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Abstract: The ability of twenty six Rhizobfumn strains, isolated from root nodules of
leguminous crop, Seshania seshan (1..) Merr. were tested for their production of extracellular
polysaccharides (EPS) in Yeast Extract Mannitol {YEM) medium. Among the twenty six
strains, maxirmum amount of EPS was produced by Rhizobium SS5 strain (3900 pg mL ).
Both growth and EPS production started simultaneously, but the EPS production was
maxinmum in the stationary phase of growth (48 h). The EPS production was maximum,
when the medium was supplemented with galactose (2%), sodium nitrate (0.1%) and
Ca-pantothenate (1 ug mL™), which was accompanied by a great increase in the production
compared to the control. The EPS contained galactose, glucose, xylose, rhamnose and
raffinose, which were identified by paper as well as gas liquid chromatography.
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INTRODUCTION

Many physiological aspects of RAizobium-legume symbiosis are still poorly understood, although
rhizobial root nodules of leguminous plants have created great interest among scientists for a long
period of time. The production of thizobial extracellular polysaccharides (EPS) is one of these aspects.
Rhizobial EPS was shown to be involved in the Rhizobium-legume symbiosis. Olivares et al. (1984)
reported about the enhancement of nodulation by EPS. Rhiizobium species were described which were
able to produced EPS also in culture (De and Basu, 1996, Ghosh ef af., 2005). Skorupska et af. (2006)
also reported that extracellular polysaccharides may be involved in invasion and nodule development,
bacterial release from infection threads, bacteroid development, suppression of plant defense response
and protection against plant antimicrobial compounds.

Sesbania sesban (L) Merr. is a widely cultivated green manure crop in Andhra Pradesh, India.
Very litfle information about the EPS production by the symbiont of S. sesban. The objective of this
study was to scresn the maximum EPS producing strain from S. seshan and also to increase the
production of EPS through optirization of cultural conditions of the strain, which produced maximum
amount of EPS.

MATERIALS AND METHODS

Microorganism, Medium and Growth Conditions

Twenty six Rhizobium strains were isolated from fresh healthy root nodules of Sesbania sesban
collected from different regions of Andhra Pradesh, India. The study was conducted in December, 2006
in the Department of Microbiology, Acharya Nagarjuna University. The basal medium for the bacterial
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growth and EPS production were the yeast extract mineral medium (Skerman, 1959) with 1% mannitol.
The strains were incubated in 25 mL of the medium in 100 mL conical flasks in three replicates at
30£2°C for 48 h {optimum time for maximum EPS production). The growth was measured
spectrophotometrically at 540 nm.

Production of EPS on Different Sources

Different carbon sources were added separately to the basal medium replacing mannitol. Individual
effect of different chemicals with most suitable carbon source on EPS production was tested. For
maximum EPS production by the strain the medium was enriched with different supplements which
individually increase the EPS production to maximum level. All the supplements added to the medium
were filter sterilized.

Isolation of EPS

Isolation of EPS was done by following the method described by Dudman (1976) and collected
by centrifugation, dissolved in minimum volume of distilled water, reprecipitated with 3 volumes of
acetone, centrifuged, dialyzed and lyophilized. For identification of sugar monomers, dry EPS was
hydrolyzed in a szaled tube with 0.5 M BaCO, and concentrated at 45°C under reduced pressure. EPS
was chromatographed on Whatman No. 1 paper using butanol: acetic acid: water (4:3:1) as solvent
system. Spraying reagent used for identification of sugar components was aniline phthalate
(Partridge, 1949). For Gas Liquid Chromatography (GLC), sugar derivatives (paracetylated alcohols)
were prepared from dry lyophilized polysaccharides (Ghosh ef al., 2005) and injected into GLC
apparatus. The sugar derivatives were identified by comparisons of their retention times with those
of authentic standards.

Estimation of EPS

The dialyzed cell free supernatant was used for EPS estimation by phenol-sulphuric acid method
following Dubois ef ai. {1956). Uronic acid estimation in the EPS was performed by Carbazole reaction
(Dische, 1947).

Statistical Analysis
The data were statistically analyzed using correlation coefficient between growth and EPS
production.

