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Abstract This investigation reported the isolation and
characterization of a potent heavy metal accumulating
bacterial strain Enterobacter cloacae B1 from polluted
soil at Ghaziabad, India. The minimum inhibitory
concentration of the selected bacterial strain was
recorded to be 1100 ppm for lead, 900 ppm for
cadmium, and 700 ppm for nickel. Bioaccumulation
of lead by this bacterial strain was extremely high
(95.25 %), followed by cadmium (64.17 %) and
nickel (36.77 %). Antioxidant enzymes such as catalase
(CAT) and superoxide dismutase (SOD) activity was
determined in presence of lead, cadmium, and nickel
at a concentration of 400 ppm. To monitor the physio-
logical stress, malondialdehyde (MDA) level was also
estimated. In order to optimize the flocculant produc-
tion, bacterial strain E. cloacae B1 was cultured in
specific medium at different incubation period (24 to
72 h), pH (6.0 to 9.0), and temperature (20 to 50 °C). It
was observed that surfactant production was maximum
at 72 h of incubation period (47.28 %), pH 8.0
(56.63 %), and temperature 40 °C (62.94 %). Protein
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expression profile in presence of these heavy metals was
also interesting. Few proteins were noticed to be
overexpressed in presence of these heavy metals.
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1 Introduction

In recent year, rapid industrialization throughout the
world has made easier for product availability, but it
also raises the environmental pollution due to improper
infrastructure for waste management (Ahemad and
Malik 2011). Heavy metal toxicity in the environment
creates different types of health problem (Gupta and
Gupta 1998). Few researchers have reported that
higher level of lead can cause organ toxicity in human
that leads to severe damage in the liver, kidney, and
central nervous system, whereas lower level of lead
affects heme synthesis and different biochemical pro-
cesses (Goldstein 1992; WHO 1995), while cadmium
cause kidney disease through renal tubule dysfunction
(Berohoft 2013). Cadmium is also reported to be a
toxic metal for endocrine organ including pituitary
(Jiménez-Ortega et al. 2012). On the other hand, nickel
cause skin disease (Thyssen et al. 2013) and respira-
tory problem, and sometimes, it can act as a potent
carcinogen (Briiske-Hohlfeld 2009). Different com-
pounds of nickel are also reported to be an inducer
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for carcinoma formation in rodents (Kasprzak et al.
2003). Though few metals are essential for growth and
metabolism in organism (nickel, iron, cobalt, zinc, etc.)
and are considered as micronutrient (Beveridge and
Doyle 1989; Bruins et al. 2000). However, high level
of these metals have adverse effect on environment.
Deep and Altalhi (2009) stated that heavy metals are
potent inhibitor of normal biodegradation process and
cannot be easily removed from environment (Ren
et al. 2009). Heavy metal toxicity caused by lead,
cadmium, and nickel have been reported by many
authors (Chen and Lin 1998; Nath et al. 2012).
Reduction of heavy metal toxicity is a great challenge
for all developed and developing countries. Due to
high cost and competition, industries avoid waste man-
agement process which increase heavy metal load on
environment. Many naturally occurring bacteria have
been found closely associated with the bioremediation
process which removes heavy metal from environment
and thus reduce toxicity. Due to high adaptive nature
and cellular mechanism, bacteria can tolerate and ab-
sorb different types of heavy metals (Nies 1999;
Etelvina et al. 2005). In recent year, different types
of bacterial species have been reported for their biore-
mediation property (Selvi et al. 2012; Nath et al. 2012;
Poornima et al. 2014).

Heavy metal creates different types of physiological
stress in bacteria and produce reactive oxygen species
(ROS) like O, , OH:, and H,0, (Choudhary et al.
2007). In normal physiological condition, ROS level
remains low due to activity of certain protective en-
zymes like, catalase, superoxide dismutase, and gluta-
thione reductase (Pandey et al. 2013). Lipid
peroxydation or malondialdehyde (MDA) production
is a major clue for stress response. Among various
antioxidant enzymes, catalase (CAT) and superoxide
dismutase (SOD) gain special attention which converts
the ROS into oxygen and water to maintain cellular
integrity. Catalase is a heme-containing protein, widely
distributed among various groups including bacteria
(Abassi and Kushad 1998; Bailly et al. 2004; Switala
and Leuwen 2002). Similarly, SOD is a metalloenzyme
that converts highly toxic superoxide into oxygen and
less toxic hydrogen peroxide. Thus, for proper evalua-
tion of bioremediation efficiency of the selected bacte-
rial strain, it is necessary to determine the physiological
stress in response to heavy metal.

