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S
ome of physical and structural characteristic features of exopolysaccharide

(EPS) produced by indigenous soil bacterium Bacillus strain CMG1403 were

studied by general analytical methods. EPS was isolated as high molecular

weight, homogeneously white polymer containing 85.85% organic and 12.78% mois-

ture content. In organic solvents such as methanol, ethanol, isopropanol and acetone,

it exhibited flocculant properties whereas in distilled water and alkaline solution (0.1-1%

NaOH) showed suspension gelling properties on stirring. Quantitatively, 92.13% hex-

oses as neutral sugars and 7.86% uronic acids were detected in purified EPS. This was

confirmed by paper chromatographic separation of acid hydrolysate, that EPS pro-

duced by CMG1403 was an acidic heteropolysaccharide containing glucuronic acid,

galactose and mannose. Degree of polymerization of these sugar units in EPS was

estimated in terms of relative molecular weight, dispersed from >2×104 - <25×104 Da.

This high molecular weight EPS was found to absorb 435 times more water than its

own dry weight and also had the capacity to retain more than 40% of supplied water

even at 60ºC for 20 days. Further, bacterial and fungal strains test could use the puri-

fied EPS as sole carbon source and their growth could not be inhibited. So it may be

deduced that it is biodegradable and does not display in vitro antimicrobial activity.

Therefore, based on these results, acidic heteropolysaccharide produced by Bacillus

strain CMG1403 could be suggested to serve as non-toxic, biodegradable and environ-

mental friendly water absorbent and thickening agent.

INTRODUCTION

The ability to produce exopolysac-

charides (EPSs) with greatly vary-

ing composition and properties is a

well-known biological phenome-

non among bacteria [1-3]. These

EPSs are either secreted in the

growth medium or remained

attached to the bacterial cell wall as

viscous, ropy or slime layers in

growth medium [4,5]. On the basis

of monosaccharide composition in

their backbone, bacterial EPSs

have been classified into

homopolysaccharides and het-

eropolysaccharides. The majority

of bacterial homopolysaccharides

are neutral and synthesized outside

the cell solely by the action of bac-
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terial extracellular enzymes such as dextransucrase

and levansucrase which catalyze the production of

dextran and levan, respectively [3,6]. Whereas hetero-

polysaccharides are synthesized within the cell and

then exported across the outer membrane or cell wall

into the growth medium [3,5]. Bacterial EPSs includ-

ing most of the heteropolysaccharides are usually

acidic (anionic) due to the presence of uronic acids or

non-carbohydrate substituents such as pyruvate, sialic

acid, succinate, lactic acid, phosphate, and carboxy-

late groups such as xanthan, alginate and succino-

glycan etc. [7]. To date, at least 20 different monosac-

charides have been identified in reported bacterial

EPSs. Among these, heteropolysaccharides are more

common than homopolysaccharides and are very

diverse because of copolymerization of various

monomer units resulting in various possible types of

linkages, various repeated monomers in chain and

their relative combining ratios [8]. Therefore, bacteri-

al EPSs do not have an exact molecular weight and it

is distributed over a broad range typically in 103-106

Da [9-11]. This structural diversity is due to environ-

mental and bacterial growth conditions and also

depends on bacteria themselves [12]. Physiologically,

bacterial EPSs have been reported to play an impor-

tant role in cell aggregation, cell adhesion, biofilm

formation, water absorption and protect cells from

hostile environmental conditions such as starvation,

desiccation, phagocytosis and predation, etc. [3,4].

However, bacterial EPSs have been non-toxic,

biodegradable and environmental friendly [13,14].

