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Abstract Arsenite oxidizing bacteria, isolated from

industrial wastewater, showed high resistance against

arsenite (40 mM) and other heavy metals (10 mM Pb;

8 mM Cd; 6 mM Cr; 10 mM Cu and 26.6 mM As5?).

Bacterial isolates were characterized, on the basis of

morphological, biochemical and 16S rRNA ribotyping, as

Bacillus cereus (1.1S) and Acinetobacter junii (1.3S). The

optimum temperature and pH for the growth of both strains

were found to be 37 �C and 7. Both the strains showed

maximum growth after 24 h of incubation. The predomi-

nant form of arsenite oxidase was extracellular in B. cereus

while in A. junii both types of activities, intracellular and

extracellular, were found. The extracellular aresenite oxi-

dase activity was found to be 730 and 750 lM/m for B.

cereus and A. junii, respectively. The arsenite oxidase from

both bacterial strains showed maximum activity at 37 �C,
pH 7 and enhanced in the presence of Zn2?. The presence

of two protein bands with molecular weight of approxi-

mately 70 and 14 kDa in the presence of arsenic points out

a possible role in arsenite oxidation. Arsenite oxidation

potential of B. cereus and A. junii was determined up to 92

and 88 % in industrial wastewater after 6 days of incuba-

tion. The bacterial treated wastewater improved the growth

of Vigna radiata as compared to the untreated wastewater.

It indicates that these bacterial strains may find some

potential applications in wastewater treatment systems to

transform toxic arsenite into less toxic form, arsenate.

Keywords Arsenite � B. cereus � A. junii � Arsenite
oxidase � Wastewater treatment

Introduction

Arsenic (As) is a toxic heavy metal located in group V of the

periodic table (Wackett et al. 2004). It’s a natural and

ubiquitous element and released by different natural pro-

cesses (e.g. weathering of rocks, land erosion, leaching, and

volcanism). In 300minerals, arsenic is present in association

with sulphide ores and manganese or iron oxides (Brand-

stetter et al. 2000; Leist et al. 2000), like as arsenopyrite

(FeAsS), realgar (AsS), enargite (Cu3AsS4) and orpiment

(As2S3) (Donahoe et al. 2004). In anthropogenic processes,

almost 90 % of all arsenic compounds come from wood

preservatives [e.g. commonly chromated copper arsenate

(CCA)] and remaining 10 % is coming from gold mining,

smelting, glass manufacturing, pharmaceutical industries,

electronics, chemical weapons, pigment production, rodent

poisons, printing, tanning, metal alloys etc. and agricultural

applications as pesticides, insecticides, herbicides, fungi-

cides, soil sterilants, and silvicides (Campos et al. 2009).

Arsenic is 20th most abundant element in the earth’s

crust that is released into the environment as toxic metal-

loid from natural and manmade activities as causes chronic

diseases especially cancer in human beings (Bahara et al.

2012). Arsenic is mostly present in the form of arsenite and

arsenate, former is more toxic and has high solubility than

arsenate (Neff 1997). Both forms interfere with normal

body function as arsenite has strong attraction for binding

with sulfhydryl groups of cysteine and arsenate shows
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structural similarity with phosphate and disrupts the normal

oxidative phosphorylation process (Ordonez et al. 2005).

Arsenic in As3? oxidation state is more easily movable

and more attractive for protein thiols or vicinal sulfhydryl

groups of cysteine residues in proteins and causes endo-

crine disruption because of its property to bind to hormone

receptors and resultant disruption of normal cell signaling

that’s why it’s 100 times more toxic as compared to As5?

(Liu et al. 2001). The structures and chemical compositions

of proteins, lipids, and DNA are changed by arsenite as it

induces production of reactive oxygen species so generally

it acts as carcinogenic (Liu et al. 2001).

Pakistan is under great threat of water pollution now a

days due to lack of management to control industrial

effluents, house hold sewage and saline drainage water fall

into rivers and sea and this water contains large amount of

heavy metals that are not environment friendly (Ghafoor

et al. 1994; Ali et al. 2012).

There is a need to develop more advance methods that

should be cheap, more effective and environmental friendly.

