Environmental Processes (2021) 8:333-347
https://doi.org/10.1007/540710-020-00488-7

®

Check for
Updates

ORIGINAL ARTICLE

Bacterial Strains Isolated from Heavy Metals
Contaminated Soil and Wastewater with Potential
to Oxidize Arsenite

Shahid Sher’ - Abdul Ghani? - Sikandar Sultan' - Abdul Rehman’

Received: 28 May 2020 / Accepted: 4 December 2020/ Published online: 13 January 2021
© The Author(s), under exclusive licence to Springer Nature Switzerland AG part of Springer Nature 2021

Abstract

The objective is to develop low cost wastewater treatment systems for the efficient
removal of toxic heavy metal ions including arsenic (As). For this, two bacterial strains,
one gram negative and other gram positive dubbed as IT6 and S12, were isolated from
arsenic contaminated wastewater and soil samples from Sheikhupura, Pakistan. The
bacterial isolates were checked for their ability to resist various metal ions and antibiotics
and were identified on the basis of 16S rRNA ribotyping. The strains were also checked
for their potential to decontaminate arsenite at lab scale. Both strains were identified as
Pseudomonas monteilii (1T6) and Bacillus infantis (S12) with minimum inhibitory
concentration of 26.5 and 33 mM arsenite, respectively. Apart from arsenite, both
bacterial strains showed fair resistance against other metal ions including chromium,
lead, cobalt, selenium, zinc, cadmium, and mercury. Both IT6 and S12 showed high
potential of arsenite oxidation of 92% and 96% at 37 °C and pH of 7 with 100 pg/mL
arsenite after 96 h of incubation. The strains have also shown strong resistance against
commonly used antibiotics including amikacin, imipenem, and ciprofloxacin. These
bacterial strains are potential candidates to exterminate toxic metal ions from the waste-
water for green chemistry due to presence of multiple metal resistance and efficient
arsenite oxidizing potential.
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1 Introduction

Arsenic (As) contamination increases on earth due to anthropogenic activities such as indus-
trialization (Sher and Rehman 2019; Sher et al. 2020a) and due to igneous activity
(Mukhopadhyay et al. 2002). The wastewater release from industries is increasing contami-
nation of drinking water and ground water resources. Arsenic is found in various environments
(Sher et al. 2019). Due to its toxicity, it is at the top of a superfund list of hazardous substances
(Lin et al. 2006; Sher et al. 2020a). When humans drink this water and ingest arsenic
containing crops, the risk of lethal diseases increases (Rahman et al. 2014). Drinking of
arsenic containing water causes cancer also known as arsenicosis and was observed in South
Asia (Cai et al. 2009). In short, arsenic is carcinogenic in nature. The occupational exposure,
e.g., in copper smelters, increases the risk for lung cancer (Vahter 2000). It also causes cancer
of the urinary bladder, lungs, liver, skin and kidneys in people exposed to arsenic via drinking
water. Other arsenic related disorders are hyperkeratosis, pigmentation changes, effects on the
circulation, and liver and nervous system (Sher and Rehman 2019; Ji et al. 2019).

Living cells have specific mechanisms for the maintenance of specific concentration of
essential (Cu and Zn) and non-essential (As, Cd, and Cr) metal ions (Finney and O’halloran
2003; Solioz and Stoyanov 2003). Living cells have metallothioneins (small proteins) that bind
with heavy metal ions for their transportation (Romero-Isart and Vasak 2002). In metabolism
of prokaryotes, arsenite can be eletron donors and arsenate an electron acceptor (Santini et al.
2007). Adenosine triphosphate (ATP) synthesis is inhibited by arsenate; arsenite inactivates
proteins due to attachment with sulthydryl groups. ThankGod et al. (2019) reported that
various cell death pathways are activated on exposure to heavy metals, and the pathway
depends on the heavy metal type, concentration and the metabolic state of the cell. Irem et al.
(2019) reported that high concentration of arsenic (> 12 mg kg™ !) in soil is responsible for
decrease in basmati rice grain yield up to 40-50%.