RESULTS AND DISCUSSION

The Rhizobium strains isolated from root nodules of S. sesban were designated as Rhizobium SS1
to SS26. The isolated strains were identified as species of Rhizobium following Bergey’s Mamual of
Systematic Bacteriology (Jordan, 1984) and plant infection test {Vincent, 1970). The Rhizobium strains
were fast growers and reached stationary phase at 48 h. Among the 26 Rhizebium strains tested, the
Rhizobium SS5 produced maximum amount of EPS on yeast extract mannitol medium (Table 1).
Maximum EPS production was also observed at 48 h by this strain. As Rhizobamm SS5 produced more
amounts of EPS, further tests were carried out on this strain.

All the fourteen carbon sources (1%) promoted both growth and EPS production, but maximum
amount was observed in galactose followed by mannitol (Table 2). But the mannitol was the best
carbon source was reported earlier in Rhizobium D110 sp. from Dalbergia lanceolaria (Ghosh et al.,
2005). The optimum concentration of galactose required for EPS production was found to be 2.0%
(Table 4).
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Table 1: Production of Extracellular polysaccharides (EPS) by RAizobitm strains from Sesbaria sesban

Growth* EPS production® Specific productivity
Straing (0D at. 540 rim) (ug mL™H (EPS production/growth)
Rhizobium 881 1.40 2800 2000.0
Rhizobium SS2 1.30 2500 1923.0
Rhizobium S83 1.20 2550 2125.0
Rhizobium S84 1.10 1800 1636.3
Rhizobium 885 1.25 3900 3120.0
Rhizobium SS6 1.50 2800 1866.6
Rhizobium SS7 1.50 2800 1866.6
Rhizobium SS8 1.25 2000 1600.0
Rhizobium SS9 1.20 2000 1666.6
Rhizobium S810 1.30 2500 1923.0
Rhizobium SS11 1.00 2000 2000.0
Rhizobium 8812 1.35 2900 2148.1
Rhizobium 8813 1.30 3000 2307.6
Rhizobium 3514 1.20 2800 23333
Rhizobium 8815 1.30 1900 1461.5
Rhizobium 3516 1.40 2000 1428.5
Rhizobium 8817 1.35 2500 1851.8
Rhizobium SS18 1.30 2200 1692.3
Rhizobium S819 1.20 2500 2083.3
Rhizobium 8820 1.20 2900 2416.6
Rhizobium 8821 1.20 2900 2416.6
Rhizobium 3822 1.40 2000 1428.5
Rhizobium 3823 1.00 800 800.0
Rhizobium 8824 1.00 800 800.0
Rhizobium 8825 0.80 520 650.0
Rhizobium 3826 0.90 200 222.2

*: Correlation coefficient between growth and extracellular polysaccharide production (r= 0.71)

Table 2: Effect of different carbon sources on growth and extracellular polysaccharide production by Rhizobium 885

Growth* EPS production ™ 8pecific productivity
Carbon source (0D at 540 nim) (ug mL™) (EPS production/growth)
Control* 0.90 600 666.6
Mannitol 1.25 3900 3120.0
Glucose 1.20 3700 3083.3
Galactose 1.75 6400 3657.2
Raffinose 0.90 2800 3111.1
Xylose 1.25 3500 2800.0
Inositol 0.90 2500 27777
Fructose 0.90 2750 3055.5
Lactose 0.80 1950 2437.5
Maltose 0.80 1800 2250.0
Sucrose 1.20 2400 2000.0
Ribose 1.40 2000 1428.5
Trehalose 1.00 800 800.0
Arabinose 1.30 19200 1461.5
Mannose 1.00 2000 2000.0

*: Control was devoid of carbon source; Correlation coefficient between growth and extracellular polysaccharide production

r=0.67

Among the nitrogen sources tested, maximum EPS production was observed in sodium nitrate
followed by potassium nitrate (Table 3). The optimum concentration was found to be 0.1% (Table 4).
But, potassium nitrate at 0.1% concentration increase EPS production in RAizobium D110 strain from
Dalbergia lanceolaria (Ghosh et af., 2005).

