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ABSTRACT

A total of 20 arsenic-tolerant bacterial strains were isolated from arsenic-contaminated soil of eastern India by using basal salt minimal
medium (BSMYI) medium supplemented with 150-500 mg 1! of arsenate (As"). Among them, 10 isolates exhibited higher arsenic
resistance and could grow in up to 12,000 mg I"! of arsenate (As*) and 200 mg 1" of arsenite (As™). Those 10 isolates were incubated for 3
days in BSMYI medium containing 25 mg I of both As" and As™ separately to assess their ability to remove arsenic. The isolates could
remove 1.0-6.4 mg 1" of As¥ and 2.0-7.6 mg 1" of As™ from the arsenic-amended media. The bacterial isolate AGH-21 showed the
highest arsenic-removing capacity, both for As” (25.6%) and As™ (30.4%). The isolated pure culture showed white irregular undulating
colonies on a BSMYT agar slant and was an encapsulated endospore-forming Gram-positive bacterium. Molecular characterization of the

strain based on sequencing of 16SrDNA and subsequent comparison with existing databases identified the organism as Bacillus flexus.
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INTRODUCTION

Arsenic, one of the most prevalent toxic metalloids in the
environment, has a long and nefarious history; its very
name has become synonymous with poison. Despite its
notoriety as a deadly poison, arsenic, at a lower concentra-
tion, helps to carry out different metabolical processes of
different biological systems. But at a higher concentration
the same becomes toxic, and is thus termed an ‘essential
toxin’ (Krumova et al. 2008). Due to its ability to induce
chromosomal aberration during DNA replication, arsenic is
considered as a human carcinogen and a potential muta-
genic agent. It also interferes with the DNA repair system,
signal transduction pathways and inhibits many enzymatic
activities and also damages the respiratory, digestive, circu-
latory and nervous systems (Rehman ez a/. 2010). Ground-
water pollution by arsenic in different parts of West Bengal
is a major public health problem. In the state of West Ben-
gal, India, 111 endemic blocks located primarily in 12 dis-
tricts adjoining to river Bhagirathi as well as the contiguous
districts of Bangladesh along river Padma and its basin is of
great concern (Sinha e al. 2011). Arsenic intoxication by
humans through drinking has received most attention;
however, little attention has been paid to arsenic toxicity in
the water-soil-plant chain. Initially soil acts as a major sink,
although continuous addition of arsenic through polluted
irrigation water also makes the soil a source and transports
it to the edible part of crops (Mukhopadhyay and Sanyal
2004). Besides drinking water, the intake of arsenic through
the food chain has been established (Meharg ef al. 2009).
Consumption of such food material caused catastrophic
health hazards among humans (Guhamazumder 2008).
Microorganisms, in general, and bacteria, in particular, have
developed certain mechanisms to avoid arsenic toxicity.
Some of them also have the ability to transform more toxic
(arsenite, As'") into less toxic (arsenate, AS") forms. Bacte-
rial methylation of arsenic has great environmental signi-
ficance for biological removal of arsenic. Inorganic arsenic

is biomethylated to both volatile species such as mono-
methylarsine (MMA), dimethylarsine (DMA), and tri-
methylarsine (TMA) and non-volatile species such as
methylarsonic acid, dimethylarsinic acid, and trimethylarse-
nic oxide (TMAO). In recent years, arsenic biomethylation
is considered as a potential way of detoxification of arsenic
in the environment, as the toxicity of organic arsenic is
much more than that of its inorganic form (Krumova et al.
2008). There has been increasing interest in the application
of bioremediation to mitigate arsenic toxicity in soil
systems. Some bacterial isolates can sustain higher arsenic
concentrations (Rehman et al. 2010) and such isolates can
be used to reduce the arsenic load of polluted soil. Based on
this background, a controlled laboratory experiment was
conducted to remove arsenic from arsenic-rich liquid media
by different bacterial isolates that were isolated from
arsenic-contaminated soils of Nadia district, India.

MATERIALS AND METHODS
Study site and soil properties

Baseline survey data reveals that total arsenic status of the surface
(0-150 mm) soils of Ghentugachi village (N 23° 2" 4” and E 88°
34’ 55.5"), Nadia district, West Bengal, India ranging between 7.6
and 16.63 mg kg™'. During July, 2009 soils were collected from 24
farmers’ fields of a jute-growing village. The soil of the field was
silty loam and arsenic concentration was measured (Sinha et al.
2011). The total arsenic status of the ground water was in the
range of 0.146 to 0.573 with a mean value of 0.231, which is 23
times higher than the safe limit of arsenic toxicity as defined by
the WHO (1996). The total arsenic content of the soil was between
7.6 and 16.25 mg kg', with a mean of 12.67 mg kg™'. From each
field a representative sample of 500 g was removed. All samples
were mixed thoroughly and a 500 g composite sample served as
the source of bacterial isolates. Soil was maintained at 4°C for
microbiological studies. Physicochemical properties of the soil
were estimated by standard methods (Page et al. 1982) (Table 1).
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Table 1 Important physicochemical properties of the experimental soil.

