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ABSTRACT 
Microbial arsenic (As) redox transformation has a key impact on As hydro-geochemistry which 
eventually influence the toxicity and mobility of this metalloid in subsurface environment. In 
this study forty-two arsenate (As5+) reducing bacteria were isolated and identified from As 
contaminated groundwater of West Bengal, India. Nearly 350 bp fragment of the gene encoding 
cytosolic arsenate reductase enzyme (ArsC) was sequenced for 30 morphotypes among the As5+ 
reducing bacteria. Gene encoding arsenite efflux pump protein (ArsB) was amplified and 
sequenced within 33% of the isolates. The sequence analysis suggested that all the arsC 
sequences clustered on the same clade with previously reported arsC genes of γ-proteobacterial 
members e.g. Escherichia coli, Vibrio sp., Pseudomonas sp. and Shigella sp., while their 16S 
rDNA sequences showed lineage to mostly α-proteobacterial members. In case of arsB gene 
similar phylogenetic incongruence was also observed. The GC content analysis further supported 
the same indicating occurrence of Horizontal Gene Transfer (HGT) of the ars genes (particularly 
arsC, arsB) between the bacterial members within the contaminated aquifer.  
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INTRODUCTION 
Arsenic (As) toxicity has become a global 
concern owing to the ever-increasing concentr-
ation into subsurface aquifers worldwide parti-
cularly in alluvial aquifers of Bengal Delta 
Plain (BDP) located in West Bengal, India and 
Bangladesh1. Mobilization of As in this region 
of BDP is considered to be a complex interplay 
of geochemical and microbial metabolisms 
responsive to site-specific phenome-non.2,3 
Understanding the As hydro-geoche-mistry in 
subsurface environment and possible cause of 
its mobilization remain a subject of great 
interest. It has been established beyond doubt 
that microorganisms play lid role in As 
mobilization by affecting the hydro-geo-
chemical behavior of As in subsurface aquifers 
during their metabolic and redox transform-
ation reactions. 4-6  
In response to the natural coexistence bacteria 
interact with as through an array of mecha-
nisms including arsenite (As3+) oxidation, ars-
enate (As5+) reduction and methylation/de-

methylation of organic as species. 7 These 
organisms are taxonomically diverse and meta-
bolically versatile. 8 Arsenite can serve as an 
energy source to certain chemolithotrophic ba-
cteria during respiratory As3+ oxidation proce-
ss, while some heterotrophic bacteria can 
oxidize As3+ only for detoxification without 
gaining any energy. 9 In almost all bacteria 
reduction of As5+ to As3+ may be carried out as 
a part of detoxification mechanism (ars syst-
em), involving cytosolic reduction of As5+ (by 
As5+ reductase, ArsC) followed by efflux of 
reduced As3+ species via ArsB or Acr3p efflux 
systems. 10 Some dissimillatory As5+ reducing 
bacteria can utilize As5+ as terminal electron 
acceptor during their anaerobic respiration 
through Arr system under reducing environ-
ment. 
Among the As transformation mechanisms 
reduction of As5+ (less toxic and mobile) to 
As3+ (more toxic and mobile) through cytosolic 
As5+ reductase system has gained a strong 
research interest in mobilizing sediment bound 
As recently due to its extensive abundance in 
contaminated environments. 11,12 The origin of *Author for correspondence 
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As5+ reduction mechanisms has been explained 
under two perspectives where the 1st one stated 
that they appeared by convergent evolution 
and then fixed onto three clades of life and the 
2nd one explained that a unique mechanism 
was originated in a common ancestor and was 
then horizontally transferred onto these clades. 
Bacterial evolution can occur through either 
the modification of vertically inherited genes 
or the acquisition of new genes. HGT is the 
phenomena of the acquisition of new genes 
within the bacteria from different genus and 
domains as a means of environmental adapta-
bility and sustainability due to selective press-
ure of several heavy metals like as in polluted 
environments. In last few years, several studies 
have reported wide abundance of cytosolic 
As5+ reducing bacteria from diverse as conta-
minated habitats.13-16 Although taxonomic 
identity and metabolic properties of such bact-
eria have been well documented, their genetic 
repertoires and mechanisms involved in this 
process of As mobilization has not yet been 
explored.  

