Journal of Applied & Environmental Microbiology, 2015, Vol. 3, No. 4, 101-105
Available online at http://pubs.sciepub.com/jaem/3/4/2
© Science and Education Publishing
DOI:10.12691/jaem-3-4-2

16S rDNA Identification of Arsenite-Oxidizing
Bacillus sp. Isolated from Arsenic Contaminated Surface
Water Uttar Pradesh, India
Bilal Ahmad Tantry1,2,*, Divya Shrivastava2, Ibrahim Taher1, Mudasar Nabi Tantry3
1

Department of Microbiology, college of medicine, Aljouf University, Sakaka,Saudi Arabia
2
Department of life science, Jaipur National University, Jaipur India
3
Department of Clinical Biochemistry, Kashmir University, Srinagar, India
*Corresponding author: batantry@ju.edu.sa

Abstract Three novel Arsenite oxidizing bacteria have been isolated from arsenic contaminated rivers from India.
Samples were collected from the three districts of Uttar Pradesh (UP) viz., Ghaziabad, Moradabad and Gorakhpur
Uttar Pradesh, India. All the three stains were observed as gram positive, aerobic, spore forming and rod shaped. The
phylogentic analysis using 16S rDNA identification sequence showed that three isolates were belonged to the family
of Bacillaceae and were closely related to Rummeliibacillus sp. (98%), Brevibacillus agri strain (88%) and Bacillus
thuringiensis (99%). All the three strains are clearly distinguished from the related Bacillus species by its
biochemical characteristics as well as the phylogentic relationship, therefore the three strains represent the novel sp.
of the genus bacillus for which we proposed the names viz., Rummeliibacillus sp. AOBG-1, Brevibacillus sp.
AOBMI-1 and Bacillus sp. AOB-GI-1 respectively. The GenBank accession numbers for the 16S rRNA gene
sequence of the strains are KP295449, KP314033 and KP 308382.
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1. Introduction
Arsenic (As) contamination in surface and ground
water in the environment has been reported world wide
[1,2,3]. As exists in four oxidation states viz,. -3, 0,+3 and
+5. Arsenite As (III) is predominant in sub surface waters
(anoxic reducing environments), it is more harmful,
soluble, mobile and toxic than Arsenate As (V) [4,5]. The
primary source of As in surface waters is release of As
from arsenic rich sediments, geochemical factors, use of
insecticides, phosphate fertilizers and mining, industrial
processes etc [6]. The permissible limit of As in drinking
is 10 ppb (0.01mg/L) as per provisional guidelines of
WHO [5]. As level surface water in the districts of Uttar
Pradesh is far exceeding the permissible limit of WHO
[7,8]. large number of states of in India rely on As
contaminated surface water for drinking and irrigation
purpose [9]. In recent years, prokaryotes display the
potential to remove the toxic form of As from aqueous
medium [10]. Diversity of As resistant prokaryotes and
their genes coding for As resistance have been found in
various Arsenic contaminated environments [11]. The
presence of ars operon on plasmids and chromosomes of
As resistant bacteria explains the mechanisms of microbial
arsenic oxidation [12]. Arsenite oxidation has been found

in various prokaryotes viz., Agrobacterium, Pseudomonas
and Alcaligenes [13,14,15]. Some prokaryotes use Arsenite
as a sole electron donor as in lithotrophs, while as
heterotrophic As-oxidizing bacteria use arsenite oxidation
as a detoxification mechanism. As (III) oxidiation is
catalyzed by arsenite oxidase enzyme [16,17]. Prokaryotic
arsenite oxidation influence environmental As cycles
better understanding of As resistant prokaryotic diversity
will lead to the improvement of bioremediation process of
As [18]. Microbial oxidation is very fast as compared to
the chemical oxidation process of As. The As resistant
communities in surface water of UP remain largely un
studied. In our study we carried out the isolation of
arsenite-oxidizing bacteria present in As contaminated
surface waters (lakes and rivers) located in various
districts of Uttar Pradesh India. The results revealed that
all the three arsenite-oxidizing bacteria isolated were
different to those previously identified.