Over the last few decades, microorganisms are gaining more attention to eradicate toxic
metal ions from the environment due to low cost, treatment efficiency, and eco-friendly strategy
(Elahi and Rehman 2019a; Bhakat et al. 2019; Sher et al. 2020a, b; Altowayti et al. 2020).
Through bacteria and archaea, arsenic can be transformed from one form to another (Edwards
et al. 2000; Sehlin and Lindstrom 1992). The first arsenite oxidizing bacterium was observed in
1918 (Green 1918). Later in 1992, Alcaligenes faecalis arsenic oxidizing bacterium was
isolated (Lett et al. 2012). The two forms of arsenic commonly found in the environment are
arsenite and arsenate (Naidu and Bhattacharya 2009). The oxidation of arsenite into arsenate
makes it less toxic (Naidu and Bhattacharya 2009) and less mobile (Battaglia-Brunet et al.
2006a; Sher et al. 2020a, b) because As>* is more easily removed from water than As3+.

Mesophilic arsenic oxidizing bacteria are found in Proteobacteria (x-, 3- and y-). Thermus/
Deinococcus lineage are thermophilic arsenite oxidizing bacteria (Santini et al. 2007). So,
arsenite oxidizing bacteria obtain their energy from the oxidation of arsenite (Santini et al. 2000;
Battaglia-Brunet et al. 2006b). All arsenite oxidizing bacteria contain arsenite oxidase enzyme
that converts arsenite to a less toxic state called arsenate (Donahoe-Christiansen et al. 2004;
Gihring and Banfield 2001). Oxygen is the terminal electron acceptor and arsenite is the
electron donor in chemolithoautotrophic arsenite oxidizing bacteria (Santini et al. 2002).

Accurate, low cost and eco-friendly technologies to decontaminate arsenic polluted soils
and water would help to decrease risks associated to this toxic element. Bioremediation is a
possible way to clean the contaminated water and soil from heavy toxic metals compared to
physical and chemical methods which are expensive and not eco-friendly. The main objective
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of the current research was to isolate the arsenic resistant bacterial strains which can be further
used to decontaminate groundwater and drinking water containing arsenic.

2 Materials and Methods
2.1 Study Area

Arsenic resistant bacteria were isolated from soil and wastewater samples which were collected
from Ittehad Chemical Industry, Sheikhupura District, Punjab-Pakistan. The selected area has
been contaminated with metal ions including arsenic because it contains a large number of
industries. The area of selection is within 31.7167° north, 73.9850° east. Wastewater samples
were collected in sterilized bottles and soil samples were taken in polyethylene bags and
transferred to the microbiology laboratory for further analysis. For this, samples were kept at 4
°C in the fridge.

2.2 Characterization of Samples

The pH and temperature of samples were measured by pH indicator strip and thermometer. pH
and temperature of soil samples were measured by making soil and distilled water suspension
in a ratio 1:10 (w/v) according to procedure described in Dey et al. (2017).

2.3 Isolation and Purification of Arsenic Resistant Bacteria

For the isolation of arsenic resistant bacteria (ARB), samples were diluted with autoclaved
distilled water and spread on LB-agar plates already supplemented with 5 mM arsenite. The
plates were incubated for 24 h at 37 °C and colonies were further purified by spreading on LB-
agar plates.

2.4 Characterization of Arsenic Resistant Bacteria

The isolated arsenic resistant bacteria were phenotypically characterized with Gram staining,
capsule and spore staining, and biochemically with catalase, oxidase, urease, indole, methyl
red, VP test, nitrate reductase, salt tolerance, citrate, H,S production, and carbohydrate
utilization tests according to Cappuccino and Sherman (2001). The molecular characterization
of the bacteria was done by isolating DNA according to Sambrook et al. (2001), and 16S
rRNA gene amplification was done according to procedure described in Rehman et al. (2007)
using universal primer pair RS1 and RS3. Fermentas purification kit (#K0513) was used to
clean PCR products, and sequenced with Genetic analysis system model CEQ-800 (Beckman)
Coulter Inc. Fullerton, CA, USA. The data obtained after sequencing was submitted to
GenBank to get the accession number.