AIMS AND OBJECTIVES 
The present study is aimed to decipher the 
abundance of most commonly existing As det-
oxification machinery i.e. Ars operon within 
the inhabitant isolates from ground water 
(Kolsure village,West Bengal, India) with a 
history of long term As contamination. We 
also focused to explore the mechanism of 
frequent acquiring the As resistance genetic 
determinants within the inhabitant bacteria. 
This study will provide better understanding in 
the role of HGT of ars genes in dissemination 
sediment bound as. 

MATERIAL AND METHODS 
Enrichment and isolation of as resistant 
bacteria  
Cultivation-based method was used to isolate 
aerobic heterotrophs present in highly As cont-
aminated groundwater West Bengal, India. 
Groundwater was enriched with As5+ (25 mM) 
or As3+ (2.5 mM) in R2A media (yeast extract 
0.5 g/L, proteose peptone 0.5 g/L, casamino 
acids 0.5 g/L, dextrose 0.5 g/L, soluble starch 
0.5 g/L, sodium pyruvate 0.3 g/L, KH2PO4 0.3 
g/L, MgSO4, 7H2O 0.05 g/L) and incubated at 
30°C on a rotary shaker (170 rpm) in dark for 

7 days. 17 Bacterial colonies were obtained in 
the agar plate of same medium after spreading 
the serially diluted enrichment culture supern-
atants. At the end of the incubation period 
morphologically distinct colonies were picked 
up and purified by repeated sub culturing in 
appropriate medium. For long term storage, 
pure cultures were preserved in glycerol and 
kept at-80°C. 
Screening of arsenate reducing bacteria 
The selected isolates were screened for their 
As5+ reducing ability using the silver nitrate 
(AgNO3) method described by Drewniak et al. 
Briefly Minimal Salt Medium (MSM) [Comp-
osition: 6.06g of tris hydroxymethyl aminom-
ethane hydrochloride buffer, 4.68g of NaCl, 
1.49g of KCl, 1.07g of NH4Cl, 0.43g of 
Na2SO4, 0.20g of MgCl2. 6H2O, 0.03g of 
CaCl2.2H2O and 2mM of β-glycerol phosphate 
(Sigma) and 0.5% glucose dissolved 1L of dis-
tilled water, pH adjusted to 7.3-7.4 with HCl or 
NaOH agar containing 5mM glucose as a 
carbon source and 5mM sodium arsenate as the 
electron acceptor was used for the determina-
tion of As5+ reduction. For this purpose 
cultures were grown under aerobic environm-
ent at 30°C for 7 days. Following the incubi-
tion, agar plates were flooded with 0.1M 
AgNO3 solution. The reaction between AgNO3 
and As5+ resulted in the formation of a 
yellowish colored precipitate which indicated 
the presence of silver arsenite (Ag3AsO3) as a 
result of reduction of As5+ to As3+. Resistance 
to As5+ and As3+ was determined by sub-
culturing in replica plates consecutive three 
times in MSM  amended with graded concen-
trations of As5+ as well as As3+ and incubated 
at 30ºC for 24 hour for observing bacterial 
