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Abstract. Azadirachta indica (neem) exudate gum was treated with pronase for 48 h
followed by chromatography on TEAE-cellulose and the major polysaccharide was
isolated. The polysaccharide covalently associated with remnant protein, was homogeneous as indicated by rechromatography on TEAE<ellulose, paper electrophoresis,
gel chromatography under dissociating conditions on Bio-Gel P-l00 and P-300. The
monosaccharide units, galactose, arabinose, glucuronic acid, fucose and glucosamine
were present in a molar ratio of 86 : 70 ; 30 ; 10 ; 1. Thirteen amino acids constituted the protein portion. The linkage between the polysaccharide and the protein
was a glucosaminyl asparginyl bond. Limited hydrolysis showed that fucose and
arabinose were at the non-reducing ends of the polysaccharide and galactose and
glucuronic acid were in the central core.
Keywords. Azadirachta indica (neem) gum; polysaccharide composition;
saminyl asparginyl bond.
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1. Introduction
Neem (Azadirachta indica) exudate gum which belongs to the family of ' galactan'
gums is known to contain Dsgalactose, L-arabinose, D-glucuronic acid and L-fucose
as the monosaccharide units (Mukherjee and Srivatsava 1955). Usha Lakshmi and
Pattabiraman (1967) identified an additional sugar, D-glucosamine and also showed
the presence of appreciable amounts of protein in the neem gum. Fractionation
studies revealed the presence of carbohydrate-rich and protein-rich components in
this gum (Satya Narayan and Pattabiraman 1973). In this paper, the isolation of
the major polysaccharide fraction after pronase treatment of the neem gum and its
characterisation are reported. Evidence is provided to show that the remnant protein in the fraction isolated, is linked covalently to the polysaccharide.
2. Materials and methods
2.1. Materials

Neem gum samples used in these studies were hand-picked during the summer months
of March to June and were stored at room temperature until use. The powdered
gum was dissolved by stirring in water at a concentration of 6 %(wtjvol). The cloudy
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solution was centrifuged at 12000 g for 20 min. The supernatant solution was
treated with charcoal to remove colouring matter and filtered. The clear pale
yellow solution was dialysed against 50 vol of water for 16 h with one change after
8 h. The solution was stored at -5°C until use.
TEAE-cellulose, CM-cellulose, Bio-Gel P-300, P-100 and P-2, Dowex-Stl (X4,
200-400 mesh H+) and Dowex-l (X8, 100-200 mesh, Cl) were obtained from BioRad Laboratories, Richmond, CA, USA. Pronase was purchased from Sigma
Chemical Company, St. Louis, MO, USA. Other reagents were of analytical reagent
grade.

2.2. Methods
2.2.1. General methods: Total carbohydrate was estimated by the method of
Dubois et al (1956) using galactose as the standard. Protein and Folin-positive
materials were estimated by the method of Lowry et al (1951) using bovine
serum albumin as the standard. L-Arabinose was determined by the phloroglucinol method (Dische and Borenfreund 1957). Glucuronic acid was estimated
by the method of Bitter and Muir (1957). Glucosamine was assayed in the
hydrolysates by the method of Levvy and McAllan (1959). Reducing sugar was
determined by the method of Nelson (1944).
2.2.2. Pronase digestion: Three ml of the gum solution (106 mg carbohydrate and
54 mg protein) was mixed with 3 ml of 0'1 M sodium phosphate buffer, pH 7'0,
heated for 10 min at 98°C and cooled. Trace amounts of calcium present in the
gum were precipitated at this stage. To the clear supernatant obtained after
centrifugation at 12000 g for 20 min, 1 mg of pronase (in 0'1 ml water) was
added. After 48 h incubation at 28-30°C, the solution was heated at 98°C for
10 min and centrifuged.
2.2.3. Isolation of the major polysaccharide: The clear supernatant of the pronase
digest was applied to a column of TEAE-cellulose (1'8 x 30 em, bed vol 70 ml)
equilibrated with 0'1 M sodium phosphate buffer, pH 7-0, washed with 140 ml of
the equilibration buffer, and eluted with 140 ml of 0-1 M phosphate buffer, pH 5'0,
containing 1 M NaCI at a flow rate of 40 ml per h. Ten ml fractions were collected
and assayed for carbohydrates and proteins. Fractions 20 and 21 (figure 1) were
pooled and dialysed against water. Several such dialysed fractions were pooled
and concentrated by lyophilisation. This fraction designated as the major polysaccharide, contained 31-3 mg carbohydrate and 1'75 mg protein.
2.2.4. Rechromatography of the major polysaccharide on TEAE-cellulose: The major
carbohydrate fraction was dissolved in 1 ml, was applied to a column of TEAEcellulose (1'8 x 16 em, bed volume 38 ml) equilibrated with 0'1 M phosphate buffer,
pH 5'0. A gradient of 150 ml 0'1 M phosphate buffer, pH 5'0 in the mixing
chamber and 150 ml of 0-1 M phosphate buffer, pH 5-0, contaiing 1 M NaCI in
the outer chamber was applied at a flow rate of 25 ml per h. Ten ml fractions
were collected and assayed for carbohydrate and protein.
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Figure 1_ Chromatography of pronase digest of neem gum on TEAE-cellulose.

