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Abstract 

The arsenic comprehensiveness in nature has provoked the expansion of arsenic 

fortification and detoxification components in microorganisms. Varieties of 

microorganisms are recognized today with ability to oxidize arsenite (As
3+

) into arsenate 

(As
5+

). In this study, a bacterial isolate designated 3AB3 was isolated from groundwater 

sample collected from abandoned mining region of Jharkhand, India. Bacterial strain was 

isolated through enrichment culturing method and further screened for its arsenic 

oxidizing (transforming) ability. Phylogenetic analysis based on 16S rRNA gene sequence 

of isolate 3AB3 confirmed its close relatedness to the genus Bacillus.  
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Introduction 

Heavy metal poisoning nowadays has become a great concern. Accumulation of 

heavy metals causes several health hazards in living beings. One such heavy metal 

of environmental concern is arsenic, known to be highly toxic and carcinogenic [1]. 

Arsenic (As) comes into the environment via natural (volcanic eruptions, weathering 

and leaching process) and/or anthropogenic (mining and industrial) activities [2, 3]. 

Microorganisms have the ability to effectuate redox changes. A wide range of 

arsenite (As
3+

) oxidizing prokaryotes have been isolated from different As affected 

environments [4]. Using specific enzymatic system microorganisms intercede As 

redox changes i.e. conversion of arsenite into arsenate (As
5+

) and vice versa [5-7]. 

Heterotrophic bacteria harbor arsenite oxidase enzyme in their periplasm and 

oxidize As
3+ 

[8]. Arsenic speciation can affect the transformation ability of bacterial 

cells. Other microbial defence mechanisms include methylation reactions that 

produce methylated oxyanions of both As
3+

 and As
5+

 or form toxic arsine gas [9]. 

The present study aims to isolate and identify native bacteria isolates from As-

contaminated groundwater of abandoned mining region of Jharkhand, India and to 

evaluate their ability to oxidize arsenite into arsenate.  

 

Materials and Methods 
 

Materials 

 

Sodium metaarsenite (NaAsO2) of 98% purity was procured from Sigma (St. Louis, 

MO, USA). Other chemicals used for media preparation and analytical assays were of 

analytical grade and purchased from HiMedia Laboratories (India). 
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Samples collection 

 

The water sample was collected from abandoned mining region (Rajmahal village) of 

Sahibganj district, Jharkhand, India. On spot qualitative analysis of arsenic was done 

using arsenic test kit (HiMedia Laboratories, India). Qualitative and quantitative 

estimation of arsenic in collected sample was done using inductive coupled plasma 

spectrometer (ICPS), commercially.   

 

Media and growth condition 

 

Microbes were isolated by enrichment culturing method. Water sample was inoculated 

in minimal salts medium (MSM) supplemented with 5 mM sodium metaarsenite 

(NaAsO2). Basic components of MSM (mM l
-1

) were KH2PO4, 3.60; Na2HPO4.7H2O, 

29.4; NaCl, 3.6; MgSO4, 1.66; FeSO4.7H2O, 0.0035; CaCl2, 0.009; H3BO3, 0.0098; 

NH4Cl, 18.69; CH3COONa, 60.95; Tryptone and Yeast extract (1.0 g l
-1

); Glucose (20.0 g 

l
-1

). The inoculated medium was incubated at 30
0
C and 130 rpm in rotary shaker. After 7 

days (168hr) of incubation, 5ml of culture was transferred to freshly prepared MSM and 

incubated under same conditions. This procedure was repeated thrice. The turbidity of 

culture was checked by UV-Vis spectrophotometer, optical density at 620 nm (OD620) 

before each sub-culturing. Later, samples were diluted serially and plated on solid MSM 

to obtain bacterial colonies.  

 

Microplate screening assay 

 

Arsenic oxidizing ability was analyzed by microplate screening assay (MSA) [10]. 