2.5 Cross Metal Resistance
Minimum inhibitory concentrations (MICs) of bacterial isolates against other heavy metals,
i.e., lead (Pb), cadmium (Cd), cobalt (Co), selenium (Se), chromium (Cr), zinc (Zn), and

mercury (Hg), were also checked. LB-agar plates with different concentrations of heavy metals
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were prepared i.e., 100, 500, 1000, up to 5000 pg/mL (Pattanapipitpaisal et al. 2001), and
inoculated with log phase cultures of bacteria. Cultures were allowed to incubate at 37°C for
24 h, and then growth (ODggo) was determined.

2.6 Optimum Bacterial Growth Conditions

For determination of growth conditions two parameters were ascertained, i.e., temperature and
pH according to procedure described in Elahi and Rehman (2019a).

2.6.1 Optimal of Temperature and pH

Tubes of three sets (each containing 5 mL LB-broth) with the following temperature, i.e.,
20°C, 28 °C,37°Cand 42 °C and pH 5, 6, 7, 8, and 9 were used separately. The ODgygnm Was
measured as function of bacterial growth with the help of spectrophotometer.

2.6.2 Effect of NaCl on Bacterial Growth

Isolated bacterial strains were grown in NaCl (100 to 500 mM) in LB-broth medium for 24 h at
optimal growth conditions and ODgggn, Was measured with the help of spectrophotometer.

2.7 AgNO; Assay

Acetate minimal agar supplemented with (100 ng/NaH,AsOs; after 48 h growth of bacterial
strains was flooded with 0.1 M silver nitrate solution and the result was noted according to
Simeonova et al. (2004).

2.8 Growth Curves

In the presence of 100 pg/mL of arsenite and in the absence of arsenite, growth curves were
determined for the isolated bacterial strains in mineral salt medium (MSM) broth
(FeSO4.7H,0 0.015 g, KH,PO, 4.7 g/L, MgS0,.7H,0 1.0 g/L, CaCl,.2H,0 0.01 g/L,
Na,HPO, 0.12 g/L, NH4NO; 4.0 g/, MnSO4.4H,0 0.01 g/L, glucose 10.0 g/L and yeast
extract 5.0 g/L; pH:7-7.2) (Elahi and Rehman 2019a. For this purpose, 250 mL flasks
containing 100 mL. MSM-broth were inoculated with arsenic resistant bacterial cultures
(100 pL) and incubated overnight. Growth was measured by taking optical densities at
ODggonm at 4 h, and after a regular interval of 4 h up to 24 h, as described in Elahi and
Rehman (2019a).

2.9 As3+ Oxidation Potential

The oxidation ability of the bacterium was determined at different temperatures, pH and
arsenic concentrations. For this purpose, 5 mL of autoclaved MSM-broth was taken in test
tubes and 24-h grown cultures of the isolated bacteria were added separately. The tubes were
placed in a shaking incubator for 96 h, after 2 days 1 mL of broth was taken from shaking
culture and centrifuged at 5000 rpm for 5 min. The supernatant was taken and checked for
arsenite concentration by Safranin O dye method. After 4 days of incubation, a similar process
was repeated. Finally, the supernatant was used for arsenite determination by the
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spectrophotometer process. The As *3 oxidation potential was determined at 25 °C, 30 °C, 37
°C, and 42 °C after 48 h. Likewise, As *3 oxidation ability was checked at various pH values
(i.e., 3, 5,7, and 9). The As *3 oxidation potential was also determined at concentrations 100,
300, 500, and 1000 pg/mL (Naureen and Rehman 2016). Each experiment was done in
triplicate.

