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ABSTRACT

Purnified, bael-gum polysaccharide contains Dp-galactose (71%), L-arabinose
(12 5°%), L-thamnose (6 5%), and D-galacturonic acid (7%) Hydrolysis of one mole
of the fully methylated polysacchande gave (a) from the neutral part, 2,3,4-in-O-
methyl-L-rhamnose (2 moles), 2,3,5-tri-O-methyl-L-arabinose (4 moles), 2,3,4,6-tetra-
O-methyl-p-galactose (8 moles), 3,4-di-O-methvl-L-rhamnose (2 moles), 2,5-di1-O-
methyl-L-arabinose (1 mole), 2,4 6-tr-O-methyl-p-galactose (10 moles), 2,3-di-O-
methyl-t-arabinose (I mole), 2,4-di-O-methyl-D-galactose (14 moles), and Z-O-
methyl-D-galactose (2 moles), and (b) from the acidic part, 2,3,4-tni-O-methyl-p-
galacturomc acid (1 mole), 2 4 6-tn-O-methyl-3-0-(2,3 4-uri-O-methyl-p-galacto-
pyranosyluronic acid)-D-galactose (2 6 moles), and 2,4,6-in-O-methyl-3-0-{2,4,6-
tri- 0-methyl-3- 0-(2,3,4-tr1- O-methyl-p-galactopyranosyluronic acid)-p-galacto-
pyranosyl]-p-galactose (1 mole) Mild hydrolysis of the whole gum yielded oligo-
sacchandes from which 3-0-f-p-galactopyranosyl-L-arabinose, 5-0-8-p-galacto-
pyranosyl-L-arabinose, 3-0-f-D-galactopyranosyl-p-galactose, and 6-0-f-D-galacio-
pyranosyl-D-galactose could be 1solated and characterized The results of methylation,
periodate oxidation, Smuth degradation, Barry degradation, and graded hydrolysis
studies were employed for the elucidation of the structure of the whole gum

INTRODULCTION

in previous communica.ons' ?, structural studies on the degraded bael gum
obtained by muld treatment of the whele gum with oxahc acid were reported

The punfied gum from bael fruit (Aegle marmelos) has [o], +84° (1n water),
and contans galactose (71%0), arabinose (12 5%), rhamnose (6 5%}, and galacturomc
acid (7%) The homogeneity of bael gum was confirmed by paper electrophoresis
Investigations on elucidation of the structure of the average repeating-unit of the
polysacchande present 1n bael gum are reported here

*Structural Invesuigauons on Bael (degle marmelos) Gum Part HI, for Parts | and [1, see refs 1 and
2 respectively
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RESULTS AND DISCUSSION

The gum was methyiated, first by the Hakomor: method® and then by Purdie’s
method?, to obtain a permethylated product, [¢]p° —40° (in chloroform), this was
methanolyzed with methanolic hydrogen chloride, and the methyl esters were
saponified with barium hydroxide solution After neuiralization of the excess of base
with carbon dioxide, the acidic methyl sugars were adsorbed on a column of Dowex-1
X-4 (HCQ;) resin The eluate and the washings from this column contained the
methyl glycosides of neutral, methylated sugars, these were combined, and evaporated
to a syrup which was hydrolyzed with aqueous hydrochloric acild The hydrolyzate,
after the usual treatment, was examined chromatographically Nine spots were
detected on a paper chromatogram The mixture was resolved on Whatman No 3 MM
filter paper into its components, which were charactenized, and their mole ratios
determined 2,3,4,6-tetra- O-methyl-Dp-galactose (8 moles), 2,4,6-tn- @-methyl-D-
galactose (10 mcles), 2,4-di-O-methyl-p-galactose (14 moles), 2-O-methyl-p-galactose
(2 moles), 2,3,4-tr1-O-methyl-L-thamnose (2 moles), 3,4-di1-O-methyl-L-rhamnose
(2 moles), 2,3,5-tn-O-methyl-L-arabinose (4 moles), 2,3-di-O-methyl-L-arabinose
(1 mole), and 2,5-di-O-methyl-L-arabinose (I mole)