Surfactants or flocculants are diverse group of am-
phipathic molecule that help in alleviating the heavy
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metal from contaminated soil sediments and are consid-
ered to be environment-friendly (Georgiou et al. 1992;
Fietcher 1992; Desai and Banat 1997). Chemical sur-
factants are widely used due to low cost, but these are
not environment-friendly material (Kowall et al. 1989;
Master et al. 1985). Microbial sources of flocculant are
cheap and less toxic. These molecule increases the bio-
degradation of insoluble pollutant by reducing the sur-
face tension (Hassanshahian 2014). A large number of
bacteria, such as Bacillus sp., Pseudomonas sp.,
Acinetobacter sp., and Arthrobacter sp., are considered
to be potent bioflocculant producer (Singh et al. 2014).

Screening of potent heavy-metal-tolerant bacterial
strains is necessary. Therefore, the aim of our present
investigation were (i) isolation and characterization of
heavy-metal-tolerant bacterium, (ii) evaluation of metals
removal capacity, (iii) antioxidant profile of this selected
bacterial strain, (iv) optimization of surfactant produc-
tion, and (v) protein expression of the selected bacterial
strain upon exposure of these heavy metals.

2 Materials and Methods

2.1 Isolation and Selection of Metal-Tolerant Bacterial
Strain

Soil samples were collected from Ghaziabad, Uttar
Pradesh, India, and kept in sterilized plastic bag. One
gram of soil sample was mixed in 10 ml of sterile
distilled water, vortexed carefully, and serial dilution
was made up to five times. One hundred microliters of
each sample was spread on tryptone soya agar plates
(pH 7.0) containing 200 ppm of lead, cadmium, and
nickel separately and incubated overnight at 37 °C. Ten
different bacterial colonies were primarily selected for
further studies. Pure culture of each strain was done by
repeated streaking method. In order to check minimum
inhibitory concentration (MIC), all the bacterial strains
were cultured in tryptone soya broth medium (pH 7.0)
with varying concentration of lead, cadmium, and nickel
(100-1500 ppm). The bacterial strain B1 showing
highest tolerance level was selected for further studies.

2.2 Biochemical Characterization and Identification
of the Selected Strain B1

In order to characterize the selected bacterial strain
B1, it was cultured in TSA (tryptone soya agar) plate
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and incubated for 24 h at 37 °C. Primary character-
ization of the bacterial strain Bl was done by colony
morphology (color, surface, margin, and elevation).
Different biochemical tests (citrate utilization, nitrate
reduction, urease production, oxydase production, etc.)
and acid production from glucose, sucrose, lactose, and
fructose were carried out according to Mondal et al.
(2010). Species level identification of the selected bac-
terial strain was done by 16S rRNA sequence analysis
following the method of Banerjee et al. (2013). In brief,
genomic DNA was isolated by lysozyme-SDS method.
PCR amplification of the 16S rRNA region was carried
out using forward AGAGTTTGATCMTGGCTCAG
(B27 F) and reverse GGTTACCTTGT TACGACTT
(1492 R) primers. PCR product was sequenced, ana-
lyzed, and edited in Mega 4.0. phylogenetic tree was
drawn with other close homologous bacterial strains
available in NCBI database.

2.3 Quantification of Metal Removal by Atomic
Absorption Spectroscopy

In order to quantify the metal removal capacity, the
bacterial strain B1 was cultured in nutrient broth
(pH 7.0) containing 400 ppm of lead, cadmium, and
nickel separately. Removal of heavy metals from the
culture medium was determined by following the
method of Ahemad and Malik (2011) with few modifi-
cations. In brief, 5 ml of culture broth from each sample
was taken at 24-h interval for 3 days. Supernatant was
collected by centrifugation at 5000 % g for 10 min, mixed
2 ml of concentrated HNO3, and heated at 70 °C until it
became transparent. Metals concentration in the super-
natant was analyzed by atomic absorption spectroscopy
(model Spectra AASS). Nutrient broth without bacterial
strain containing the abovementioned metals at concen-
tration of 400 ppm was taken as control.