The bioremediation approach which uses microorganisms

because different microbes react to arsenic in different ways

such as exclusion, chelation, immobilization, compartmen-

talization (Di Toppi and Gabbrielli 1999), methylation,

reduction and oxidation to reduce, eliminate, or transform

arsenic contaminants from soils, sediments, water and air.

This process is also called microbial metabolism (Newman

et al. 1998; Stools and Oremland 1999).

The present study aims at isolation and molecular

characterization of arsenite resistant bacteria from indus-

trial effluents and their potential use in wastewater

treatment.

Materials and methods

Isolation and screening of arsenite resistant bacteria

Wastewater samples were taken in sterilized bottles from

leather and pharmaceutical industries of Lahore, Pakistan.

The physiochemical properties of samples were determined

i.e. temperature, pH and color and arsenite concentration

was also estimated from the wastewater samples. For

bacterial isolation, 100 lL of each wastewater sample was

spread on 100, 500, 1000, 1500, 2000, 2500, 3000, 3500

and 4000 lg/mL of arsenite supplemented in acetate min-

imal salt medium (MSM) (Pattanapipitpaisal et al. 2001).

Identification of arsenite resistant bacteria

For identification of arsenite resistant bacteria, morpho-

logical and biochemical tests, gram staining, spore staining,

catalase, cytochrome oxidase, citrate utilization, motility,

urease, triple sugar iron reaction, Voges–Proskauer test,

indole test, methyl red, Eosin methylene blue agar, starch

hydrolysis, MacConkey agar, mannitol salt agar and pig-

ment production were performed according to Cappuccino

and Sherman (2001). For molecular characterization

selected bacterial isolate’s total DNA was extracted

according to Sambrook et al. (2001). For 16S rRNA gene

amplification universal primers i.e. RS1 (5-AAACT-

CAAATGAATTGACGG-3) and RS3 (5-ACGGGCGG

TGTGTA-3) were used (Rehman et al. 2007). Amplifica-

tion reactions were performed in 25 lL of distilled water

containing 2.5 lL of each primer (20 pmol), 6 lL of

genomic DNA (5 lg/mL) (Amersham Pharmacia, Piscat-

away, NJ, USA). PCR was performed by initial denatura-

tion at 94 �C for 5 min, followed by 35 cycles at 94 �C for

1 min, annealing at 53 �C for 2 min and extension at 72 �C
for 1 min, with a final extension at 72 �C for 10 min.

Amplified products sequenced from Centre for Excellence

in Molecular Biology (CEMB), results and their similarity

analyzed by nucleotide BLAST database and submitted to

GenBank to get accession numbers of the corresponding

bacterial isolates.

Cross metal resistance

Arsenite resistant bacteria were also checked for their

ability to resist other heavy metal ions. For this purpose

various concentrations (100, 300, 500, 1000, 1500, 2000

and 2500 lg/mL) of different metal ions were used in

minimal salt-broth medium i.e. arsenate (As5?), chromium

(K2Cr2O7), lead [Pb(NO3)2] cadmium (CdCl2�H2O) and

copper (CuSO4). The medium containing heavy metal ions

was inoculated with 50 lL of bacterial cells growing in log

phase and was incubated at 37 �C for 24–48 h.

Optimization of growth conditions

The most favorable temperature and pH for the growth of

bacterial isolates were determined by growing 1 % of log

phase growing bacterial cells at temperature i.e. 25, 30, 37

and 42 �C and pH i.e. 5, 6, 7, 8 and 9. Finally optical

density was taken after 24 h at 600 nm.

Arsenite effect on the growth of bacterial isolates

Arsenite effect on bacterial growth was determined by

culturing the isolates in 1 mM (100 lg/mL) of NaH2AsO3,

LB broth medium containing 1 % glucose. Growth was

monitored from very start point of inoculation to after

every 4–36 h by taking optical densities at 600 nm.
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Determination of arsenite oxidase activity

Qualitative method (AgNO3 assay)

Acetate minimal agar supplemented with (1 mM) 100 lg/
mL NaH2AsO3 after 48 h growth of bacterial isolates was

flooded with 0.1 M silver nitrate solution and the result was

noted according to Simeonova et al. (2004).