The acid frachion was displaced from the anion-exchange resin and, after the
usual treatment, was examuned on paper chromatograms Three spots were detected
The 1ndividual, methylated acid sugars were 1solated, characterized, and their molar
ratios determined 2,3,4-tr-O-methyl-p-galacturonic acid (1 mole), 2,4,6-tri-O-
methyl-3- 0-(2,3,4-tr1- O-methyl-D-galactopyrancsyluronic acid)-D-galactose
(2 6 molzs), and 2,4,6-tn-0-methyl-3-0-[2,4,6-tr1-O-methyl-3- 0-(2,3,4-tr1-O-methyl-
p-galactopyranosyluronic acid)-D-galactopyranosyll-p-galactose (1 mole)

In the bael gum, the proporuon of galacturonic acid accounts for 70%, but
the acid fraction (375 mg) obtained from the hydrolyzate of the methylated, whole
gum 1s ~13% of the total mixture (287 g) This was to be expected, as the acd
fraction contained mainly aldobiouronic acid, and the monouronic and aldotrio-
uronic acids are 1n the same proportion

Isolation of oniy 2,3,4-tr1-O-methyl-D-galacturonic acid (and no di- or mono-
O-methylgalacturonic acid) from the hydrolyzate indicated that all the galacturonic
acid residues present 1n the molecule occur as nonreducing end-units, and that there
are none 1n the interior of the molecule Isolation and characterization of the methyl
aldobio- and aldotrio-uronic acids mentioned shows that these galacturonic acd
residues are jomed to the adjacent galactose moieties at O-3 It 1s possible that these
galacturonic acid-contatning branches may be three units long, or that they may
contain even more units

Two methylated sugars were 1solated from the hydrolyzate of the methylated,
whole gum and characterized They were 2,3,4-tri-O-methyl-L-rhamnose and 2,3,5-
tri-O-methyl-L-arabinose These residues are obviously present as nonreducing end-
units 1n the methylated polysacchande molecule, as they appeared as tn-O-methyl-
rhamnose and tri-O-methylarabinose The corresponding, uamethylated, acid-labile
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restdues are removed from the whole gum during the preparation of degraded gum,
the loss of arabinose during this process 1s much more than that of rhamnose, and,
correspondingly, the proportion of tri-@-methyl-L-arabinose 1> much greater than
that of the tri-O-methyl-L-arabinose 1n the hydrolyzate of methylated, degraded gum

The molar proportions of tetra-, tri-, and di-O-methyl-p-galactose 1n the
hydrolyzates of methylated, whole gum and methylated, degraded gum d'ffered, as
shown 1n Table I This shows that the acid-labile rhamnose and arabinose restdues
in the molecule are linked to galactose residues only The molar proportion of

TABLE |

MOLAR PROPORTIONS OF DIFFERENT # ETHYLATED SUGARS CHARACTERIZED,
PRESENT TN THE HYDROLYZATES OF METHY LATED,
DEGRADED GUM AND METHYLATED, W HOLE GUM

Fraction Afetinlated sugars Afole proportions in meth lated
No

Degraded gum Whole gum

—
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2 346 tetra O methyl-D galactose

2 4 6 tr1 O methvl p-galactose

2,4-d1-O-methyl p galaclose
2-0-methyl-D-galactose
2,3,4-trn-O-methyl-L-rhamnose

3 4-di-O-methyl-L-thamnose

2 3,5 tn-O-methyl L-arabinose
2,3-di-O-methyl-L-arabinose

2,5-d1-O-methy] L-arabinose

2,3,3 tri-O methy! p-galacturonic acid

2 4 6-tr1-O methyl-3-0-(2 3 4-tri-O-methyl-p-
galactopyranosyluronic acid)-p galactose
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2-O-methyl-D-galactose 15 constant (vrz, 2 moles) in the hydrolyzates of methylated,
whole gum and methylated, degraded gum It was found that the molar proportions
of the tetra-O-methyl-D-galactcse changed from 12 to 8, those of the tri-O-methyl-p-
galactose, from 8 to 10, and those of the di-O-methyl-pD-galactose, from 12 to 14 A
total of 6 molar proportions of the methylated sugars, oz, 2,3,5-tr-O-methyl-L-
arabinose (4 moles) and 2,3,4-tri-O-methyl-L-rhamnase (2 moles), appeared in the
hydrolyzate of | mole of the methylated, whole gum, these can be explained as
indicating a loss of 4 moles of tetra-O-methyl-D-galactose and 2 moles of tri-O-
methyl-D-galactose, with a gain of 4 moles of trn-O-methyl-p-galactose and 2 moles
of di-O-methyl-p-galactose

