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I. Introduction 

Increasing human activities have modified the global cycle of arsenic; it is now ranked first in a list of 20 

hazardous substances by the Agency for Toxic Substances and Disease Registry and Environmental Protection 

Agency [1]. The contamination of groundwater by sediment-derived arsenic in the alluvial aquifer of the Bengal 

Delta Plain threatens millions of its inhabitants. Nine districts (Malda, Murshidabad, Nadia, North-24-Parganas, 

South-24-Parganas, Bardhaman, Howrah, Hoogly and Kolkata) are the most severely affected ones where > 300 

µg/L arsenic concentrations are found [2]. Such contamination of ground water in these agricultural sites with 

arsenic can probably have distinct effects on the groundwater microbial populations. However, little is known of 

the microorganism diversity at these sites.  

Arsenic compounds are highly toxic for most microorganisms, yet certain microorganisms have evolved a 

variety of mechanisms to cope with toxicity of arsenic. Diverse microbial flora that is resistant to arsenic, like 

Planococcus bengal [3], Deinococcus indicus, Bacillus indicus [4], Pseudomonas fluorescens [5], Bacillus 

subtilis [6], Thermus aquaticus and Thermus thermophilus [7], Yersinia enterocolitica and Yersinia intermedia 

[8], Streptomyces noursei [9] and Desulfitobacterium sp. [10] has already been reported from various habitats. 

Microorganisms inhabiting these arsenic-polluted environments develop metal resistance mechanisms including 

minimizing the amount of arsenic that enters the cell [11]; transformation of arsenic species through oxidation 

[12], and reduction [6], achieve anaerobic growth using arsenate as a respiratory electron acceptor for the 

oxidation of organic substrates and also by conferring arsenic resistance through specific pumps that extrude 

arsenite (AsIII). The efflux pump generally consists of a membrane anion channel (arsB) that pumps arsenite 

following conversion of arsenate (AsV) to arsenite by a soluble reductase (arsC) [13]. However, the microbial 

diversity, biological mechanisms and the genetic contributions underlying the survival of bacteria under extreme 

arsenic concentrations in the Bengal Delta plain remain largely uncharacterized. Hence, the objective of this 

study was to enumerate, isolate and identify arsenic-resistant microorganisms from the arsenic-contaminated 

ground water of West Bengal; investigate their modes of resistance and to assess their tolerance to arsenic. In 
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the present study, we report the isolation and characterization of arsenic-resistance of a novel species of 

Exiguobacterium that was isolated from arsenic-contaminated bore-well water of West Bengal, India.  

II. Materials and Methods 

A. Isolation of strain. We collected water samples from bore wells of arsenic-contaminated regions of North 24 

Parganas, West Bengal, India and tested for presence of arsenic-resistant bacterium. The arsenic content of the 

sample was analyzed at School of Environmental Studies, Jadavpur University, Kolkata. Flow injection-hydride 

generation-atomic absorption spectrometry (FI-HG-AAS) was used for estimation of arsenic [14].  

B. Culture conditions and arsenic resistance. Presence of bacteria in water samples were observed by dilution 

plating technique on Luria-Bertani (LB) agar (1.0% tryptone, 0.5% yeast extract, 0.5% NaCl, pH 7.4, 1.5% 

Bactoagar, all w/v) (Difco, USA). After incubating the plates at 37 °C for 2 days, different colony morphotypes 

were visualized. LB agar without arsenic was primarily used for growth, maintenance and biochemical tests. 

The optimum pH and temperature for growth were 7.4 and 37°C respectively. To follow culture growth, 

samples grown in LB broth (without agar) and were measured with a Hitachi U-1100 spectrophotometer 

(Tokyo, Japan). For arsenic sensitivity of the colony, morphotypes cultures were grown in LB broth containing 

either sodium arsenate (Na2HAsO4) or arsenite (NaAsO2). Strains were grown at 37°C in LB broth containing 

either 500µM, 1.25mM, 2.5mM, 5mM, 10mM, 20mM, 30mM and 40mM Na2HAsO4 or NaAsO2.  