Quantitative methods

Safranine O spectrophotometric method

Acetate minimal medium supplemented with (1 mM)

100 lg/mL NaH2AsO3 was inoculated with bacterial iso-

lates and without inoculation as a control for 24–96 h.

Later on bacterial culture was centrifuged at 14,000 rpm

for 10 min and supernatant used for extracellular enzyme

activity. Bacterial cells were physically disrupted (soni-

cated 3 times for 15 s with an interval of 1 min); cen-

trifuged at 14,000 rpm for 10 min and supernatant was

used for intracellular enzyme activity.

According to Pasha and Narayana (2008) each sample

was mixed with 1 mL of 2 % potassium iodate, 1 mL of

1 M hydrochloric acid, 0.5 mL of 0.02 % safranine O,

volume made up to 100 mL with deionized water and

gently shaked for 2 min. The pH was maintained at 4 by

adding acetate buffer and absorbance was taken at 532 nm

against reagent blank. The respective activities were

compared with the culturing medium containing no

arsenite in it. One unit of enzyme activity was defined as

the amount of enzyme releasing arsenate equivalent to

1 lmol arsenite per minute under the assay condition.

Arsenate determination by molybdene blue

According to Lenoble et al. (2003) 4 mL of intracellular

and extracellular enzyme was mixed separately with

200 lL of reagent A (dissolving 1390.5 g of (NH4)6-
Mo7O24�4H2O in 9 M H2SO4), 100 lL of reagent B (dis-

solving 109 0.5 g of ascorbic acid in 100 mL autoclaved

distilled water) and 700 lL of deionized water. Optical

density was measured at 870 nm after different time

intervals (0, 5, 10, 15, 20, 25 and 30 min) and same pro-

cedure was followed in case of control.

SDS-polyacrylamide electrophoresis

According to Laemmli (1970) protocol SDS-PAGE was

performed. Bacterial cells were grown in acetate minimal

broth with NaH2AsO3 (1 mM) and without at 28 �C for

48 h. Medium was centrifuged at 14000 rpm for 10 min.

The supernatant was mixed with 60 % of ammonium

sulphate and was left at 4 �C for overnight, again cen-

trifuged at 14,000 rpm for 10 min and lower bottom

3–4 mL residue was used as crude protein extract. A 40 lL
of crude protein extract and 20 lL of loading dye were heat

shocked at 100 �C for 5 min, then quickly transferred on

ice for 5 min and centrifuged at 14000 rpm for 2 min. A

25 lL of supernatant was loaded in wells and elec-

trophoresed for 2 h at 120 V. Later on gel was stained and

destained according to Sambrook et al. (2001).

Amplification of arsenite oxidase gene

For amplification of arsenite oxidase gene degenerate pri-

mers aoxBM1-2F-(5-CCACTTCTGCATCGTGGGNTGY

GGNTA-3) and aoxBM3-2R (5-TGTCGTTGCCCCA-

GATGADNCCYTTYTC-3) were used (Quéméneur et al.

2008). The reactions were performed in 50 lL of distilled

water containing 5 lL of each primer (10 pmol), 6 lL of

genomic DNA (5 lg/mL) (Amersham Pharmacia, Piscat-

away, NJ, USA). PCR was performed by initial denatura-

tion at 94 �C for 5 min, followed by 34 cycles at 94 �C for

1 min (annealing temperature for 45 s, in first cycle

decreases 1 �C on each cycle, from 55 �C until reaches to

46 �C and on 46 �C last 25 cycles were run) and extension

was done on 72 �C for 1 min, with a final extension at

72 �C for 5 min (Jinbo et al. 2007).

Arsenite oxidation by bacterial isolates

Decrease in arsenite (As3?) concentration was determined in

industrial wastewater by inoculating 3 % bacterial culture of

48 h grown in 1 L of industrial wastewater and two controls

were used (autoclaved and un-autoclaved wastewater).

Arsenite concentration wasmeasured by calibration curve of

standard arsenite according to Anderson et al. (1992).

Use of microbial treated wastewater for plant

growth

Vigna radiata (mung beans)was cultivated in small pots using

autoclaved soil. Three experimental pots were used; one was

wateredwithwastewater treatedwith bacterial cellswhile two

control pots were watered with tap water and untreated

wastewater. The plantsweregrown for 10 daysunder 1:1 light

and dark period and the growth was compared.

