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Characterization of Arsenite Resistant Escherichia coli Isolated from Tubewell
Water of Singair, Manikganj, Bangladesh
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Arsenic is a toxic metalloid present in the natural environment and arsenite is more toxic form than
arsenate. Bacterial species have evolved multiple defense mechanisms to tolerate and transform the toxic
forms of arsenic. In this study, arsenic contaminated tubewell water (90 meter depth with arsenic concentration
of 47 pg/l) was collected from Singair Upazilla under Manikganj District in Bangladesh. Among a total of 17
arsenite resistant bacteria, a lactose fermenting isolate Sn26 showed high resistance to sodium arsenite up
to 25 mM under our laboratory conditions. Sn26 possesses arsB gene conferring arsenite transporter pump
mediated arsenic resistance, confirmed by PCR and sequencing. PCR and sequencing of 16S rRNA gene
(approximately 1450 bp) confirmed Sn26 isolate as Escherichia coli. The isolate contained a large plasmid of
~34 kb. It is necessary to analyze further the affiliation of this single plasmid with high arsenite tolerance.
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Introduction

The contamination of drinking water sources with arsenic (As)
poses a potential threat to human health. Inorganic As, including
the highly toxic trivalent form [arsenite; As(111)] and less toxic
pentavalent As [arsenate; As(V)], is associated with increased
cancer risk in anumber of geographic areas?. The toxicity of As is
attributed to the substitution of As (V) for phosphate, affinity of
As (1) for protein thiol groups, and protein-DNA and DNA-
DNA cross-linking?.

Many bacteria exhibit resistance to lethal concentrations of
arsenic (greater than 5 mM sodium arsenite)?, yet little is known
about the genetics involved in As resistance in environmental
bacteria. Plasmids have been detected in Rhodococcus sp.,
Acidiphilium multivorum, Staphylococcus aureus exhibiting
high levels of resistance to arsenic species®’. The most well-
characterized genetic system for resistance to arsenicals is
known as the ars operon8. According to Environment Protection
Agency (EPA), Escherichia coli is used as indicator bacteria
due to its ability to grow and persist in natural tropical
environments to check the level of contamination and predict
potential risks to human health®. This organism develops some
complex mechanism of resistance in tropical environment for
survival and adaptation. Some environmental strains of E. coli
can change their properties according to different environmental
signals such as fluctuation of temperature, pH, osmolarity etc.
because they have the ability to carry some genes specific for
regulatory proteins and mobile genetic elements such as plasmid
and transposon?®. In the well-studied ars-containing plasmid

R773 (491 kbp), isolated from E. coli, the operon consists of
five genes that are controlled from a single promoter located
upstream of the first cistron (arsR)!L. These cistrons, arsRDABC
(in that order), encode an arsenic-inducible repressor (arsR), a
negative regulatory protein that controls the upper level of
transcription (arsD), an ATPase plus membrane-located arsenite
efflux pump (arsA and arsB, respectively) and an arsenate
reductase (arsC)12.

Therefore, the central hypothesis of the present study is that E.
coli adapted in arsenic polluted environment of Bangladesh might
have developed resistance to arsenic and might possess inherent
mechanism to resist this toxic metalloid.

Materials and Methods
Isolation of arsenite resistant presumptive Escherichia coli

Ground water sample (SNGW-1) was collected from the Tubewell
(90 m depth) of Madhabpur Union Parishad under Singair Upazilla
Manikganj District of Bangladesh. A 100 pl of sample was directly
spread onto minimal salts enrichment agar [2% (w/v)] medium
described previously!® supplemented with sodium arsenite,
NaAsO, (2mM). From 17 colonies, Gram-negative colonies were
selected from the arsenite supplemented media and subcultured
onto MacConkey agar to differentiate lactose fermenter from non-
lactose fermenter. Lactose fermenting pink colonies from
MacConkey agar was further subcultured on eosine methylene
blue (EMB) agar to detect the presence of presumptive
Escherichia coli in our studied sample. One of the isolate Sn26
was selected for further investigation.
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Minimum inhibitory concentration (MIC) of arsenite

To determine the level of minimum inhibitory concentration (MIC)
of As (I11) of selected isolate Sn26, each well of a 96-well microtiter
plate was filled with 130 il sterile minimal salt medium (MSM)
(described above) and supplemented with NaAsO,to achieve
different concentrations of As (111) (0, 2, 4, 6, 8, 10, 12, 15, 18, 20,
25, 27,30 mM). Isolate Sn26 was grown in 5 ml of its respective
MSM without arsenic for 48-72 h at 28 + 2°C on a rotary shaker
(150 rpm). Twenty microliter of bacterial inoculum (ODg,, = 0.1)
was placed in each respective well. One well of each row was set
as negative control (respective medium only). Initial cell density
and bacterial growth after 24 h were measured using EZ Read 400
Microplate Reader (Biochrom) at 600 nm. To assess the statistical
validity and reproducibility of the experiment OD values at 600
nm were taken in triplicate.