Among the different vitamin sources tested, Ca-pantothenate was most effective source for
maximurn EPS production at 1 pg mL " (Table 3). But, D-Biotin at 1 pg mL ™ increased both growth
and EPS production were reported in Azorhizobium caulinodans from Aeschynomene aspera
(Ghosh and Basu, 2001).
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Table 3: Effect of different nitrogen sources and vitamins on growth and extracellular polysaccharide production by

Rhizobium 885
Growth* EPS production® 8pecific productivity

Sources (OD at 540 nm) (ug mL™) (EPS production/growth)
Nitrogen

Control* 1.85 3020 1632.4
Ammonium sulphate 1.60 2000 1250.0
Potassium nitrate 1.90 3900 2052.6
Sodium nitrate 2.92 7500 2568.4
Ammonium chloride 1.65 2500 1515.2
Glycine 1.50 1500 1000.0
Glutarnic acid 1.55 1900 1225.8
L-asparagine 1.42 1200 845.0
Casamino acid 1.45 1250 862.0
Vitamins

Control* 1.85 3500 1891.9
Riboflavin 1.85 3500 1891.9
Thiamine HCI 1.85 3500 1891.9
Nicotinic acid 1.90 3900 2052.6
Pyridoxal phosphate 2.50 4200 1680.0
Ca-pantothenate 2.55 8300 3254.9
Ascorbic acid 2.00 4300 2150.0
Biotin 2.05 4200 2048.7

#: Control was devoid of any type of additional nitrogen and vitamin sources; Correlation coefficient between growth and
extracellular potysaccharide production in nitrogen sources (r = 0.99), in vitamins (r = 0.74)

Table4: Effect of different concentrations of galactose and sodiumn nitrate on growth and extracellular polysaccharide

production
Concentrations (%o) Growth (OD at 540 nm) EPS production (pg mL™)
Galactose concentration
1.0 1.85 3020
2.0 1.90 4250
3.0 1.90 3900
Sodium nitrate concentration
0.05 1.85 3520
0.10 1.90 4050
0.15 1.90 3000
0.20 1.50 2500

Table 5: Increase in growth and extracellular polysaccharide production by Rhizobium SS5 using most effective

supplements
Growth EPS
%% increased compared %% increased compared
Supplements (0D at 540 nm) to control pg mL~! to control
Control* 0.90 -- 600 -
Galactose 1.75 94.4 6400 966.6
Galactose+Ca-pantothenatet+
Sodium nitrate 3.00 233.3 7200 1100.0

*: In the control, bacteria were grown on yeast extract mannitol medium. In other cases the medium was supplemented
with galactose (296), Ca-pantothenate (1 ug mL™") and sodium nitrate (0.1%)

To test the maximum EPS production by Rhizobimn SS5 strain in culture, the supplements which
individually increased the production to the greater extent was added to the medium. The strain which
initially produced 3900 pg mL~" EPS in basal YEM medium was induced to yield more amounts of
EPS through optimization of cultural conditions (Table 5). The EPS produced by this strain contained
galactose, glucose, xylose, rthamnose and raffinose, which were identified by paper and gas
liquid chromatography. The sugar isomers contained 30.2% galactose, 20.9% glucose, 20.4%
xylose, 16.3% raffinose and 12.2% rhammose, taking total of the five sugars as 100% (Table 6).
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Table 6: Relative (%) of sugar monomers in the extracellular polysaccharides of Rhizobitm 885 as identified by GL.C

Sugar monoimers Relative (20)
Galactose 30.2
Glucose 20.9
Xylose 20.4
Rharmnose 16.3
Raffinose 12.2

Hollingsworth er af. (1985) also observed the presence of galactose, glucose and mannose in EPS,
which were secreted by Rhizobium strain of M1-50A, M6-78 and IRC 253 of cowpea rhizobia. EPS
of some members of Rhizobiaceae contains manmitol and fructose (Breedveld ef al., 1993). These have
indicated that there are variations in the sugar monomers from different Rhizobium spp.

The EPS secreted by RhAizobium 885 was acidic, indicating the presence of uronic acid. The
amount of uronic acid was found to be 352.9 ng mL ™! of EPS. Amemura ez al. (1983) have reported
that most extracellular acidic polysaccharides of Rhizobium trifolii contained D-glucuronic acid.