Considering all these facts, and with knowledge of the structure of the average
repeating-unt of the polysaccharide” of the degraded gum, 1t 1s possible to assign a
structure to the average repeating-umt of the polysaccharide present in whole bael
gum (see Fig 1) Thus structure identifies the linkages through which the different
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sugars are linked to each other It 1s not, however, possible to assign the correct
sequence of branches in the main chain of the molecule froin these data

Gal
1
¥
4
—3) Gal-(1—3)-Gal-(1-—3)-Gal-(1—3) Gal-(1—3)-Gal-(1—3)-Gal-(1—3) Gal-(I—3)-Gal (1—
6 6 6 6 6 6 6 6
t ) ) h 1 t 1 )
1 i 1 1 I 1 i 1
Gal Rha Gal Gal Ara Gal Ara Gal
3 2 3 3 3(5) 3 3
1 i 1 i t t t
1 1 1 1 1 1 1
Gal Gal Rha Ara Gal Gal Gal
3 3
s t
] 1
GalA GalA

Fig | The average repeating-unit of the polysacchande of the whole gum (where Gal represents «
p-galactopyranosy! residuz or group, GalA a p-galactopyranosyluronic acid group, Rha, an
L-rbamnopyranosy! restdue or grcup, and Ara an L arab nofuranosyl residue or group)

The results of periodate oxidation studies are in reasonable agreement with
those to be expected from a polysacchanide having the average repeating-unit
suggested The polysacchanide consumed 0 70 mole of periodate, liberating 0 30 mole
of formic acid, per mole of hevose residue Theoretically, a polysaccharide with the
structure shown would consume 0 67 mole of periodate, liberating 0 27 mole of
formic acid, per mole of hexose residue

The periodate-oxudized polysacchande was reduced with sodium borohydrnide
and the product was 1solated as usual The matenal contained 95% of galactose and
4% of arabinose A polysaccharide having the structure suggested would yield a
product containing galactose and a small proportion of O-1- and O-3-linked arabinose
after the first periodate oxuudation and subsequent reduction When this matenal was
subjected to a second Smuth degradation, a product contaimng only galactose was
obtained, this indicates that the backbone of the molecule consists of (I —3)-linked
galactose residues only, from which branches originate Barry degradaton'? of ihe
periodate-oxidized, whole gum yielded a matenal contaiming 94% of galactose and
4% of arabinose The results of all these studies support the structure advanced for
the average repeating-unit of the bael-gum polysacchande

The whole gum was subjected to graded hydrolysis with 0 05M sulfurnic acid The
neutral and acid fractions were separated and the oligosacchandes from each fraction
were isolated and 1denufied, they were 3-0-§-p-galactopyranosyl-L-arabinose
5-0-B-D-galactopyranosyl-L-arabinos2, 3-0O-8-D-galactopyranosyl-D-galactose, and
6-0-p-D-galactopyranosyl-D-galactose in the neutral fraction, and D-galacturonic
acid, 3-0-(f-D-galactopyranosyluromic acid)-D-galactose, and 3-O-(8-p-galacto-
pyranosyluromic acid)-3-O-p-p-galactopyranosyl-b-galactose 1n the acid fraction
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All, except the (I —»6)-linked galactobiose, had also been 1solated from the products of
graded hydrolysts of the degraded gum' The disaccharide obviously onginated from
the branching unit of the main chain The majority of the hnkages are generally of
the B-type, as 1s evident from the isolation and characterization of f-linked disac-
charides

Graded-hydrolysis studies thus provide additional evidence for the iinkages
shown 1n the structure given for the average repeating-umit of the polysacchande
present 1n the whole gum isolated from bael fruit

