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Abstract In the rhizosphere, exopolymers are also known
to be useful to improve the moisture-holding capacity. The
ability of the isolates from coastal sand dunes to produce
exopolymers was determined. Among which the isolate,
showing very high production of exopolysaccharide (EPS),
Microbacterium arborescens—AGSB, a facultative alk-
alophile was further studied for exopolymer production.
The isolate a gram-positive non-spore forming, slender rod,
catalase positive, oxidase negative, showed growth in 12%
sodium chloride. The culture was found to produce exo-
polymer which showed good aggregation of sand which
has an important role in the stabilization of sand dunes. The
exopolymer was further analysed. The cold isopropanol
precipitation of dialysed supernatants grown in polypep-
tone yeast extract glucose broth produced partially soluble
EPSs with glucose as the sole carbon source. Chemical
analysis of the EPS revealed the presence of rhamnose,
fucose, arabinose, mannose, galactose and glucose. On
optimization of growth parameters (sucrose as carbon
source and glycine as nitrogen source), the polymer was
found to be a heteropolysaccharide containing mannose as
the major component. It was interesting to note that the
chemical composition of the exopolymers produced from
both unoptimized and optimized culture conditions of Mi-
crobacterium arborescens—AGSB is different from those
of other species from the same genera. This study shows
that marine coastal environments such as coastal sand
dunes, are a previously unexplored habitat for EPS-pro-
ducing bacteria, and that these molecules might be
involved in ecological roles protecting the cells against
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dessication especially in nutrient-limited environments
such as the coastal sand dunes more so in the extreme
conditions of pH. Such polysaccharides may help the
bacteria to adhere to solid substrates and survive during the
nutrient limitations.

Introduction

Coastal sand dunes are a stressed and extreme environment
in terms of the nutrient availability, fluctuations in temper-
ature and low moisture content [1]. The vegetation found
here is adapted to this habitat by developing various
mechanisms to sustain the stress condition [2]. Diverse
microorganisms are associated with this vegetation and are
found to produce secondary metabolites, which aid in their
survival, such as exopolysaccharides (EPSs). EPSs from
bacteria are a complex mixture of high molecular polymers
(MW > 10,000) produced by microorganisms. EPSs are
involved in the formation of microbial aggregates and
adhesion to surfaces. Bacteria have been shown to cement
soil particles together by forming polysaccharide sub-
stances. In their native state, polysaccharides are easily
degraded by other microorganisms but they appear to be
protected from such degradation soon after they are firmly
bound within an aggregate or incorporated into a clay lattice.
The production of binding material of a polysaccharide
nature by bacteria would cause sand particles to adhere and
build up an aggregate. They can protect the cells from
the harsh external environment and provide with energy and
carbon source in decreasing nutrient-limiting condi-
tions. Furthermore, EPSs significantly influence the surface
physicochemical properties which are of considerable
importance in governing bacterial flocculation and adhesion.
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The origin of EPSs is very complex, and their components
and content heavily depend on many factors, such as bac-
terial group, cultivation time, substrate, ion strength, growth
state etc. [3]. EPS facilitates nutrient and water retention,
cell/substrate adhesion, cell-cell signaling and protection of
individual cells from chemical degradation or attack [4].
Among the exopolymers, EPSs have also found applications
in many industrial sectors [5, 6]. In our study on coastal sand
dune bacteria, we isolated alkalophilic bacteria associated
with sand dune vegetation; among the alkalophilic isolates
screened for EPS, an isolate MIRA 15 was found to produce
large amounts of EPS as compared to the other isolates. We
report here our studies on EPS produced by this facultative
alkalophilic bacteria, identified as Microbacterium arbo-
rescens—AGSB found predominantly associated with the
rhizosphere of Ipomoea pes caprae, a plant growing on
coastal sand dunes and forming sand aggregation. It is
envisaged that the EPS-producing bacteria found in the
dunes may be together aiding in the stabilization of dunes by
forming sand aggregates.

Materials and Methods
Screening of Bacterial Cultures for EPS Production

Bacterial cultures were grown in 50 ml of PPYG broth in
250-ml flask. The flasks were incubated at room tempera-
ture on a rotary shaker at 160 rpm for 48 h. The culture
broths were centrifuged at 8,000 rpm at 4°C for 10 min and
EPS was estimated using the phenol—-sulphuric acid method

[7].
Microorganism

The bacterium Microbacterium arborescens—AGSB was
isolated from the rhizosphere of Ipomoea pes caprae, a
plant growing on coastal sand dunes.

Media

Polypeptone yeast extract glucose (PPYG) agar, pH 10 was
used for isolating alkalophiles. This basal culture medium
for EPS production contained peptone, 5 g/l; yeast extract,
1.5 g/l; disodium hydrogen phosphate, 1.5 g/lI; sodium
chloride, 1.5 g/I; magnesium chloride, 0.1 g/l; glucose,
10%; sodium carbonate, 10%; Agar, 15 g/l.

