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Assessment of the bioremediation efﬁcacy of the mercury
resistant bacterium isolated from the Mithi River
Bhupendra Pushkar, Pooja Sevak and Suvarna Sounderajan

ABSTRACT
The contamination of natural resources with mercury has gained attention due to its high toxicity
to all life forms. Bioremediation of mercury using bacteria is a useful technique to remediate
mercury contamination. In the present study mercury resistant bacteria (MRB) were isolated from
Mithi River water samples. Total heterotrophic bacteria (THB) and MRB present in the Mithi river
water samples were enumerated. The count for THB was found to be 3.7 × 106 CFU/ml. MRB
enumerated in the nutrient agar medium with mercury concentrations of 50, 100 and 150 ppm had
counts of 2.8 × 106, 9.1 × 105 and 5.8 × 104 CFU/ml, respectively. The minimum inhibitory
concentration (MIC) of the isolated bacterium was found to be around 500 ppm of mercury, and it
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was selected for further analysis. The bacterial isolate was found to tolerate a wide range of salt
concentrations from 5 to 35 ppt of NaCl. The bacterial isolate was characterized by using standard
biochemical tests and identiﬁed by using the 16S rDNA technique. Homology analysis of the
16S rDNA gene has conﬁrmed the identity of the bacterium as Bacillus thuringiensis strain RGN1.2
with NCBI accession no. KX832953.1. It could remove 96.72%, 90.67% and 90.10% of mercury in 48
hours at 10, 25 and 50 ppm of mercury.
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INTRODUCTION
Increased mercury contamination due to anthropogenic

The presence of mercury in natural resources like rivers,

activities has imposed negative impacts on the whole ecosys-

soil, ground water etc. allows contact between living beings

tem. Mercury is a non-essential heavy metal, which is highly

and mercury (Jan et al. ). Mercury from various sources,

toxic to all forms of life (Velásquez-Riaño & Benavides-

which include natural and anthropogenic processes, enters

Otaya ). The elemental form of mercury is highly toxic

the natural resources to cause mercury pollution (Xu et al.

to foetuses and young children as it can cross the placental

). Activities such as urban discharges, agricultural

and blood-brain barrier.One of the well-known examples of

materials, mining and combustion, and industrial discharges

the effect of mercury pollution is Minamata disease, which

are the major anthropogenic events responsible for mercury

was discovered in 1956 in Japan. This was the ﬁrst incident

pollution (Tay et al. ).

to be recorded of mercury poisoning (Matsuyama et al. ).

The intense level of mercury pollution has led many

Other health issues in humans occurring due to mercury

researchers to develop methods and techniques for its reme-

pollution are cardiovascular disease, hypertension, arterio-

diation. Physico-chemical methods developed for mercury

sclerosis and coronary heart disease. Mercury also impairs

remediation are not capable of tackling mercury pollution

physiological functions in the kidney, gastrointestinal

effectively (Sinha et al. ). Hence there is a need for

system, respiratory system, hepatic, immune and integumen-

alternative methods like bioremediation to address the

tary systems (Ding et al. ).

issue of environmental pollution by mercury. The potentially
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Total heterotrophic bacteria (THB) and mercury

attractive features of the bioremediation process (Sinha &
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Khare ; Chang et al. ). The bioremediation process
makes use of any biological entity such as bacteria, algae,

The total heterotrophic bacterial population in the Mithi

fungi, enzymes, or any biological material to mitigate the

River was enumerated by the spread-plate technique by

toxic impacts of pollutants on the environment (Dixit

using aliquots of 100 μl of 102, 103 and 104 diluted

et al. ).

water samples and spread-plating them on nutrient agar

Bacteria are amongst the best bioremediation tools,

plates (5 g peptic digest of animal tissue, 5 g NaCl, 1.5 g

being used for bioremediation of numerous pollutants.