growth.18 
Identification of the bacterial isolate 
Molecular identification of the selected isolates 
was done using 16S rRNA based analysis. 16S 
rRNA genes from the genomic DNA of test 
bacterial isolates were amplified by Polyme-
rase Chain Reaction (PCR) using specific pri-
mer sets, purified and cloned in pTZ57R/T 
vector. To avoid selection of same isolate repe-
atedly colonies were screened and grouped by 
Restriction Fragment Length Polymorphism 
(RFLP) of 16S rRNA genes with two different 
restriction enzymes. Members from represent-
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tative groups were selected for sequencing 
MWG, (Germany). 
Amplification of gene encoding ars genes  
Amplification of cytosolic As5+ reductase gene 
(arsC) was carried out by using two sets of 
primer pairs : amlt-42-f (5’-TCG CGT AAT 
ACG CTG GAG AT-3’); amlt-376-r (5’-ACT 
TTCTCG CCG TCT TCC TT-3’) and smrc-42-f 
(5’-TCA CGC AAT ACC CTT GAA ATG ATC-
3’); smrc-376-r (5’-ACC TTT TCA CCG TCC 
TCT TTC GT-3’) following the procedure 
described by Sun et al. 19 PCR conditions were 
as follows : initial denaturation at 94ºC for 5 
min, followed by 30 cycles of 94ºC for 30s, 
54ºC for 30s, 72ºC for 30s with a final exten-
sion of 72ºC for 10 min. Genes involved in 
arsenic efflux (arsB) were amplified using deg-
enerate primer darsB1F (5’-GGTGTGG-
AACA-TCGTCTGGAAYGCNAC-3’) and 
darsB1R (5’-CAGGCCGTACACCACCAGR 
TACATNC -3’).20 A touch-down PCR 
program was used following initial 
denaturation at 94ºC for 5 min, 34 cycles at 
94ºC for 1 min, 55-46ºC for 45s (decreesed by 
1ºC from every cycle in the first nine cycles) 
and 72ºC for 1 min were perfo-rmed and then 
the reaction mixture was kept at 72ºC for 5 
min for final extention. Desired PCR products 
were purified using the QiA quick gel 
extraction kit (Qiagen). The purified products 
were ligated into pTZ57R/T vector and were 
used to transform in E.coli JM109 competent 
cells. The transformants were gro-wn on LB 
agar containing ampicillin, X-Gal and IPTG at 
37°C for 16 hours according to the 
manufacturers recommendations. The clo-nes 
were sequenced from seque-ncing service 
centre MWG (Bangalore, India) for their iden-
tity confirmation. 
Phylogenetic analysis of the As5+ reducing 
bacteria and their ars genes 
The 16S rRNA gene sequences showing high 
similarity to amplified 16S rRNA gene seque-
nces of test isolates were retrieved from the 
GenBank aligned in Clustal W and used in nei-
ghbor joining phylogenetic tree construction. 
Nucleotide sequences of amplified as marker 
genes (arsC and arsB) were translated in Ex-
PASy tools and appropriate reading frame for 
each gene was selected. Protein homology of 
translated product was determined by BLASTP 