EXPERIMENTAL

General — All specific 1otations are equilibrium values Unless otherwise
stated, all evapcrations were conducted w1 vacuo at 30-40° Whatman No | MM
filter paper was used for paper partiion chromatography, and guanuties up to
200 mg of sugar muxture were separated on Whatman No 3 MM paper The solvent
mixtures (v/v) used for partiton chromatography of sugars and their denivatives
were (A) 18 314 ethyl acetate-acetic acid—formic acid-water, (B) upper layer of
415 I-butanol-acetic acid-water, (C) 5513 ethyl acetate—pyndine-acetic acid-
water, (D) 8 2 1 cthyl acetate-pyridine-water, (E) upper layer of 4 1 5 butanol-
ethanol-water, and (F) 10 4 3 ethyl acetate-pyndine—water Spray reagents used were
(@) amline hydrogen oxalate, (#) benzidine penodate, and (c) alkaline silver mtrate
The kinetics of pertodate oxuudation were studied spectrophotometrically® ¢, and the
amount of formuic actd liberated during the reaction was determined by titrating 1t with
standard sodium hydroxide solution? The mole fraction of each methylated sugar
was determined by the alkaline hypoiodite method®

Methylation of the whole gum — The punfied bael gum (3 g) was methylated
by the Hahomon method® The product was remethylated once by the Purdie
method?, to yield a fully methylated denvative showing no OH absorption band 1n
its infrarcd spectrum, yield 33 g, [x]13° —40° (c 05, chloroform) Found OMe,
41 9%

Methanolysis of the methylated whole gum, and separation of the neutral and
acidic components — A solution of the fully methylated gum (3 g) 1n 2 5% dry
methanolic hydrogen chlonde (150 ml) was boied under reflux for 16 h, completion
of methanolysis was ascertained by monitoring the optical rotations of the solution
at regular intervals of time The solvent was removed under dimunished pressure, and
the resulting syrup was dissolved 1n water The solution was made neutral (Ag,CO,),
the precipitate was centrifuged off, and the solution was evaporated to a syrup, this
was heated with 2% banum hydroxide solution (90 ml) for 4 h at 80°, the solutton
was made neutral by passiag 1n carbon dioxide gas, and the solid was centrifuged off
The residue was washed several times with warm water, and the washings were
combined with the main solution The resulung, clear solution was then passed
successively through columns of Amberhte IR-120(H*) and Dowex-1 X-4 (HCOj)
resin The Dowex column was washed thoroughly with water (3 lhiters), and the
neutral solution and washings were combined, and concentrated to 30 mli
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The muxture contaimng the methyl glycosides of the neutral sugars was
hydrolyzed with 0 5M sulfuric acid on a boiling-water bath for 13 h The solution was
cooled, made neutral (BaCO,), the suspension centrifuged, and the supernatant iquor
de-iomized and then evaporated to a syrup (2 5 g) Paper-chromatographic examina-
tion of the syrup revealed the presence of nine methylated sugars

The muvture was separated 1nto 1ts components on thick filtcr-papers, and each
methylated sugar was obtamned 1n a homogeneous state They were :dentified through
their specific rotations, and by preparing crystaliine products The results are given
mm Table 11

Exanunauon of the acidic components of the riethylated whole gum — The
muxture of methylated acid sugars was recovered from the Dowex column in the same
way as for the methylated, degraded gum?, to yield a syrup (370 mg) A part of the
syrup (250 mg) was hydrclyzed by heating it with 0 25Mm sulfuric acid (25 ml) for 6 h
on a boiling-water bath The hydrolyzate was made neutral with banum carbonate
and the suspension filtered, the filtrate and washings were combined, passed through
a coluran of Amberlite IR-120(H*) resin, and evaporated to a syrup On paper-
chromatographic examination (solvent E), the mixture gave three spots The mixture
was separated on Whatman No 3 MM filter paper into 1ts components, and each of
them was 1solated 1n homogeneous state The methyl ester methyl glycosides of the
individual sugars were each reduced with bthium aluminum hydride 1a dry ether
Hydrolysis, followed by the usual treatment, yielded neutral sugars which were
characterized The results are given in Table 111

