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mainly in the Gangetic regions of Bihar. Water becomes contaminated
due to Arsenic and use of pesticides. These all toxicants when get
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introduced in our food chain cause severe damage after accumulation
in our body. Thus, there is an urgent need to develop methods and
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approaches to combat damaging impact of such contaminants. In
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present study, Arsenic and Endosulfan resistant bacterial strains were
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isolated from water samples of four different regions of Bihar viz,
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Vidupur, Rahimpur, Daudnagar and Chechar. Total 10 bacterial strains
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having distinct morphological characteristics were isolated from water
samples. All the strains were grown on different Arsenic and Endosulfan concentrations. pH
was Optimized for proper bacterial growth and IC50 for Sodium arsenate was determined.
Minimal Inhibition Concentration (MIC) of isolates for Endosulfan was also measured which
varied widely for different strains. Out of total 10 strains, 7 strains were selected for further
studies on the basis of their growth pattern. Gram staining and Antibiotic sensitivity test were
performed. An optimum combined concentration of Arsenic and Endosulfan (1mg/ml
Arsenic + 0.75 mg/ml Endosulfan) was determined for the preparation of a consortium of
selected isolates. Genomic DNA was isolated from selected strains and 16S r RNA gene
amplification was done for their identification by sanger sequencing using 27F-1492R
primers. The consortium thus obtained on a large scale in wet land might prove to be very
useful for bioremediation of Arsenic from wet land and pond.
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INTRODUCTION
Environmental pollutants have become one of the most serious global concerns but the cases
are high in the emerging countries due to poor facilities in education, research and
technology.[1] Arsenic (As) is a naturally occurring toxicant present ubiquitously in
environment. It exits in both organic and inorganic forms and four different oxidation states
(+5, +3, 0 and -3).[2]
Among pollutants, prevalence of the metalloid As is very high in almost all districts adjacent
to River Ganga.[3] There is high usage of pesticides in the Gangetic zone of Bihar because of
heavy agricultural inclination since the soil near river Ganga is good for crop production.[4]
There are also increased incidences of groundwater As contamination since its first report
from West Bengal and Bangladesh. Bihar is also witnessing increased level of As
contamination in recent years.[5]
Arsenic is a well-known carcinogen that can cause cancer of skin, liver, lungs, bladder and
kidney on prolonged intake.[6] Microbes have developed a great potential of stress tolerance
and have developed mechanisms that can naturally transform arsenic into its less toxic form
via redox processes. They have developed various strategies like arsenic oxidation,
cytoplasmic arsenate reduction, and arsenite methylation for its transformation.[2,7,8]
Endosulfan

(ES,

6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9ahexahydro-6,9-methano-2,4,3

benzodioxathiepine-3-oxide, commercial names: Thiodan, Cyclodan, Parrysulfon), a
cyclodiene organochlorine is an insecticide used in agricultural fields and has been found in
river waters.[9] Endosulfan is banned in 60 nations while its production by public sector and
continuous usage still persists in India. It easily reaches water bodies and food chain.[10] Even
though it has a very low half live, its prolonged intake damages many vital organs.[11]
Microorganisms also play a significant role in metabolism of organochlorine pesticides.[12]
Several microorganisms capable of degrading ES and some of its isomers have been
reported.[13,14] Most of the biodegradations occur at the sulfur moiety with no reports of
dechlorination at the hexachloro portion of the structure.[15,16,17] Microbes can be used as
efficient tools for bioremediation of contaminated water bodies and help in maintaining a
better ecosystem.
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MATERIALS AND METHODS
Study area
Four villages of three districts of Bihar were selected for present investigation. The study area
covers Khagaria (N 25° 30' 40.1472" latitude E 86° 28' 36.8688" longitude), Saran
(25° 51' 21.492" latitude, 84° 51' 24.4548" longitude) and Vaishali (25° 41' 1.7556" latitude,
E 85° 21' 17.874" longitude).
Sample collection
Water samples were collected from four different places of proposed study area, namely
Vidhupur