Statistical analysis

Observations were made and all the experiments run in

triplicate. At least three separate flasks were usually

maintained for one treatment. Each time three readings

were taken, their mean, and standard error of the mean

were calculated.
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Results

Screening of arsenite resistant bacterial isolates

Wastewater sample’s physiochemical characteristics

(Table 1) were present in ranged i.e. temperature

(24–29 �C), pH (6–9) and color (grey to light blue). The

arsenite concentration ranged between 1.23 ± 0.04 and

2.70 ± 0.03 lg/mL. Appearance of colonies number

decreases as concentration of arsenite in MSM increases,

only two colonies i.e. 1.1S and 1.3S appeared at 40 mM

(3000 lg/ml) of arsenite and were selected for further

research work. No growth was appeared at 45 mM

(3500 lg/mL) and 50 mM (4000 lg/mL) of arsenite.

Morphological, biochemical and molecular

characterization of bacterial strains

Morphological and biochemical characteristics of the

bacterial isolates are given in Table 2. Both isolates (1.1S

and 1.3S) observed as round shape cells. After blast (NCBI

database), the nucleotide sequences coding for 16S rRNA

gene were found homolog with Bacillus cereus (1.1S) and

Acinetobacter junii (1.3S) and were submitted to NCBI

database under the accession numbers of KF003021 and

KF003019, respectively.

Metal resistance

Both strains have ability to tolerate other heavy metals i.e.

Pb (10 mM), Cd (8 mM), Cr (6 mM), Cu (10 mM) and

As5? (26.6 mM).

Optimum growth conditions and arsenite effect

on growth

Both bacterial isolates showed optimal growth at 37 �C and

pH of 7. The growth of both bacterial strains was increased

with time and both showed maximum growth at 24 h (O.D.

1.121; B. cereus and O.D. 1.150; A. junii) in the presence

of arsenite while in the absence of arsenite and in the

presence of glucose both strains showed maximum growth

at 24 h (O.D. 1.315; B. cereus and O.D. 1.321; A. junii)

(Fig. 1).

Arsenite oxidase activity

AgNO3 assay

This assay results showed that both B. cereus and A. junii

produced arsenite oxidase that converts highly toxic

arsenite into less toxic arsenate as shown in Fig. 2.

By Safranine O method

Extracellular enzyme activity of B. cereus and A. junii was

found to be 730 and 750 lM/m after 96 h growth which

was more as compared to the intracellular enzyme activity

Table 1 Physiochemical

parameters of wastewater

samples from where arsenite

oxidizing bacteria were isolated

Sr. No. Parameters Wastewater samples

1 Sample no. 1 2 3

2 pH 7.5 6 9.0

3 Temperature (oC) 27 29 24

4 Color Muddy Grey Light blue

5 Strain isolated Bacillus cereus Acinetobacter junii –

6 Arsenite (lg/mL) 1.23 2.7 1.69

Table 2 Morphological and biochemical characteristics of arsenite

oxidising bacterial isolates

Characteristics B. cereus A. junii

Shape Round Round

Size 1–2 mm 2–3 mm

Color White Off-white

Texture Glossy Dull

Margin Entire Entire

Elevation Raised Convex

Gram staining ? ?

Spore staining ? ?

Catalase ? ?

Oxidase ? ?

Citrate utilization – –

Urease – –

Indole – –

Methyl red ? ?

Voges–Proskauer – –

Motility ? ?

Starch hydrolysis – –

Triple sugar iron – –

Mannitol salt agar – –

MacConkey agar – –

Pigment production – –
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580 lM/m (B. cereus) and 630 lM/m (A. junii) to oxidize

arsenite into arsenate.

By molybdenum blue method

Both B. cereus and A. junii were able to convert arsenite

into arsenate i.e. 667 and 639 lg by extracellularly and 414
and 618 lg by intracellularly (Fig. 3).

SDS-PAGE analysis

SDS-PAGE was used to determine the molecular mass of

extracellular arsenite oxidase which was induced by the

presence of arsenite as compared to the control. The

enzyme composed of two subunits protein i.e. 70 kDa as

large subunit and 14 kDa as smaller subunit (Fig. 4).