and similar protein matches were retrieved and 
aligned in Clustal W. Molecular phyloge-netic 
trees were constructed using Molecular 
Evolutionary Genetics Analysis (MEGA 4) 
software with the neighbor joining method.21 
Bootstrap percentages (1000 bootstrap repli-
cations) were used to test the robustness of 
phylogenetic relation-ships within the tree. 
GC content of the individual arsC and arsB 
genes was calculated using the online DNA/R-
NA GC content calculator. The characteristic 
ranges of GC% of genomes of respective gen-
era were obtained from literature22 and valida-
ted further with recent reports from Genome 
Online Databases (GOLD) (Table 1).  
Nucleotide sequence accession numbers 
Nucleotide sequences of 16S rRNA genes As5+ 
reducing strains arsC and arsB genes were 
deposited in the GenBank under the following 
accession numbers JX110514-JX110550, 
JX110551-JX110578 and X173994-JX174007, 
respectively. 

RESULTS AND DISCUSSION 
Enrichment and isolation of arsenate reduc-
ing bacteria 
Out of total 64 as resistant bacteria isolated 
previously from As contaminated groundwater 
of West Bengal, India23 42 morphologically 
distinct colonies having As5+- reeducates acti-
vity were screened from the enrichment cult-
ure. All of them showed high to moderate 
resistance to As5+ (minimum level of As5+ 
resistance>100mM) after three consecutive 
subcultures in solid MSM medium where 16 
isolates exhibited extreme tolerance more than 
300mM. Compared to this, the frequency of 
higher As3+ resistance was much less among 
the bacterial isolates. Though, except few24 (9 
isolates) most of the isolates were also able to 
tolerate As3+ at a concentration from 5mM to 
20mM. Two strains KAs3-3 and KAs3-4 sho-
wed extreme tolerance to As3+ (40mM). These 
results are in well agreement with several ear-
lier reports where less prevalence of As3+ 
tolerant species was observed among the envi-
ronmental isolates.25 The high abundance of 
As5+ resistance phenotypes might be either due 
to the less toxicity (~100 times) of As5+ than 
As3+ or presence of different mechanisms for 
detoxification of arsenic. 
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Table 1 : Arsenic resistance, presence of ars genes and their GC% content within the As5+ 
reducing isolates 

S/N Genus As3+ 

(mM) 
As5+ 

(mM) arsC arsB 
GC% Genome 

reference arsC arsB 
KAs5-6 Brevundimonas sp. 

  
+ + 52 62.44 62–68 

KAs3-3 Ochrobactrum sp. 
  

+ - 52 -  
KAs3-4 Ochrobactrum sp. 

  
+ + 52 62.64  

KAs3-7 Ochrobactrum sp. 
  

+ + 52 63.17  
KAs3-8 Ochrobactrum sp. 

  
- - - -  

KAs3-9 Ochrobactrum sp. 
  

- - - -  
KAs3-11 Ochrobactrum sp. 

  
+ + 52 54.7  

KAs3-15 Ochrobactrum sp. 
  

- - 
 

54.23  
KAs3-16 Ochrobactrum sp. 

  
- - 52 - 56–59 

KAs3-20 Ochrobactrum sp. 
  

+ + 52 55.08  
KAs3-21 Ochrobactrum sp. 

  
- - - -  

KAs3-24 Ochrobactrum sp. 
  

+ + 52 54.83  
KAs5-1 Ochrobactrum sp. 

  
+ - 52 -  

KAs5-19 Ochrobactrum sp. 
  

+ + 52 54.89  
KAs5-20 Ochrobactrum sp. 

  
- - 52 -  

KAs5-28 Ochrobactrum sp. 
  

- - - -  
KAs5-29 Ochrobactrum sp. 

  
+ - 52 -  

KAs5-4 Ochrobactrum sp. 
  

+ + 52 53.54  
KAs5-3 Pseudoxanthomonas sp. 

  
+ - 52 -  

KAs5-11 Pseudoxanthomonas sp. 
  

+ - 52 - 68–71 
KAs5-14 Pseudoxanthomonas sp. 

  
+ + 52 54.89  

KAs3-10 Rhizobium sp. 
  

+ + 52 54.98  
KAs3-12 Rhizobium sp. 

  
+ - 52 -  

KAs3-13 Rhizobium sp. 
  

+ - 52 -  
KAs3-14 Rhizobium sp. 

  
+ + 52 54.32  

KAs3-19 Rhizobium sp. 
  

- - - -  
KAs3-22 Rhizobium sp. 

  
+ - 52 -  

KAs3-25 Rhizobium sp. 
  

- - - - 60–68 
KAs3-27 Rhizobium sp. 

  
+ - 52 -  

KAs3-28 Rhizobium sp 
  

+ - 52 -  
KAs3-31 Rhizobium sp. 

  
+ - 52 -  

KAs5-8 Rhizobium sp. 
  

+ + 52 54.25  
KAs5-13 Rhizobium sp. 

  
+ - 52 -  

KAs5-16 Rhizobium sp. 
  

+ - 52 -  
KAs5-18 Rhizobium sp. 

  
- - - -  

KAs5-21 Rhizobium sp. 
  

+ - 52 -  
KAs5-22 Rhizobium sp. 

  
+ + 52 54.25  

KAs5-23 Rhizobium sp. 
  

- - - -  
KAs5-24 Rhizobium sp. 

  
- - - -  

KAs5-25 Rhizobium sp. 
  

+ + 52 54.56  
KAs5-30 Rhizobium sp. 

  
+ + 52 54.7  

KAs5-31 Rhizobium sp. 
  