beef extract, 1.5 g yeast extract and 13 g of agar). The pH

They can also serve in remediation of heavy metals from

of the medium was adjusted to 7.4. Mercury resistant bac-

contaminated sites. Bacteria acclimatize to changing

teria were also enumerated in a similar way by using

environmental conditions and develop mechanisms for

nutrient agar plates containing 50, 100 and 150 ppm of mer-

heavy metal resistance (Banerjee et al. ). Various mech-

cury. The nutrient agar plates were incubated at 37  C for

anisms involved in detoxiﬁcation of heavy metals by

24 h. The THB and MRB populations were counted as

bacteria include biosorption, reduction, alkylation, metal

colony forming units (CFU) per ml of the water sample.

sequestration, metal binding peptides and precipitation

The percentage of mercury resistance in the water sample

(Gadd ; Park et al. ). These bacterial mechanisms

was calculated using the formula: Percent MRB ¼ (Total

could be employed for the remediation of environmental

MRB × 100)/THB.

pollution caused by mercury.
In the present study potential mercury resistant bacteria were isolated from the stretches of the Mithi River

Determination of minimum inhibitory concentration
(MIC)

that are contaminated by mercury. Bacterial isolates resistant to mercury were characterised by standard biochemical

The minimum inhibitory concentration (MIC) of mercury

tests used for the characterization of bacteria. The identity

for the isolated bacteria was determined by the broth

of the bacterial isolates was determined by analysing the

dilution method ( Jorgensen & Turnidge ). In this

16S rDNA homology. Further, the bacterial isolates were

method 10 ml of the nutrient broth was supplemented

tested for their mercury remediating capabilities by using

with different concentrations of Hg from the 5,000 ppm

cold vapour atomic absorption spectroscopy (AAS).

Hg stock. Then 1 × 106 cells/ml were inoculated in each

Mercury resistant bacteria isolated from the Mithi River

tube and incubated at 37  C for 24 h in an orbital

are well adapted to grow in the presence of various

shaker at 150 rpm with appropriate positive and negative

pollutants in the river, and so could be easily used to

controls. After overnight incubation the optical density

remediate the mercury pollution of the Mithi River without

(OD600) was determined on a UV-Visible spectropho-

affecting their bio-remediating capacity.

tometer (Multiskan™ GO Microplate Spectrophotometer,
Thermo Scientiﬁc). The OD of the test was compared
with the negative control and the MIC of the isolate

MATERIAL AND METHODS

was calculated.

Water sampling

Effect of salinity on the growth of the bacterial isolates

The water sample was collected from the Mithi River

The salinity tolerance of the bacteria was studied over a

located in Mumbai, India, and was used to isolate the mer-

range of 5 ppt to 35 ppt at intervals of 5 ppt. The salinity

cury resistant bacteria. The water sample was collected

of the nutrient broth was adjusted to a deﬁned salt concen-



0

from the Mithi River stretch near Kalanagar (19 03 06.6″N

tration using NaCl. 1 × 106 cells/ml of the culture were

72 500 53.9″E).

inoculated in each tube and incubated at 37  C for 24 h in
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GenBank accession number and phylogenetic analysis

were also maintained to compare the bacterial growth. The
growth was determined by taking the OD at 600 nm with the

The nucleotide sequences of the 16S rDNA gene of the iso-

UV-Visible spectrophotometer. The OD of the test was com-

lated mercury resistant bacteria have been deposited in

pared with the negative control.

GenBank under the accession numbers KX832953.1.
Determination of mercury removal potential of the

Biochemical tests

isolate by AAS

Biochemical tests on the selected isolates were carried out
to determine the characteristics of the bacterial isolates.
Overnight cultures of the bacterial isolates were used for
all the biochemical tests. The bacterial isolates were
checked for their Gram status. The sugar fermenting capabilities of the bacterial isolates were determined by growing
the cultures in different sugars (glucose and lactose). The
isolates were tested for IMViC (indol, methyl red, Voges–
Proskauer, citrate). The positive and negative controls
were maintained for each test.