2.9.1 As3* Determination

The reaction mixture of each sample was supplemented with As3* (100 pg/mL) along with 1 mL
of 2% potassium iodate, and 1 mL of 1M hydrochloric acid. The mixture was mixed gently until
the color turned bright yellow. Then, 0.02% safranin O (0.5 mL) was added, and the volume was
made by adding distilled water up to 100 mL, and mixed gently for 2-3 min. The pH of the
solution was adjusted at 4 with the help of 2 mL acetate buffer, and the flask was shaken well.
ODs3pnn, 0f the reactions was measured against reagent blank (Pasha and Narayana 2008).

2.10 Antibiotic Resistance

The strains were tested for resistance to antibiotics using 8 different antibiotic discs,
norfloxacin (30 pg), imipenem (10 pg), amoxicillin/clavulanic acid (2:1), tetracycline
(30 pg), ceftriaxone (30 pg), ciprofloxacine (5 pg) and nalidixic acid (30 pg). Muller
Hinton-agar plates were prepared with the lawn of bacteria, and then antibiotic discs were
placed onto the MH-agar plates. Results were observed after 24 h of incubation at 37 °C
(Rehman et al. 2007).

2.11 Statistical Analysis

For each experiment at least three separate flasks were maintained. Each time three readings
were taken, and the mean and standard error of the mean were calculated.

3 Results
3.1 Isolation and Purification of Arsenic Resistant Bacteria

A total of 18 bacterial isolates were isolated from both wastewater and soil samples. Six
bacterial strains were isolated from wastewater taken from The Ittehad chemical industry
including strain IT1 to IT6. While 12 strains were isolated from soil samples, i.e., S1 to S12.
Then, the isolated strains were purified by quadrant spreading until obtaining a single and pure
colony. On the basis of arsenic resistance and oxidation ability IT6 and S12 were further
selected for arsenic bioremediation work.

3.2 Bacterial Identification
Both bacterial strains were rod, catalase positive and oxidase negative. Bacterial strain IT6 was
gram negative while strain S12 was gram positive. Morphological and biochemical character-

istics are given in Table 1. The bacterial isolates IT6 and S12 showed maximum homology
with the genus of Pseudomonas and Bacillus. The data obtained from 16S rRNA gene
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Table 1 Morphological and biochemical characteristics of As3*-resistant bacterial strains

Morphological and biochemical characteristics P. monteilii (IT6) B. infantis (S12)
Shape Round Irregular
Size 1-2 mm 1-3 mm
Color Off-white Orange
Texture Smooth Smooth
Margin Entire Entire
Spore formation -ve +ve
Gram staining -ve rod +ve rod
Catalase +ve +ve
Oxidase -ve -ve
Voges-Proskauer -ve -ve
Methyl red +ve +ve
MacConkey +ve -ve

SIM agar +ve -ve
Nitrate reduction +ve +ve
Citrate utilization +ve -ve
Glucose fermentation +ve +ve

HS production -ve -ve

sequencing showed 98% similarity with Pseudomonas monteilii (IT6) and 95% similarity with
Bacillus infantis (S12) and was submitted to GenBank database under accession numbers of
KX785170 and KX785172.

3.3 MIC Against Heavy Metal lons

The MIC of IT6 and S12 against arsenite was found at 2000 pg/mL (26.5 mM) and 2500
(33 mM), respectively. The IT6 strain also showed resistance against metal ions, i.e., Cr
(2200 pg/mL), Hg (100 pg/mL), Se (3000 pg/mL), Pb (600 pg/mL), Co (100 pg/mL), Cd
(50 pg/mL), and Zn (500 pg/mL). The order of resistance of IT6 strain against different metal
ions is Se > Cr> As >Pb>Zn> Co=Hg> Cd. The metal resistance of S12 was Cr (150 pg/
mL), Hg (50 pg/mL), Se (3500 pg/mL), Pb (2000 pg/mL), Co (100 pg/mL), Cd (50 ug/mL),
and Zn (600 pg/mL). The order of resistance of S12 strain against different metal ions is Se >
As >Pb>Zn>Cr>Co>Hg=Cd.