+ - 52 -  

 

 Low                                                                   Medium                                                           High 

Colour Bar
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The As5+ an As3+ resistance levels of the redu-
cing bacteria isolated in the present study were 
found to be high with compared to those 
isolated from groundwater but these resistan-
ces were more or less comparable to those bac-
teria which isolated from As contaminated 
soils or others environments.26 
Identification of the arsenate reducing 
isolates 
16S rRNA gene sequences of the As5+ reduc-
ing isolates revealed their relatedness with 
proteobacterial genera Ochrobactrum (50%), 
Rhizobium (41%), Pseudoxanthomonas (7%) 
and Brevundimonas (2%). The strains Ochr-
obactrum, Rhizobium and Brevundimonas 
were previously well reported for their asso-
ciation with different As- contaminated envi-
ronments. Previously sequencing and expres-
sion of two as resistance operons with diff-
erent functions was studied thoroughly in a 
highly As-resistant strain Ochrobactrumtri-
tici SCII24. 27 Reduction of As5+ through ars 
operon was reported in Rhizobiu mlegumino-
sarum strain 28. Ability of Brevundimonas 
strain in as resistance and transformation 
was observed in many studies. In this conte-
xt, there is no report of As-resistane trans-
formation in strain Pseudoxanthomonas ex-
cept our own study. 
Analysis of ars genes  
Abundance of genes encoding cytosolic As5+ 
reductase (arsC) and membrane bound As3+ 

efflux (arsB) were investigated within the 
test isolates. Out of total 42 As5+ reducing 
strains, 30 isolates belonging to the genera 
Ochro-bactrum, Brevundimonas, Pseudoxan-
thomonas, and Rhizobium yielded desired 
amplification (~350 bp) of arsC gene (Table 
1 and Fig. 1 ). Nucleotide sequences of arsC 
gene obtained from these isolates shared 
high identity (≥99%) among themselves and 
BLAST analysis revealed their closeness 
(≥99%) with As5+ reductase of several γ-Pro-
teobacteria (Vibrio sp., Escherichia coli, 
Acinetobacter sp., Pseudomonas stutzeri, 
Shigella dysenteriae etc.) Neighbor-joining 
distance tree of deduced amino acid 
sequences of ArsC from Ochrobactrum spp. 
(KAs5-19, KAs3-7,  

KAs3-11, KAs5-1, KAs3-15, KAs3-24, KAs3-
20, and KAs3-16); Rhizobium spp. (strains: 
KAs3-10, KAs5-11, KAs3-31, KAs3-27, KAs5-
22, KAs5-25, KAs5-31, KAs3-13, KAs5-30, 
KAs5-21 and KAs3-22) and Pseudoxanthomo-
nas sp. KAs5-14  showed close relatedness 
with deduced amino acid sequences of ArsC 
from E.coli H299 (ZP_07625999), E.coli MS 
84-1(ZP_07124992), E. coli str. K-12 
(NP_417960), E.coli O111 (YP 0032366), Vib-
rio sp. Maj4 (ABO29820), V.aestuarianus 
(ABO29822), Pseudomonas sp. AFP12 (ABO-
28442), P.stutzeri (ABO28452) and Shigella 
dysenteriae Sd197 (YP_405024) with >95% 
identities (Fig. 1 (A) and Fig. 1(B)). 
Deduced amino acid sequence of ArsC from 
Brevundi-monas KAs5-6 and Rhizobium 
KAs3-14 for-med a separate clade weekly 
connected to the first one sharing the 
common node. BLAST analysis of the 
deduced amino acid sequences ArsC showed 
its similarity with arsC that encoded on the 
R733 plasmid of Escherichia coli. The ars 
gene system provi-des resistance to as for a 
variety of microorganisms which could be 
either chro-mosomal or plasmid-borne and 
there is no clear separation of plasmid-borne 
and chro-mosomal arsC genes although a 
number of the Enterobacteriales (γ-
Proteobacteria) possess similar plasmid-
encoded arsC sequen-ces. This operon 
mainly composed of the arsC gene, which 
codes for an As5+- reeducates is essential for 
As5+ resistance and transforms As5+ into 
As3+, which is extruded from the cell via a 
periplasmic efflux pump encoded by arsB 
gene. 29 ArsC catalyzes the reduction of As5+ 

