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Abstract-A water-soluble galactomannan isolated from the seeds of Sesbanza aegyptzaca contamed D-galactose and 
D-mannose m the molar proportlon of ca 1 1 67 Methylatlon analysis gave 2,3,4,6-tetra-O-methyl-D-galactose, 2,3,6- 
tri-0-methyl-D-mannose, and 2,3-di-0-methyl-D-mannose (mol ratlo 3 2 3) and the result was corroborated by those 
from perlodate oxldatlon followed by Smith degradation Controlled hydrolysis of the galactomannan afforded two 
dlsaccharldes and two trlsaccharldes and their structures have been estabhshed Based on these results a structural 
formula for the galactomannan has been proposed The anomerlc configuratlons of the sugar residues were determmed 
on the basis of mild hydrolysis with dilute oxalic acid, reactlons with several specific lectms and oxldatlon with 
chrommm trroxlde The number average degree of polymerlzatlon was found to be ca 35-38 

INTRODUCTION 

In view of the constantly increasing demand by mdustry 
for plant gums, we were prompted to undertake a 
chemical mvestigatlon of a galactomannan isolated from 
seeds of Sesbanza aegyptzaca 

RESULTS AND DISCUSSION 

A polysaccharlde was isolated from the aqueous ex- 
tracts of the seeds of Sesbanza aegyptzaca by repeated 
preclpltatlon with ethanol On hydrolysis It gave D- 
galactose and D-mannose along with a trace of L- 
arabmose Purlficatlon of the polysaccharlde via Its 
copper complex [l] removed the arabmose-contammg 
lmpurltles as well as traces of uromdes The purified 
material glvmg a smgle peak on gel filtration through a 
column of Sephadex G-100 [2], had [LY]:& 3 + 514”, 
contamed D-galactose and D-mannOSe m 1 1 66 (I e 3 5) 
moiar ratio and was homogeneous on paper electro- 
phoresls 

To ascertain Its structural features, the polysaccharlde 
was fully methylated by the Hakomorl method [5], 
followed by the Purdle method [6] The permethylated 
polysaccharlde was hydrolysed with 85 % formic aad, and 
then with 0 25 M sulphurlc acid The aldltol acetates [3] 
of the methylated hydrolysate were Identified and their 
relative mol proportions determmed, by GC (Table 1) 

The polysaccharlde contams D-galactose and D- 
mannose, both m the pyranose form The non-reducing 
ends are occupied by D-galactose umts, as Indicated by the 
presence of 2,3,4,6-tetra-O-methyl-D-galactose and the 
backbone of the molecule 1s made up of 1 + 4-hnked D- 
mannopyranose residues as proved by the presence of 
2,3,6-tn-O-methyl-D-mannose m the hydrolysate of the 
methylated galactomannan The fact that 2,3-dl-O- 

*To whom correspondence should he addressed 

methyl-D-mannose 1s present m the hydrolysate mdlcates 
that the polysaccharlde 1s branched and that at branch 
points the mannose residues are hnked through C-l, C-4 
and C-6 

The results of periodate oxldatlon studies [7, S] are m 
good agreement with the methylatlon analysis It was 
found that 1 mol of formic acid was hberated for every 
2 67 hexose residues m 25 hr and that 1 39 mols of 
periodate reduced per hexose unit m 30 hr The theoretical 
value expected from the proposed structure IS 1 38 

The periodate-oxldlzed polysacchande, on sodium 
borohydrlde reduction and hydrolysis, gave glycerol and 
erythrltol m the mol ratlo 1 1 6 (1 e 3 5) The absence of 
mannose m the hydrolysate confirmed that the linkages at 
the branch points are through C-l, C-4 and C-6 as already 
mentloned above The length of the repeating unit (2 6), 
calculated from the amounts of glycerol and erythrltol 
obtained, 1s in good agreement with the value obtamed 
from methylatlon and perlodate oxldatlon studies 

To establish the stereochemlstry of the hnkages be- 
tween the sugar units, the polysaccharlde was subJected to 
graded hydrolysis (Table 2) After separation by CC and 
PC, the ohgosaccharldes were characterized as follows 