2.2.5. Gel chromatography of the major polysaccharide: One ml of the polysaccharide was applied to a column of Bio-Gel P-300 (1-8x 16 em, bed volume 38 ml)
equilibrated with 0'1 M phosphate buffer, pH 7'0, and eluted with the same buffer
at a flow rate of 5 ml per h. Fractions (2 ml) were collected and assayed for
carbohydrate and protein. Chromatography was also performed with 4 M KCNS
or 0.5 M NaCI as eluants. Elution profiles of the polysaccharide on chromatography on Bio-Gel P-loo was also determined using 6 M urea, O' 5 M NaCI or 0'1 M
phosphate buffer, pH 7'0.
2.2.6. Paper electrophoresis: The major polysaccharide was subjected to electrophoresis on Whatman No. 1 paper for 3 h at 6 volts/em in 0·06 M veronal
buffer, pH 8·5. After electrophoresis the papers were stained with toluidine blue,
ninhydrin or bromophenol blue.
2.2.7. Carbohydrate composition: The polysaccharide solution (0,2 ml, 6-3 mg
carbohydrate) was hydrolysed with 5 ml of 2 N H 2S04 for 8 h at lOO°C in sealed
tubes. The hydrolysate was neutralised with solid barium carbonate. The carbohydrate was quantitatively separated from the precipitated barium sulphate by
repeated washing with water. The supernatant and washings were pooled and
concentrated under vacuum at 40---45°C. The recovery of the carbohydrate was
95 %. The carbohydrates were processed as described by Spiro (1960). The concentrate was applied successively to Dowex-50, H+ (0,8 x 6·0 em, bed volume
2·5 ml) and Dowex-I, HCOO- (0·8x6·0 em, bed volume 2·5 ml) and washed with
four bed volumes of water. The eluant containing the neutral sugars was concentrated
and subjected to descending chromatography on Whatman No. 1 paper with
n-butanol:ethanol:water (10:1:2) for 85 h. The carbohydrates were located by
spraying with ammoniacal AgNOs' Regions corresponding to well defined spots
in the unstained strips were eluted with water and the individual sugars were
estimated colourimetrically (Nelson 1944) with appropriate standards.
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The Dowex.-50 column was eluted with 20 ml of 2 N HCI. The eluate was evaporated to dryness under vacuum and flushed twice with water. The residue was dissolved in water and glucosamine was estimated. The Dowex-I column was eluted
with 40 ml of0·5 M HCOOH and the eluate was evaporated to dryness under vacuum.
The residue was dissolved in water and glucuronic acid was estimated.