Aggregation of Soil by Microbacterium arborescens—
AGSB

The EPS producing, Microbacterium arborescens culture
was grown in PPYG broth (pH 10.5) and a 10% inoculum

was inoculated in 1 kg of sandy soil, agricultural soil and
mine reject soil and left undisturbed for 45 days. A control
was also maintained for each. After incubation period of
over a month, the soils were sieved in sieves with different
mesh sizes to check for aggregate formation.

Culture Conditions

In all experiments for EPS production, plates and flasks
were incubated for 2 days at 28°C, and EPS was obtained
during stationery phase of growth. Flasks (500 ml) con-
taining 100 ml of PPYG medium were inoculated with a
loopful of the primary bacterial culture and incubated at
160 rpm on shaker. Optimal growth conditions were
determined in 1-1 flask containing 200 ml of approximate
medium. Cultures were incubated for 48 h and cell growth
monitored on a colorimeter (Elico) as increase in turbidity.

Growth Kinetics and Optimization of Growth
Parameters

Forty-eight hour old culture was inoculated in PPYG med-
ium, pH 10 and incubated on shaker at room temperature
(RT). At regular intervals, the turbidity and absorbance was
determined at 510 and 600 nms on a colorimeter, and the
culture broth samples were centrifuged at 8,000 x g for
10 min. EPS present in the supernatants was estimated by a
Phenol—sulphuric acid method [7].The effects of various
culture conditions and nutrients, such as carbon sources,
nitrogen source, yeast extract, rate of agitation and size of
inoculum on EPS production were studied, and a medium for
maximum EPS production was defined.

EPS Isolation

Bacterial exopolymer was extracted following the method
of [2, 8, 9].

Chemical Analysis of EPS

Lyophilized EPS was hydrolysed with 2 N HCI for 2 h at
100°C in ampoules flushed with Nitrogen before sealing
[10]. Total carbohydrates [7], Uronic acids (Galacturonic
acid) [11], Proteins [12], Pyruvates [13] were estimated in
the hydrolysate. Inorganic content of the polymer was
estimated by gravimetric method, and the pre-weighed EPS
sample was ashed at 400°C for 4 h and cooled to room
temperature. The resulting ash was quantified as the inor-
ganic content of the EPS. Sugars were analysed as their
alditol acetate by GLC [8] on a Chrom pack model CP
9002 on Sil-88: Middleburg, a capillary column
(L =25m, i.d. = 0.32 mm, df = 0.12 pm) with a flame
ionization detector (FID) being used.
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Results
Aggregation of Soil by Microbacterium arborescens

After 45 days, aggregates were observed in the sandy soil
inoculated with Microbacterium as compared to the unin-
oculated control (Fig. 1). The particle size distribution
curve depicted the aggregate formation in the sandy soil
inoculated with Microbacterium as compared to uninocu-
lated control. The graph represents the particle size
distribution varying from 75 p onwards for the control soil
whereas in the case of sandy soil inoculated with Micro-
bacterium, the particle size distribution starts from 250 p
onwards indicating the size of the sand aggregates formed.

Growth Kinetics and Optimization of Growth
Parameters

The strain Microbacterium arborescens—AGSB, a gram-
positive, non-sporing, and rod-shaped bacterium grown on
PPYG medium for 48 h showed maximum EPS at 24 h
(Fig. 2; Table 1). After 24 h, the turbidity did not increase,
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Fig. 1 Particle size distribution curves of uninoculated and inocu-
lated sandy soil with Microbacterium arborescens
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Fig. 2 Kinetics of growth and exopolysaccharide production by
Microbacterium arborescens—AGSB
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Table 1 Screening of alkalophilic bacteria for EPS production

Isolates OD (600 nms) EPS (ug/ml)
MIRA 14 1.12 180
MIRA 15 1.54 260
MIRA 29 1.99 120
MIRA 26 1.03 175
MIRA18 1.059 229
MIRA26 1.43 28
MIRAS 1.23 121
AMSAAS 0.548 120
MIRA 22 1.00 115

Bold: Maximum amount of EPS was produced by the isolate MIRA
15 identified as Microbacterium arborescens

however, sugar concentration in supernatant after dialysis
was found to be maximum. The culture was further grown
in poly peptone yeast extract glucose medium, with dif-
ferent carbon sources such as glucose, fructose, maltose,
galactose, xylose and sucrose. Sucrose was found to pro-
duce maximum amount of EPS with 1% being optimum.
Among the different nitrogen sources used, peptone,
ammonium chloride, glycine, ammonium sulphate, sodium
nitrate and urea, 1.5% glycine was found to produce
maximum amount of EPS. Further 0.3% yeast extract
concentration was found to produce maximum amount of
EPS at rpm of 160 with 5% inoculum. The optimized
medium was defined as sucrose (1%), glycine (1.5%), yeast
extract (0.3%). The cultures inoculated in the PPYG cul-
ture broth gave a yield of 86 mg/l of polymer, while the
optimized medium gave a polymer yield of three-fold, i.e.
280 mg/l as estimated in the dialysed supernatant.