C. Morphology, motility and physiological tests. Scanning electron microscopy (SEM) was used to visualize 

bacteria. The bacteria were suspended in 100μl of 4% glutaraldehyde in 1, 4-piperazine diethanesulfonic acid 

buffer (0.1M; pH 7.3). The samples were rinsed in sodium cacodylate buffer (0.1M; pH 7.4) and vacuum 

filtered on 13mm, 0.45μm-pore-size membrane filters (Millipore). The moist samples were then post fixed on 

the filters with 1% osmium tetroxide in sodium cacodylate buffer. The samples went through serial ethanol 

dehydration (75 to 95%), followed by immersion in trichorotrifloroethane (Freon 113) and rapid air-drying. The 

bacteria were mounted on stubs, coated with gold palladium (15nm), and examined in SEM (JEOL, JSM-5200). 

For the various physiological tests listed in Table 1, the cultures were grown at 37°C in LB broth and tests were 

performed [15]. Gram reaction was determined using the HiMedia Gram Staining kit. In addition, the ability of 

the isolated strain to utilize carbon compound as sole carbon source was investigated by supplementing minimal 

medium [10.5g/l K2HPO4, 4.5g/l KH2PO4, 1g/l (NH4) 2 SO4, 15g/l agar] with 5g/l filter sterilized carbon 

compound. The sensitivity to various antibiotics was checked in LB. LB broth was also used to check the NaCl 

tolerance tests with 0-15% of NaCl. Bacterial protein of was measured by Bradford (BioRad, USA). 

D. DNA extraction and mol % G + C determination. DNA was isolated by the method of Sambrook et al [16]. 

Briefly, several colonies were picked from the agar plate and the biomass was re-suspended in 0.1mL TE buffer. 

The cells were pelleted and suspended in TE. TE buffer containing 3% (w/v) sodium dodecyl sulphate was 

added to the cells and mixed. The cell lysate was extracted with TE buffered phenol and chloroform. The 

aqueous phase was transferred and two volumes of ice-cold ethanol were added. The DNA was dissolved in 

sterile TE buffer. DNA preparations contained around 50-200ng DNA/mL. The mol% G+C content of the DNA 

was determined from melting point (Tm) curves obtained using a Hitachi Spectrophotometer (Hitachi, Japan) 

[17]. The equation of Schildkraut [18] was used to calculate the G+C content (mol %) of DNA. 

E. Fatty acid analysis. Cells were grown in LB broth at 37 °C to early stationary phase, harvested by 

centrifugation (7000g, 10 min) and washed with sterilized 0.1M phosphate buffer saline (pH6.8). Cellular fatty 

acid methyl esters were obtained using method described by Sato et al [19] and were analyzed as described by 

Reddy et al [20]. The peaks were identified by GLC-MS (Shimadzu, Japan) using DB-5 column (30mM x 

0.25mM x 0.25mM) and a temperature program of 160°C–2min– 3°C/min-220°C-15 min. 

F. Amplification and sequencing of 16S rRNA genes. The chromosomal DNA of the strain was isolated and 

DNA concentrations were quantified by UV spectrophotometry at 260nm (Hitachi, Japan). The bacterial 

16SrRNA gene was amplified with universal 16S rDNA primers, forward 5’-

CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCA-3’, and reverse 5’-

CCCGGGATCCAAGCTTACGGCTACCTTGTTACGACTT-3’ [21]. PCR conditions were 95°C for 3min, 

annealing 45°C, 1min and extension 72°C, 2min. The thermal profile for 35 cycles was 94°C-30 sec, 45°C-1min 

and 72°C-2min, final extension-72°C-5min. The purified PCR product was sequenced using an ABI PRISM 

model Avant 3700 automatic DNA sequencer and the Big Dye Terminator sequencing kit (Applied Biosystems, 

USA). 16SrRNA gene sequence accession number: The nucleotide sequence for this study has been deposited in 

EMBL Database and appears under accession number DQ375558. 

G. BLAST analysis and molecular phylogenetic tree. Sequence similarity with other type strains of the genus 

Exiguobacterium was assessed using BlastN with the 16S rRNA sequence of strain as query in the non-

redundant database of NCBI. From pairwise alignments, sequence identities were recorded for 16S rRNA 

sequence of the reported strains. Phylogenetic analysis was performed by MEGA version 3.0 [22]. For the 
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construction of phylogenetic tree 16S rRNA gene sequence was aligned by multiple sequence alignment using 

ClustalW 1.6 algorithm, with type strains of the genera, Exiguobacterium, and closely related Bacillus, 

Arthrobacter and Sporosarcina retrieved from GenBank. To have sequence similarities into evolutionary 

distances both Jukes-Cantor model, which is based on simple probabilistic approach, and Kimura 2-parameter 

model, were used, considering gamma correction with value of 0.25. To determine evolutionary position of the 

strain, phylogenetic trees were constructed using the Neighbor Joining and UPGMA method with 16S rRNA 

sequence of the strain along with species of closely related genera. For estimation of sampling error and to 

evaluate robustness of the trees, bootstrapping was performed with 1000 replicates & 70000 random seeds. To 

assess stability among clades of phylogenetic tree, the original tree was compared with consensus bootstrap tree. 