2.4 Antioxidant Profile of the Bacterial Strain Bl

In order to monitor the oxidative stress, bacterial strain
B1 was cultured in TSA broth in presence of lead,
cadmium, and nickel at 400-ppm concentration. After
24 h of incubation, bacterial cell were harvested by
cooling centrifugation (8000xg, 10 min), washed two
times with 50 mM phosphate buffer (pH 7.2) and finally
dissolved in same buffer in 2 ml Eppendorf tube.
Cytosolic content was collected by disrupting the bac-
terial cell by ultrasonication in ice bath (30-s pulse and

30-s cooling, for 3 min). Supernatant was collected by
centrifugation (8000 % g for 10 min) at 4 °C and kept in
—80 °C for further study.

2.4.1 Malondialdehyde Level

MDA production was measured according to the meth-
od of Draper and Hadley (1990). Here, 1 ml of sample
was carefully mixed with 2 ml of TBA (thiobarbituric
acid) reagent (20 % thiobarbituric acid, 0.5 % TBA, and
2.5 N HCI), heated 20 min in boiling water bath, cooled,
and supernatant was collected by centrifugation (500 %
g, 10 min) at 4 °C. Absorbance of the collected super-
natant was measured at 532 nm. MDA equivalent con-
tent in the sample was calculated using an extinction
coefficient of 1.56x10° M ' cm ™.

2.4.2 Superoxide Dismutase Activity

SOD activity was assayed following the method of Ewing
and Janero (1995). Twenty-five microliters of supernatant
was taken in a microtiter well and mixed 20 pl of reaction
buffer (50 mM phosphate buffer, 0.1 mM EDTA, 98 uM
NADH, and 62 uM NBT, pH 7.4). Reaction was initiated
by adding 20 pl of an initiating reagent (50 mM phosphate
buffer and 33 uM PMS in 0.1 mM EDTA, pH 7.4).
Absorbance was measured at 560 nm using the microplate
reader (Bio-Rad, Model 680, USA).

2.4.3 Catalase Activity

CAT activity in the bacterial supernatant was measured
following the method of Aebi (1984) with little modifica-
tion. In brief, 20 ul of supernatant was mixed in 980 ul of
H,0, buffer and absorption was measured at 240 nm using
spectrophotometer for 60 s at 15-s interval. Activity was
calculated by decreased in absorbance of H,O, at 240 nm.

2.5 Optimization of Flocculant Production

Flocculant production was carried out in the liquid
media 0.5 % peptone, 0.5 % yeast extract, 2 % ethanol,
1 % glycerol, 0.05 % K,HPO,, 0.05 % MgSO,4 7H,0,
0.2 % NaCl, and 0.2 % CaCOs;. Bioflocculating activity
was done according to the method of Batta et al. (2013).
In brief, 1 ml of cell-free supernatant was added
with 9-ml kaolin clay solution (5 g ml™") and 3 ml of
1 % CaCl,, vortexed, and kept undisturbed for 5 min.
The optical density of the upper clear solution was
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Table 1 Morphological and biochemical characteristics of the
selected strain B1

Characteristics Bacterial strain Bl

Morphological
Pigments Creamy white
Surface Smooth
Elevation Convex
Margin Irregular
Grams reaction -

Biochemical
Catalase +
ONPG +
Nitrate +
Methyl red -
Oxidase -
Amylase +
Citrate +
Indole -
Urease +
Glucose +
Fructose -
Lactose +
Sucrose +

+ positive, — negative

measured at 550 nm by spectrophotometer (Beckman
DU 730). Kaolin clay solution without culture superna-
tant was considered as control. The activity was calcu-
lated by the following method:

Flocculating activity (%) = X—Y /X x 100

where X represents the OD of the control at 550 nm, and
Y represents the OD of the sample at 550 nm.

Optimization was carried out in different incuba-
tion period (24—72 h), pH (6.0-9.0), and temperature
(2050 °C).