Further, bacterial EPSs offer a number of unique

physical properties such as gelling, stabilizing, thick-

ening, flocculating, and water absorbing and retain-

ing, which have numerous commercial applications in

food and non-food industries [3,5,13,14]. Over the

years, only a few of the possible polysaccharide can-

didates such as cellulose, dextran, xanthan, levan, and

alginate for commercial microbial production have

been extensively studied. The search for new polysac-

charides has resulted in the development of several

new and useful applications with commercial poten-

tials [3,9,15]. Recently, we have isolated a bacterium

Bacillus strain CMG1403 from soil which produces

an acidic EPS when it is grown aerobically in a mini-

mal medium containing glucose as sole source of car-

bon. The EPS produced by indigenous soil bacterium

Bacillus strain CMG1403 was found to contain glu-

curonic acid, galactose and mannose. No report has

been found on production of a polysaccharide consist-

ing of these sugar units by Bacillus and other bacteri-

al strains [16-19]. Therefore, the aim of the present

study was to characterize some of physical and struc-

tural properties of EPS produced by indigenous soil

bacterial Bacillus strain CMG1403.

EXPERIMENTAL

Fermentation Conditions 

Indigenous soil bacterium Bacillus strain CMG1403

used in this study was previously screened as EPS

producer [20], and minimal medium for the produc-

tion of EPS was described earlier [19]. For EPS pro-

duction 1 mL seed culture of Bacillus strain

CMG1403 was inoculated into a 2000 mL flask con-

taining 1 L medium and incubated at 30ºC for 5 days.

Isolation and Purification of Exopolysaccharide

Isolation of crude EPS from 5 days old culture and its

purification were carried out according to the methods

as described earlier [18,19]. 

Physiochemical Characterization

Some of its physiochemical properties like colour,

precipitation, solubility, carbonization temperature

and UV absorption spectrum were studied. Solubility

was observed in distilled water, NaOH (0.01-1%),

ethanol, methanol, acetone, isopropanol, and

dimethlsulphoxide (DMSO). Carbonization tempera-

ture was measured using a melting point apparatus

and UV absorption was observed at 280 and 260 nm.

Moisture, organic, and ash (inorganic) contents

(w/w%) of EPS were determined according to the

methods of Horwitz [21]. 

Analytical Methods

Neutral sugar, uronic acid, amino sugars, protein,

phosphorus and total lipid contents were estimated by

colorimetric and the gravimetric methods as described

previously [19]. 

Acid hydrolysis of EPS and chromatographic sep-

aration hydrolysate by descending paper chromatog-

raphy (DPC) on Whatman paper No. 3 were carried
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out according to the methods of George and William

[22]. Standard monosaccharides (D-glucuronic, D-

glucuronolactone, D-galacturonic acid, D-glucose, D-

galactose, D-xylose, D-arabinose, D-mannose, L-

fucose, and L-rhamnose) were also spotted on

Whatman paper parallel to acid hydrolysate. 

Relative molecular weight was determined by gel

permeation chromatography using the Sephadex G-50

and -100 columns as described earlier [19]. Columns

were calibrated with broad standard dextrans (T10,

T20, and T250) for void volume (Vo) and with glu-

cose for included volume (Vi). 

Evaluation of Hydrophilic Activity

Hydrophilic activity of EPS was determined in terms

of water absorption and water retention capacities by

the tea bag method [13]. Absorption capacity was

optimized for different lengths of stipulated time (1, 2,

4, 12, 24, 36, 48, and 72 h) and retention capacities

were for 1, 2, 5, 10, 15 and 20 days at different tem-

peratures (10, 20, 30, 40, 50, and 60ºC).

Determination of Antimicrobial Activity

Antimicrobial activity (antibacterial and antifungal)

of EPS was determined quantitatively by agar dilution

method [23] in terms of minimum inhibitory concen-

tration (MIC) [24]. Preparation of nutrient agar plates

containing serially diluted EPS, cultivation of micro-

bial strains (bacterial and fungal) and broad spectrum

antimicrobial standard drugs used in this study were

described previously [18]. Further, Bacillus strain

CMG1403 and test microbial strains were also grown

in production with minimal medium containing 0.5%

purified EPS (separately autoclaved at 110ºC for 15 min).

