (51 mg per lot) 
was dissolved in water (5 mL). The insoluble material was centrifuged off, and the 
solution was applied to a column (95 x 2 cm) of Sephadex G-100. The column was 
eluted with water, and the eluate was collected in 5-mL portions by means of an 
automatic fraction-collector, and monitored with a differential refractometer. Poly- 
saccharide obtained from the major peak (F) had [ali + 15.2” (c 0.33, water). 

High-voltage electrophoresis. - The purified material (F) was subjected to 
high-voltage electrophoresis at 38 V.cm- ’ for 45 min, using 0.05~ phosphate buffer, 
pH 7.8, and the spray reagent. A single spot, at a distance of 8.1 cm towards the 
anode, was obtained. 

Methylation analysis. - Polysaccharide F (4.7 mg) was dissolved in dry di- 
methyl sulfoxide (4 mL) in a closed vial, and then treated with 2~ methylsulfinyl 
sodium (4 mt) under nitrogen. The solution was stirred overnight, methyl iodide 
(3 mL) was added dropwise, with external cooling, and the mixture was stirred for 
2 h. The product was dialyzed, and then lyophilized. This methylated material was 
further methylated by the Kuhn method g. The i.r. spectrum of this methylated 
material did not show any band in the region of 3600-3300 cm-‘. 
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The permethylated product, [a]r - 13.5 ‘, was hydrolyzed with 85 “/6 formic 
acid for 2 h, and then (after removal of the formic acid) with 0.5~ sulfuric acid for 
18 h at 100 “. The hydrolyzate was made neutral, the alditol acetates were prepared as 
usual, and these were analyzed by g.1.c. using columns u and h. The results are given 
in Table I. 

Smith degradation’ ‘, - Polysaccharide F (10 mg) was treated with 0.1 M 
sodium metaperiodate (I 0 mL) in the dark for 48 h at IO O, The excess of periodate 
was decomposed by adding ethylene glycol (3 mL, 3 h) and the solution was dialyzed, 
concentrated, the product reduced with sodium borohydride overnight at room 
temperature, and the solution acidified with acetic acid, and then dialyzed. After 
concentration of the solution, the product was hydrolyzed, and the materials were 
converted into alditol acetates in the usual way. The alditol acetates were analyzed 
by g.1.c. using column a. 

Oxidation of polysaccharide F with chromium trioxide’ ‘. - Polysaccharide F 
(6.7 mg) with myo-inositol (0.5 mg) was dissolved in formamide (1 mL). To this 
solution were added acetic anhydride (1 mL) and pyridme ( 1.5 mL), and the mixture 
was stirred for 16 h at room temperature, concentrated, and the concentrate extracted 
with chloroform. The extract was washed with water, dried (Na,S04). and evaporated 
to dryness, and the product was reacetylated. 

Powdered chromium trioxide (600 mg) was added to a solution of the acetylated 
polysaccharide in glacial acetic acid (3 mL), and the mixture was stirred at 50”. 
Aliquots were withdrawn at 0, 0.5, and 1.5 h, immediately diluted with water, and 
extracted with chloroform. The extracts were dried (anhydrous Na,SO,), and evapo- 
rated to dryness. The product was deacetylated with 0.2~ sodium methoxide, de- 
cationized with Dowex-SOW X-8 (H+) ion-exchange resin, and hydrolyzed, and the 
alditol acetates were prepared as usual. The alditol acetates were analyzed by g.1.c. 
in column a (see Table II). 

Graded-hydrolysis studies. - A solution of polysaccharide F (30 mg) in 20”; 
formic acid (8 mL) was heated on a boiling-water bath for 4 h. The formic acid was 
removed by codistillation with water under diminished pressure, the oligosaccharides 
were resolved on Whatman No. 3 MM paper, using solvent B, and the separate 
sugars were isolated by eluting the corresponding strips with water. 

The oligosaccharides were hydrolyzed with 0.5~ sulfuric acid for 10 h, and, 
after the usual treatment, the sugars were analyzed by g.1.c. in column a. The oligo- 
saccharides were methylated by the Kuhn method’. The methylated products were 
hydrolyzed, the sugars converted into alditol acetates, and these identified, and 
estimated, by g.1.c. in columns u and b. 

ACKNOWLEDGMENTS 

The authors thank Prof. C. V. N. Rao and Dr. N. Roy of this Department 
for their valuable suggestions. 



POLYSACCHABIDB FROM BAEL TREE CAMBIUM 151 

REFERENCES 

1 A. ROY, A. K. MUKHERJEE, AND C. V. N. RAO, Carboliydr. Z&s., 41 (1975) 219-226. 
2 A. ROY, S. B. BIWITACIIARYA, A. K. Mu KHWEE, AND C. V. N. RAO, Carbohytf?. Res., 50 (1976) 

87-96. 
3 A. ROY, A. K. MUKHERJEE, AND C. V. N. RAO, Ciwbohydr. Res., 54 (1977) 115-124. 
4 P. K. hiANDAL AND A. K. Mummer, Curbohydr. Res., 84 (1980) 147-159. 
5 R. K. BASAK, P. K. MANDAL, AND A. K. MUKHERIEE, Curbohydr. Res., 97 (1981) 315-321. 
6 P. K. MANDAL AND A. K. MUKHERJEE, Curbohydr. Res., 90 (1981) 233-241. 
7 R. K. BASAK, P. K. MANDAL, AND A. K. MUKHERJEE, Curbohydr. Res., 104 (1982) 309-317. 
8 S.-I. HAICOMORI, J. Biochem. (Tokyo), 55 (1964) 205-208. 
9 R. KUHN, H. TIUSCHMANN, AND I. LOW, Angew. Chem., 67 (1955) 32-37. 

10 M. ABDEL-AKHER, J. K. HAMILTON, R. MONTGOMERY, AND F. Smm, J. Am. Chem. Sot., 74 
(1952) 49704971. 

11 J. HOFFMAN, B. LINDBERG, AND S. SWNSSON, Actu Chem. Stand, 26 (1972) 661-666. 
12 S. J. ANGYAL AND K. JACKSON, Curbohydr. Res., 12 (1970) 147-149. 
13 J. F. JEFFBRY, E. V. PARTLOW, AND W. J. POLGLASE, Anal. Chem., 32 (1960) 1774-1777. 