(S1-

N25° 38' 42.6552,

E85° 20' 0.96"),

Rahimpur

(SN25° 27' 9.2052",

E86° 29' 14.0424"), Daudnagar (S3-N 25° 55' 18.9228", E 84° 36' 7.6248") and Chechar (S4N25°37' 3.6048",E 85° 21' 50.418"). The samples were filtered using Whatman’s filter paper
and stored in reagent bottles at 4°C.
Isolation and pure culture of bacterial strains
20 µl of each water sample was spread on nutrient agar plate containing 100 µg /ml sodium
arsenate (Na3AsO4)[18]. Plates were kept for incubation at 37°Cfor 24 hours. Morphological
characteristics of colonies grown on plates were observed. Distinct colonies were picked and
streaked on nutrient agar plate to obtain pure culture.
pH Optimization
Bacterial growth was assessed at different pH (4, 7 and 9) in nutrient broth using 1M HEPES
buffer. 100µl of bacterial isolates was added to 5ml of nutrient broth and kept for incubation
at 37°C for 24 hours. Absorbance was measured at 600 nm.
Gram staining
Grams straining was performed following the standard protocol.[19] Briefly, smear of bacterial
strain was prepared and washed with crystal violet for 1 minute. After washing the slide with
decolourizer, safranin was added for 30 seconds. After further washing, slides were observed
under microscope. Micrographs were taken at a magnification of 10X.
Antibiotic Sensitivity Test
Growth of isolated bacterial samples was monitored in presence of different antibiotics.
Sensitivity of isolated bacterial strains towards five antibiotics viz kanamycin, neomycin,
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chloramphenicol, tetracycline, streptomycin was observed by allowing the culture to grow on
nutrient agar plates incubated at 37°C with above mentioned antibiotic discs for 24 hours.
Determination of optimum concentration of sodium arsenate
The concentration of Na3AsO4 taken for finding arsenic (As) tolerance in present study were
2 mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml and 10 mg/ml. Nutrient
agar plates were made with above mentioned concentrations of Na3AsO4 in nutrient agar.
The isolates were then streaked on the plates and growth was observed after incubation of 24
hours at 37°C.
Determination of IC50
IC50 was determined by broth micro dilution method. Cultures were grown with different
concentration of Na3AsO4 (48mM, 24mM, 12mM, 6mM, 3mM, 1.5mM, 0.75mM, 0.375mM,
0.187mM and 0.09mM) and growth was measured at 590 nm.
Determination of bacterial growth response towards Endosulfan
Different concentrations of endosulfan (Es) (1mg/ml, 1.5mg/ml, 2mg/ml, 4mg/ml, 6mg/ml,
8mg/ml) were dissolved in nutrient agar and solid plated were prepared. The isolates were
then streaked on the plates and incubated for 24 hours at 37°C. Minimum inhibitory
concentration (MIC) was marked as the concentration at which no microbial growth was
evident.
Consortium Preparation
To determine combined effect of As and Es, different concentration in combinations were
tested. The concentrations taken were 1mg/ml As + 0.25mg/ml Es, 1mg/ml As + 0.5mg/ml
Es, 1mg/ml As+ 0.75mg/ml Es, 2mg/ml As + 0.5mg/ml Es, 3mg/ml As+0.75mg/ml and solid
plates were prepared by dissolving Es and sodium arsenate together in nutrient agar. The
optimum concentration of the two additives was determined for the growth of bacterial
isolates, in order to check the tolerance capacity of isolated bacterial strain towards combined
effect of As and Es. The isolates were then streaked on plates and incubated for 24 hours at
37°C.
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IDENTIFICATION OF BACTERIA
DNA Isolation
Genomic DNA was isolated by using DNA isolation kit (QIAamp DNA mini kit) and
following manufacturer’s protocol.
16S rRNA Gene Amplification of Bacterial Strains
Isolated genomic DNA of the isolates was used as template for PCR amplification of 16S
rRNA gene. The 16S rRNA gene fragment was amplified by using 27F (5’AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-ACGGYTACCTTGTTACGACTT-3’)
primers. The reaction mixtures contained 1x PCR buffer (G-biosciences), 2.5 mM MgCl2, 0.2
mM dNTPs, 1 mM each primer, 2 µl DNA templates, 1 unit Taq DNA polymerase (Gbiosciences) and molecular grade water to a final volume of 50 µl. The PCR was performed
with an initial denaturation at 96 °C for 5 min. followed by 30 cycles of denaturation (94 °C,
1 min), annealing (56 °C, 1 min), extension (72 °C, 10 min), and the final extension at 72 °C
for 7 min and storing was done at 4 °C. PCR products were separated on 1.5% agarose gel.
DNA sequencing and phylogenetical analysis
PCR products were further subjected to Sanger sequencing and phylogenetic analysis was
carried out by using MEGA X software[20] to explore the evolutionary relationship between
bacterial strain. The evolutionary history was inferred by using the Maximum Likelihood
method and Tamura-Nei model.[21] The tree with the highest log likelihood was considered.
Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join
and BioNJ algorithms to a matrix of pairwise distances estimated using the Tamura-Nei
model, and then selecting the topology with superior log likelihood value. The proportion of
sites where at least 1 unambiguous base is present in at least 1 sequence for each descendent
clade is shown next to each internal node in the tree. This analysis involved 5 nucleotide
sequences.
RESULTS
Isolation of pure bacterial strain
Water samples were collected from four different regions of Bihar. Filtered water samples
were then spread on nutrient agar plates containing As (As) at a concentration of 100µg/ml
As and incubated for 24 hours at 37°C (Fig 1). From these samples a total of 10
morphologically distinct colonies were identified. Out of 10 colonies, 5 were medium sized
while 3 were small and 2 pinpointed, all of which showed raised elevation (Table 1). These
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circular colonies possessed off-white, yellow and orange pigmentations. Distinct colonies
were picked and streaked on NA plates and again incubated at 37°C thus getting pure culture
of strains abbreviated as S1A, S1B, S2A, S2B, S2C, S2D, S3A, S3B, S4A and S4B.