Properties Status

pH 722
Electrical conductivity 1.18 ds m™
Organic carbon 9.90 g kg
Available nitrogen 152.52 kg ha™!
Available phosphorus 65.7 kg ha'
Available potassium 135.5 kg ha'
Olsen extractable arsenic 233 mgkg'
Total arsenic 15.68 mg kg

Olsen extractable arsenic concentration was determined by an
atomic absorption spectrophotometer (Perkin Elmer Analyst 200,
USA) coupled with FIAS 400.

Isolation of arsenic-resistant bacteria

Basal salt minimal medium (BSMYT) with a pH value of 8 (Yama-
mura et al. 2003; Pattamaporn ez al. 2008) was used for isolation
of arsenic transforming bacteria. The medium was autoclaved at
121°C for 15 min. One gram of moist soil sample was dissolved in
10 ml of 0.9% NaCl and shaken for 30 min. Then 5 ml of soil
suspension was inoculated into 50 ml BSMYI media containing
150 pg ml" AsY and incubated at 30°C on rotary shaker at 120
rpm for 2 days. 5 ml of culture was transferred into fresh BSMYI
medium containing 250 pg ml' As, and transferred twice into
new medium that was supplemented with 500 pg ml™" AsY. For
isolation of arsenic-resistant bacteria following the above enrich-
ment process, 100 pl of culture was spread on BSMYT agar that
contained 500 pg ml™" As" and incubated at 30°C for 2 days.
Sodium-arsenate was filter sterilized and added to the medium as
the source of As".

Arsenic tolerance capacity of the isolates

In order to assess the arsenic tolerance limit of the 20 isolated bac-
teria, the cultures were grown in 15 ml of BSMYI broth containing
different concentration of As¥ (1000, 2000, 4000, 6000, 8000,
10000, 12000, 14000 and 16000 mg 1) and As™ (50, 75, 100, 125,
150, 175, 200, 225 and 250 mg l'l) in 50-ml conical flask and were
incubated at 30°C for 3 days. The growth appearance of cultures
was determined by turbidity measurements following spectropho-
tometry (optical density at 600 nm) (VARIAN CARY-50 UV-VIS).

Selection of efficient arsenic-removing bacteria

Initially 28 isolates were coded as AGH-01 to AGH-28 where ‘A’
stands for Arsenic and ‘GH’ stands for Ghentugachhi. Finally 20
pure bacterial isolates were obtained by a repeated streak plate
method. As" solution at 25 mg 1" was added to the media. As there
were 10 isolates, 10 media were prepared to which inocula were
added. Besides, 10 more media were prepared where inocula were
not added, the controls. In general, for any experiment only one
control was used. However, as the 10 bacterial isolates needed
some specific environment for each, a common control might not
serve the purpose. Another 20 sets of media were prepared with
As™ solution at 25 mg I'". Among these 20 bacterial isolates, 10
with the greatest arsenic tolerance were selected for studying their
arsenic-removing ability in BSMYI broth containing 25 pg ml” of
As" and As™. Conical flasks containing 20 ml of this broth were
incubated with 500 pl of bacterial cells (ODgpp ym = 0.6) of each
isolates and allowed to shake in a rotary shaker at 100 rpm at 30°C.
After three days of incubation, broth cultures were centrifuged at
10,000 rpm for 5 min to separate the cell mass and liquid broth.
Liquid medium was filtered through a 0.45 pm Millipore filter and
the concentration of arsenic for each isolate was measured. Liquid
medium amended with arsenic but not inoculated with bacteria
and liquid media inoculated with bacteria but no arsenic were used
as blanks for each set of experiments. The total arsenic content
was measured by atomic adsorption spectroscopy (Perkin Elmer
Analyst 200, USA) coupled with FIAS 400).
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Phenotypic and biochemical characterization of
the isolate

Colony characteristics of the isolates on BSMYI slants and cel-
lular morphology by negative staining, Gram character, spore and
capsule formation as well as different biochemical characteristics
of the isolates were studied by following standard procedures
(Holtz 1993).