The mercury removal experimental set up was performed in a
250 ml Erlenmeyer ﬂask containing 50 ml of the nutrient
broth. Log phased bacterial culture (1 × 106 cells/ml) was
inoculated into the experimental ﬂask. The initial concentration of the mercury was set to 10 ppm, 25 ppm and
50 ppm in three different ﬂasks. The ﬂask without mercury
was labelled as the control. The experiment was carried out
by incubating the ﬂask at 37  C on a shaker condition of
120 rpm. Nutrient broth containing mercury was maintained
as a negative control ﬂask. The nutrient broth was further analysed for determining mercury removal from the medium. The

Sequencing of the 16S rDNA

growth of bacterial isolate and mercury removal from the nutrient broth were studied at different time intervals. Growth was

The

bacterial

isolate

to

determined by observing the OD600 of the culture medium.

mercury was selected and identiﬁed using a molecular

Mercury removal was determined by withdrawing aliquots of

technique by amplifying 16S rDNA. The genomic DNA

samples from the ﬂask (culture with mercury) at various time

was extracted using HiPurTMBacteria genomic DNA

intervals. The bacterial biomass was separated by centrifuging

Puriﬁcation

ampliﬁcation

the culture medium at 8,000 rpm for 10 mins. The supernatant

reaction was conducted using universal primers 347F-

was transferred to fresh tubes and stored at 0  C for Hg quanti-

Kit

showing

(Himedia)

0

high

and

the

resistance

0

5 GGAGGCAGCAGTAAGGAAT-3 and reverse primer
0

0

ﬁcation. Mercury present in the supernatant of the culture

803R-5 CTACCGGGGTATCTAATCC-3 (Wu et al. ).

medium was quantiﬁed using cold vapour atomic absorption

A polymerase chain reaction (PCR) was carried out in

spectroscopy (ContrAA 300, Analytikjena) at the Analytical

50 μl of volume containing 25 μl ready-to-use Master Mix

Chemistry Division, BARC (Mumbai).

containing Taq DNA polymerase, dNTPs, MgCl2 and 1 μl
of 20 pmol/μl of each forward and reverse primer and
15 ng of template DNA. The ﬁnal volume of PCR reaction

RESULTS

mixture was made up to 50 μl using sterile DNAase free
water. The PCR programme was used as an initial dena

turation at 94 C for 5 mins, followed by 30 cycles of

Total heterotrophic bacteria (THB) and mercury
resistant bacteria (MRB) enumeration

denaturation at 94  C for 30 seconds, primer annealing at
50  C for 35 seconds, extension at 72  C for 45 seconds


Table 1 shows the THB and MRB populations of the water

and a ﬁnal extension at 72 C for 10 mins. The PCR was

sample from the Mithi River. The MRB of the water sample

carried out in the Veriti Thermal Cycler. The sequence of

was determined at different concentrations of mercury.

the PCR ampliﬁed 16S rDNA was obtained from the

The microbial load of the Mithi River water sample was

Scigenom Laboratory, Cochin.

3.7 × 106 CFU/ml. The MRB population at 50, 100 and
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Total heterotrophic bacteria and mercury resistant bacteria present in Mithi
River water

Sr. no.

Hg (ppm)

CFU/ml

% MRB

THB

Without Hg

3.7 × 106

–

MRB

50
100
150

2.8 × 106
9.1 × 105
5.8 × 104

75.67
24.59
1.56

150 ppm of mercury was 2.8 × 106, 9.1 × 105 and 5.8 × 104 CFU/
ml respectively. The percentage MRB population is also calculated as shown in Table 1.
Figure 2

|

Optical density of the WHg3a isolate at different salt concentrations at 600 nm.