H. Detection of arsB and arsC genes. Primers used for amplification arsB were adopted from previous studies 

[23]; they are as follows: ArsBF 5’-ATGGCAACCGAAAGGTTTAG-3’ and ArsBR 5’-

GTTGGCATGTTGTTCATAAT-3’. The arsC, primers are as follows: ArsCF 5’-

AACAGTTGCCGCAGCATTCT-3’ and ArsCR 5’-ATGCGCTCCAGCTCACGCTT-3’. The PCR products 

were then sequenced. PCRs amplification consisted of one cycle at 94°C for 2min and 28 cycles at 94°C for 30s, 

55°C for 30s, 72°C for 1min, and a final cycle at 94°C for 1min, at 55°C for 1min, and at 72°C for 5min. The 

amplified sequences were verified by sequencing and blasts using NCBI Blast. 

I. Arsenate reductase enzyme assay. Bacterial cells were grown to stationary phase in LB supplemented with 

20mM of As(V), harvested by centrifugation, washed in reaction buffer (RB, 10mM Tris, with 1mM Na2EDTA 

& 1mM MgCl2), and finally resuspended in 15mL of RB. Cells were disrupted by sonication, and unbroken 

cells removed by centrifugation at 8000g. Arsenate reductase activity was measured by NADPH oxidation, 

which is coupled to reductase activity [23]. NADPH oxidation was initiated at 37°C by mixing 50µL of crude 

extract in 820µL of RB, 30µL of 10mM DTT, 50µL of 2mM As(V), and 50µL of 3mM NADPH. As(V) 

concentrations (10, 20 & 30 mM) were assayed. Measurement was recorded at 340nm, where 0.15mM NADPH 

has absorbance of approx. 1.0. Absorbance decreases as NADPH is oxidized coupled to As(V) reduction. 

J. Determination of arsenate and arsenite transformation. A flow injection-hydride generation-atomic 

absorption spectrometry was used for the estimation of arsenic. For evaluation of speciation of arsenic, 5% KI 

and HCl (35%) was added to diluted samples, incubated at RT for 45min for complete conversion of As(V) to 

As(III) state, and arsenic was estimated by AAS. An equal amount of unreacted solution was used to have the 

initial concentration of As(III). Estimate of As(V) present was obtained from the difference in arsenic content 

between the two samples. The experiment was performed in triplicate to record standard error of the mean. 

III. Results 

A. Morphology and physiological characterization. The analyzed strain was Gram-+, motile rod, varying in 

shape, size of rods being about 1.0-1.5µm in diameter x 0.8-3.0µm in length. Cells as observed under SEM 

occurred singly, in pairs or in groups (Figure 1a). The strain produced bright orange, convex and shiny colonies. 

The colonies were 2-3mM in diameter after 2 days at 37°C. Growth occurred at 4 to 41°C, with optimum 

temperature for growth being 37°C. Optimal pH was 7.4. The organism grows weakly at acidic pH. It grows in 

the presence of 1–5% (w/v) NaCl. The strain is positive for catalase, indole, oxidase and utilizes glycogen, 

cellobiose, D-ribose, acetic acid. All strains utilized following substrates: dextrin, d-fructose, α-d-glucose, 

maltose, maltotriose, d-mannose, sucrose, pyruvic acid, glycerol, adenosine, inosine, uridine. The following 

substrates were not used: inulin, l-arabinose, d-galacturonic acid, d-melibiose, methyl α-d-galactoside, methyl β-

d-galactoside, methyl α-d-glucoside, methyl α-d-mannoside, xylitol, α-hydroxy-butyric acid, β-hydroxybutyric 

acid, α-ketoglutaric acid, d- and l-malic acid, succinic acid, N-acetyl l-glutamic acid, l-asparagine and l-glutamic 

acid. Other physiological properties are listed in Table 1. The strain is sensitive to kanamycin; the minimum 

inhibitory concentrations are enclosed in brackets - (50µg/ml) and ampicillin (25µg/ml), gentamicin (30µg/ml), 

chloramphenicol (30µg/ml), tetracycline (30µg/ml) & streptomycin (25µg/ml).  