RESULTS AND DISCUSSION 

Some Physiochemical Properties

In liquid growth medium, EPS was produced as vis-

cous and slime layers. After isolation with ethanol and

lyophilization, it turned into homogeneously whitish

and porous structure. Elution profile of gel permea-

tion chromatography showed that the whole of EPS

applied on Sephadex G-75 column was eluted in a

single smooth peak with 94% neutral sugar content

(Figure 1). This proposed that EPS produced by

Figure 1. Elution profile of CMG1403 EPS applied on

Sephadex G-75 column.

Bacillus strain CMG1403 might be a single polymer

of sugars but not a mixture of polymers with different

molecular weights [18,25]. In organic solvents such

as ethanol, methanol, isopropanol, and acetone, it

formed flocculant precipitates, whereas, in distilled

water and alkaline solution, it formed a suspension of

gel or colloid on stirring and partially soluble on stir-

ring at 70-80ºC. In DMSO it was partially soluble

when heated between 60ºC and 70ºC. No absorption

was detected at 280 and 260 nm which are character-

istics of proteins and nucleic acids, respectively

[13,18]. Carbonization temperature was observed as

282-284ºC.

Moisture, Organic, and Ash Contents 

Figure 2 showed that vacuume-dried crude EPS con-

tained 10.17, 81.89, and 7.88%, moisture, organic,

and ash contents, respectively. After purification,

these contents were estimated as 12.78, 85.88, and

1.32%, respectively. In purified EPS, moisture, and

organic contents were increased but that of ash was

reduced below its content in crude EPS. These results

suggested the organic and hygroscopic nature of EPS

produced by Bacillus strain CMG1403 [13,26]. 

Chemical Composition of Exopolysaccharide 

In crude EPS, 88.88% neutral sugar, 7.77% uronic
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Figure  2. Distribution of moisture, organic and ash con-

tents in CMG1403 EPS. 

acid, and 3.34% phosphorus were detected. The reac-

tions for estimation of protein, amino sugars and

lipids were negative. In purified EPS, phosphorus

fractions were disappeared while the contents of neu-

tral sugar and uronic acid were 92.13 and 7.86%,

respectively. These results suggested that the present

EPS might be an acidic EPS containing hexoses and

uronic acids [13]. Since, the EPS was found to con-

tain a mixture of saccharides; therefore, it was

hydrolyzed with TFA for 1.5, 3, and 5 h to identify

different monosaccharides. Each acid hydrolysate

was separated into four spots on Whatman paper No.

3 whose Rf values corresponded with those of glu-

curonic acid, D-galactose, D-mannose, and D-glu-

curonolactone  (Table 1). Among these spots, D-

galactose alignment developed from 3 and 5 h

hydrolysates and were comparatively darker than

other spots (Table 1). This suggested the higher pro-

portion of galactose among all other monosaccharide

constituents in CMG1403 EPS. Spots of glucurono-

lactones were not structural monomeric units of EPS

but were formed from glucuronic acids released dur-

ing the hydrolysis with TFA. Because during acid

hydrolysis, the monomeric uronic acids are in equi-

librium with their lactones [27,28]. These results

showed that EPS produced by Bacillus strain

CMG1403 was an acidic heteropolysaccharide con-

taining glucuronic acid, galactose, and mannose. A

number of workers have reported a variety of

Bacillus strains which produced different het-

eropolysaccharides. Among those, polysaccharides

containing rhamnose and galactose, glucose, man-

nose, galactose, and glucuronic acid, and glucose,

mannose and glucuronic acid are produced by B.

polymyxa, and a polysaccharide containing glucose,
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Standard 

monosaccharides

Rf

values

Tentative assignment of spots released

in different lengths of TFA hydrolysis

1 h 1.5 h 3 h

D-galacturonic acid

D-glucuronic acid 

D-mannuronic acid

D-galactose

D-glucose

D-mannose

D-arabinose

D-xylose

D-mannuronolactone

L-fucose

D-glucuronolactone 

L-rhamnose

7.48

10.59

14.50

19.18

20.82

24.67

25.55

29.73

34.25

35.46

43.65

44.47

+

+

+

+

+

++

+

+

+

++

+

+

Table 1. Monosaccharide constituents released from CMG1403 EPS by TFA hydrolysis.