2.2.8. Limited hydrolysis of the major polysaccharide: The isolated polysaccharide
was subjected to hydrolysis with 0·05 N H 2SO" at 100°C in sealed tubes for 30 min,
2, 5, 12, 24 and 48 h. The contents were neutralised, concentrated and chromatographed as described in section 2.2.7.
2.2.9. Amino acid analysis: The polysaccharide solution (0'8 ml) was hydrolysed
with 10 ml of 6 N HCl at 105°C for 24 h in sealed tubes. The solution was
evaporated to dryness under vacuum at 50-60°C, flushed twice with water and
dissolved in 2 ml of water. The dark brown solution was filtered and the filtrate was
subjected to two dimensional chromatography on Whatman No.1 paper using
n-butanol.acetic acid:water (4:1 :5, upper phase) and phenol:water (100:39,
wt/vol) solvent systems. The amino acids were revealed by spraying with ninhydrin
solution. Reference aminoacids were chromatographed separately.
2.2.10. Test for O-glycosidic linkage: The polysaccharide solution (0,4 ml) was
mixed with NaOH solution to a final concentration of 0·1 N and the change in
absorbance at 241 nm with time was measured (Tashiro et aI1977).
2.2.11. Test for N-glycosidic linkage: The polysaccharide solution (0,8 ml, containing 25·1 mg carbohydrate) was treated with NaBH" and NaOH (final concentration
1M) in a volume of 4·0 ml for 6 h at 98°C in sealed tubes. The solution was
desalted on a Bio-Gel P-2 column and hydrolysed with 6 N HCl for 6 h at 100°C. The
hydrolysate was evaporated to dryness and chromatographed on Whatman No. 1
paper for 25 h using pyridine:ethyl acetate:water:acetic acid (5:5:3:1) in the
solvent trough and pyridine:ethyl acetate:water (II :40:6) for saturating the
chromatographic chamber. Glucosaminitol and glucosamine were lqcated by
spraying the chromatogram with ammoniacal AgNO a (Lee and Scocca 1972).
3. Results
Chromatographic studies on TEAE-cellulose revealed that neem gum contained a
highly anionic fraction that accounted for the bulk of the carbohydrates and small
amounts of protein (Nayak and Pattabiraman, unpublished observation; Satya
Narayan and Pattabiraman 1973). Attempts to separate this polysaccharide from the
protein was not successful indicating that they might be linked covalently. In order
to test this possibility the gum solution was subjected to extensive pronase treatment
and then fractionated on TEAE-cellulose. The elution profile of the pronase-treated
gum is shown in figure I. The earlier fraction that was eluted with 0·1 M phosphate
buffer, pH 7,0, was found to be a mixture of peptide fragments, a minor heteropolysaccharide and a glucosamine-rich glycopeptide. The composition of the glycopeptide will be reported elsewhere. The latter fraction (figure I) accounted for 81 % of
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total carbohydrate which compared well with the value for the anionic fraction reported earlier (Satya Narayan and Pattabiraman 1973). The protein content of this
fraction was about 22 %of the anionic fraction indicating that a large portion of the
protein has been removed by the action of pronase. For comparison the elution profile of the native gum on TEAE-cellulose is shown in figure 2.
This major heteropolysaccharide fraction was non-dialysable. There was no loss
of carbohydrate or protein on dialysis for 24 h. Rechromatography on TEAE-cellulose showed that both the carbohydrate and protein were eluted as a sharp single
peak: (figure 3). On paper electrophoresis, the fraction moved as a single band, 5'5
cm towards the anode (figure 4). The band was stained by toluidine blue and faintly
by bromophenol blue but not by ninhydrin. On chromatography on Bio-Gel P-300
and P-1OO under dissociating conditions the fraction was eluted as a sharp peak with
respect to both carbohydrate and protein (data not shown). Similar profiles were
obtained with 4 M KeNS, 0·5 M NaCI and 0·1 M phosphate buffer pH 7·0 as eluants.
These data indicate that the fraction isolated is homogeneous and that the polysaccharide and protein are tightly associated.
The relative proportions of the carbohydrates in the fraction (on a weight basis)
were 46% galactose, 31·2% arabinose, 17·4% glucuronic acid, 4·9 %fucose and 0'57%
glucusamine. The ratio on a molar basis of glucosamine, galactose, arabinose,
glucuronic acid and fucose was 1:86:70:30:10. The proportion of glucosamine in the
fraction was much lower than that in the native gum where it was 2·6 %by weight.
The protein portion of the fraction contained glycine, leucine, isoleucine, aspartic
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Figure 2. Chromatography of native gum on TEAE-cellulose. 1'5 ml of native
gum solution (40'5 mg carbohydrate and 23'3 mg protein) was applied to a column of
TEAE-cellulose (0,9 x 39 em, bed volume 25 ml) equilibrated with 0'01 M phosphate
buffer pH 7'0. The column was eluted successively with 80 ml of equilibration buffer
(A), 80 ml of 0'1 M phosphate buffer pH 7·0 (B) and finally with 0-1 M phosphate
buffer pH 5'0 containing 1 M NaCI (C). Flow rate 20 ml/h. Fraction volume 10 ml
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acid (or asparagine), glutamic acid, serine, threonine, arginine, tyrosine, phenylalanine, valine, proline and methionine (data not shown).
The heteropolysaccharide fraction was subjected to ,8-elimination under alkaline
conditions. Failure to detect spectrophotometrically, a-aminoacrylic acid or a-amino
crotonic acid, ruled out the involvement of serine or threonine in O-glycosidic linkage
with the monosaccharide units of the heteropolysaccharide. The fraction was subjected to alkaline borohydride reduction followed by acid hydrolysis. Analysis of the
hydrolysate by paper chromatography revealed the presence of glucosaminitol and
glucosamine. These data indicate that the polysaccharide and protein are linked
covalently through N-glycosidic bond involving glucosamine and asparagine.
When the polysaccharide was hydrolysed for 30 min with 0·05 N H 2S04 and subjected to paper chromatography, a distinct spot corresponding to fucose (mobility
31 em) and a faint spot corresponding to arabinose (R-fucose 0'73) were noticed.
The mobility of other sugars are expressed as fractional mobility, normalising the
mobility of fucose to be 1. The arabinose spot increased in intensity upto 12 h.
Faint galactose (0'44) and glucuronic acid (0'05) spots were noticed after 2 h
hydrolysis. The intensity of these spots increased upto 24 h of hydrolysis. A faint
spot corresponding to glucosamine (0'27) was noticed after 5 h and 12 h of
hydrolysis. The intensity-slightly increased after 24 h of hydrolysis. These data
suggest that fucose and arabinose occupy the terminal nonreducing ends of the
polysaccharide. Since glucuronic acid and galactose are released slowly, they might
occupy the central core of the polysaccharide. Glucosamine appears to serve as the
bridge between the polysaccharide and protein components in the fraction.