B. Arsenic resistance of the isolated strain. The strain was isolated from water of an arsenic-contaminated bore 

well in West Bengal, India. When analyzed by AAS the arsenic content of the water was approximately 

210µg/lit which is high compared to the World Health Organization (WHO) recommended permissible value of 

arsenic in drinking water of 10µg/l [24]. To check resistance to arsenic, the bacterium was grown in stable, high 

arsenic concentrations and also in gradually increasing concentrations of both arsenate and arsenite (Figure 1b & 

c). There was a marked increase in growth of the bacterium in arsenate-supplemented medium (30mM) (Figure 

1b). The bacterium grew in the presence of high concentrations of arsenite (20mM) but no significant growth  

 
Table 1 Phenotypic properties of type strains of Exiguobacterium species and the novel isolate. 

 Characteristics 
Novel 

Strain 
E. aurantiacum E. mexicanum E. aestuari E. acetylicum E. undae E. antarcticum 

E. 

oxidotolerans 
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JCM 

13946T 
DSM 6208Ta DSM 16483T b 

DSM 

16306Tc 
DSM 20416Ta 

DSM 

14481Ta 
DSM 14480Ta DSM 17272Td 

Oxidase + − + − + + + + 

Utilization of:         

α-Cyclodextrin + − + + − − − + 

β-Cyclodextrin + − + + − − − + 

Glycogen + − + + + + + + 

Cellobiose + − − − + + + + 

D-Galactose − − − − − + + + 

D-Mannitol − − − + + + − + 

D-Raffinose _ − − + − + + + 

D-Ribose + − + + − + + + 

D-Xylose + − + − − − − − 

Acetic acid + − + + W + + + 

L-Lactic acid + − + − − − − − 

Methylpyruvate + + + + − − − + 

Methylsuccinate − − − − − W W − 

Propionic acid + − + + − − W + 

D-Alanine − − − − − − − − 

L-Alanine − − − − + W W − 

L-Serine − − − − W − W − 

2,3-Butaneidol − − − + − W + − 

Thymidine + + + + + + + + 

Adenosine 5′-

monophosphate 

− 
− − − − − + − 

Thymidine 5′-

monophosphate 

− 
− − − − W + − 

Uridine 5′-
monophosphate 

− 
− − − − − + − 

Fructose 6-phosphate − − − − + − − − 

Glucose 1-phosphate − − − − + − − − 

Glucose 6-phosphate − − − − + − − − 

Tween 40 − − − − − − − − 

Tween 80 − − − − − − − − 

Characteristics are scored as: −, negative; +, positive; W, weak.a [29], b [30], c [31], d [32], [33]  

 

 

Table 2 Arsenic resistance as observed in different bacterial strains. 

Bacterial Strains Resistance to  

arsenate (mM)  

Resistance to  

arsenite (mM) 

http://www.sciencedirect.com/#tblfn3a
http://www.sciencedirect.com/#tblfn3a
http://www.sciencedirect.com/#tblfn3a
http://www.sciencedirect.com/#tblfn3a
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Bacillus arsenicus (JCM 12167T) a 20.0  0.5  

Bacillus indicus (DSM 15820T)b 20.0  3.0  

Bacillus subtilis (NCDO 1769T)c 4.0  0.5 

Identified Strain  30.0 20.0 

a, [34];b, [4];c, [6];  

 

Figure 1a A scanning electron micrographic picture of the bacterium resembling rod like structure as evident at x 7,500 magnification. A 

representative figure is presented. Figure 1b Growth of the novel isolate in arsenite (20mM) and arsenate (30mM) medium when compared 

to untreated control with increasing time in the “X” axis. A spur in growth rate (OD600) at arsenate-supplemented medium is evident from 

the figure. Data are mean from three independent experiments. Figure 1c Growth of the isolate at increasing arsenite and arsenate 

concentrations (0-100mM). Cells harvested 24 h after inoculation. Data are mean from three independent experiments. Figure 1d Cellular 

protein yield for the isolate at arsenite (20mM) and arsenate (30mM); comparison drawn with “no arsenic control”. Cells were harvested and 

protein content measured, 24 h after inoculation. The symbol * denote statistically significant values compared to “no arsenic control”. 

increase was however observed. Table 2 summarizes a comparative analysis of arsenic resistance of the newly 

identified strain with some other arsenic-resistant bacteria. The biomass of the bacterium growing under 

increasing arsenate concentrations was also found to be increased as evident from a boost in total protein (Figure 

1d). To further demonstrate the isolated strain gained metabolic energy from arsenate, total cellular protein was 

determined. The total cell yield was approximately twofold higher in the presence of 30mM arsenate when 

compared to no arsenic control after 24h of incubation. 