Periodate oxidation of the uhole gum — The whole gum was treated with 0 [M
sodium metaperiodate in the dark at 0° Consumption of the oxidant and liberation
of formic acid became constant within 10 h, corresponding to consumption of
0 70 mole of the oxidant and liberation of 030 mole of formuc acid per molar
equivalent of hexose residue

Snuth degradation — The periodate-oudized, whole gum (450 mg) was
reduced with sodium borohydnide® Part (5 mg) of the resulung material was
hydrolyzed with 0 5u sulfuric acid for 18 h at 100° The hydrolyzate was made
neutra! (BaCO,;), and, after the usual treatment, was exarined chromatographically
(solvent B) Besides spots corresponding to lower polyhydric alcohols and aldehydes,
galactose and arabinose (a trace) were detected The proportion of each sugar
resistant to penodate oxidation was estimated to be galactose!®, 95%, and
arabinose!!, 4%

A portion of the reduced, periodate-oxidized whole gum (18 mg) was dissolved
1a M sulfuric acid (10 ml), and the solutton was kept for 2 days at room temperature
The solution was made neutral (BaCO;), and the suspension filtered The filtrate was
concentrated to a small volume Chromatographic exanunauon of this solution
(solvents C and D) revealed the presence of galactose only The mixture was subjected
to a second periodate oxidation at 3° in the dark Iodate and periodate 10ns were
removed as the insoluble barium salts, and the resulting solution was concentrated to
~1 ml On complete hydrolysis of this material, followed by the usual treatments and
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paper-chromatographic examination (solvents C and D), only a spot corresponding
to galactose was detected

Barry degradarion — A muxture of periodate-oxidized, whole gum (1 5g),9 11
ethanol-water (130 ml), phenylhydrazine (5 ml), and acetic actd (5 ml) was heated for
I 5h on a steam bath, concentrated to 5 ml, and extracted with ether Chromato-
graphic exammation of the ether layer did not show the presence of any sugar or its
derivative, but the aqueous layer showed the presence of one spot at the origin

The aqueous layer was concentirated to 40 m!, and then heated for 8 h on a
steam bath with benzoic acid (i10 mg), ethanol (30 ml), and benzaldehyde (1 5 ml)
The solution was evaporated to dryness, the product was taken up n water, and the
solution was exhausuvely extracted, first with chloroform and then with ether The
extrdcts were combined, and the solvents were evaporated off The resulting syrup
showed no spots corresponding to any sugars

Tae aqueous layer was concentrated, and examined by paper chromatography
(solvents D and B), only one spot, at the origir, was detected A portion (300 mg) of
the mivture was separated on thick filter-papers, and the portion of the papers at the
ornigin was excised, and eluted with water The aqueous solution was concentraied to
a small volume, and freeze-cdred, to give a solid product (170 mg) that contained 94%
of galactose and 4% of arabinose

Graded Iy droly sis of bael gum — Bael gum (1 0 g) was subjected to hydrolysis
with 0 05M sulfunic acid (100 ml) on a boiling-water bath for 40 h, the conditions

eing ascertained in a pilot expeniment The neutral and acid fractions were separated
as already described!

Characterizcation ¢f 6-Q-8-D-galactop) ranosyl-D-galactose®> — The neutral
fraction (18 2 mg) had [«]3® +27° (c 05, water) [it *' +30° (c 0 15, water), lit *2
+35 2] and Rg,; 020 i1n solvent F[Iit >3 Rg,, 020, it 32 Rg,, 0 16] The disacchande
was hydrolyzed with 0 5\ sulfuric acid (1 mi), and after the usual treatment, the
hydrolvzate was examined chromatographically using solvent B Only galactose was
detected The molecular weight of the oligosaccharide was estimated, and found to be
336 (calculated for a disacchande containing two hexose residues, 342) The di-
sacchartde (6 mg) was converted 1nto 1ts methyl glycosides 1n the usual way, and the
mixture was subjected tu periodate oxidation at 3° 1n the darh One mole of the methyl
glycosides of the disaccharide consumed 4 ! moles of the oxidant 1n 6 h In a
separate experiment, 1t was found that 2 | moles of formic acid were liberated from
one mole of the disaccharide

Charactenzation of the other neutral and acidic sugars was achieved as
described for the product of graded hydrolysis of the degraded gum'
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