to As3+, the first step in the detoxification of 
as using reducing equivalents derived from 
glutathione (GSH) via glutaredoxin (GRX). 
ArsC contains a single catalytic cysteine 
within a thioredoxin fold that forms a 
covalent thiolate-As5+ interme-diate, which 
is reduced by GRX through a mixed GSH-
arsenate intermediate. A triad of arginines is 
involved in activation of the catalytic 
cysteine, As5+ binding and stabilization of 
the transition state (Fig. 1 (c)).  
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Fig. 1 : Phylogenetic evidence of potential HGT of arsC gene. (A) Phylogenetic tree based on 
16S rRNA genes, (B) tree based on arsC genes and (C) Multiple alignments of deduced amino 

acid sequences of arsC genes of selective isolates where conserved motifs are shown  

Among the arsC positive strains, As3+ trans-
porter gene (arsB) was detected in 15 isolates 
affiliated to the genera Ochrobactrum, Brevun-
dimonas and Rhizobium. Unsuccessful ampli-
fication of ars genes may be due to the prese-
nce of alternate As3+-transporter homologue 
genes like acr3p with a highly divergent DNA 
sequences or any point mutation within the 
reading frame.  

Nucleotide sequences of arsB gene detected 
from the isolates affiliated to genera Ochroba-
ctrum, Brevundimonas and Rhizobium shared 
high (94-99%) identities among themselves 
with putative As3+ efflux pump from 
Agrobacterium sp.LY4 (EU31-1965), E.coli 
DH1 (AP012030), E.coli BL21 (AM946981) 
and Achromobacter sp. (FN392-655). 
Neighbor-joining distance tree was constructed 

A B 

C 
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to ascertain the phylogenetic relation among 
the of the arsB genes. Phylogenetic analyses of 
deduced amino acid revealed two clades of 
ArsB proteins ; ArsB derived from bacterial 
member affiliated to γ- and β-proteobacteria. 
In the first clade the deduce amino acid seque-
nces of Ochrobactrum spp. (KAs5-19, KAs3-
11, KAs3-24, KAs5-4, KAs3-20 and KAs3-
15), Rhizobium spp. (KAs5-30, KAs3-10, 
KAs3-14, KAs3-12 and KAs5-25) and 
Pseudoxanthomonas sp. KAs5-14 showed 
their close relatedness with  ArsB  from the 
members of γ-proteobacteria [E.coli 
O157:H7 EDL933(NP_290073), E. coli MS 
84-1(ZP_07124993), E. coli H299(ZP_0762-
5998), E. coli B354(ZP_ 06655590) and 
Shigella boydii CDC 3083-94(YP_001882 

112)] (Fig. 2).The deduced amino acid 
sequences of only two ArsB proteins from 
isolates  Brevun-dimonas KAs5-6 and 
Ochrobactrum KAs3-7 showed  96% and 
98% sequence similarities with ArsB from A. 
faecalis (AAS45119) and A. xylosoxidans 
A8(YP_003977995) respecti-vely (Fig. 2). 
BLASTP analysis of the deduced amino acid 
sequences of ArsB sho-wed similarity with 
anion permease ArsB which have been 
shown to export arsenate and antimonite in 
eubacteria and archaea. This ArsB permease 
contains eight transmembrane helices and 
can function either independently as a 
chemiosmotic transporter or as a channel-
forming subunit of an ATP-driven anion 
pump (Ars-AB). 