2. Material and Method
2.1. Study Sites and Sampling
The study was conducted in three districts viz.,
Gorakhpur (26° 45′ 31.68″,83° 22′ 10.92), Moradabad
(28° 49′ 48″, 78° 46′ 48″) and Ghazibad (28° 40′ 12″, 77°
25′ 12″) of Uttar Pradesh. Surface water (lake) sample
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collection was from grorakhpur, other water samples were
collected from Ghaziabad (Hindon river) and Moradabad
(Ram Ganga River). These rivers are highly polluted
because of man made activities in the vicinity. To our
knowledge, till now no detailed study has been designed
to investigate the As level in these rivers. The samples of
lake and river water were collected in polypropylene
sterile bottle (250ml) and in each sample sodium arsenite
(sigma Aldrich) was added and then the sample bottles
were sealed, dated and transported to the laboratory in ice
box. The samples were incubated for 7 days in dark at
25°C [19].

2.2. Culture Media
An aliquot of 100 μl of water sample was spread on
plates containing chemically defined medium (CDM) the
compostion of the media (g l-1) viz., 8.12mM MgSO4,
(Sigma-Aldrich), 0.0574mM K2HPO4 (Sigma-Aldrich),
9.5mM NaHCO3 (Sigma-Aldrich USA), 18.7mM NH4Cl,
0.012mM Fe2SO4 (Sigma-Aldrich USA), 44.6 mM NaLactate (Sigma-Aldrich USA), 7 mM Na2SO4 (SigmaAldrich USA), 0.457mM CaCl2 (Sigma-Aldrich USA),
2mM NaAsO2 (Sigma-Aldrich USA) and 15g Agar. The
final pH of CDM was 7.2 and media was sterilized by
autoclaving at 120°C for 15min. the growth of bacterial
colonies was observed after 48hr of incubation at 35°C,
isolation was carried out in triplicates.

2.3. Isolation of As (III) Resistant Bacteria
The Triplicate sample cultures were sequentially
streaked on As (III) supplemented CDM to get the pure
colonies of arsenite oxidizing bacteria. The resulting
enriched cultures were plated on the solidified R2A agar
media (0.5/L glucose, 1g/L tryptone, 0.3g/L yeast extract,

0,3g KH2PO4, 0.05g MgSO4 and 1% agarose. cultures
were incubated at 35°C for 48 h. The pure cultures were
preserved in R2A agar medium.

2.4. Phenotypic Characterization
Isolated bacterial strains were cultured on R2A agar and
were examined for morphological characteristics. Gram
staining was done, and observed under light microscope
(Leica DMD 108 digital microscope). Biochemical
characterization was performed in terms of carbohydrate
utilization (starch, dextrose, sucrose, maltose, rhamnose,
fructose, lactose, citrate. Oxidase and catalase, IMVIC
(Indole, methylred, vogues proausker and citrate) and
hydrolysis of gelatin, casein, starch and esculin were done
[20].

3. Results
3.1. Production of Biomass Selected Arsenic
Resistant Bacteria in Different Medium
The three strains were inoculated in (50ml) of R2A
broth and R2A broth containing 0.2% sodium arsenite at
optimum pH 7.0 and temperature (35°C). The cultures
were incubated and growth was observed after 48 hrs and
then biomass was weighted (Figure 1) [23]. The biomass
in R2A broth was found highest in the strain (AOB-2)
AOB-MBI (392.4 mg/50ml) followed by the (AOB-4)
AOB-G-I (387.6 mg/50ml). (AOB-5) AOB-GI-I (188
mg/50ml). while as the biomass production in arsenite
supplemented media was found highest in the AOBG-I
(167.2 mg/50ml), AOBMI-I (167 mg/50ml), AOB-GI-I
(159.3 mg/50ml).

Figure 1. Production of biomass selected arsenic resistant bacteria in different medium

3.2. DNA Isolation, DNA Sequencing and
Phylogenetic Analysis
Total DNA was isolated from overnight broth using the
Invitrogen kit USA, according to instruction mentioned in
protocol. The 16S rDNA of the bacteria was amplified by
PCR using universal primers 8f 5′-AGA GTT TGA TCC
TGG CTC AG-3′ and 926r 5′-CCG TCA ATT CCT TTR