Characterization of the EPS

The cold isopropanol precipitation of dialysed supernatants
grown in PPYG produced a single polymer (PP1) while the
optimized/defined medium was found to produce two
polymers (OP1 & OP2) which are partially soluble in
distilled water and 1 N NaOH but completely soluble in
2 N HCI under heat (boiling water for 30 min). The
chemical composition (Table 2) showed that the polymers
had pyruvates and uronic acids, although concentration of
the latter was higher in OP1 and OP2 polymers while
proteins fraction was higher in PP1 polymer as compared
to OP1 and OP2 polymers. GC analysis of polymers
revealed the presence of unusually high amount of man-
nose (58-74%) in OP1 & OP2 (Fig. 3b & c) (Table 3)
while PP1 (Fig. 3a) had only 14% mannose present. Fur-
ther rhamnose was found in large amounts in PP1 polymer
(56%), OP1 (9%) and OP2.



A. L. Godinho, S. Bhosle: Exopolysaccharide Producing Bacteria from Coastal Sand Dunes 619
Fig. 3 Gas chromatogram of (a) (b)
alditol acetate derivative of o004
hydrolysed exopolysaccharide 600
from Microbacterium R %00
arborescens Polymer PP1 8004 g o]
(Fig. 3a), Polymer OP1 400 B
(Fig. 3b) and Polymer OP2 a0
(Fig. 3¢) 07
200 4
200
100 o 5 4 A é 3 & 100 o
A <
® 35 @ 45 50 s 35 P P 50 5
(C) min

Q00
800
700
60D
500
400 -
300
200

100

min

Table 2 Chemical composition of the polymers isolated from
Microbacterium arborescens—AGSB

Chemical composition PP1 (ug/ml) OPI (ug/ml) OP2 (ug/ml)

Carbohydrate 18.3 124.125 286.5
Protein 70.04 39.9 37.49
Uronic acids 6.593 24.38 35.26
Pyruvates 30.59 30.85 33.38
Inorganic content 794 568 428

PP1, polymer from PPYG culture broth: OP1 and OP2, polymers
from optimized PPYG broth cultures

Discussion

Aggregation and aggregate stability are of fundamental
importance to soil profile characteristics and in determining
agricultural capacity. The soils when inoculated with cul-
ture broth and incubated showed the formation of
aggregates of varying sizes. On sieving these aggregates, it
was observed that the aggregates recovered from sand
ranged in size from about 1.5-3 cm in length and 0.7-2 cm
in breadth. There is strong evidence that soil polysaccha-
ride contribute to soil aggregate stability [14]. Bacteria

50 55

have been shown to cement soil particles together by
forming polysaccharide substances. There is strong evi-
dence that microbial polysaccharides contribute to soil
aggregate stability, and Forster [15] has stressed the
importance of bacteria in the aggregation of dune sand.
After a 45-day period of incubation, aggregate formation
was observed in the sandy soil, but the agricultural soils
and mine reject soils did not show good aggregate forma-
tion, and these aggregates were also found to be fragile as
compared to the strong binding shown by the Microbac-
terium culture towards sand.

The total yield of EPS produced by Microbacterium
arborescens—AGSB was greatly influenced by the com-
ponents in the medium with the composition of the EPS
being influenced by the carbon source present in the
medium. Sucrose was the most efficient carbon source for
EPS production, and its concentration had a marked effect
on EPS yield. Therefore, increasing the sucrose concen-
tration resulted in increased EPS production; the maximum
EPS production occurred with 10 g of sucrose per litre in
the medium. It is reported that marine strain Hahella
chejuensis produced the highest EPS yield in batch culture
when grown on sucrose [16], but increase in EPS

Table 3 Monosaccharide composition (%) of the polymers produced by Microbacterium arborescens—AGSB

Polymers Rhamnose Fucose Ribose Arabinose Xylose Mannose Galactose Glucose
PP1 56.8 6.7 0 24 0 14.9 6.6 12.4
OP1 9.2 1 0 0.6 0 58.5 20 10.3
(0):7) 29 1.5 0.2 0.42 0 74.8 9.5 10.3
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production was not correlated with growth, which
remained almost unchanged. Such production of EPS, with
little or no growth, occurring is reported [17]. The isolate
Microbacterium arborescens—AGSB from rhizosphere of
coastal sand dune vegetation was found to produce 86 mg/1
of exopolymer in PPYG broth medium, while on optimi-
zation of growth parameters, it produced 286 mg/l of
exopolymers. The authors [4] in their studies on EPS-
producing Microbacterium kitamiense sp. nov., isolated
from the wastewater of a sugar-beet factory reported that
these organisms produced both insoluble and soluble EPS.
The authors [18] also reported that strains of Microbacte-
rium sp. isolated from soil and rhizosphere of saline soils
produced the most abundant EPS as against the Bacillus
species.