DNA extraction

DNA of isolate Sn26 was extracted with ATPTM Genomic DNA
Mini Kit (ATP Biotech Inc, USA) according to the kits manual
and the chromosomal DNA was stored at —20°C.

PCR amplification of arsenic resistance arsB and 16S rRNA
gene

One set of degenerate primers darsB1F/darsB1R (dars
B1F:5’GGTGTGGAACAT CGTCTGGAAYGCNAC-3darsB1R: 5-
CAGGCCGTACACCACCAGRTACATNCC-3)1 and 16S rRNA
gene specific primers (27F: AGAGTTTGATCCTGGCTCAG and
1492R: 5-GGTTACCTTGTTACGACTT-3)4, were used for the
detection of arsenite resistance gene (arsB) and molecular
identification of the isolate Sn26 respectively.PCR reaction
mixtures contained approximately 50 ng DNA template, 1 x PCR
buffer, 0.2 mM of each deoxyribonucleoside triphosphates, 0.2
mM of each primer and 1 U Tag DNA polymerase in 25 pl reaction
mix. The PCR reaction condition was an initial denaturation step
(94°C for 3 min) followed by 35 cycles of 94°C for 30 s, 55°C for 30
s,and 72°C for 30 s. Negative control included a deionized water
reagent control. The amplified products were separated on a Tris-
acetate-EDTA (TAE)-1% agarose gel (0.5 pg of ethidium bromide
per ml) by electrophoresis. The bands were visualized on a UV
transilluminator (Alphaimager HP, USA).

Sequencing and phylogenetic analysis

Amplified arsenite resistance (arsB) and 16S rRNA gene from
selected isolates were purified by Wizard PCR SV Gel and PCR
Clean-Up System kit (Promega, USA) according to the manual
instructions. Purified PCR products were sequenced on an ABI
sequencer (ABI Prism 3130 Genetic Analyzer, USA) using specific
primers. The sequences were compared to the entire GenBank
nucleotide databases. Phylogenetic analysis of arsB and 16S
rRNA gene sequences was performed using MEGA software?6.
The maximum likelihood distance method based on Tamura 3
parameter was used to construct phylogenetic trees and the
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validity of the branches was determined with 1,000 bootstrap
replicates.

Plasmid profiling

Plasmid DNAwas extracted by using Wizard®Plus SV Minipreps
plasmid DNA Purification kit (Promega, USA) and by manual
extraction procedurel’. Plasmid DNA was analyzed by
electrophoresis in 0.8% agarose gel. Plasmids extracted from E.
coli Vg;, were used as control and for molecular weight
determination.

Results

Cultural and microscopic observation of isolate Sn26

From 17 colonies on minimal salts agar medium containing 2 mM
arsenite, microscopic observation was done and 5 Gram-negative
colonies were selected for subculture onto selective MacConkey
agar and eosine methylene blue (EMB) agar medium. Only one
isolate Sn26 produced pink colonies (characteristic of lactose
fermenter) on MacConkey agar medium and also showed metallic
sheen on EMB agar and was presumptively identified as E. coli.

High MIC of arsenite of isolate Sn26

Lactose fermenting presumptively identified E. coli Sn26 was
selected for determination of MIC of arsenite on respective
heterotrophic MSM medium. Isolate Sn26 was able to multiply
very rapidly up to 8 mM (viable count = 9.69 x 108 cells/ml)
concentration of NaAsO, but its OD reduced to rapidly when
supplemented NaAsO, concentration increased to 10 mM (viable
count =5.28 x 108 cells/ml) and the bacterium can survive up to 25
mM after 48 hours of incubation but rate of multiplication reduced
significantly. The MIC of NaAsO, for the isolate was detected as
27mM (Figure 1).
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Figure 1. A bar representation showing optical density at 600nm
wavelength (X-axis) of Sn26 at different concentraions of
supplemented arsenite (Y-axis). Error bars have been made by
using standard deviation. Standard deviation is calculated from
the mean of triplicate results.

PCR amplification and phylogeny of arsB gene

High arsenite resistance within the isolate Sn26 might be due to
the presence of arsenite resistance gene (ars). To ensure this,
arsB gene specific PCR was performed and positive specific
amplicon (750bp) was obtained (Figure 2a). After sequencing
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Escherichia coli strain 86-24

Agrobacterium sp. LY4 (EU311965.1)

Herminiimonas arsenicoxydans (YP 001101528.1)

Pseudomonas azotoformans (CBL 95116.1)

Pseudomonas sp. B08 (CAK55204.1)

Figure 2. (a) Arsenite efflux pump specific amplicon of Sn26 at 750bp (b) Phylogenetic tree of arsenite efflux pump specific protein
ArsB where Sn26 arsenite efflux pump specific protein (KM373345 in bold) closely clustered with other Escherichia coli ArsB
protein. The tree was calculated from deduced amino acid sequences aligned in programClastalX. The tree was generated in
program MEGA 5 using the Neighbour-Joining algorithm. Bootstrap value (n = 1,000 replicates).

and nucleotide BLAST search, the arsB sequence of Sn26 showed
99% homology to the arsenite efflux pump specific protein of E.
coli strain 87-14 (WP_032192172). The arsB gene sequence was
submitted to NCBI database under the accession number
KM373345.