Fig. 1 Phylogenetic tree of
Enterobacter cloacae B1 showing
relationship with other close

homologous strains available in r
NCBI database

2.6 Evaluation of Protein Expression in Stress Condition
by SDS-PAGE

In order to check the protein expression upon heavy
metal (lead, cadmium, and nickel) exposure, the collected
cytosolic content (prepared during antioxidant study)
was separated on SDS-PAGE (4-12.5 %). Bacterial cul-
ture without metal was taken as control.

3 Results

In this present study, heavy-metal-tolerant bacterial
strain B1 was isolated from polluted soil (industrial
waste disposal area). Morphologically, the selected bac-
terial strain B1 was creamy white in appearance with
smooth surface and irregular margin (Table 1).
Biochemical characterization showed that the bacterial
strain B1 was positive in case of CAT production, nitrate
reduction, ortho-nitrophenol 3-galactoside (ONPG) uti-
lization, citrate utilization, and urease production,
whereas negative for methyl red, oxidase, and indole
production. Carbohydrate utilization ability was also
tested for this selected bacterial strain B1. It was ob-
served that it can actively utilized glucose, lactose, and
sucrose, but failed to grow in fructose broth. Finally, the
bacterial strain B1 was identified as Enferobacter cloa-
cae (Acc. No. KM402758) with the help of 16S rRNA
sequence analysis (Fig. 1). Minimum inhibitory concen-
tration of the selected bacterial strain E. cloacae Bl
against these three heavy metals lead, cadmium, and
nickel is tabulated in Table 2. Nickel was detected to
be more toxic (700 ppm), followed by cadmium
(900 ppm) and lead (1100 ppm). Metal removal from
the culture medium at different time intervals is given in
Table 3. Metal absorption was recorded to be highest in
case of lead (day 1, 61.45 %, to day 3, 95.25 %).
Cadmium absorption ability of the bacterial strain
E. cloacae B1 was also quite high (64.17 %, day 3),

Enterobacter cloacae strain VA26405-13 (KF516280)
Enterobacter cloacae strain BKS 4.4 (KF516251)
Enterobacter cloacae B1

Enterobacter ludwigii strain JM52 (KC461190)

Enterobacter aerogenes strain FCC47 (JF772092)
Enterobacter asburiae strain M-T-MRS_50 (JQ795798)
Enterobacter hormaechei strain S6-273 (JQ660217)

||
50
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Table 2 Minimum inhibitory concentration of the selected bacte-
rial strain

Bacterial strain  Lead (ppm) Cadmium (ppm) Nickel (ppm)

Bl 1100 900 700

while nickel removal after day 3 was observed to be
36.77 %.

Antioxidant enzymes activity in presence of these
heavy metals is presented in Fig. 2. Bacterial superna-
tant showed significantly (»p<0.001) higher MDA level
in the nickel group and reduced MDA level in the
cadmium group, while no such change was detected in
the lead group when compared to the control values
which indicated that oxidative load was significantly
elevated respective nickel and cadmium groups
(Fig. 2a). The major antioxidant enzyme CAT activity
showed significant (p<0.001) peak in cadmium group
but significantly lower in both nickel and lead groups
compare to control one (Fig. 2b). Another ROS scav-
enging enzyme SOD showed the activity higher in
cadmium group, followed by nickel- and lead-treated
bacterial samples (Fig. 2c).

Flocculant production by the bacterial strain E. cloacae
B1 at different incubation period, pH, and temperature is
given in Fig. 3. Flocculation activity exhibited by
E. cloacae B1 was recorded to be highest at 72 h of
incubation (Fig. 3a, 47.28 %), pH 8.0 (Fig. 3b,
56.63 %), and temperature 40 °C (Fig. 3¢, 62.94 %).

Protein expression of the selected bacterial strain
E. cloacae B1 on exposure to lead, cadmium, and nickel
is presented in Fig. 4. It was clearly detected that few
proteins (a, b, d, e, h, j, and k) were not well expressed
on exposure of these heavy metals, whereas protein ¢
was highly expressed in case of lead- and cadmium-
treated samples compared to control one. Similarly,
protein i was up-regulated in case of cadmium- and
nickel-treated samples. Expression of another two pro-
teins f and g were also observed in cadmium-treated
sample.