Correlation between the growth and EPS production in YEM medium is positive {r=0.71). The
effect of carbon, nitrogen and vitamin sources also showed positive correlation that of nitrogen sources
is highly positive (r = 0.99).

CONCLUSIONS

All the supplements which increased the EPS production in culture could be available for the
Rhizobium SS5 in the soil from the plant as root leachate. This might stimulate the RAizobium to
produce more polysaccharides helping to promote the infection and enhance nodulation of legumes
(Ghosh et af., 2005). Moreover, the increased EPS production by the strain S85 could be useful for the
industry. Glycan, dextran and xanthan of bacterial origin are of commercial importance.

ACKNOWLEDGMENT

We thank Andhra Pradesh Council of Science and Technology (APCOST), Hyderabad, India, for
financial assistance in the form of Young Scientist Fellowship (Y SF) to MS.

REFERENCES

Amemura, A., T. Harada, M. Abe and 8. Higashi, 1983. Structural studies on the extracellular
polysaccharide from Rhizebium trifolii 4 8. Carbohydrate Res., 115: 165-174.

Breedveld, MW, L. P.T.M. Zevenhuizen, H.C.J. Canter-Cremers and A.J.B. Zehnder, 1993. Influence
of growth conditions on production of capsular and extracellular polysaccharides by
Rhizobium leguminosarum. Antonie van Leeuwenhoek. J. Microbiol., 64: 1-8.

De, P.S. and P.S. Basu, 1996. Extracellular polysaccharide production by a RAizobiwm sp. from root
nodules of Derris scaridens. Folia Microbiol., 41: 368-372.

Dische, 7., 1947. A new specific colour reaction of hexuronic acids. J. Biol. Chem., 167: 189-198.

Dubois, M., K.A. Gilles, J.K. Hanilton, R.A. Rebers and F. Smith, 1956. Colorimetric method for
determination of sugar and related substances. Anal. Chem., 28: 350-356.

Dudman, W.F., 1976. The extracellular polvsaccharides of Rhizobium japonicum: Compositional
studies. Carbohydrate Res., 46: 97-110.

Ghosh, A.C. and P.8. Basu, 2001. Extracellular polysaccharide production by
Azorhizobium  caulinodans from stem nodules of leguminous emergent hydrophyte
Aeschynomene aspera. Ind. I. Exp. Biol,, 39: 155-159,

312



Int. J. Soil Sei., 2 (4): 308-313, 2007

Ghosh, A.C., S. Ghosh and P.S. Basu, 2005. Production of extracellular polysaccharides by a
Rhizobium species from root nodules of the leguminous tree Dalbergia lanceolaria. Eng. Life Sci.,
5:378-382.

Hollingsworth, K., E. Smith and M.H. Ahmad, 1985. Chemical composition of extracellular
polysaccharides of cowpea thizobia. Arch. Microbiol., 142: 18-20.

Jordan, D.C., 1984. Rhizobiaceae. In: Bergey’s Manual of Systematic Bacteriology. Krieg, N.R. and
I.G. Holt (Eds.), Williams and Wilkins, Baltimore, 1: 234-240.

Olivares, J., E.J. Bedmar and E. Martinez-Molina, 1984. Infectivity of Rhizobium meliloti as affected
by extracellular polysaccharides. J. Applied Bacteriol., 56: 389-393.

Partridge, S.M., 1949. Aniline phthalate as a spray reagent for chromatography of sugars. Nature,
164: 433-444.

Skerman, V.B.D., 1959. A Guide to Identification of the Genera of Bacteria. Williams and Wilkins,
Baltimore, 2: 189-191.

Skorupska, A., M. Janczarck, M. Marczak, A. Mazur and J. Krol, 2006. Rhizobial
exopolysaccharides: Genetic control and symbiotic functions. Microbial Cell Factories, 5: 7-25.

Vincent, ].M., 1970. A Manual for the Practical Study of the Root Nodule Bacteria. International
Biological Programme. Blackwell Scientific Publications, Oxford.

313



	IJSS.pdf
	Page 1