Fig 1: Bacterial colonies isolated from different study area.
Table 1: Colony characteristics of identified strains.
Strains
SIA
S1B
S2A
S2B
S2C
S2D
S3A
S3B
S4A
S4B

Size
Medium
Medium
Medium
Small
Medium
Small
Medium
Pinpoint
Small
Pinpoint

Elevation
Raised
Raised
Raised
Raised
Raised
Raised
Raised
Raised
Raised
Raised

Margin
Entire
Entire
Entire
Entire
Entire
Entire
Entire
Entire
Wavy
Entire

Form
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular

Pigmentation
Yellow
Off white
Off white
Yellow
Off white
Orange
Off white
Yellow
Off white
Off white

Bacterial growth was observed at all pH (pH 4, 7 and 9). However, optimum pH for
maximum growth was observed to be pH 7 as compared to acidic and basic pH for all the
strains except strain S3A and S4A. S3A and S4A showed better growth at basic pH than at
neutral and acidic pH (Fig 2).
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Fig. 2: Growth of isolated strains at different pH.
Gram Staining
Among the 10 isolates 9 were gram negative evident by their red colour. Strain S3A was
found to be gram positive (blue) as it retained the crystal violet stain (Fig 3).

Fig. 3: Micrographs of isolated strains after gram staining (magnification- 10X).
Antibiotic sensitivity
All the isolates were sensitive to neomycin exhibiting a zone of inhibition (ZOI) greater than
18 mm. Tetracycline susceptibility was also observed in all the strains with a ZOI >17 mm
except for S4B. With a ZOI >18, strains S1A, S1B, S2A S2C, and S3A were found
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susceptible to chloramphenicol, however, S2D showed intermediate sensitivity to
chloramphenicol with ZOI of 16.14. Strain S4B alone showed complete resistance to both
tetracycline and chloramphenicol. Out of 7 only three strains i.e. S1B, S2A and S2D were
susceptible to streptomycin that inhibited bacterial growth within a ZOI >16. Strains S1A,
S3A and S4B showed intermediate sensitivity to streptomycin with ZOI >12. S2C strain was
however resistant to streptomycin with ZOI of 10.5. Kanamycin least affected bacterial
growth out of all the antibiotics tested, as 5 (S1A, S1B, S2A, S2C and S2D) among 7 isolates
were completely resistant to kanamycin while other two were only intermediately sensitive to
kanamycin exhibiting a ZOI > 14 (Fig 4; Table 2).