4. Discussion

Aspinall et al (1969) concluded that the gum from Anogeissus leiocarpus contained
two distinct heteropolysaccharide units, based on their chromatographic studies on
TEAE-cellulose and fractional precipitation with cetyltrimethyl ammonium bromide.
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Figure 3. Rechromatography of the major polysaccharide on TEAE-cellulose.
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Figure 4.

Paper electrophoresis of the major polysaccharide.
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Chromatographic studies of neem gum on TEAE-cellulose both before and after
pronase digestion indicated the presence of a major polysaccharide associated with
protein and two other minor polysaccharide components.
The major polysaccharide, found homogeneous by several criteria, had a molecular wt greater than 100 000 daltons. The relative proportion of arabinose to
galactose was much higher than the reported value of 1 : 2 for the whole gum
(Mukherjee and Srivatsava 1955). The homogenous polysaccharide fraction could
not be separated from the protein even after pronase digestion. Thirteen amino
acids were identified in this fraction. Hydroxyproline was absent in the fraction
ruling out the possibility of a O-glycosidic link involving arabinose, unlike in the
case of extensin, a plant cell wall glycoprotein (Lamport 1969). Based on ,a-elimination studies, it can be concluded that galactose is not involved in glycosidic linkage
with serine or theronine. Borohydride reduction studies conclusively proved that
glucosamine is involved in N-glycosidic linkage with asparagine.
Presence of proteins in plant gums have been reported earlier (Usha Lakshmi and
Pattabiraman 1967; Anderson and Munro 1969; Anderson et a/1972). The present
studies clearly indicate that the polysaccharide and protein of the neem gum are
covalently linked. Further studies are needed to establish the sequence of carbohydrates and amino acids around the linkage.

Acknowledgements
This work was supported by a grant from the Council of Scientific and Industrial
Research, India. The first author is a recipient of a fellowship under this scheme.
The authors acknowledge the encouragement of Dr A Krishna Rao,

References
Anderson D M W and Munro A C 1969 Carbohyd. Res. 11 43
Anderson D M W, Hendrie A and Munro A C 1972 Phytochemistry 11 733
Aspinall G 0, Carlyl I I, MeNab I M and Rudowski A 1969 J. Chem. Soc. C 840
Bitter T and Muir H M 1962 Anal. Biochem. 4 330
Dische Z and Borenfreund E 1957 Biochem. Biophys. Acta 23 639
Dubois M, Killes K A, Hamilton I K, Rebers P A and Smith F 1956 Anal. Chem. 28 350
Lamport D T A 1969 Biochemistry 81155
Lee Y C and Scocca I R 1972 J. BioI. Chem. 247 5753
Levvy G A and MeAlIan A 1959 Biochem. J. 73 127
Lowry H, Rosebrough N I, Farr A L and Randall R I 1951 J. BioI. Chem. 193265
Mukherjee Sand Srivatsava H C 1955 J. Am. Chem. Soc. 77 422
Nelson N 1944 J. BioI. Chem. 111 375
Satya Narayan V and Pattabiraman T N 1973 Indian J. Biochem. Biyphys. 10 155
Spiro R G 1960 J. BioI. Chem. 235 2860
Tashiro Y and Trevithiek I R 1977 Can. J. Biochem, 55 249
Usha Lakshmi Sand Pattabiraman TN 1967 Indian J. Biochem. 4 181

°