C. Cellular fatty acids. The main cellular fatty acids in the strain were branched. The fatty acid composition 

indicates that a dominant fatty acid does not occur that would define the genus. Though some major components 

are determinable, at times they do not even occur in the nearest or all members of the phylogenetic subcluster. 

Iso-C17:0 is the major fatty acid constituting approximately 24% of the cellular fatty acids. The other major 

fatty acids (>5%) were iso-C13:0, anteiso-C13:0, iso-C15:0, C16:0, iso-C16:0 and C17:0; additionally minor 

components are listed in Table 3.  

Table 3 Fatty acid compositions of the novel isolate and other type strains of the genus Exiguobacterium. 

Fatty acids 
Novel 

isolate 

E. 

aurantiacum 

E. 

mexicanum 

E. 

aestuari 

E. 

marinum 

E. 

artemiae 

E. 

acetylicum 
E. undae 

E. 

antarcticum 

E. 

oxidotolerans 
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Only values >1% are indicated; values >10% are given in bold.a [29], b[35], c[32], d[30] 

D. DNA composition and 16S rRNA analysis. The G + C content of DNA of the isolated strain is 47 mol%. 

BLAST analysis using 16S rRNA gene sequence (1488bp) indicated that it fell within the radiation of the cluster 

comprising type species of the genus Exiguobacterium (GenBank DQ375558.1). The strain exhibited a 

maximum identity of 98% with Exiguobacterium aurantiacum DSM6208T while about 95-97% sequence 

identity was observed with other Exiguobacterium species. A phylogenetic tree along with the bootstrap values 

expressed as percentage of 1000 replications, based on Neighbor-Joining method using Kimura 2-parameter 

model and gamma correction with a gamma value of 0.25 is shown in Figure 3. It is evident that the strain forms 

a clade with Exiguobacterium aurantiacum DSM6208T (Figure 2) (bootstrap 69%) and the later branch with 

Exiguobacterium mexicanum DSM 16483T (bootstrap 95%). Phylogenetic trees constructed by UPGMA, using 

the evolutionary distances computed with Jukes-Cantor and Kimura 2-parameter models, also yielded similar 

stable groupings. Therefore, it appears that, based on 16S rRNA gene sequence analysis, the isolated strain 

could be classified as representing a novel species of genus Exiguobacterium (=MTCC 7757T=JCM 13946T). 

E. Detection of arsB and arsC genes. The bacteria survived under harsh arsenic concentrations and also derived 

growth advantage from arsenate in the medium; we further verified other putative means employed by the 

bacterium to sustain in high arsenic concentrations. Arsenate reduction is considered a method of detoxification 

in many bacteria followed by its extrusion. Arsenate reduction in bacteria is generally catalyzed via the ars 

operon encoding an arsenate reductase (arsC) and an arsenite efflux pump (arsB) [13]. To find the actual 

contribution of the operon in our isolate, amplification of the Ars operon genes by PCR was carried out. A 

positive PCR product for arsB gene was obtained; however we were not able to amplify arsC. The amplified 

sequences were further verified by sequencing and homology blasts using NCBI Blast. The arsB gene exhibited 

maximum homology with arsenite/antimonite transporter (arsB) of Shigella sp and Halomonas sp. To analyze 