Determination of minimum inhibitory concentration
(MIC)
Biochemical tests and sequencing of the 16S rDNA
Five bacterial isolates were selected for further studies.
Figure 1 shows the MIC for the bacterial isolates. The OD

Table 2 shows biochemical characteristics of the bacterial

of the bacterial isolates at different concentrations of Hg

isolate. The partial sequence of the 16S rDNA gene of the

was measured to determine the growth of the isolates in the

bacterial isolate WHg3a was checked for its sequence simi-

presence of mercury. Bacterial isolate WHg3a could grow

larity in GenBank using BLAST. The bacterial isolate was

at 500 ppm of mercury and was selected for further study.

identiﬁed as Bacillus thuringiensis strain RGN1.2.

Effect of salinity on the growth of isolate
The bacterial isolate was grown at different salt concentrations (Figure 2). The salinity tolerance experiment
was carried out in triplicate. The growth at different
salinities was compared to the positive control. The selected
isolate could grow in salinities up to 35 ppt without any
major effect on its growth.

GenBank accession number and phylogenetic analysis
The partial sequence of the 16S rDNA gene of bacterial isolate WHg3a isolate was submitted to NCBI GenBank and
assigned the accession number KX832953.1. The phylogenetic tree was prepared in the CLUSTALW program by
the neighbour-joining method. The tree has 15 nodes
(Figure 3).

Determination of mercury removal potential of the
isolate by AAS
Bacterial isolate WHg3a could remove the maximum mercury on the second day of growth which is at the end of
the exponential phase and where bacteria just enter the
stationary phase of growth. It could remove 94.87% of the
mercury within a period of 6 hours at 10 ppm initial mercury
concentration. The appropriate controls conﬁrmed that the
bacteria was responsible for the removal of mercury from
Figure 1

|

MIC (ppm) of mercury for the isolated bacteria.
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that the increased concentration of mercury in the medium
has increased the time of the lag phase (Table 3). The isolate

Morphological test

could remove 96.72% of mercury at 10 ppm of mercury,
Circular

90.67% of mercury at 25 ppm of mercury and 90.10% at

Colour

Creamish

50 ppm of mercury (Figure 5).

Margin

Even

Opacity

Translucent

Elevation

Slightly elevated

Consistency

Mucoid

Gram staining

Gram þve rods

Motility

Non motile

cury. The concentration of mercury in the Mithi River was

Size

2.5 mm

reported to be 32.06 ppm by Singare et al. () which is

Shape

Biochemical test

DISCUSSION
The Mithi River is polluted with high concentrations of mer-

higher than the permissible limit as per the standards of

D-Glucose:

Acid production

þ

Gas production



Lactose:
Acid production



Gas production



Indole Test



MR Test



VP Test



Catalase Test



Citrate Test

þ

the Water Quality Assessment Authority, Government of
India (Drinking Water Standards ). In these standards,
the permissible limit of mercury in drinking water is
0.05 ppm and in industrial efﬂuent the permissible limit is
0.1 ppm. The total bacterial count of the Mithi River water
sample as determined in the present study was 3.7 × 106
CFU/ml. This is similar to the bacterial load of other polluted
rivers reported in previous studies (Mirzaei et al. ;
Nagarsekar & Kakde ). However the percentage of mercury resistance bacterial (MRB) population in the Mithi River
is quite high as compared to previous reports. The MRB
population of the Mithi River that could tolerate 50 ppm of
mercury as determined in the current study was 75.67%.

the ﬂask without any bacteria (negative control). The growth

A higher percentage of the bacteria population showing

of the isolate at varying concentrations of mercury at differ-

resistance to mercury may be attributed to the environmental

ent time intervals is presented in Figure 4(a)–(c). A sharp

stress generated by the mercury present in the river. Increas-

increase in the growth of the bacteria is positively correlated

ing metal contamination present in the environment leads to

with the mercury removal. The growth of the bacteria was

the development of plasmid mediated resistance in microbes

assessed by observing the growth at OD600 which conﬁrmed

(Sandaa et al. ; Chihomvu et al. ).

Figure 3

|

Phylogenetic tree of the mercury resistant isolate prepared using the neighbour-joining method.
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The growth and mercury removed by bacteria at (a) 10 ppm of mercury, (b) 20 ppm of mercury and (c) 50 ppm of mercury.

