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ABSTRACT

Extracellular polymeric substances extracted from microorganisms are a complex mixture of diverse polymers
of polysaccharides, proteins, lipids, nucleic acids, uronic acid, humic acid. These heterogeneous biomolecules
have a vast potential in bioremediation/metal removal and their proficiency can also be emphasized by the
fact that after extraction these are not vulnerable to deviation in the climatic conditions. Considering the
above facts, in the current study experiments have been conducted to study bioremediation potential of
EPS extracted from bacteria in a view to suggest better alternatives to conventional physicochemical methods
of bioremediation.
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Introduction

Environmental pollution due to an increase in the number
of industries is an issue of intense concern in today’s era
pertaining to human health. Increase in the number of
pollutants drastically alters the nature of environment.
Metal ions are the usual constituent of the earth’s crust
and are also obtained from anthropogenic sources. These
may act as necessary micronutrients for living organisms
at their threshold concentration but can be poisonous
above a certain limit. These are nondegradable and
persistant (Ayangbenro et al., 2018; Camacho-Chab et al.,
2018).

Extracellular polymeric substances (EPS), which are the
complex biomolecules are composed of a mixture of pro-
teins, polysaccharides, lipids and their derivatives. These
are constantly produced by the microorganisms during
their growth and metabolism. The composition of the EPS
obtained from various microbial aggregates has been re-
ported to be diversified. They play an essential role in the
aggregation of microbial cell, in formation of biofilms, in
immunomodulation, in food industries as gelling agents,

in the sequestration of heavy metal
comtaminants, etc (Marvasi et al., 2010; More
et al., 2014). The ionizable functional groups of
EPS, for example, carboxyl, amine and hy-
droxyl assist them in the metal ion sequestra-
tion (Joshi and Juwarkar, 2009; Ha et al., 2010;
Chien et al., 2013).

Various microorganisms have been previ-
ously identified and reported in terms of their
EPS production. Past investigations have re-
vealed that the potential of microorganisms to
remove metals may be correlated to their EPS
production (Kýlýc et al., 2008; Chug et al.,
2016). The present study examined the impact
of environmental factors like pH temperature,
metal ion concentration on EPS production by
Pseudomonas aeruginosa which was found to
increase when the culture was being exposed
toincreasing metal ion concentration Cr (VI).
Enhancement in the EPS production was con-
sidered to be an adjustment of microorgan-
isms towards increasing stress.
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Materials and Methods

Bacterial cultures

The heavy metal resistant bacteria use in this study
was P. aeruginosa. It was isolated from tannery efflu-
ents contaminated with heavy metals. It was identi-
fied according to 16S rRNA analysis.

EPS production

For EPS production, microbial culture was inocu-
lated on nutrient agar media in petri dishes. The
composition of the nutrient agar was 3 g of peptone,
5 g of yeast extract, and 15 g of agar in 1 L of double
distilled water. To decide the ideal pH for the high-
est EPS production, the pH of the media supple-
mented with 100 mg/L Cr(VI) was adjusted to 6, 7,
8 and 9 using  0.1M  HCL and 0.1 MNaOH. Chro-
mium stock solution was prepared by diluting
K2Cr2O7   to a concentrationof 10 g/L of chromium.
The influence of different temperatures and various
Cr(VI) concentrations on EPS production by the bac-
terial culture was also determined.EPS was ex-
tracted after 48 hours according to the method de-
scribed by Lin et al., 2011. Extracted EPS was then
lyophilized and weighed.

Results and Discussion

Recognition of bacteria

The bacterial isolate was first studied under the mi-
croscope using standard method of GramStaining.
It was found that the culture was Gram-negative
and rod-shaped. It was then further identified by
16S rRNA sequencing. Phylogenetic analysis was
also done by BLAST search and it was then found
that the bacterium had a similarity >99% to
Pseudomonas sp.

EPS production at various pH levels,
temperature and different Cr (VI) concentration

Four different pH values 6, 7, 8 and 9 were initially
chosen to determine the ideal pH for maximum EPS
production bythese bacteria. Maximum EPS pro-
duction was found at neutral pH (Table 1), also re-
ported by Liu et al., 2010. EPS was weighed at each
stage. At pH 7 P. aeruginosa, showed variation in
EPS production with variation in temperature (32
°C, 37 °C, 40 °C ) (Table 2). At pH 7 and temperature
37°C Cr (VI) concentration was varied (10 mg/L, 20
mg/L, 30 mg/L, 40 mg/L, 50 mg/L) (Table 3). An

increasing trend in EPS production was initially ob-
served till 40 mg/L concentration which then de-
creased. So, Maximum Tolerable Concentration
(MTC) of Cr (VI) was found to be 40 mg/L. Beyond
this EPS production was decreasing. It can be con-
cluded that Cr (VI) removal is interrelated to the
quantity of EPS produced by the microorganism as
also reported by Kýlýc et al., 2008 and Chug et al.,
2016. EPS production was highly affected by the
temperature variation, Cr (VI) concentration and
also the pH. The isolate has got the potential to se-
quester heavy metal from waste water owing to its
ability to biofilm formation and EPS production.
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