 
JCM 

13946T 

DSM 

6208Ta 

DSM 

16483Td 

DSM 

16306Tb 

DSM 

16484Tb 

DSM 

16484Td 

DSM 

20146T 

DSM 

14481Ta 

DSM 

14480Ta 

DSM 

17272Tc 

iC11:0 1.8 2.0 1.5        

iC12:0 3.0 3.0 2.1 1.7 2.6 1.6  2.0 3.0 1.4 

C12:0 4.3 2.0 8.3    1.0  1.0  

iC13:0 6.1 18.0 11.2 11.5 11.5 13.2 5.0 9.0 12.0 8.5 

aiC13:0 16.6 12.0 8.9 15.6 18.1 12.0 6.0 9.0 11.0 9.0 

iC14:0    1.3  1.2 1.0 2.0 1.0 2.7 

C14:0  3.0 6.1   1.3 13.0 3.0 2.0  

C14:1 ω5c       2.0    

iC15:0 9.4 4.0 1.7 13.1 10.4 11.8 8.0 10.0 11.0 20.7 

aiC15:0    3.2 2.6 2.9 1.0 3.0 2.0 4.2 

C16:1ω11c 3.3 10.0 10.3   1.9 26.0 8.0 18.0  

iC16:0 6.8   7.1 5.0 1.4  2.0  7.1 

C16:1ω5c       2.0    

C16:1ω7c   6.5   2.6 13.0  3.0  

C16:0 13.4 27.0 32.8 5.3 4.3 22.9 10.0 17.0 13.0 2.9 

iC17:0 23.4   27.2 34.4 12.2 1.0 7.0 5.0 23.3 

aiC17:0 9.3 6.0  8.2 7.1 2.1 1.0 2.0  6.1 

C18:1ω7c      1.1 2.0 3.0   

C18:1ω9c  2.0     5.0 3.0 6.0  

C18:0 2.7 5.0 7.0 1.7  7.7 1.0 6.0 5.0  

http://www.ncbi.nlm.nih.gov/nucleotide/87133509?report=genbank&log$=nucltop&blast_rank=1&RID=6XY9MPBB01S
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the activity of the arsenite extrusion pump, RNA from the bacterium was converted to cDNA and was subjected 

to semi-quantitative RT-PCR using primers for arsB. An increase in activity indicating an active extrusion of 

arsenic was observed at exponential phase of the bacterium at 20mM arsenate (Figure 3a). 

 

Figure 2 Neighbour-joining tree based on 16S rDNA sequences showing position of the novel isolate compared to other Exiguobacterium 

species, along with few Bacillus, Arthrobacter and Sporosarcina species. Bootstrap values (expressed as percentages of 1000 replications) 
are shown at branch points. 

 

F. Arsenate reductase assay. Though we didn’t get positive results for amplified arsC gene, yet we went for an 

enzymatic assay that evaluates cellular arsenate reductase activity. The bacterium was allowed to grow in 

different concentrations of arsenate and compared to “no arsenic” control. arsC activity was measured based on 

NADPH oxidation coupled to arsC reductase activity. Absorbance decreases as NADPH is oxidized coupled to 

arsenate reduction to arsenite. Interestingly a marked reduction in absorbance, signifying high arsenate reductase 

activity was observed in the identified strain with increasing concentrations of arsenate (Figure 3b). No such 

activity was observed if the bacterium was grown at increasing concentrations of arsenite (Figure 3c). This does 

potentially signify the presence and activity of an arsenate reductase in the bacterium. 

G. Detection of arsenite and arsenate in the growth medium. No significant conversion of arsenite to arsenate 

was observed during the growth of the bacterium; only trace amounts of arsenate (<1mM) in the medium was 

obtained when the bacterium was cultured (24h) in arsenite supplemented medium (20mM); however at similar 

arsenate concentration (20mM), around 5mM arsenite was detected in the growth medium, indicating an active 

conversion or reduction of arsenate to arsenite, probably by an hitherto unknown arsenate reductase. The arsC 

enzymatic activity analysis along with active conversion of arsenate thus corroborates with the arsenate 

reduction theory, which is probably followed by its active extrusion from the bacterium by arsB. Species of the 

genus Exiguobacterium are known to be alkaliphilic [25]; therefore, arsenate reduction probably acts to buffer 

medium acidification, favoring the growth of these bacteria. In fact, the bacterial strain exhibited a significant 

spur or acceleration in growth and hence in final OD600 as the external arsenate (not arsenite) concentration 

increased in the medium, suggesting that the bacterium enjoyed growth advantage. As mentioned earlier, 

arsenate at concentrations up to 30mM had a stimulatory effect on the growth rate (Figure 1). 