3.4 Effect of pH, Temperature and Salinity on Bacterial Growth

Temperature and pH are the most important factors which affect the growth of the bacteria.
Both IT6 and S12 can grow at a wide range of pH and temperature. The pH range was 5 to 9
and temperature range was 20 to 45 °C cteria, and then antibiotic discs were pl. The maximum
growth (ODggonm) of both isolates was obtained at pH 7 (Fig. 1a) and at 37 °C (Fig. 1b).
Arsenic resistant bacteria were grown in arsenic with increasing concentration of NaCl and it
was found that the maximum growth was determined at 200 mM NaCl. After this, further
increase in NaCl concentration retarded the growth of arsenic resistant bacteria (Fig. 1c¢).

3.5 Arsenite Oxidizing Ability Test

The appearance of brownish precipitates after the application of 0.1 M AgNOs on the streak
growth plates indicates that the isolated strains have arsenic oxidation potential. The AgNO;
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Fig. 1 Growth of P. monteilii (1T6) and B. infantis (S12) at different pH (a) temperature (b) and NaCl (c) for 24 h

in LB broth at optimum growth conditions
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reaction depends upon the arsenic ion either arsenite or arsenate. The reaction between AgNO;
and As *3 generates yellow precipitates. Both strains had oxidation ability; as a result they
produced brown precipitates as shown in Fig. 2.

3.6 Influence of Arsenic Stress on Growth

The optimum pH for both strains was 7 while optimum temperature was 37 °C. The growth
curves were studied under As-stress and non-stress condition. It was noted that the lag phase
was slightly extended in the presence of arsenic in both bacterial strains as compared to the
control, i.e., without metal stress (Fig. 3a, b).

3.7 Effect of Temperature, pH and Arsenic on Oxidation Potential

Arsenic oxidation ability of the strains was determined at 25 °C, 30 °C, 37 °C and 42 °C with
the 100 pg/mL arsenite after 96 h of incubation. Both strains (IT6 and S12) showed promising
potential of arsenite oxidation of 92 and 96% at 37 °C and pH of 7 with 100 pg/mL arsenite
after 96 h of incubation. The oxidation potential of both strains at 25 °C (56%, 58%), at 30 °C
(72%, 76%), and at 42 °C (33%, 38%) was determined after 96 h incubation (Fig. 4a).

Likewise, As *3 oxidation potential was determined at pH 3, 5, 7 and 9 with the 100 png/mL
arsenite concentration after 96 h of incubation. The maximum oxidation potential was obtained
at pH 7. Strains IT6 and S12 had oxidation potential of 14%, 18% (pH 3), 45%, 54% (pH 5),
and 77%, 83% (pH 9) after 96 h incubation at 37 °C (Fig. 4b).

The As *3 oxidation potential was also checked at arsenite concentrations 100 pg/mL,
300 pg/mL, 500 ng/mL, and 1000 pg/mL after 96 h of incubation. The highest oxidation
potential was obtained at 100 pg/mL arsenite. The oxidation ability of isolated strains, IT6 and
S12, was 72% and 78% (300 pg/mL), 65% and 71% (500 pg/mL), and 28% and 34%
(1000 pg/mL) after 96 h of incubation at optimum growth conditions (Fig. 4c).

3.8 Antibiotic Resistance Profile of the Isolated Strains
As mentioned, nine antibiotics discs were used, against the arsenic resistant bacterial strains. The

strain IT6 showed weak resistance against cefuroxime sodium, tetracycline, norfloxacin, amoxicillin/
clavulanic acid (2:1) 30 pg, ceftriaxone 30 pg discs and nalidixic acid, and strong resistance against,

Fig. 2 Brown precipitates showing the arsenite oxidizing ability of P. monteilii 1T6 (right plate) and B. infantis
S12 (middle plate). Left plate represents control (with out arsenite)
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Fig. 3 Growth pattern of P. monteilii (IT6) and B. infantis (S12) in the absence and presence of arsenite (100 pg/
ml) in N-broth at optimum growth conditions

amikacin, imipenem and ciprofloxacin. The strain S12 was sensitive to cefuroxime sodium and

ceftriaxone, showed weak resistance to tetracycline, nalidixic acid, and amoxicillin, but showed
strong resistance to norfloxacin, amikacin, imipenem and ciprofloxacin (Fig. 5a, b).

