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Three bacterial strains, Bacillus subtilis NCIM 2063, Pseudomonas aeruginosa NCIM 2862 and
Streptococcus mutans MTCC 1943 were examined for their exopolysaccharide (EPS) producing ability
at the laboratory level. Basal salts solution (BSS), minimal salts medium (MSM), nitrogen free medium
(NFM), chemically defined medium (CDM), milk medium (MLM) and sewage from different areas were
used as nutrient source individually to assess EPS production by the above mentioned bacterial
strains. Nitrogen free medium favoured more EPS production (Mean: 217.13, minimum: 206 000 and
Maximum: 226.000). The highest EPS production was recorded in P. aeruginosa (226 g ml™) grown in
nitrogen free medium followed by S. mutans and B. subtilis (220 and 206 pug ml" respectively) in
nitrogen free medium after 7 days of incubation at 37°C. Analysis of carbon source in sewage samples
indicated the presence of reducing monosaccharides. The purified EPS was soluble only in water and
was free from protein contaminants.
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INTRODUCTION

Extracellular polymeric substances of microorganisms
have generated increasing attention among researchers
for the last few years due to the diverse range of mole-
cules in the exopolysaccharides (EPS) (Bhaskar and
Bhosle, 2005). EPS have vital roles in a variety of
processes such as formation of biofilm (Titus et al., 1995;
Ramos et al., 2001; Bhaskar and Bhosle, 2005), protec-
tion of bacterial cell from desiccation (Pal et al., 1999), for
maintaining primary cellular functions and antibacterial
activity against predators, gelling ability, pollutant
degradation kinetics (Fusconi and Godinho, 2002), biore-
mediation activity (Bryent, 1987) and plasma substituting
capacity (Allison, 1998). EPS production in Pseudomo-
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nas aeruginosa reported by Huang et al. (1999), Ram-
phal and Pier (1985), Allison (1998), Kimmel et al. (1998),
Fusconi and Godinho (2002) and Celik et al. (2007), in
Bacillus subtilis by Ponmariappan (2003) and Streptoco-
ccus mutans by Vimala and Lalithakumari (2003) has
been used in this study. These polysaccharides play
important roles in many biological processes, and they
can function as the virulence determinants in the
pathogens (Peng et al., 2008).

EPS production is generally favoured by high carbon
and low nitrogen ratio in the medium (Kimmel et al.,
1998). Previously, several reports (Titus et al., 1995;
Allison, 1998; Kimmel et al., 1998; Pal et al., 1999; Perty
et al.,, 2000; Fusconi, and Godinho, 2002; Vimala and
Lalithakumari, 2003; Peng et al., 2008) were available
related to production media, but most of the researchers
concentrated only on a particular medium. So it has
become essential to compare the media for the highest
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Table 1. EPS production by Bacillus subtilis NCIM 2063, Pseudomonas aeruginosa NCIM 2862 and Streptococcus

mutans MTCC 1943 in different media.

Concentration of EPS (ug ml'™)
Tested organism BBS MSM CDM NFM MLM SS1 SS2
B. subtilis NCIM 2063 146 128 168 206 18 18 10
P. aeruginosa NCIM 2862 142 204 208 226 26 12 16
S. mutans MTCC 1943 128 192 184 220 14 10 12
Control 0 0 0 0 0 4 2

BBS = Basal salts solution; MSM = Minimal salts medium; CDM = Chemically defined medium; NFM = Nitrogen free medium;
MLM = Mike medium; SS 1 = Sewage sample 1; SS 2 = Sewage sample 2.

production. The present study was focused to optimize
the production of EPS using different media to under-
stand the influence of nutrients availability and growth
media for EPS production. Wastewaters from different
areas were also tested for their ability to serve as an
energy and nutrient sources for the production of EPS by
the selected microbial strains.

MATERIALS AND METHODS
Bacterial strains

Cultures of Bacillus subtilis NCIM 2063, and Pseudomonas
aeruginosa NCIM 2862 were obtained from NCIM, Pune, India, and
Streptococcus mutans MTCC 1943 from the Institute of Microbial
Technology, Chandigarh, India. The strains were routinely sub-
cultured and maintained in nutrient broth and were stored at 4°C in
nutrient agar slants as stock cultures.

Experimental design

24 h cultures of the bacterial strain in respective media were
inoculated (inoculums of 3% v/v) into 25 ml of sterilized basal salt
solution (Titus et al., 1995), minimal salt medium (Vimala and
Lalithakumari, 2003), nitrogen free medium (Pal et al., 1999), milk
medium (De Vuyst et al., 1998), chemically defined medium (Pertry
et al., 2000) and sewage water samples 1 and 2 in separate conical
flasks. They were incubated for seven days at 37°C under rotatory
shaker (25 rpm). Triplicates were maintained in each medium for
each bacterium. Uninoculated control was also maintained for each
medium. The sewage samples 1 and 2 were collected from sewage
canal of Sri Paramakalyani hostel and domestic sewage canal of
Mutharaman Kovil Street, Alwarkurichi, Tamil Nadu, respectively.
pH value was measured and the carbohydrate source of sewage for
EPS production was analysed as per the scheme of Jayaraman
(1996).