 

 
Fig. 2 : Phylogenetic evidence of potential HGT of arsB gene. (A) Phylogenetic tree based on 
16S rRNA genes, (B) tree based on arsB genes and (C) Multiple alignments of deduced amino 

acid sequences of arsB genes of selective isolates where conserved motifs are shown 

A B 

C 
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The ArsAB complex is similar in many ways 
to ATP-binding cassette transporters which 
have two groups of six transmembranespann-
ing helical segments and two nucleotidebin-
ding domains. The ArsB proteins belong to 
the ArsB/NhaD superfamily of permeases 
that translocate sodium, arsenate, sulfate and 
organic anions across biological membranes 
in all three kingdoms of life.  
Horizontal gene transfer within ars genes 
Significant phyloenetic incongruence was obs-
erved for both the arsC as well as arsB when 
compared with their species topology based on 
16S rRNA genes among the As5+ reducing 
isolates). GC content of as homeostasis genes 
was compared with the characteristic GC% 
range for reference genomes of closest taxa 
(Table 1). The comparison further supports 
our phylogenetic interpretation with respect to 
occurrence of horizontal transfer of arsC and 
arsB genes among the members of the 
community. For instance the GC% values calc-
ulated for arsC genes detected in our strains 
(affiliated to genera Brevundimonas, Ochroba-
ctrum, and Rhizobium of α-Proteoba-cteria 
and Pseudoxanthomonas of γ-Proteob-acteria) 
were close to the characteristic GC% (45–55 
%) of γ-proteobacterial members E. coli or 
Vibrio sp. Similarly discrepancy in GC content 
of reference genome average and that of either 
arsB gene from Rhizobium spp. strains KAs5-8 
and KAs5-22 and Ochrobac-trum sp. strain 
KAs3-7 also supported the incidence of HGT 
(Table 1). 
The observed discrepancy between 16S rRNA 
and ars genes can be explained in light of the 
naturally occurring horizontal /lateral gene 
transfer (HGT/LGT) within the test isolates. 
HGT is a mechanism of gene dispersal betw-
een genus and domains and has a major 
importance in fitness of bacteria inhabiting 
polluted habitats. Microorganisms acquire mu-
ltiple as resistance determinants for environ-
mental adaptability either via chromosomal 
duplication or in most cases due to HGT under 
long-term as stress and subsequently resulted in 
plastic changes in microbial diversity. The HGT  

is facilitated by a number of mechanisms 
including involvement of self transferable, 
broad hostrange plasmid that contribute natural 
competence  within  the  selected  organisms. In  
line with our finding which indicated the 
possible transfer of ars genes among the 
different genera of the same phylum (Proteo-
bacteria) other reports also hypothesized that 
HGT may be limited to the closely related 
genomes only. All most all of the bacteria in 
contaminated environment harbour a number of 
DNA mobilization-related genes (i.e., tran-
sposases, integrases and resolvases etc.) that 
facilitate acquisition of relevant functional 
genes and promoting bacterial adaptation under 
environmental stresses. This type of genetic 
event is considered to be an important mecha-
nism of microbial genome evolution and sha-
ping the structure and function of microbial 
communities in various metal-contaminated 
niches including the As-rich aquifer system.32 

CONCLUSION 
Recently researchers have focused their 
attention in detecting the As resistance genes 
in contaminated habitats to correlate their 
presence with increased concentration of this 
metalloid. Identification and characterization 
of ars genes thus serve as potential molecular 
biomarkers to monitor the level of as pollution 
in that environment which other way indica-
ting their possible role in as mobilizetion/con-
tamination. Horizontal transfer of genes is 
considered to be a mode of evolution advent-
ageous for microbial life that facilitates increa-
sed metabolic diversity and competence in 
changing environmental conditions. With res-
pect to increased availability of as in aqueous 
phase (of affected areas of BDP) inhabitant 
microbes are forced to acquire and express 
desirable resistance genes and horizontal 
transfer of such genetic determinants either 
through plasmid and/or transposon within the 
community members facilitating emergence of 
intrinsic as resistant population. In present 
study, vast abundance of ars genes due to 
natural HGT phenomenon within the large  
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proportion of as resistant strains could be 
attributed to its role in providing cytosolic As5+ 
reeducates mediated as mobilization into 
contaminated aquifer of Bengal delta plain.  
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