The polymers differed in their chemical composition as
shown by colorimetric and GC analysis. Polymer PP1 had
high levels of proteins while the polymer synthesized by
Microbacterium arborescens in optimized medium, OP1,
had lower amounts of proteins. Another important distin-
guishing feature between both EPSs was the higher
concentration of neutral sugars in polymer OP1. This
suggests that the polymer OP1 is not only a polysaccharide
but a glycoprotein. This is further supported by detection of
significant surfactant activity and the fact that this polymer
was not completely soluble in distilled water. It is inter-
esting to note that the chemical composition of EPS from
both polymers of Microbacterium arborescens is different
from other species of the same genera. Non-sugar com-
ponents including sulphate and protein make up a relatively
smaller portion of EPS on a per-weight basis. However,
they may be extremely important to the tertiary structure
and physical properties of the EPS.

The EPS from PPYG broth medium had approximately
6% uronic acid (Galacturonic acid) while the EPSs from the
optimized PPYG medium had 24% and 35% uronic acids
(Galacturonic acid). Exopolymers produced by marine
bacteria generally contain 20-50% of the polysaccharide as
uronic acid [19]. Bouchotroch et al. [20] on their studies on
EPS from Halomonas reported that in general the carbohy-
drate content of the polymers was low. Uronic acids contain
an acidic carboxyl group that is ionisable at seawater pH.
This contributes a negative charge to the overall polymer
[21]. Matsuyama et al. [4] showed that a new Microbacte-
rium species, M. kitamiense produced both soluble and
insoluble EPS. Analysis of these EPSs showed that they
contained neither protein nor uronic acids, significantly
differing from the EPS produced by Microbacterium
MC3B-10. Similarly, polymer produced by Bacillus sp.
MC6B-22 contained amino sugars and uronic acids. In
contrast, [22] other researchers have reported the synthesis
of a sulphated heteropolysaccharide composed exclusively
of mannose and glucose in a Bacillus thermoantarcticus
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strain. Morales et al. [9] reported that Microbacterium
MC3B-10 polymer is not a polysaccharide but a glycopro-
tein in nature as it had high levels of protein (36%) and lower
concentration of neutral sugars. The sugar composition of
the EPS examined in this study showed that pentoses (ribose
and xylose), hexoses (thamnose, fucose, galactose, mannose
and glucose) were present with glucose, galactose and
mannose being the most abundant monosaccharides. These
sugars are typically found in bacterial EPS [23]. The cal-
culated molar ratio (rhamnose:fucose:arabinose:mannose:
galactose: glucose) based on the percent recovery for PP1
polymer (PPYG) was 34:4:1:8:3:6 while for OP1 & OP2
(optimizedmedium) was12.5:1.5:1:80:27.5:12.5 (rhamnose:
fucose:arabinose:mannsoe:galactose:glucose) and 10:9:1:2:
410:50:50 (ramnose:fucose:ribose:arabinose:mannose:gal-
actose:glucose), respectively. The presence of the sugar
mannose as a major component is common in other exo-
polymers, [21, 24, 25].

Mancuso et al. [25] in their studies on chemical char-
acterization of EPSs from antarctic marine bacteria
reported that mannose represented the most abundant
neutral sugar in the EPS. A study [21] examined the exo-
polymers produced by another Antarctic marine isolate,
Pseudomonas haloplanktis TAC 125, and showed the
polysaccharide component to consist of mannose with
traces of glucose. The sugar constituents of soluble EPSs of
Microbacterium kitami C2T were 14% (w/w) rhamnose,
19% mannose, 25% galactose and 42% glucose, while
those of insoluble EPSs were 27% rhamnose, 13% man-
nose, 9% galactose and 51% glucose [4].

This study suggests the fact that marine coastal sand
dune environments are a previously unexplored habitats for
EPS-producing bacteria, and that these molecules might be
involved in ecological roles protecting the cells against
dessication especially in nutrient-limited environments like
the coastal sand dunes more so in the extreme conditions of
pH. Further, the EPS-producing bacteria may be contrib-
uting to the cementation of the sand dunes.
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