Chowdhury et al.,  American International Journal of Research in Formal, Applied & Natural Sciences,  7(1),  June-August, 2014, pp. 19-27 

AIJRFANS 14-318; © 2014, AIJRFANS All Rights Reserved                                                                                                               Page 26 

Figure 3a Semi-quantitative-RT-PCR gel pictograph, demonstrating an increase in ArsB transcriptional activity, on culture of bacterium at 

different concentrations of arsenate in the medium. The expression of 5S rRNA gene served as house keeping gene. A representative figure 
from three replicate experiments is presented. Figure 3b, c Bar diagram representing the arsenate reductase enzyme activity at different 

concentrations of arsenate (b) and arsenite (c). A decrease in absorbance measured at 340nm indicates an arsenate reductase activity. Data 

are mean from three independent experiments. The symbol * denote statistically significant values compared to “arsenic untreated”. 

IV. Discussion 

Arsenic is a well-established toxic compound that is found naturally. Arsenic is also released into the 

environment by human activity through farming, industrial activity and burning of fossil fuels. Presently arsenic 

poses a global health problem by contamination of drinking water. It has been estimated that more than 70 

million people in West Bengal and Bangladesh alone are exposed to arsenic at concentrations exceeding the 

WHO recommendations [24, 26]. Due to this natural occurrence and toxicity of arsenic, virtually all organisms 

have evolved resistance systems to different concentrations of arsenic, bacteria are no exceptions. Our research 

in this study is focused on identification of arsenic resistant bacterium from one of the most highly arsenic-

infested area, and understanding the molecular significance behind such resistance. Very few studies have been 

conducted till date that identify and explain the genetics involved in arsenic resistance of bacteria thriving under 

such high arsenic environment. From the strains tested, an isolate belonging to the genus Exiguobacterium (95-

97% sequence identity) was identified following 16SrRNA analysis (=MTCC 7757T=JCM 13946T). Further 

phylogenetic analysis revealed that the isolated strain exhibited quantitative differences in fatty acid 

composition and phenotypic differences with other strains of the genus Exiguobacterium; the closest 

evolutionary affiliation was observed with E. aurantiacum. On the basis of phenotypic and genotypic data, it 

was proposed that the strain belonged to a new species of the genus Exiguobacterium. However, what was more 

fascinating was that it exhibited high arsenic resistance, as in arsenate (30mM) and arsenite (20mM). No other 

bacteria have previously been reported to survive under such high arsenic concentration in India. While 

analyzing the mechanism involved, we observed that the bacteria were able to convert arsenate in the media to 

arsenite followed by its extrusion as its survival strategy. Not only that the bacteria were able to gain growth 

advantage from the media supplemented with arsenate and not arsenite, as evident from a spur in growth rate. 

Microorganisms have evolved resistance strategies in order to counter the deleterious effects of arsenic; 

bacterial arsenic resistance systems are predominantly of the extrusion category, i.e. the metal ions are actively 

pumped out of cell. The genes encoding the resistance machineries are generally arranged in operons. The 

minimum set of genes required for arsenic resistance is arsB and arsC [13]. The presence of these two genes was 

verified in the Exiguobacterium strain identified by PCR followed by sequencing. The isolate was positive for 

arsB but negative for arsC, and therefore an arsC-independent novel gene may exist for the reduction of arsenate 

or the arsC in this bacterium has low similarity with previously published ones, and therefore the presence could 

not be detected. In this respect, it has been previously reported that the arrangement and sequences of the ars 

operon genes in different bacterial genera can vary considerably [27]. Given the fact that a positive response to 

arsenate reductase enzymatic activity for the bacterial strain in arsenate media was observed, such a conclusion 

is not at all redundant. We further analyzed the expression of arsB at the RNA level in arsenate-amended 
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medium; which was found to be significantly elevated. Therefore it seems that the new bacterial strain 

identified, thrives in high arsenic concentrations by preferentially converting arsenate to arsenite by a hitherto 

unknown reductase and then extruding it out of the cell by arsB. Though a plasmid mediated resistance has been 

observed in some bacteria exhibiting resistance to arsenic, antimonite, these bacteria we identified were found 

not to harbor any plasmids; negating such an epigenetic mode of resistance [28]. Since the isolate was resistant 

to both As(III) and As(V) they could represent good candidates for bioremediation processes of native polluted 

sediments. This study further provides original results on levels of bacterial resistance to arsenic present in the 

aquifers Bengal delta plain and to assigning genera of bacterial strains isolated from arsenic-polluted sediments. 
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