Ohgosaccharlde I, [LX)& 5 - 7 7”, equivalent weight 
332, on hydrolysis gave mannose only Fully methylated 
material on hydrolysis yielded 2,3,4,6-tetra- and 2,3,6-tn- 
0-methyl-Bmannose in the mol proportion 1 1 The 
periodate oxldatlon of the dlsaccharlde was carried out m 
acetate buffer (pH 3 8), 4 07 mols of perlodate were 
reduced per mol of the dlsaccharlde m 2 5 hr After 
borohydrlde reduction, hydrolysis and subsequent treat- 
ment, the oxldlzed product gave glycerol and erythrlol, as 
ldentdied and estimated by GC, m the mol proportion 
1 1 This dlsaccharlde was, therefore, asslgned as 4-O-j?- 
D-mannopyranosyl-D-mannose 

Ohgosaccharlde II, [a]:&, 5 + 121”, equivalent werght 
330. on hydrolysis gave mannose and galactose m 1 1 mol 
ratio Sodium borohydrlde reduction and subsequent 
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Table 1 Methylation analysis of the native polysaccharide (A) and the obgosacchandes (B) 

Mol proportIon 

Methyl sugars* 

Tt A B 
Mode of 

I II I II III IV hnkage 

2,3,4,6-Tetra-O-methyl-Bgalactose 125 119 3-l 1 - Ga$-(1 -+ 
2,3,4,6-Tetra-O-methyl-mmannose 100099 -l-- 
2,3,6-Tn-O-methyl-Dmannose 

1 Man# + 
220 203 2 1 - 1 

2,3,4-Tn-O-methyl-Dmannose 
2 --t 4)-Maq-(1 -+ 

248 2 19 - - 1 1 - -+ 6)-Mand(l + 
2,3-DI-0-methyl+mannose 483 369 3_-- - -+ + 4,6)-Man,-(1 

*The methyl sugars were ldentlfied as the correspondmg al&to1 acetates 
t Retention times are relative to 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-o glucltol, on a column of (I) 3 T0 of 

ECNSS-M, and (a) 3 “/, of OV-225 

Table 2 Results of the graded hydrolysis sturhes 

spot PC moblhty* Sugars 

1 081 4-0-b-D-Mannopyrannosyl-D-mannose 
2 067 6-0-or-D-Galactopyranosyl-D-mannose 
3 042 6-O-or-D-Galactopyranosyl-4-O-B_D-mannopyranosyl-D-mannose 
4 017 4-0-~-D-Mannopyranosyl-4-O-~-D-mannopyranosyl-D-mannose 

*Relative to D-galactose 

hydrolysis gave galactose as reducing sugar Methylation 
analysis showed the presence of 2,3,4,6-tetra-O-methyl-D- 
galactose and 2,3,4-tn-O-methyl-D-mannose This m- 
dlcates that galactose IS glycosydlcally 1 +6-linked to 
mannose with galactose at the non-reducing end The 
structure of the disaccharide IS assigned as ~-O-LX-D- 
galactopyranosyl-D-mannose 

Ohgosaccharlde III, [a]& 5 + 37”, equivalent weight 
498, on hydrolysis gave galactose and mannose in the 
molar proportion of 1 2 Reduction and hydrolysis 

reduced 5 01 mols of periodate when oxldatlon was 
carried out with sodium metaperlodate m acetate buffer 
(pH 3 7) Methylatlon studies showed the presence of 
2,3,4,6-tetra-O-methyl-Dmannose and 2,3,6-tn-O- 
methyl-Bmannose m 1 2 mol ratio 

All these results indicated the structure of the trlsac- 
charade to be 4-0-/I-D-mannopyranosyl-4-O-&D-manno- 
pyranosyl-r>-mannose 

Based on the above results m can be concluded that the 
galactomannan has a structure of the followmg type 

I Galp Galp Galp 

‘I a a 
6 ‘I , a 

6 ‘I , 6 
I 4 I 4 4 

Manp 
I 4 

B 
- Manp 

B 
= Manp 

B 
*Manp - 

B 
Man P- 

indicated the presence of galactose and mannose m 
1 1 mol proportIon with mannose at the reducing end A 
portion, oxidized with sodium metaperlodate m acetate 
buffer (pH 3 7), reduced 5 13 mols of the oxidant per mol 
of the sugar Methylatlon analysis showed the presence of 
eqmmolar proportlons of 2,3,4,6-tetra-O-methyl-D- 
galactose, 2,3,4-tn-0-methyl-D-mannose and 2,3,6-tn-O- 
methyl-D-mannose Thus the sugar seems to be a trisac- 
charade containing 1 mol of D-g&iCtOse and 2 mols of D- 
mannose residues, and the structure of the trlsaccharlde 
was estabhshed as 6-0-a-D-galactopyranosyl-4-O-b-D- 
mannopyranosyl-D-mannose 