Fig. 4: Plates showing zone of inhibition formed in antibiotic susceptibility test
(Antibiotic abbreviations: K- kanamycin, C- Chloramphenicol, N- Neomycin, SStreptomycin, T-Tetracycline).
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Table 2: Measurement of zone of inhibition observed in antibiotic susceptibility test with inferences of resistance by different strains.
Chloramphenicol
Kanamycin
Zone of
Zone of
Strain
Inhibition Sensitivity
Inhibition Sensitivity
(mm)
(mm)
23.06±1.1 Susceptible
8.83±0.86 Resistant
S1A
8.79±0.66 Resistant
S1B 23.77±0.23 Susceptible
0.00
Resistant
S2A 21.68±0.76 Susceptible
0.00
Resistant
S2C 18.27±0.21 Susceptible
0.00
Resistant
S2D 16.14±0.24 Intermediate
23.31±0.36
Susceptible
14.19±28
Intermediate
S3A
0.00
Resistant
15.02±0.78 Intermediate
S4B
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Neomycin
Zone of
Inhibition Sensitivity
(mm)
20.21±0.70 Susceptible
20.16±0.28 Susceptible
22.97±0.45 Susceptible
21.68±0.48 Susceptible
21.31±1.91 Susceptible
18.73±0.56 Susceptible
20.02±1.4 Susceptible
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Tetracycline
Zone of
Inhibition Sensitivity
(mm)
22.93±0.11 Susceptible
23.32±1.77 Susceptible
25.89±0.66 Susceptible
22.59±0.62 Susceptible
21.57±0.20 Susceptible
17.44±1.19 Susceptible
0.00
Resistant

Streptomycin
Zone of
Inhibition Sensitivity
(mm)
12.23±1.30 Intermediate
18.45±0.32 Susceptible
18.43±0.79 Susceptible
10.50±1.6 Resistant
16.48±0.50 Susceptible
12.73±0.43 Intermediate
13.7±0.24 Intermediate
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Determination of optimum concentration of Arsenic for consortium preparation & IC50
Turbidimetric analysis revealed that a concentration of 3mM As restricted 50% growth of
most of the strains (S1A, S1B, S2A, S2A, S2D and S4A) (Fig 5, Table 3). However, for S2C
and S4B growth inhibition of 50% as compared to control was achieved at lower
concentration i.e. 1.5mM of As (Fig 6).

Fig. 5: Growth of isolated strains at varying concentrations of As.
Table 3: Growth of isolated strains under As treatment.
STRAIN
S1A
S1B
S2A
S2B
S2C
S2D
S3A
S3B
S4A
S4B
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Fig. 6: IC50 of As for isolated strains.
Optimum concentration of As for bacterial growth was determined by streaking pure culture
of isolated strains in plates with varying concentration of Na3AsO4. Among all isolates
growth of strain S3A was not observed even at lowest concentration of Na3AsO4 taken (2
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mg/ml). Growth was inhibited in strain S1A and S2B at and above 6 mg/ml of Na3AsO4.
Inhibition in growth of strain S2C was observed at and above 8 mg/ml of Na3AsO4. All the
remaining strains namely S1B, S2A, S2D, S3A, S4A and S4B were observed to grow up to
highest concentration of Na3AsO4 i.e.10 mg/ml.
Determination of minimum inhibitory concentration (MIC) of Endosulfan
EsMIC of isolates for Es were determined by plate method. Growth was clearly observed in
all strain at 1mg/ml of Es except S2B and S3B. Strain S2A and S2D were unable to grow at
and above 1.5 mg/ml of Es. Further, strain S3A and S4A showed better resistance and growth
of these strains were observed up to a concentration of 2 mg/ml of Es. Strain S1B were
observed to grow at even higher concentration (4 mg/ml) of Es. Among all the strains best Es
resistance was observed in strain S1A, S2C and S4B that were observed to grow up to 6
mg/ml of Es. None among the ten isolates survived at highest i.e. 8 mg/ml of Es taken (Fig 7;
Table 4). Thus MIC recorded was 8 mg/ml for S1A, S2C, and S4B; 6mg/ml for S1B; 4
mg/ml for S3A and S4A; 1.5 mg/ml for S2A and S2D and 1 mg/ml for S2B and S3B.