4 Discussions

Due to global industrialization, heavy metal toxicity in
environment is increasing rapidly. Different industries
release huge amount of waste containing toxic heavy
metals directly into water bodies without processing
(Kafilzadeh et al. 2012; Batta et al. 2013; Hookoom
and Puchooa 2013). Mechanical removal of these heavy
metals is costly and time consuming. Heavy metal ac-
cumulation property in bacteria might be an alternative
solution. In our study, we have isolated one potent heavy
metal-resistant (lead, cadmium, and nickel) bacterial
strain B1 from polluted soil at Ghaziabad, India.
Morphological, biochemical, and 16S rRNA sequence
analysis identified the bacterial isolate as E. cloacae.
Recently, Poornima et al. (2014) reported the isolation
of chromium-resistant bacterial strain . coli PS01 from

Table 3 Removal efficiency (%)

of heavy metals by absorption Sample Lead (mg 1) Amount of lead absorbed (mg ™) Removal (%)
spectroscopy
Control 180.398 0.0 0.0
Day 1 69.526 110.872 61.45
Day2 28.830 151.568 84.01
Day 3 8.568 171.83 95.25
Cadmium (mg 17" Amount of cadmium absorbed (mg ")
Control 178.1 0.0 0.0
Day 1 137.58 40.52 22.75
Day 2 87.7 90.4 50.75
Day 3 63.81 114.29 64.17
Nickel (mg 1" Amount of nickel absorbed (mg ")
Control 84.9 0.0 0.0
Day 1 81.305 3.595 423
Day 2 64.26 20.64 2431
Day 3 53.68 32.22 36.77
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Fig. 2 Represented antioxidant enzymes activity exhibited by
Enterobacter cloacae B1 upon exposure of these heavy metals. a
Malondialdehyde (MDA) level at different treatment groups; b
catalase (CAT) activity; ¢ superoxide dismutase (SOD) activity.
Data were presented as mean+SEM in vertical bars, n=3 repli-
cate. Different alphabets (a, b, ¢, d) indicate significant (»p<0.05)
differences in the values of a particular variable in different stress
condition whereas, same alphabets denote no significant differ-
ence. Data were analyzed using one-way ANOVA along with
DMRT analysis for significance

tannery effluent, whereas Pandey et al. (2011) isolated
and characterized two lead- and arsenate-tolerant
Bacillus sp. from slag deposal site at Burnpur, India.
Metal tolerance mechanism in bacteria is well character-
ized. Bacteria adapted several mechanisms for metal
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Fig. 3 Demonstrated the optimization of flocculant production at
different culture parameters. a Effect of incubation period on
flocculant production; b optimization of production at different
pH; ¢ optimization of production at different temperature. Data
were presented as mean+SEM in vertical bars, n=3 replicate.
Different small letters (a, b, ¢, d) on the error bars indicate
significant (p<0.05) differences in the values of a particular vari-
able in different stress condition. Data were analyzed using one-
way ANOVA along with DMRT analysis for significance

resistance such as different types of transport channel
(Nies 1999), production of siderophores (Schalk et al.
2011), and compartmentalization within the cell
(Ahemad 2012). Here, minimum inhibitory concentration
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Fig. 4 Demonstrated the protein expression on SDS-PAGE
(4-12 %). L1, L2, L3, L4, and L5 indicated molecular
weight marker, control sample, lead-treated sample, cadmium-
treated sample, and nickel-treated sample, respectively. Small let-
ters on left side indicates protein band

of the selected bacterial strain E. cloacae B1 against lead
was recorded to be quite high (1100 ppm) compared to
cadmium and nickel which indicated the high lead
absorption ability of the bacterial isolate. Nath et al.
(2012) reported the MIC of few bacterial isolates against
lead (180 pg ml™") and cadmium (1200 pg mi™).
Bacterial heavy metal removal property has great appli-
cation in environmental point of view. Johncy-Rani et al.
(2010) isolated three bacterial isolates Bacillus sp.,
Pseudomonas sp., and Micrococcous sp. and reported
their bioaccumulation capacity to be 69.34, 90.41, and
84.27 % in case of copper, cadmium, and lead,
respectively. Similarly, Ahemad and Malik (2011) report-
ed the accumulation of different metals like lead, chro-
mium, mercury, and zinc by several bacterial species
isolated from agricultural field and wastewater. While in
our study, it was observed that lead accumulation capac-
ity of the bacterial strain E. cloacae Blwas very high
compared to cadmium and nickel.