(+) and (++) (respective light and dark spots)



galactose, fucose, and glucuronic acid is produced by

B. subtilis [16]. The polysaccharide produced by B.

circulans contains galactose, mannose, rhamnose, and

mannuronic acid [17]. Soil bacterium Bacillus firmus

was reported to produce a heteropolysaccharide con-

sisting of glucose, fructose, mannose, and galactose

[11] while that from Bacillus licheniformis constitut-

ed more than 80% mannose [29]. Kumara et al. (2004)

have reported an acidic polysaccharide produced by

Bacillus sp. I-450 which contained galactose, fruc-

tose, glucose and raffinose, and uronic acids as major

and minor components, respectively [30]. While that

produced by soil isolate Bacillus sp. BS-0001 was

found to contain glucose, galactose, fucose, and

galacturonic acid [31].

Similarly, in previous study another indigenous

Bacillus strain CMG1447 was also reported to pro-

duce an acidic polysaccharide but it was found to con-

tain glucuronic acid, galactose, and mannose con-

stituents [18]. However, there have been no reports on

production of polysaccharides containing glucuronic

acid, galactose and mannose by Bacillus species and

other bacteria except Bacillus strain CMG1403 as

reported in this study.

Relative Molecular Weights 

From Sephadex G-50 column I, the most of EPS with

90.5% neutral sugar and 7.56% uronic acid was elut-

ed in a homogeneous major peak before Vo, giving a

range of molecular weight, >20,000Da (Figure 3a).

However, a trace amount of ESP containing 1.83%

neutral sugars was also eluted within Vo (Dextran

T10) (Figure 3a).

It was because that some of EPS molecules due to

their stereochemistry might be adhered to column gel,

so could not elute along with high molecular weight

EPS and lagged behind. Similarly, all the EPS applied

on Sephadex G-100 column II was eluted just after the

void volume in a single homogeneous peak with 92%

neutral sugar and 7.76% uronic acid. This suggested a

range of molecular weights, <250,000Da (Figure 3B).

Therefore, the range of molecular weight of EPS pro-

duced by Bacillus strain CMG1403 was found to be

dispersed in the range >2.0×104 - <25.0×104 Da. This

dispersion of relative molecular weight lie within

those of polysaccharides produced by Bacillus [16-

18] and other bacterial strains [3,9,10,19,27,28]. 

Figure 3. Gel permeation chromatography elution profile of

CMG1403 EPS loaded on Sephadex G-100: (a) column I

and (b) column II.

Hydrophilic Activity

It was observed that EPS absorbed 435 times more

water than its own dry weight (Figure 4). This opti-

mum capacity was attained within 2 h. After that, no

further absorption was observed and a constant

absorption plateau was obtained (Figure 4). It was

reported that bacterial biopolymers (polysaccharides) 
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Figure 4. Optimum water absorption capacities of EPS pro-

duced by Bacillus strain CMG1403.

were found to serve as superwater absorbent and

capable of absorbing water up to hundreds of times

their own weight [13,14,26]. EPS also demonstrated

to retain 87-82% and 40-45% of supplied water for 20

days of both lab-scale normal environmental condi-

tions (10-30ºC) and hot desert environmental condi-

tions (40-60ºC), respectively (Table 2). Although a

slow rate of evaporation was observed up to 15 days

Table 2. Optimum capacities of EPS for water retention.

but after that till 20th day no further loss of supplied

water was observed (Table 2). These results suggest-

ed its stable affinity towards water. Since the present

bacterial EPS was a high molecular weight acidic

polysaccharide, so when it was exposed to water, it

might establish a hydrophilic interaction with water

[32]. Water-absorbing polymers produced by soil bac-

teria play a fundamental role in absorption and reten-

tion of water in the soil and around the plant roots

[14].