Ohgosaccharlde IV, [a]& 5 - 22”, equivalent weight 
494, showed the presence of mannose only on GC of Its 
hydrolysate and on that of Its reduction product obtained 
with sodium borohydrlde One mol of trlsaccharlde 

The anomerlc configurations of the sugar residues were 
determined by chrommm trloxlde oxldatlon [9] of the 
peracetylated product As chromium trloxlde oxldlzes fl- 
linked sugar residues faster than those a-linked [lo], It 
was concluded that the polysaccharlde contained c(- and /3- 
D-glycosldlc linkages, the former bemg preponderant 
From the results shown m Table 3 it appears that D 
mannose was oxldlzed, and consequently Its percentage 
decreased rapidly, but that the galactose was oxldlzed 
comparatively slowly, thereby showing that the galactose 
had the a-configuratIon, the rest havmg the /?- 
configuration It was also noticed that only galactose 
residues were released when the polysaccharlde was 
hydrolysed under very mild condltrons with 0 02 N oxahc 
acid The resulting galactomannan after 4 hr had a 
galactose-mannose ratio of 1 2 The increased mannose 
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Table 3 Survival of sugars m chrommm trtoxlde oxldatlon of acetylated 
galactomannan 

Time of oxldatlon 
(hr) 

Galactose Mannose Myo-mosltol 

0 31 498 10 
1 226 091 10 
2 1 17 024 10 
3 097 013 10 

content IS attributed to the fact that the more labile 
galactose residues are a-linked The occurrence of a-D- 
galactose residues as branch points m the galactomannan 
from the seeds of Sesbama uegyptzaca was further con- 
firmed by the fact that the a-galactosyl-speafic lecttns 
from the seeds of Artocarpus tntegrlfolaa and Artocarpus 
kzkoocha [ll] reacted wtth the galactomannan 

Hypolodtte oxtdatton [4] of the polysacchartde tn- 
dlcated the degree of polymertzatton to be 35-38 

EXPERIMENTAL 

All solvent evaporations were conducted ma rotary evaporator 
below 40” (water bath temp ) Specific rotations were recorded at 
26” k 1” and 589 6 nm PC (descendmg) Whatman No 1 and 
3 MM Paper, solvent A, BuOH-pyndlne-Hz0 (6 4 3), solvent 
B, BuOH-EtOH-H,O (4 1 5, upper layer) Amhne oxalate and 
alkahne AgNOs were used as sprays Gel-filtratton chromato- 
graphy Sephadex G-100 and G-25, Elutlons were monitored by 
the PhOH-H,S04 method GC-FID/TCD glass column 
(1 83 m x 6 mm) contammg (a) 3 % ECNSS-M on Gas Chrom 
Q (100-120 mesh) at 190” (for aldltol acetates of sugars) and at 
170” (for parttally methylated aldttol acetates), and (b) OV-225 
at 155” A reporting Integrator 3390A (Hewlett-Packard) was 
used to determme the mol ratios High-voltage electrophoresls 
(Shandon model L-24) buffer system (a) borate buffer, pH 9 5 
and (b) PI buffer, pH 6 5 The spots were developed with 
benzldme periodate 

Isolatron and pur~ficatron of the polysacchande An aq 1% 
suspension of powdered seed, made by adding 12 g of the powder 
to 1 2 1 H,O was kept on a boding water bath for 1 hr and then 
agitated man ultrasomc bath to produce a viscous soln The soln 
was filtered through a muslin cloth and the residue again treated 
with hot H,O until all H,O-soluble material was extracted The 
filtrate was cooled, and then centrifuged at 25-30 x lo3 rpm The 
clear hquld was acidified to pH 4-5 with HOAc and added to 
twice its vol of EtOH drop-wise with constant stirring The 
pptated polysaccharlde was allowed to settle overmght, separated 
by centnfugatlon, trlturated (X 5) with EtOH and finally with 
Et,0 and dried in ~acuo It was a white amorphous powder, yield, 
7 2 g, ash 0 36 “/,. pentosan 2 2 %, uromc acid neghgtble, [a]& 5 
+ 49 5” (4 “/, NaOH, c 0 5) D-galactose, D-mannose and traces of 
L-arabmose were obtained by PC using solvents A and B, and by 
GC after hydrolysis 