Arsenite oxidase gene amplification

Thearsenite oxidasegenewas amplifiedbydegenerate primers

and a band of\450 bp was amplified in both bacterial strains

indicating the presence of arsenite oxidase protein (Fig. 5).

Arsenite oxidation potential of bacterial isolates

The decrease in As3? concentration in industrial wastew-

ater by B. cerus and A. junii was measured after 3 days

(82.8 and 79 %) and 6 days (92 and 88 %) of growth,

respectively (Fig. 6).

Plant growth in microbial treated wastewater

There was a marked difference in the growth of plants

watered with microbial treated wastewater and those plants

which were watered with untreated wastewater (Fig. 7). All

of the seeds sown in earlier case germinated well while in

the latter case one or two seeds were germinated. The

delayed growth in untreated wastewater is clearly shown in

Fig. 5, indicating the potential role of bacterial strains in

the conversion of toxic arsenite into less toxic arsenate.

Discussion

In biogeochemical cycling of arsenic, oxidation of arsenite

by microbes is very beneficial. During arsenite oxidation in

autotrophic microbes, arsenite donates electrons that act as
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Fig. 1 Growth curves of bacterial isolates in minimal salt medium

containing 100 lg/mL of arsenite and without arsenite

Fig. 2 AgNO3 assay of

bacterial isolates for the

detection of arsenite oxidase
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the energy source for bacteria and carbon dioxide used in

food synthesis process (Santini et al. 2000; Garcia-Dom-

inguez et al. 2009) while heterotrophic bacteria trans-

formed more toxic arsenite to less toxic arsenate by

utilizing arsenite oxidase enzyme (Muller et al. 2003). In

the present study, two bacteria resisting arsenite up to

3000 lg/mL or (40 mM) were isolated from tannery and

pharmaceuticals industries of Lahore, Pakistan. Many

researchers have already reported the isolation of arsenite

resistant microorganisms from such environment

(Duquesne et al. 2008; Rehman et al. 2010; Butt and

Rehman 2011; Raja and Omine 2012).

Bacterial species (Acinetobacter, Aeromonas, Aure-

obacterium, Bacillus, Escherichia, Klebsiella, Micrococ-

cus, Pseudomonas, Rhodococcus, Stenotrophomonas,

Delftia, Arthrobacter, Microbacterium, Acidovorax,

Ensifer, Janibacter, Janthinobacterium, Kocuria, She-

wanella and Thauera) isolated from arsenic contaminated

environment were highly resistant to arsenic (Anderson and

Cook 2004; Jackson et al. 2005; Chang et al. 2007; Kru-

mova et al. 2008). Arsenite oxidation character is present in

both gram positive as well as gram negative bacteria but it

is one of the established facts that gram positive bacteria
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Fig. 4 SDS-PAGE of bacterial isolates extracellularly with arsenite

and without arsenite in the culturing medium. M represents protein

marker; T represents treated sample and C denotes control

Fig. 5 Agarose gel (1 %) is showing the amplified product of

arsenite oxidase gene from bacterial strains. Lane M is showing DNA
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are more tolerant than gram negative bacteria due to spe-

cial metabolic characteristics and variations (Albarracin

et al. 2008). Oremland and Stolz (2005) reported that

arsenite oxidation ability is mostly present in gram nega-

tive bacteria while Mokashi and Paknikar (2002), Fisher

and Hollibaugh (2008), Prasad et al. (2009), Cavalca et al.

(2010) and Heinrich-Salmeron et al. (2011) reported only

three genra from gram positive bacteria such as Bacillus,

Arthrobacter and Microbacterium which have ability to

transform arsenite into arsenate.

In the present study, heavy metals resistance by B.

cereus and A. junii was shown in the following manner;

As3?[As5?[Cu2?[Pb2?[Cd2?[Cr6?. Raja and

Omine (2012) reported the order of heavy metals resistance

by Bacillus safensis in following order Zn2?[Pb2?[
Cr6?[Cu2?[Cd2?. A large number of microorganisms

are capable of growth in the presence of heavy metal ions

and tolerate high concentrations as reported by Rehman

et al. (2005). Bachate et al. (2013) reported the bacterial

isolates that have ability to oxidize 50 mg/L of arsenite and

reduce 15 mg/L of chromium.