Bacterial growth in the presence of heavy metals
creates physiological stress and produce ROS which is
very dangerous for cell. To reduce these oxidative stress-
es, bacteria produce different types of protective en-
zymes like CAT and SOD. A significant activity of
antioxidant enzyme SOD, glutathione peroxidase
(GSHPx), glutathione reductase (GR), and mercury re-
ductase (MR) in rumen bacteria Streptococcus bovis and
Selenomonas ruminantium was observed, after expo-
sure to HgCl, (Lenaértovaé et al. 1998), while Pandey

et al. (2013) reported the effect of heavy metals on
antioxidant enzyme profile in three bacterial species.
Our result depicted that addition/ presence of certain
heavy metals (lead, nickel, and cadmium) in the culture
medium emerged stress condition within the different
treated groups as the oxidative stress marker, MDA, was
detected to be varying in the treated samples. Moreover,
CAT and SOD activities in the cadmium group denoted
that their increasing activity has occurred in order to
fight back the harmful free radicals (ROS) emerged
during oxidative stress to compensate the internal
integrity of the cell. These observations were further
supported by the MDA level within the cell, whereas
in case of both lead- and nickel-treated groups, CAT
and SOD activities have reduced as the stress was
relatively lower than the cadmium group as indicated
by the corresponding MDA level. Result depicted
that MDA level was high in control compared to
cadmium-treated sample which was quite unusual. In
order to determine the oxidative status, we have
collected sample after 24 h of incubation period. In
Fig. 2b, c, it was clear that CAT and SOD activities
were quite high in Cd-treated sample compared to
control, as well as Pb- and Ni-treated samples. So,
Cd is more toxic for this selected bacterial strain
compared to other selected heavy metal. For this
reason, MDA level might became elevated sharply and
very quickly (far before 24 h of treatment) and again
came down (even below control level) after 24 h due to
the activity of stress-responsive enzyme system.
Biosurfactant or bioflocculant production from mi-
crobial source is cost effective and less hazardous.
Several authors reported the production of surfactant
from different bacterial species (Dhail 2013; Ugbenyen
and Okoh 2013). A study by Bodour et al. (2003) stated
that distribution of flocculant-producing bacterial spe-
cies was dependent on soil conditions, with gram-
positive biosurfactant-producing bacteria isolated from
heavy-metal-contaminated soil, whereas gram-negative
isolates were from hydrocarbon-contaminated soil. In
this present study, we have optimized the production of
surfactant at different incubation period, pH, and tem-
perature. It was observed that highest production of
flocculant was achieved when the incubation period
was 72 h, pH was 8.0, and temperature was 40 °C.
Protein expression pattern in the presence of different
heavy metals was quite interesting. It was observed that
in case of cadmium treatment, several proteins were
over-expressed which were not found in lead- and
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nickel-treated samples. Further research is required to
understand the detail mechanism of these stress protein
expression and their role in heavy metal tolerance.

5 Conclusion

To the author’s knowledge, the potent heavy-metal-
tolerant bacterial species belongs to the genus
Pseudomonas sp., Bacillus sp., and Staphylococcus sp.
There are very few reports on bioremediation of heavy
metals by Enterobacter sp. The lead removal capacity of
the isolated bacterial strain £. cloacae B1 was detected
to be very high and might be used for bioremediation
process. Bioflocculant (a future biological weapon
against water pollution) production was also optimized
in different culture conditions. It was observed that
production rate was maximum at 72 h of incubation
period in alkaline condition at 40 °C. Bioflocculant
has several advantages over chemical surfactant like
activity, degradability, stability, toxicity and cost. So,
to reduce the water pollution surfactant producing bac-
terial species are important in nature. Lastly, different
types of proteins are observed to be expressed upon
exposure of these heavy metals. Specially, in cadmium
treatment, we observed few deep bands which were not
so clear in control treatment. Purification and molecular
characterization of these stress proteins might be helpful
to understand the mechanism of heavy metals remedia-
tion by this selected bacterial strain E. cloacae B1.
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