4 Discussion

Multiple heavy metal-resistant bacterial strains are usually present in heavy metals
affected wastewater and soil that convert toxic metal to less toxic form (Silver and
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Phung 2005; Qin et al. 2006; Dey et al. 2016;

Sher et al. 2020a, b). In the present

study, samples were taken from Sheikhupura district, Punjab, Pakistan for the isola-
tion of ARB. Physical parameters were determined. Initially the diversity of bacteria
in the samples was high, as already reported that the higher the concentration of
organic carbon the higher the microbial diversity (Dey et al. 2015). But later on, IT6
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Fig. 5 Growth of P. monteilii (IT6) and B. infantis (S12) in Muller Hinton-agar plates containing various
antibiotic discs for 24 h of incubation at 37 °C. No significant zone of appearance indicates bacterial strains
resistance to antibiotics

and S12 was selected because of high resistance to arsenic, isolated from wastewater
and soil samples, respectively.

A variety of arsenic resistant bacterial strains (Table 2) has been described by several
researchers (Naureen and Rehman 2016; Wu et al. 2018; Aguilar et al. 2020; Sher et al.
2020a). The minimum inhibitory concentration of arsenite was 26.5 for isolate IT6 and 33 mM
for isolate S12. Among these two bacterial strains, isolate IT6 showed highest resistance
against arsenate and other toxic heavy metals. Another study by the same laboratory reported
that Brevibacterium sp. CS2 and Micrococcus luteus strain AS2 has MIC against arsenite of 40
and 50 mM, respectively (Sher et al. 2019). While MIC against other heavy metals were: for
arsenate (280 and 275 mM), lead (4 and 5 mM), cadmium (3 and 3 mM), chromium (3 and
4 mM), mercury (1 and 1.5 mM), selenium (5 and 5 mM), cobalt (5 and 5 mM) and nickel (4

Table 2 Arsenite resistance and oxidation potential in some bacterial strains

Sr.# Organism Initial As3* As3* resistance  As3* oxidation  Reference
concentration  (mM) potential (%)
(mM)
1 Bacillus cereus 1.1S 1.0 40 92 Naureen and
Rehman (2016)
2 Bacillus sp. Twl 1.0 10 42.48 Wu et al. (2018)
3 Lysinibacillus 10.0 40 71.88 Aguilar et al. (2020)
boronitolerans
4 Micrococcus luteus AS2 250 55 99 Sher et al. (2020a)
5 Staphylococcus sp. AS6 250 25 91 Sher et al. (2020b)
6 Pseudomonas monteilii 1T6  1.325 26.5 92 This study
7 Bacillus infantis S12 1.325 33 96 This study

@ Springer



344 S.Sheretal.

and 3 mM), respectively (Sher et al. 2020a). In another study, it was reported that Klebsiella
pneumoniae showed resistance against arsenite upto 21 mM (Mujawar et al. 2019).

Dey et al. (2016) reported that both bacterial strains, i.e., Bacillus sp. SW2 and
Aneurinibacillus aneurinilyticus SW4, were able to resist arsenite up to 7.5 mM. Shi et al.
(2019) reported that MacAB gene in E. coli is responsible to confer resistance against
penicillin-like antibiotics and As* efflux from the cell. Yan et al. (2019) reported that the
paralogous arsenic resistant genes possess different evolutionary paths leading to adapt to the
environment containing toxic metal ions. A study reported that a bacterium isolated from
industrial wastewater, Stenotrophomonas MB339, was able to utilize aromatic compounds and
resist various heavy metal ions, i.e., Cut, As’*, Pb?*, Hg* and Ni2*. It was also reported that
bacteria resist antibiotics, including ofloxacin, streptomycin, rifampicillin, erythromycin, am-
picillin, and clindamycin (Aslam et al. 2018).