Briefly, pure bacterial isolates were inoculated in MSM (without arsenic salts) and 

incubated at 30
0
C and 180 rpm till the growth reaches 0.4-0.6 at OD620. The pellet, 

obtained after centrifugation at 5000 rpm for 15 minutes, was washed twice with 

autoclaved distilled water (dH2O) and suspended in to 1.2 ml of dH2O. Twenty µl of the 

cell suspension was added to 96 well microtitre plate along with 80 μl of 0.2 M Tris-HCl 

buffer (pH-7.4). A 20 mM of NaAsO2 salt was added to the buffer, separately. Plates were 

then incubated for 4 days (96hr) at 30
0
C before the initiation of color reaction which was 

carried out by adding 0.1 M silver nitrate (AgNO3).  

 

Identification of bacterial isolate 

 

PCR amplification of 16S rRNA (>1400 bp) and sequencing services were outsourced 

from National Centre for Microbial Research (NCMR), Pune. Multiple Sequence 

Alignment and comparison with the 16S rRNA sequences available in NCBI Gen-Bank 

and RDP database was performed using CLUSTAL W and BLAST programs, 

respectively. The MEGA 7 software was used to analyze pairwise distance values and 

phylogenetic tree construction [11]. 

 

Nucleotide sequence accession number 

 

The 16S rRNA sequence of strain 3AB3 has been deposited in the GenBank database 

under the accession number MH729060. 

 

Results and discussion 
 

Isolation and identification of bacterial strain  

 

A 5 ml of water samples were placed in autoclaved erlenmeyer flasks containing 

previously described minimal salt medium (MSM), supplemented with 5mM of NaAsO2 

(as arsenic source) and incubated at 30
0
C and 130 rpm on a rotary shaker in dark for 7 
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days. After enrichment culturing two different bacterial strains were obtained which were 

processed further to characterize their oxidizing ability by microplate screening assay. 

Phylogenetic tree constructed with Neighbour-joining method reveled relationship of 

strain 3AB3 with its closely related species (sharing clad with sequence similarity 

>96.85%) Bacillus safensis FO-36b (GenBank accession no. ASJD01000027), Bacillus 

australimaris NH7I-1 (GenBank accession no. JX680098), Bacillus zhangzhouensis 

DW5-4 (GenBank accession no. JOTP01000061) and Bacillus pumilus ATCC-7061 

(GenBank accession no. ABRX01000007) with a high bootstrap value (Figure 1). Similar 

phylogenetic tree patterns were obtained using other methods like maximum likelihood 

and minimum evolution.  

 

 

Figure 1. Phylogenetic tree (Neighbour-joining) based on 16S rRNA gene 
sequences, showing relationship of isolate 3AB3 with closely related 

species of Bacillus. The numbers indicate bootstrap values (based on 1,000 
resamplings). Bar, 0.02 nucleotide substitutions/position. E. coli was used 

as outgroup. 
 

Verification of oxidizing ability 

 

Tris-based buffer was used to standardize the microplate assay, irrespective of growth 

medium, to prevent interference problems with other ions, present in growth (MSM) 

media, which could result in color formation with AgNO3 under the same conditions 

similar to arsenic ions.  

For the two isolated bacterial cells MSA was performed. Oxidation of As
3+

 to As
5+

 was 

detected by the presence of a light yellow precipitate, after addition of 0.1M of AgNO3 in 

2
nd

 well (Figure 2). The color intensity depends on arsenite concentration used. Among 

two isolated bacterial strains, the bacterial strain present in well number 2 has given 

positive result and designated as 3AB3.  
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Figure 2. Microplate silver nitrate test.  
Well 1: inoculated with bacterial isolate 1, Well 2: inoculated with bacterial 
isolate 2 (later designated as 3AB3), Well 3/B: blank without bacterial cells  

 

Conclusions 
 

The transforming ability of the bacterial cell has been tested on model compound arsenite 

i.e. sodium metaarsenite (NaAsO2) with concentration of 5 mM. The bacterial strain 

isolated through enrichment culturing method has confirmed its arsenite oxidizing 

potential to convert As
3+ 

into As
5+ 

(less toxic form of arsenic). Bacterial activity and 

various factors (biotic or abiotic) including complexation, sorption, precipitation, 

detoxification, redox events impact the fate of arsenic. More profound knowledge 

regarding As
3+

 oxidizers dispersal and metabolic pathways in natural environment could 

be plausible marker for arsenic remediation.   
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