The arsB sequence of the isolate Sn26 and other close relative
reference sequences retrieved from database were aligned using
Clustal W following translating into amino acid sequences and
showed good correlation to the conserved regions. Phylogenetic
analysis of Sn26 amino acid sequences showed that it is closely
clustered with E. coli arsenical pump specific protein (Figure 2b).
But it showed divergence when compared with reference strain
Herminiimonas arsenicoxydans arsenical pump specific protein
(Figure 2b).

Molecular identification and phylogenetic analysis

Sequencing of purified product of 16S PCR of Sn26 showed that
the isolate has 100% similarity with E. coli through BLAST search.
After construction of phylogenetic tree, it was found that our
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isolate was homologous with the sequences of other
environmental E. coli isolates (Figure 3). The 16S rRNA gene
sequence of Sn26 was deposited in NCBI GenBank under
accession number KM373319.

Plasmid profile analysis of E. coli Sn26

Previous report suggested that arsenite efflux pump (arsB) protein
specific resistance may be chromosomal or mediated by mobile
genetic elements such as plasmid and transposon. Within the
high arsenite resistant isolate Sn26, only one plasmid with 4 34
kbp size was retrieved by the plasmid purification process (Figure
4) and that plasmid was gel purified for further analysis. PCR of
gel purified plasmid was performed targeting arsB gene. After
agarose gel electrophoresis, arsB gene specific band was detected
at 750 bp position which was again confirmed by respective
sequencing of the PCR product. Further hybridization of the
plasmid and chromosomal DNA of the isolate and molecular
probing is necessary to determine the possibility of plasmid
mediated mechanism of resistance within the isolate.
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Escherichia coli strain BDUJN1/ (KC985744)

Escherichia coli strain Sn26 (KM373319)

Escherichia coli strain Y31 (JN578646)

Escherichia coli C2 (AF403733.1)

- Escherichia coli strain 1-15 (GU586141.1)

Escherichia coli strain 123 (JF910107)

Escherichia sp. 26N (KC542889)

Enterobacter hormaechei (AM947046)

Enterobacter hormaechei (AM947045.1)

Enterobacter cloaceae T (CP001918)

Klebsiella pneumoniae strain BR10 2A (JN644536)

Pseudomonas aeruginosa strain AMB AS7 (KC822322.1)

Methanobacterium thermaggregans (AB679267) (out group)

Figure 3. Phylogenetic tree of 16S rRNA gene sequence of Sn26 (KM373319) isolated ground water sample and close relative
reference isolates retrieved from database with accession numbers. The tree was generated in program MEGA 5 using the Neighbour-
Joining algorithm- with the Methanobacterium sequence served as out group.
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Figure 4. Plasmid profile of Sn26 showing presence of a large
plasmid (~34 kbp) where Escherichia coli strain Vg, , was used
as markers for molecular weight and 1 kb ladder for
identification of plasmid size.
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Discussion

In our study arsB gene, which encodes membrane-located arsenite
efflux pump, has been detected within high arsenite resistant
isolate E. coli Sn26, isolated from tubewell water sample of Singair,
Manikganj in Bangladesh. The isolate Sn26 was retrieved from a
tubewell water where total arsenic concentration was detected
as 47 pg/l (above the international standard for permissible level
of arsenic in drinking water)18, The presence of high level of
arsenic in groundwater which may impart selective pressure for
evolution of arsenic resistant bacterial species more specifically
thrive of arsenic resistant genes for adaptation and survival of
bacteria in the As polluted areas?®.

The ars operon is the most-well-characterized genetic system
responsible for arsenic resistancel®. The ars operon functions
as a detoxification mechanism by lowering the intracellular arsenic
concentration, thus conferring resistance to As(V) and As (I11)11.
The detection of arsenite efflux pump encoding gene in our
studied isolate Sn26 revealed molecular evidence of its high
arsenite resistance and this data was well corroborated with other
studies®. It has already been reported that in the E. coli, plasmid
773 ars operon contains five genes (arsRDABC) where arsB
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encoding an arsenite-stimulated ATPase pump specific protein.
In addition, As" (arsenic resistance) loci have also been found on
the chromosomes of Pseudomonas aeruginosa®. Approximately
35 kbp longer single plasmid was detected in isolate Sn26 and
detection of arsB gene by PCR indicate that the high arsenite
resistance of isolate Sn26 might be attributed to the presence of
this plasmid.

The present study inferred the following insights: (i) Escherichia
coli Sn26 is adapted in the arsenic polluted drinking water and
harboring genetic determinants of arsenic resistance, and (ii)
presence of plasmid and PCR based detection of arsB gene in
that plasmid indicated the involvement of mobile genetic elements
conferring arsenite resistance. Hybridization of the plasmid and
chromosomal DNA of the isolate and molecular probing is
necessary to confirm the plasmid mediated mechanism of arsenite
resistance within the isolate.
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