AGT TT-3′ [24]. PCR amplification was performed in
ABI 9700 Thermal cycler (USA) in a 50 μL volume
containing 1 μL DNA, 1 μL of each primer, 2 μL of
dNTPs, 1.5 μL of MgCl2, 2.5μL of PCR buffer (trisHCl
100Mm), 1 μL of DNA polymerase, and adding of
nuclease free water to a final concentration of 50 μL.
After the amplification of the 16S rDNA, the samples
were electrophoresed on 1% Agarose gel using buffer 1X
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TAE. ladders were loaded along the sides of the samples.
For analysis 5μl of PCR product was taken and 10μl of 6x
Gel loading dye was added and loaded to the Agarose gel.
For purification of the PCR products an inhouse Gel
elution kit has been used. The required band is excised
from the gel and re suspended in Buffer which contains
components for dissolution of the gel keeping the DNA
intact. After dissolution of the gel the solution loaded onto
a purification column. Wash buffer is used to get rid of all
the salts and other contaminants. Pure DNA is eluted from
the column in 10mM Tris buffer or Nuclease free water.
DNA sequencing analysis was performed by using ABI
3730XLS DNA analyzer and ABI Big dye Terminator kit.
The resulting 16SrRNA sequences of the As-resistant
bacteria were analyzed by BLASTn. The phylogenetic
trees was constructed by the neighbor- joining distance
method,using program phylogenetic.fr (Figure 2) [25,26].

Figure 2. Phylogenetic tree of the three most arsenic resistant bacteria
based on 16s rRNA sequences

3.3. Nucleotide Sequence Accession Numbers
The sequences determined in this study for strains
Rummeliibacillus sp. AOBG-1, Brevibacillus sp.
AOBMI-1 and Bacillus sp. AOB-GI-1 have been
deposited in Gen- Bank under the accession numbers
KP295449, KP314033 and KP 308382 respectively.
The three new arsenite oxidizing bacteria AOBG-1,
AOBMI-1 and AOB-GI-1 were isolated from As
contaminated surface water. The characterization of the
isolates was done on the basis of morphology and gram
staining characteristics. All the three starins were gram
positive, oxidase negative, catalase positive, rod shaped,
aerobic. The optimum growth temperature and pH was
35°C and 7.0 respectively. Biochemical characterization
was performed in terms of H2S formation, Hydrolysis of
(esculin, casein, starch and gelatin), carbohydrate
utilization (starch, maltose, lactose, glucose, galactose, N-
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acetylglucosamine, arabinose, rahamnose, sorbitol, xylose
and trehalose. (Table 1) shows the biochemical test of all
the three strains.
Table 1. Phenotypic and Biochemical Characterization of the 03
Arsenite oxidizing bacterial isolates
Biochemical test
AOBG-I
AOBMI-1
AOB-GI-1
Gram stain
+ve
+ve
+ve
0.8% NaCl
+
+
+
Growth at pH(7.0)
+
+
+
Growth at (35°C)
+
+
+
Cell shape
Rod
Rod
Rod
Spore formation
+
+
+
Oxidase
Catalase
+
+
+
Motility
+
+
+
Methyl red
+
+
Voges-proskauer
+
Indole
+
Urease
H2S formation
Citrate utilization
Hydrolysis of
Esculin
ND
ND
Casein
+
+
Starch
+
+
+
Gelatin
ND
+
+
Acid production
Sucrose
+
+
Maltose
+
+
Lactose
+
+
+
Galactose
N–
+
+
acetylglucosamine
Arabinose
Rahamnose
Sorbitol
Xylose
Trehalose
+
+
+(Positive), - (Negative), ND (Not Done).

The ability of the isolates to oxidize arsenite were
tested using qualitative potassium permanganate (KMnO4)
method [21]. Each isolate resistant to arsenite was
inoculated in R2A broth with final concentration of 900
μM sodium arsenite and then shaken on rotatory shaker at
180 rpm for 7 days at 30°C. 1 ml of cultured isolate was
added to a 2 ml of glass tube containing 0.01 M KMnO4
and change in color is monitored. A pink color indicates
arsenite oxidation (As V) [22].