The optimization experiments revealed that both bacte-

rial strains showed maximum growth at 37 �C. The influ-

ence of temperature on arsenite oxidase production is

related to the growth of the organism. Intracellular nature

of the enzyme makes enzyme production dependent on the

growth. Hence, the optimum temperature depends on

whether the culture is mesophilic or thermophilic.

The pH of the medium is one of the important factors

that determines the growth and morphology of microor-

ganisms as they are sensitive to the concentration of

hydrogen ions present in the medium. Both B. cereus and

A. junii have shown maximum growth at pH 7 that is

neutral pH. Arsenite oxidase producing bacterial strains

exhibited maximum enzyme production at pH 7 (Butt and

Rehman 2011; Raja and Omine 2012; Bachate et al. 2013).

So the optimal pH of 6 and 7 for bacterial isolates is in

good agreement with the reported literature.

It was observed that there was less growth (no. of cells)

of all the bacterial isolates in MSM containing 100 lg/mL

concentration of NaH2AsO3 as compared to the growth in

salt medium containing 1 % glucose. Because all bacterial

isolates showed maximum growth in the presence of glu-

cose, which suggest that glucose serves as the more easily

available energy source as it is easily metabolized and

readily available to body cells for the growth of organisms

(Butt and Rehman 2011). This indicates that both bacterial

isolates prefer to utilize glucose as a simple carbon source

as compared to the arsenite for growth. In the absence of

glucose as a carbon source both bacterial isolates utilized

arsenite for their growth (Fig. 1) and in literature it is

reported that arsenite in the medium enhanced the pro-

duction of arsenite oxidase (Butt and Rehman 2011).

In the present investigation, SDS-PAGE revealed two

protein bands with molecular weight of approximately 70

and 14 kDa that may be involved in arsenite oxidation

process. Same results were reported by Ellis et al. (2001),

Conrads et al. (2002) and Stolz et al. (2006). Santini and

Hoven (2004) reported that an enzyme called arsenite

oxidase is induced in the presence of arsenite composed of

two polypeptides, large catalytic subunit having molecular

mass of 98 kDa and smaller subunit of 14 kDa. Arsenite

oxidase is composed of two subunits of 88 and 14 kDa as

reported by Anderson et al. (1992). Herminii

monasarsenicoxydans contains protein of aoxB with

molecular weight of 92 kDa (Koechler et al. 2010).

Many researchers have reported the presence of arsenite

oxidase through amplification in different bacterial strains.

Achour et al. (2007) reported a 530 bp band of aox frag-

ment by using inverse PCR while Kashyap et al. (2006)

obtained a product of 350 bp amplified arsenite oxidase in

Agrobacterium tumefacien. Arsenite oxidase gene ampli-

fied product of 500 bp was reported by Wang et al. (2012)

in Acinetobacter sp. and in the current study a 450 bp

amplified product of arsenite oxidase gene was obtained.

Similarly, a partial 435 bp arsenite oxidase gene aoxB was

amplified from Agrobacterium sp. C13 (Jinbo et al. 2007).

The effect of bacterial treated industrial effluent on the

growth of mung bean plants was monitored. Efficient

plants growth was shown by bacterial treated wastewater as

compared to the untreated wastewater that directly repre-

sents efficiency of bacterial arsenite oxidase. Firstly

arsenite as start entry into the cell it is converted to arsenate

by specific membrane bounded arsenite oxidase and if it

gets the entry into the cell then again binding with specific

periplasmic arsenite oxidase protein that transforms it into

less toxic arsenate as reported by Mukhopadhyay et al.

(2002), Silver and Phung (2005) and Mateos et al. (2006).

Fig. 7 Growth of Vigna radiata (mung beans) in microbially treated

wastewater (1.1S and 1.3S), tap water and untreated wastewater after

10 days of incubation under 1:1 light and dark period
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In the present study, both B. cereus and A. junii could

tolerate As3? up to 40 mM. The both arsenite oxidizing

strains can transform more than 85 % of As3? into As5?

from the industrial wastewater and bacterial treated

wastewater can be at least used for irrigation purpose.
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