Identification of the bacterial isolates based on
16S rDNA

For the molecular identification of the bacterial isolates, total
genomic DNA was extracted as described by Sambrook and Rus-
sel (2001) and the 16S rRNA gene was amplified by PCR using a
forward primer Y1(40) (5'-TGG CTC AGA AGG AAG GCG
GCG GC-3") and a reverse primer Y2(337) (5'~-CCC ACT GCT
GCC TCC CGT AGG AGT-3"), commercially purchased from
Chroumous Biotech Pvt. Ltd., City, India. Before amplification,
DNA was initially denatured for 5 min at 94°C and then 1 min at
94°C. After amplification, a final extension step (10 min at 72°C)
was performed. The cycling parameters consisted of 35 cycles at:
94°C for 5 min (initial denaturation), 94°C for 1 min (denatura-
tion), 52°C for 1 min (primer annealing), 72°C for 5 min (final ex-
tension). The samples were maintained at 4°C until analysis by 1%
agarose (Sigma) gel electrophoresis. Sequencing was carried out
by Chroumous Biotech Pvt. Ltd., City, India and 16STRNA gene
sequences were subjected to BLAST-N analysis (http:/
www.ncbi.nlm.nih.gov/) to identify the most similar species.

RESULTS AND DISCUSSION

Isolation of arsenic-resistant bacteria and
determination of arsenic tolerance capacity

Twenty pure bacterial isolates were obtained from arsenic-
enriched BSMYT culture medium) followed by serial dilu-
tion pour plate technique and repeated streak plate methods.
After 3 days of incubation the arsenic tolerance capacity of
these isolates was estimated with different concentration of
As’ and As™ in BSMYI broth (Table 2). It was observed
that all isolates could grow and withstand the arsenic toxi-
city up to 8000 mg I of As" and 125 mg I"' of As"" Ten
bacterial isolates viz. AGH-03, AGH-07, AGH-10, AGH-12,
AGH-15, AGH-16, AGH-18, AGH-21, AGH-23, AGH-26
sustained and grew 1n an environment w1th the concentra—
tion of 12,000 mg I As" of and 200 mg 1" of As"™. From
the results it was observed that all bacterial isolates do not
have the same tolerability to arsenic toxicity. This might be
due to developing of arsenic tolerance and resistant ability
of the inherent individual soil microorganisms as described
by Smith (1998). These ten isolates were selected for fur-
ther study. Out of these ten, a few of the 1solates could have
been grown up to 14,000 mg 1" of As" broth (AGH 03 ;
AGH-16, AGH-21, AGH-23) and up to 225 mg 1" of As"
broth (AGH 03, AGH 21), no growth was observed beyond
the said As' and As™ concentrations. Existence of specific
mechanism in side the microbe cell along with some envi-
ronmental factors made the isolates capable to resist and
even grow further against the higher metal toxicity (Smith
1998). Mechanisms of resistance by microorganism include
microbial surface sorption, enzymatic transformation, preci-
pitation by oxidation/reduction reaction, and biosynthesis of
metal binding proteins or extracellular polymers. Whereas
environmental factors may include the surrounding pH and
redox potential, metal speciation, soil particulates and solu-
ble organic matters (Srinath 2002; Zoubilis 2004). Those
isolated microorganisms might have the similar arsenic re-
sistance mechanisms with different degrees. Minimal inhib-
itory concentrations of arsenic tolerant bacteria were repor-
ted by Krumova (2008) and Chang (2007) which were
almost similar to these findings. The arsenlc toxicity of As™
was almost 100 times greater than As". Similar observations
have been reported by many workers (Ji and Silver 1992;
Hiroki 1993; Omerland and Stolz 2005).
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Table 2 Arsenic (As” and As ") tolerance capacity of the bacterial isolates after 3 days of incubation.
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Strain Concentration of As" in mg I'' Concentration of As"' in mg 1"
1000 2000 4000 6000 8000 10000 12000 14000 16000 50 75 100 125 150 175 200 225 250
AGH-01 + + + + + - - - - + + + + - - - - -
AGH-02  + + + + + - - - - + + + + - - - - -
AGH-03  + + + + + + + + - + + + + + + + + -
AGH-04 + + + + + - - - - + + + + - - - - -
AGH-05 + + + + + - - - - + + + + - - - - -
AGH-06  + + + + + - - - - + + + + - - - - -
AGH-07 + + + + + + + - - + + + + + + + - -
AGH-08  + + + + + - - - - + + + + - - - - -
AGH-09  + + + + + - - - - + + + + - - - - -
AGH-10 + + + + + + + - - + + + + + + + - -
AGH-11  + + + + + - - - - + + + + - - - - -
AGH-12  + + + + + + + - - + + + + + + + - -
AGH-13  + + + + + - - - - + + + + + - - - -
AGH-14  + + + + + - - - - + + + + + - - - -
AGH-15  + + + + + + + - - + + + + + + + - -
AGH-16 + + + + + + + + - + + + + + + + - -
AGH-17 + + + + + - - - - + + + + - - - - -
AGH-18 + + + + + - - + + + + _ _
AGH-19 + + + + + - - - - + + + + - - - - -
AGH-20 + + + + + - - - - + + + + - - - - -
AGH-21  + + + + + + + + - + + + + + + + + -
AGH-22 + + + + + - - - - + + + + - - - - -
AGH-23  + + + + + + + + - + + + + + + + - -
AGH-24 + + + + + - - - - + + + + - -
AGH-25 + + + + + - - - - + + + + - - - - -
AGH-26 + + + + + + + - - + + + + + + + - -
+ = growth; - = no growth
Arsenic removal by the isolates AT I
6 |