Fig. 7: Growth of isolated strains at varying concentrations of Es.
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Table 4: Growth of isolated strains under Es treatment.
Strain
S1A
S1B
S2A
S2C
S2D
S3A
S4B

Arsenic (mg/ml) +Endosulfan (mg/ml) Concentration
1+0.25
1+0.5
1+0.75
2+0.5
3+0.75
+
+
+
+
+
+
+
-

Preparation of As and Es tolerant Consortium
Isolates tolerant to combined treatment of As and Es were identified. For this purpose, strains
S1A, S1B, S2A, S2C, S2D, S3A and S4B were treated with combined concentration of As
and Es since these isolates can tolerate both As and Es individually. All the tested strains
showed considerable growth only at the combined concentration of 1mg/ml of As with 0.25
mg/ml of Es. At all the other combinations of As and Es taken no growth was observed in
any of the strains (Table 5, Fig 8).
Table 5: Growth of isolated strains under combined As and Es treatment.
Strain
S1A
S1B
S2A
S2B
S2C
S2D
S3A
S3B
S4A
S4B
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Endosulfan Concentration (mg/ml)
1
1.5
2
4
6
8
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-
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Fig 8: Growth of selected strains under combined As and Es treatment (A- 3mg/ml As +
0.75 mg/ml Es; B- 2mg/ml As +0.5mg/ml Es; C- 1mg/ml As +0.5mg/ml Es; D- 1mg/ml As
+0.75mg/ml Es; E- 1mg/ml As +0.25mg/ml Es).
Genomic DNA isolation and 16S rRNA gene amplification
Genomic DNA isolation of isolates S1A, S1B, S2A, S2C, S2D, S3A and S4B was done.
Prominent bands were observed in all the samples (Fig 9A).The 16S rRNA genes of both the
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strains were PCR amplified with 27F-1492R primers and found to provide PCR product of
1500 bp (Fig 9B).

Fig. 9: A) Genomic DNA of isolated strains B) PCR amplification of 16S rRNA gene of
selected strains (L- ladder).
Phylogenetic analysis
Analysis of Phylogenetic tree validated the 16s RNA sequence of bacterial strains that varies
about 5-10% with sequence query. Phylogenetic analysis generated two clusters identifying
closely related bacterial strain. The phylogenetic tree was constructed using high quality
statistical approach bootstrap method and value of clusters inferred was higher than 96%.
Analysis of sequence revealed that the isolated strains were of genus Bacillus belonging to
different species. Phylogenetic tree based on complete 16s RNS sequences (Fig 9C) validated
that the Bacillus paramycoides is closely related with Bacillus cereus D as compare to others
sequences used for the analysis with bootstrap confidence values.

Fig. 9: C) Phylogenetic tree based on 16S rRNA gene sequences, showing the
relationship between selected strains.

www.wjpr.net

│

Vol 9, Issue 14, 2020.

│

ISO 9001:2015 Certified Journal

│

708

Nath et al.