Table 2. Arsenite oxidizing bacterial strains and their 16S rDNA Identification
Sample code

Isolate Accession Number

Strain name

Base pair

Closest Neighbor to known strain (Similarity %)

AOBG-1

KP295449

Rummeliibacillus sp. AOBG-1

1536

Rummeliibacillus (98%)

AOBMI-1

KP314033

Brevibacillus sp. AOBMI-1

1402

Brevibacillus agri (88%)

AOB-GI-1

KP308382

Bacillus sp. AOB-GI-1

1397

Bacillus thuringiensis (99%)

The 16S rRNA sequence analysis and phylogenetic
relationship showed that the three arsenite-oxidizing
bacteria were identified including Rummeliibacillus sp.
AOBG-1 (Firmicutes), Brevibacillus sp. AOBMI-1
(Firmicutes), and Bacillus sp. AOB-GI-1 (Firmicutes). All
the three isolates were found novel and the gene
sequences were submitted to GenBank NCBI, Acession
numbers were assigned to all the three strains (Table 2)

shows the percentage similarity and accession numbers.
The16S rDNA identities of these strains were analysed
and compared to the following related arsenite-oxidizing
bacteria and it was found that the Rummeliibacillus sp.
AOBG-1 shared 98% 16S rDNA identity to
Rummeliibacillus stabekisii. Brevibacillus sp. AOBMI-1
showed 88% 16S rDNA identities to Brevibacillusagri
strain and 16S rDNA identity of Bacillus spp. AOB-GI-1
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was 99% to Bacillus thuringiensis The three newly
isolated arsentie oxidizing bacteria are the members of the
firmicutes (Table 2).

4. Discussion
The microbial community that oxidize arsenite are
mainly composed of gamma proteo bacteria, and delta
proteobacteria, with alpha proteobacteria and beta
Proteobacteria [27]. The microbial reduction of arsenic
has been reported in numerous genres including
Alcaligenes, Escherichia [28], Pseudomonas, Bacillus,
Desulfovibrio [29], Shewanella, Enterobacter, [30]. In our
study all the arsenite oxidizing bacteria that we found
belong to phyla firmicutes all the strains are gram positive,
rod shaped, oxidase negative and catalase positive. The
three isolates (AOBG-1, AOB-MI-1 and AOB-GI-1) are
new arsenite oxidizing bacteria and we named them as
Rummeliibacillus sp. AOBG-1 (Accession No. KP295449,
1536bp), Brevibacillus sp. AOBMI-1 (Accession No.
KP314033, 1465bp) and Bacillus sp. AOB-GI-1
(Accession No. KP 308382. 1397bp). The isolate AOBG1 shows the similarity with Rummeliibacillus sp. (98%,
accession no. HE586361), Bacillus sp (98%, accession no
AB243841) and baclillus sp. (97% accession no
AB243839). Similarly the isolate AOB-MI-1 shows the
similarity with Brevibacillus sp (98%, accession no
KM403208), Brevibacillus agri (98%, accession no
HE993879), Brevibacillus agri (98%, accession no
GQ927168), Streptomyces sp. (98%, accession no
AB731746), Bacillu sp. (98%, accession no AB533759)
and the isolate AOB-GI-1 shows the similarity with
Bacillus sp (95%, accession no JN975197), Bacillus
thuringiensis (95%, accession no CP010577), Bacillus
thuringiensis (95% accession no KP006649), Bacillus
thuringiensis (95%, accession no CP003687), Bacillus
sp.(95%, accession no JX402416), bacillus sp. (95%,
accession no JQ030915).Microorganisms belonging to the
class
of
gamma
proteo
bacteria,
such
as
Stenotrophomonas strain MM7 and, Pseudomonas strain
TS44, which were recently reported to oxidize As(III) in
various environments and were found to tolerate high
arsenic concentration levels [31,32] and Alkali limnicola
ehrlichii MLHE-1 a denitrifying halophilic microorganism
isolated from a salt lake with naturally high As
concentration levels [33]. There are numerous bacterial
species capable of oxidizing arsenic and using this
compound as an electron donor for growth
chemolithotroph, although very few organisms can grow
through this mechanism among these is arsenitoxidans
Pseudomonas strain NT-26 arsenopyrite samples isolated
from a gold mine. Microbial species that bio transform
arsenic between oxidation states with differing
environmental behaviors control the release of adsorbed
arsenic by sediments into groundwater and may
potentially be utilized for bioremediation. To date, most
investigations of bacterial communities only focused on
analyzing population shifts in incubation experiments
using environmental samples from contaminated
sediments in Southeast Asia. Although previous reports
supported the biogeochemical basis for arsenic
mobilization, such incubation experiments failed to
identify the responsible in situ microbial populations [34].
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