Growth of the isolate in the presence and absence of mercury during mercury
removal

Hg conc.

OD600

WHg3a

þve control 0.02

20 mins

6 hrs

1

2

3

4

day

days

days

days

0.21 0.49 0.3

0.3

0.28

0.09 0.49 0.33

0.32

0.29

10 ppm Hg Test

0.01

25 ppm Hg Test

0.02

0.02 0.42 0.42

0.42

0.4

50 ppm Hg Test

0

0

0.5

0.49

0.3

0.52

Mercury tolerances of various bacteria such as Pseudomonas putida, Escherichia coli strains and Sphingomonas
were found to be 180.53 ppm, 55 ppm and 48.48 ppm as
reported in earlier studies (Zeyaullah et al. ; Giovanella et al. ; Mahbub et al. ). The B. thuringiensis

Figure 5

|

Percentage removal of mercury by WHg3a isolate at varying concentrations of
mercury.

strain RGN1.2 isolated from the Mithi River in the current
study, could tolerate 500 ppm of mercury, which is very

could be one of the factors responsible for tolerance of

high as compared to previous studies. Long term exposure

high mercury concentrations of bacterial isolates from the

to high mercury concentrations present in the Mithi River

Mithi River.
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The salinity of the medium in which bacteria grow plays

from the Mithi River in the current study may be using

an important role in the survival and metabolism of bacteria.

one of the above mechanisms for the removal of mercury.

The difference in salt concentrations of the surrounding

The isolated bacterium can be further studied for its mech-

environment and the cytoplasm of bacteria exerts an osmo-

anism of mercury removal, which can help in increasing

tic pressure on the bacterial cell wall. The cell membrane of

the efﬁciency of the bacterium. Bacteria isolated from the

the bacteria is disrupted when this osmotic pressure is high.

Mithi River can be used for the remediation of mercury

The change in salinity also affects the functioning of various

from the Mithi River and other mercury contaminated sites.

enzymes present in bacteria (Díaz et al. ; Jiang et al.
). The salinity of the surrounding medium may affect
the bio-remediating capability of bacteria. The bacterial iso-

CONCLUSION

late identiﬁed in the present study could tolerate a wide
range of salt concentrations in the medium. It could grow

The Mithi River harbours the mercury resistant bacterium

in the presence of salt concentrations ranging from 5 ppt to

due to mercury contamination of the river water. The mer-

35 ppt. Earlier studies have also reported on the Bacillus

cury resistant bacterial strain was isolated from the Mithi

sp. which could tolerate high salt concentrations without

River. The bacterial isolate was identiﬁed as B. thuringiensis

much effect on the growth (Giri et al. ). The wide range

strain RGN1.2, which could tolerate high concentrations of

of salt tolerance of the bacterium identiﬁed in the current

mercury. It could remove mercury in a very short period.

study will help in bioremediation of mercury from various

The isolate could remove 94.87% of mercury within a

stretches of the Mithi River having different salinities.

short period of 6 hours and 96.72% of mercury in 48

Earlier studies on bioremediation suggest the versatile

hours at 10 ppm of mercury. Thus it can be concluded that

nature and application of Bacillus sp. in bioremediation of

the bacterial strain B. thuringiensis strain RGN1.2 isolated

various pollutants (Guo et al. ; Pandey et al. ).

from the Mithi River in the current study has potential for

Bacillus thuringiensis strain RGN1.2 isolated from the

bioremediation of mercury. Further the bioremediation efﬁ-

Mithi River in the current study could tolerate 500 ppm of

ciency of the isolate should be determined in the river water

mercury and was capable of removing 96.72% of mercury

conditions before applying it to actual remediation.

in 48 hours. Also it could remove 94.87% of mercury
within a short period of 6 hours. Earlier studies on bioremediation reported a Bacillus sp. which could remove 80% of
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