Among the 10 selected isolates, AGH 21 was the most s 5
efficient one for removing both As" (6.4 mg I'") and As™ g
(7.6 mg I'") from the broth (Table 3)1 which initially con- o 4
tains 25 mg I of either As¥ or As' Results show that T 5
AGH-21 is capable of removing 26% of As” and 31% of @

" from the liquid media during the 3 days incubation < 2
perlod On an average, the removal of arsenle ranges from 1 I%I
1.0-6.4 mg I of As and 2.0-7.6 mg " of As™. Irrespective
of form of arsenic (As’ and As™ ), the bacterial isolates act 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
in the same manner (Fig. 1A, 1B) so far the residual status NI S\ TN - T R T T I <
of As¥ and As™ in the BSMYI media remain after the 3 S &K SS S
days incubation period. The removal capacity of the arsenlc vovr A
by the bacterial isolates, in general was greater for As" over 8

Study shows that max1mum amount of As" (23.98 mg B %
l ) and As" (22.99 mg I"") remains in the media when 7
AGH-15 inoculum was_added to the media. The same was 6 |
at the lowest level (As’ 18.6 mg I and As™ 17.4 mg 17) s
when AGH-21 inoculum was present in the media. At the E 5
end of the incubation period status of As’ and As" were 2 4
markedly low under AGH-21 than other isolates. The rea- & 3
son for the loss or removal of arsenic from the broth may g i
possibly due to volatilization as well as microbial cell ac- 2
cumulation (Pornsawan and Nootra 2001; Qin 2006; Cer- 1
nansky 2009). It has been reported that a number of bac-
terial species, namely Proteus sp., Bacillus sp., Escherichia 0
coli, Flavobacterium sp., Corynebacterium sp. Pseudo- S QS e e X PP
monas sp. possess varying degrees of arsenic accumulating v@?" v@?\' YQQ\' X v@?\' v@?\’ Y@Q\' VOQ\' VOQ\, VOQ\'

abilities Through biomethylation most of these species also
capable of transformlng more toxic inorganic form of
arsenic (As" and As") into methylated arsenic species such
as MMA, DMA, TMA and TMAO, which are less toxics to
humans. The isolate AGH-21 showed the higher arsenic
resmtance ab111ty and able to remove maximum amount of
As" and As'"', was selected for identification.

Phenotypic and biochemical characteristics
of the efficient bacterial isolate

Phenotypic characteristics of the isolated pure culture of
AGH-21 showed white irregular undulating colonies. The
isolate was Gram-positive, form endospore and capsule,
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Bacterial isolates

Fig. 1 Role of bacterial isolates on residual status of added As" (arse-
nate; A) and As" (arsenite; B) in BSMYI medium 3 days after incu-
bation. N = 3. Error bars indicate standard error of mean (SE), and are
identical.

showing long rod shaped morphology in chain under the
microscope. Biochemical characteristics revealed that the
isolate could utilize glucose, fructose, nitrate and could
hydrolyse starch. It was catalase, oxidase and gelatinase
positive but indole, methyl red and Voges-Proscure negative.
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Table 3 Removal of As¥ and As" (mg 1) from BSMYI media initially

contains 25 mg 1"' As” and As™ after 3 day incubation at 30°C.

Bacterial isolates Removal of As'from  Removal of As’ from
broth (mg I'") broth (mg I'")

AGH-03 3.20 3.10
AGH-07 4.05 3.90
AGH-10 3.73 322
AGH-12 2.86 2.57
AGH-15 2.62 2.37
AGH-16 1.02 2.01
AGH-18 3.61 3.21
AGH-21 6.40 7.60
AGH-23 331 3.42
AGH-26 4.23 4.12

The isolate showed alkaline reaction on triple sugar iron
agar slant.

Identification of the bacterial isolate AGH-21
on the basis of 16S rDNA sequences

Molecular characterization of the strain based on sequen-
cing of 16S rDNA and subsequent comparison with existing
databases in GenBank, the isolate AGH-21 was identified as
Bacillus flexus (accession number: HQ834295). Arsenic
oxidizing microbes were first identified in cattle-dipping
fluids in South Africa (Green1918), where a bacteria, provi-
sionally referred to as Bacillus arsenoxydans, was able to
grow in culture media containing up to 1% As,05 as As'",
which brought about its oxidation to As". Several strains of
Bacillus sp have also been recently reported to be able to
oxidize As™ to As" (Ike 2008; Chang and Kim 2010).
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