World Journal of Pharmaceutical Research

DISCUSSION
A wide range of prokaryotes are found in different habitats which are phylogenetically
diverse and are capable of transforming more toxic form of arsenic As(III) into less harmful
form As(V).[22,23,24] Parallel works for the biodegradation of endosulfan have also been
reported with the help of bacterium capable of degrading it.[25][26] Such microbes can be
utilized for bioremediation of polluted water bodies. In present study attempt has been made
to develop a bacterial consortium capable of resisting both arsenic and endosulfan for
projected use and verification in bioremediation.
Microorganisms are known to resist biotic and abiotic stresses. Under stressful circumstances
such as increasing heavy metal concentration resistance has been observed.[27,28] In present
study, bacterial strains have been isolated from water samples of different study area with
high concentration of arsenic and endosulfan. Five bacterial strains possessing resistance
against both arsenic and endosulfan with varying range of tolerance were isolated and
characterized. In bacteria, arsenic resistance has been conferred to be associated with ars
operon or an energy dependent membrane efflux while endosulfan resistance is acquired
through its degradation to non-toxic forms which might be the case with bacterial isolates in
present investigation.[29,30,31]
Various class of antibiotics possesses anti-bacterial activity; however, certain bacteria might
have mechanism and genes to resist against these antibiotics.[32,33] Strains isolated here
showed varying degree of sensitivity to different antibiotics. Intermediate and high resistance
toward some of the antibiotics in isolated strains might be attributed to enrichment of
antibiotic resistance gene because of arsenic shock as observed by Zhang et al.[34]
Isolated bacterial strains were identified as gram-positive Bacillus cereus and Bacillus
paramycoides based on the phylogenetic analysis of sequences generated from 16S rRNA
sequencing. However, gram staining earlier suggested these strains as gram negative strains
except for one strain (S3A). This occurred because culture of Bacillus sp. is known to show
cell wall modification in older cultures becoming gram-negative.[35] Bacillus cereus A (S1A),
Bacillus cereus B (S1B), Bacillus cereus C (S2A), Bacillus paramycoides (S2C), Bacillus
cereus D (S2D) were highly resistance against arsenic and endosulfan. Such resistance can be
attributed to known ability of Bacillus sp. to reduce and oxidize arsenate to arsenite with the
help of enzymes like arsenic reductase and arsenic oxidase.[26] These thick-walled bacteria
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are known to resist and grow with endosulfan by degrading it to less toxic endosulfan diol,
lactone or ether, thus, confirming our analysis.[31]
For bacterial culture, pH is an important condition to maintain proper growth. Growth of
isolated strains at neutral pH was in accordance with similar work by Satyapal et al.[2] Low
growth of isolated strains at pH 4 might be due to alteration in metabolic redox processes and
respiration kinetics.[36]
Inhibition of bacterial growth is known to be dose dependent for arsenic. Taran et al.[37]
observed that the maximum tolerance for arsenic by bacterial species ranges between 90 -225
μg/mL. The IC50 of isolates in present study was also achieved at low arsenic concentration.
However, growth pattern of isolates changed with increasing arsenic concentration.
Resistance up to certain concentration of arsenic can be attributed to presence of aox operon
in these isolates which causes detoxification of arsenic.[38] It has been reported that bacteria
can tolerate up to 800 µg/ml of endosulfan.[39] But, in present study, some isolates show
tolerance range up to as high as 6 mg/ml. Such tolerance can be attributed to the presence of
detoxifying mechanism similar to Mycobacterium (ESD) strain and Pseudomonas species
KS-29. The strain of Mycobacterium (ESD) degrades the endosulfan in order to access the
sulphur as a nutrient source.[40] Mycobacterium strain possess esd gene encoding a
monooxygenase enzyme capable of degrading both α- and β-ES with specificity towards βisomer which might be the case here.[41] Also, Bacillus can sometimes utilize endosulfan as
sulphur source for growth.[42] However, further analysis is required to confirm the presence of
arsenic or endosulfan resistance genes and enzymes in isolated strains.
Microbial consortium having potential of degrading specific pollutant can be used in
bioremediation.[43] In present investigation, different strains presented varying degree of
tolerance towards tested compounds. Thus, a combination of As and Es was tested for
consortium preparation using strains that showed tolerance at individual levels. Co-tolerance
against arsenic and endosulfan suggests co-activation of individual mechanisms of arsenic
and endosulfan resistance. This consortium could be used for decontamination of water
bodies, polluted with arsenic and endosulfan after some necessary field trials.
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