Antimicrobial Activity 

It was observed that all the test bacterial and fungal

strains showed a smooth growth on NA plates supple-
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Retention

period (days)

Amount of supplied water retained (%)

at different temperatures (ºC)

10

(ºC)

20

(ºC)

30

(ºC)

40

(ºC)

50

(ºC)

60

(ºC)

1

2

5

10

15

20

98

97

92

84

82

82

97

93

89

82

80

81

95

90

85

78

78

78

82

79

66

53

45

45

77

72

61

47

40

40

50

47

44

41

40

40

Test microbial

strain

MIC (μg/mL) of EPS and antimicrobial standard drug

EPS

(100-1000)

Imipenum

(5-15)

Miconazole

(50-150)

Amphotericin B

(15-30)

E.coli

Bacillus subtilis

Shigella flexenari

Staphylococcus aureus

Pseudomonas aeruginosa

Salmonella typhi

-

-

-

-

-

-

9

9

10

9

10

10

Trichophyton longifusus

Candida albicans

Aspergilus flavus

Microsporum canis

Fusarium solani

Candida glabberata

-

-

-

-

-

-

70

111

100

74

111

20

- (No inhibition of growth)

Table 3. Antimicrobial activity of EPS produced by Bacillus strain CMG1403.



mented with different concentrations EPS from

CMG1403. Microbial growth was inhibited only on

NA plates supplemented with broad range antibacter-

ial imipenum and relevant antifungal drugs used

against (Table 3). So, EPS produced by Bacillus strain

CMG1403 did not exhibit any antibacterial and anti-

fungal activity against clinical strains of selected bac-

teria and fungi (Table 3). It is well-known that acidic

EPS provides the bacteria with a hydrophilic and neg-

atively charged coating or network surrounding the

cells which in turn provide protection and mechanical

stability to vegetative cells against attacks, lethal dry-

ing and other adverse environmental conditions

[3,33,34]. This, coupled with its hydrophilic activity

suggested that EPS production by Bacillus strain

CMG1403 might be a protection from mechanical

stresses, predators, and desiccation, etc. in natural

environmental [18,35-37] but not showing lethal

activity against microorganisms. Growth of test

microbial stains was also observed in minimal medi-

um containing EPS from Bacillus strain CMG1403 as

sole carbon source in the absence of yeast extract and

urea. This indicated that bacterial and fungal strains

could metabolize the EPS for carbon source.

Therefore, it was suggested that EPS produced by

Bacillus strain CMG1403 might be biodegradable and

would not bring about the pollution in environment

[13]. According to Moazami, microbially produced

water-absorbing polymers are non-toxic to humans,

and animals, are environmentally friendly and readily

decomposed by soil microorganisms [14].

CONCLUSION

Indigenous soil bacterium Bacillus strain CMG1403

was found to produce a high molecular weight acidic

heteropolysaccharide containing glucuronic acid,

galactose, and mannose. This monomeric composi-

tion has not been reported earlier in polysaccharides

produced by bacteria. It demonstrated the suspension

gelling properties on mechanical stirring in distilled

water and alkaline solutions whereas formed floccu-

lants in organic solvents. It also showed high water

absorbing and retaining capacities. These physical

properties suggested that the present EPS could serve

as thickening and water absorbing agent. It could not

inhibit the growth of bacterial and fungal strains but

supported the microbial growth in the minimal medi-

um containing EPS as sole carbon source. So, it might

be biodegradable, useful for microorganisms and

environmental friendly. It is envisaged that these

properties of EPS from this strain might be attractive

for different biotechnological applications.

SYMBOLS AND ABBREVIATIONS

EPSs          Extracellular/exopolysaccharides

EPS            Exopolysaccharide

Da              Dalton

Mr Molecular weight range

DMSO        Dimethylsulphoxide 

UV Ultra violet 

TFA Trifluoroacetic acid 

DPC           Descending paper chromatography

BAW BuOH: acetic acid: water

Vo Void volume

Vi Included volume

MIC            Minimum inhibitory concentration

NA Nutrient agar
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