Isolation, quantification and purification of EPS

After seven days of incubation at 37°C, 5 ml aliquots of the culture
were centrifuged at 10,000 rpm at room temperature for 10 min.
The supernatant was then filtered using 0.4 pum filters to remove the
unsedimented bacterial cells. 25 pl aliquots of cell free supernatant
were used for quantifying the EPS in terms of total carbohydrate
using phenol sulphuric acid method (Titus et al., 1995). To the cell
free supernatant, twice the volume of ice cold methanol was added,
incubated overnight at 4°C and centrifuged at 10,000 rpm at room

temperature for 10 min to collect the crude EPS. Crude EPS was
purified as per the standard procedures (Titus et al., 1995; Vimala
and Lalithakumari, 2003).

Characterization of EPS solubility and protein availability

In order to find the solubility of EPS in different solvents, small
quantities of dried EPS pellet were taken in different eppendroffs to
which 2 ml of solvents such as water, acetone, chloroform, ethanol,
methanol and benzene were added separately, mixed thoroughly
using a vortex mixture and observed for pellet formation. The avail-
ability of protein fraction in the purified and dried EPS pellet was
checked by Lowry et al. (1951) method.

Statistical analysis

Results were expressed as mean and the data were analysed with
descriptive statistics and compared using correlation analysis (p <
0.05). STATISTICA/w 5.0 software was used to perform the
correlation and descriptive statistics.

RESULTS AND DISCUSSION

Table 1 exhibits EPS production during the growth period
of B. subtilis, P. aeruginosa and S. mutans using different
chosen media. Table 2 shows the descriptive statistics of
EPS production by B. subtilis, P. aeruginosa and S.
mutans in different media. The variations in the growth of
different strains in different media were analysed and the
results are summarized as follows. The highest EPS
production was observed in P. aeruginosa (226 pg ml™),
followed by S. mutans (220 pg ml™") and B. subtilis (206
ug mli") grown in nitrogen free medium at 37°C for 7
days. The production on nitrogen free medium at 37°C for
7 days was significantly high (p < 0.05) (Table 2). The
present study favours the findings of Pal et al. (1999) who
reported that nitrogen free medium had stimulating effect
on EPS production by microbial strains.

The lowest EPS production was recorded in B. subtilis
(10 ug ml™") in SS2 media, P. aeruginosa (12 pug ml™) in
SS1 media and S. mutans (10 pg ml™) in SS1. Consi-
derable amount of EPS production was noted in all the
tested strains when grown on basal salts solution (BSS),
minimal salts medium (MSM), chemically defined medium
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Table 2. Descriptive statistics of EPS production by Bacillus subtilis NCIM 2063, P. aeruginosa
NCIM 2862 and S. mutans MTCC 1943 in different media.

Media Valid N Mean Minimum Maximum Std. Dev
BBS 416 139.0962 128.0000 146.0000 7.59140
MSM 416 173.6346 128.0000 204.0000 33.94370
CDM 416 186.5769 168.0000 208.0000 16.74799
NFM 416 217.1346* | 206.0000* 226.0000* 8.54647
MLM 416 19.5000 14.0000 26.0000 4.95765
SS1 416 13.4904 10.0000 18.0000 3.41646
SS2 416 12.6635 10.0000 16.0000 2.53785

*Highest discriptive index.

BBS = Basal salts solution; MSM = Minimal salts medium; CDM = Chemically defined medium; NFM =
Nitrogen free medium; MLM = Mike medium; SS 1 = Sewage sample 1; SS 2 = Sewage sample 2.

(CDM) (Table 1). These three media were already used
for EPS production by Titus et al. (1995), Vimala and
Lalithakumari (2003), Petry et al. (2000) and Celik et al.
(2007).

pH of the sewage samples 1 and 2 were found to be 4
* 0.5 and 8 + 0.5, respectively. The presence of reducing
monosaccharides in the sewage samples were also
established by method adopted by Jayaraman (1996).

The bacterial strains tested in the present investigation
utilized the reducing monosaccharides in the sewage and
produced EPS. Among the sewage sample, maximum
amount of EPS was recorded in sewage sample 1 inocu-
lated with B. subtilis (18 ug mI"), followed by P.
aeruginosa (16 ug ml'1) in sewage sample 2. The results
of the present study favour the findings of Dave et al.
(1995) who reported the presence of EPS in the waste-
water treatment plant. These results are same as the
findings of Fusconi and Godinho (2002); they assessed
the production of EPS and their role in sewage treatment.
The present study has added some more information
showing that the availability of carbohydrate content in
sewage can be utilized by bioremediating bacterial popu-
lation to clean up the environment from hazard pollutants.
It has already been known that EPS are potentially of
great importance in sewage treatment processes for the
removal of toxic heavy metal pollutants (Allison, 1998).

The purified EPS was soluble only in water and inso-
luble in other solvents such as acetone, chloroform and
benzene. They were mixed thoroughly and left undis-
turbed, pellet formation was observed in all the solvents
except water. It is the observed that the purified EPS did
not contain any protein fractions. Similar result was
reported by Vimala and Lalithakumari (2003).

The present comparative analysis clearly indicated that
NFM is the best nurishment-containing medium for EPS
production by all the three bacterial strains. Even though,
quantification of EPS from the sewage indicated that their
quantity was low and insignificant (p < 0.05), the modified
sewage might be used as a nutrient for EPS production.
Further studies are needed to analyse the chemical and

physical characteristics of EPS produced by different
strains using different media and to scale-up their pro-
duction using fermenters.
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