The polysaccharlde was purified by complexmg with Fehlmg’s 
soln [l] The materlal(5 g) was dissolved m 4 y0 NaOH (250 ml) 
m an atmosphere of N,, and freshly prepared Fehlmg’s soln 
(125 ml) was added to it while it was stirred m a cold water bath 
(lo”) The ppt was removed by centrifugatlon, washed with H,O 

*Procedure supplied by Worthington Blochenucal Corpor- 
ation, Freehold, New Jersey, along with ‘Galactostat’ enzyme 

and stirred with 0 5 M HCl (350 ml) at 0” for 4 hr The resultmb 
soln was poured mto EtOH (700 ml) and the ppt was washed with 
0 1 M HCI m Me&O-H,0 (3 2) The material was finally dried 
after washmg with MeOH Yield, 2 8 g 

The purdied polysaccharlde (30 mg) was dissolved m 0 05 M 
NHIHCOJ (3 ml, pH 8 0), and applied to a column (80 x 2 2 cm) 
of Sephadex G-100 The column was eluted with the same buffer, 
3-ml fractions bemg collected The PhOH-H,SO., method [2] 
was used to determine the carbohydrate content m each fraction, 
the elutlon pattern showed a single peak The recovery of the 
polysaccharlde was 90%, [u]::~ 5 + 514” (4% NaOH, c 0 5) 
The material was electrophoretically homogeneous Hydrolysis 
of the polysaccharlde gave D-galactose and D-mannose only 

Estunutzon ofsugars The polysacchande (5 1 mg) was mixed 
with myo-mosltol(2 5 mg, as mt standard), and hydrolysed with 
0 5 M H,S04 for 16 hr at 100” m a sealed tube The acid was 
neutralized with BaCO, and the suspension centnfuged The 
supernatant liquor was passed through columns of Amberhte IR- 
120 (H+) and Amberhte IR-45 (OH-) After concn the com- 
ponents of the hydrolysate were converted mto their aldltol 
acetates [3] and analysed by GC (column a) It was found to 
contam galactose and mannose m 1 1 66 (1 e 3 5) mol propor- 
tion The galactose content of the polysaccharlde was estimated 
with Galactostat* to be 38 “/ 

Mzld hydrolysis wrth oxalrc md To a soln of polysaccharlde 
(500 mg) m H,O (25 ml) 0 04 N oxahcacld (25 ml) was added and 
the mixture heated m a boding water bath At intervals of 1 hr 
ahquots (10 ml) were withdrawnand pptated with EtOH (15 ml) 
The supernatant liquid on PC showed the presence of D- 
galactose only The pptated polysaccharlde from the fourth stage 
was hydrolysed with 0 5 M H,SO, The constituent sugars, as 
then aldltol acetates, were estimated by GC usmg myo-mosltol as 
mt standard, D-galactose and D-mannose were present m the 
mol ratio of 1 2 

Reducmg end-group assay The number average degree of 
polymerrzatton was found by hypolodlte oxldatlon[4] to be 
35-38 

Methylotton of the polysacchartde The polysaccharlde 
(20 mg, dried over P,O,) was dispersed by stirring for 1 hr m 
formamide (2 ml) To this dispersion was added Ac,O (2 ml) and 
pyrldme (2 5 ml) with stirring After stirring for 16 hr at room 
temp , Hz0 (10 ml) was added drop-wise to the cooled soln.and 
the mixture was dlalysed against Hz0 Concn and punficatlon 
were effected by passage through a column (30 x 1 5 cm) of 
Sephadex LH-20 which was irrigated with Me,CO The eluant 
was monitored by polanmetry, the acetylated polysaccharlde 
(17 mg) being eluted tn the void vol 

The acetylated polysaccharlde was methylated by the 
Hakomorl method [5] 10 mg dissolved m DMSO (5 ml) was 
treated with 2 M methylsulphmyl sodmm (5 ml) under N, The 
gelatinous soln was agitated man ultrasonic bath for 30 mm and 
then kept at room temp overnight Me1 (2 ml) was added drop- 
wise with coohng and the mixture was stirred for 2 hr The 
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product was then chalysed, lyoptuhzed and re-methylated by the 
Purdle method [6] The fully methylated sampled showed no OH 
bands m the IR Yield (9 3 mg), [a]:& s +46” (CHC!,, c 0 33) 
The fully methylated polysaccharlde was hydrolysed by heatmg 
m a boiling water bath with 85% fonmc acid, and then with 
0 25 M H,SO, The methylated sugars were converted mto their 
aldltol acetates, and these were analysed by GC (columns a and 
b) The results are shown m Table 1 

PerIodate oxldatlon The polysacchande was treated with 
0 1 M so&urn metapenodate m the dark at 5” The liberated 
formic acid and the amount of penodate consumed durmg the 
reaction were estimated m the usual way [7, S] at regular 
intervals The liberation of fonmc acid became constant m 25 hr, 
2 67 hexose residues liberating 1 mol fornuc acid, and the 
penodate uptake became constant after 30 hr correspondmg to 
139 mol of the oxidant per hexose unit 

In a separate expt, the polysacchande (60 mg) m H,O (30 ml) 
was oxidized with so&urn metapenodate soln (0 2 M, 30 ml) for 
30 hr at 5” The penodate-oxidized product after neutrahzation 
with Ba(OH), and centnfugation was reduced with NaBH, for 
4 hr at room temp The resulting soln, after usual treatmenr, was 
examined by PC (solvent B), and by GC (as the alditol acetates) 
The ratlo glycerol-erythntol was found to be 1 1 6, I e 3 5 

Graded hydrolyszs Based on the results of pilot expts, the 
galactomannan (2 0 g) was chspersed m Hz0 (100 ml) and 0 2 M 
H,SO, (100 ml) was added The mixture was heated m a bollmg 
water-bath for 3 hr The soln after centnfugation was passed 
through columns of Dowex-SOW X-8 (H+) and IR-45 (OH-), 
successively The resultmg hqtud was coned to a small vol 
(ca 50 ml) PC (system A) indicated the presence of D-galactose, 
D-mannose, two disaccharides and two trlsaccharldes The 
results are shown m Table 2 

The separation of the ohgosacchandes was conducted first by 
CC The sugar mixture was passed through three Sephadex G-25 
columns (80 x 2 5 cm each) connected m series The columns 
were eluted with CHCl,-satd H,O, 5-ml fractions being col- 
lected The carbohydrate content m each fraction was determmed 
by the PhOH-H,SO, method On examination of the eluates 
two zones were found Each zone was further separated on 
Whatman No 3 MM filter papers usmg solvent system A Thus 
four ohgosacchandes were obtamed m a chromatograptucally 
pure form 

The ohgosacchandes were hydrolysed with 0 5 M H2S0, for 
10 hr m a boihng water-bath and, after the usual treatment, the 
sugars were identified and their amounts determined by PC and 
GC (as their al&to1 acetates) The reducing-end residues were 
determined by treatment with NaBH, followed by hydrolysis 
After usual treatment the sugars m the hydrolysate were charac- 
terized by PC using amlme oxalate as the spray reagent The 
linkages m the ohgosacchandes were determined by methylation 

studies usmg the Hakomon procedure The methylated sugars 
obtained m each ohgosacchande were identified and estimated by 
GC after convertmg them mto their akhtol acetates The results 
are shown m Table 1 

Oxldatlon of the polysaccharuie with CrO, A nuxture of 
polysacchande (114 mg) and myo-mosltol (8 6 mg) was well 
chspersed m formanude-pyndme (2 1) (6 ml), by stlrrmg the 
suspension for 2-3 hr After ad&Ion of Ac,O (2 ml) the rnlxture 
was stirred for 18 hr at room temp H,O (20 ml) was added drop- 
wise to thecooled soln and the mixture was dlalysed against Hz0 
and lyopluhzed The product was reacetylated, to ensure com- 
plete acetylation, and punficatlon was effected by passing It 
through a Sephadex LH-20 column (60 x 5 cm) irrigated with 
Me,CO The eluant was monitored polar~metncally Powdered 
CrO, (400mg) was added to the soln of acetylated polysac- 
chande (10 mg) m HOAc (5 ml) and the supenslon was ag;ltated m 
an ultrasonic bath at 50” Ahquots were removed at intervals and 
diluted with HZ0 unmediately and extracted Hrlth CHCI, The 
extracts were then dried over Na,SO, and evaporated to dryness 
The oxidized products were deacetylated with 02 M NaOMe, 
decatlomzed with Dowex-SOW X-8 (H+) ion-exchange resin, and 
hydrolysed After the usual treatment, the hydrolysates were 
converted into then al&to! acetates, and thenuxtures analysed by 
GC (column a) (Table 3) 
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