Both the isolated strain showed optimum growth at pH 7 and 37 °C. M. luteus strain AS2,
isolated from industrial wastewater also showed optimum growth at pH 7 and temperature 37
°C (Sher et al. 2020a). In the present study, As *3-oxidation ability of the bacterial strains was
92% and 96% after 4 days of incubation when the medium was maintained with 1 mM
arsenite. Another study reported that Bacillus cereus and Acinetobacter jejuni could oxidize
As *3 at 92% and 88%, after 6 days when the initial As *3-concentration was 1 mM (Naureen
and Rehman 2016). One of the bacterial strains Thermus HR13 can oxidize 100% As *3
containing 1 mM As *3 in the medium within 16 h of incubation (Gihring and Banfield
2001). It has also been reported that Stenotrophomonas panacihumi can oxidize 500 uM
within 12 h (Bahar et al. 2012; Aguilar et al. 2020) reported that Lysinibacillus boronitolerans
has potential to convert 71.88% arsenite (10 mM) into arsenate.

With an As *3-oxidizing microbial population growing in autotrophic medium CAsOl, As *+3
oxidation was observed in the range of 3—10 but the maximum arsenite oxidation potential was
determined at pH 5-7 (Battaglia-Brunet et al. 2002). The optimum pH range for
Stenotrophomonas panacihumi was 5—7 (Bahar et al. 2012). In the present investigation, all
the isolated bacterial strains showed good arsenite oxidation potential at 250 mM initial arsenite
concentration. The arsenic oxidation potential of the isolated bacterial strains was decreasing by
increasing the initial arsenite concentration. Same observation was made in CASO1, which
showed optimum arsenite oxidation at 6.5 mM but decreasing arsenite oxidation rate by
increasing arsenic concentration (Battaglia-Brunet et al. 2002). The growth of isolated arsenic
resistant bacteria was restricted due to increasing concentration of sodium chloride because high
salt concentration creates a hypertonic environment which may restrict the growth of bacteria
(Sher et al. 2020a).

Ke et al. (2018) reported that E. coli (arsRpp;) showed the maximum As resistance,
selectivity, and adsorption potential within a wide pH range of 5.0 to 9.0 and salinities of 0
to 15.0 g/L NaCl range, and had the ability to remove As>* from water containing low arsenite
concentration. Dey et al. (2016) reported that Bacillus sp. SW2 and Aneurinibacillus
aneurinilyticus SW4, isolated from arsenic contaminated groundwater, were able to remove
51.45% and 51.99%, of arsenite (1 mM) and 53.29% and 50.37% of arsenate (1 mM),
respectively, from the growth medium.

All these studies suggest that As3*-oxidizing bacteria could be useful to treat As-polluted
waters. Our strains, highly resistant to As and heavy metals, could be used to develop bio-
processes for the treatment of industrial or mining wastewater containing important concen-
trations in metals and metalloids. Moreover, As*+-oxidizing strain may be useful for helping
the phytoremediation of polluted soils. Guarino et al. (2020) reported that bio-
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phytoremediation technique by using Arundo donax L., and plant growth promoting bacteria
including Stenotrophomonas maltophilia and Agrobacterium sp. was used, and the results
clearly revealed that epigenetic modifications are involved in stress and arsenic detoxification.
Moens et al. (2020) reported that Ochrobactrum tritici, a hyperaccumulator rhizobacterial
strain, decreases the presence of arsenic inside the tissue of rice plants and also reduces the
inhibitory effect of the metalloid on the plant’s growth.

5 Conclusions

In conclusion, both strains Pseudomonas monteilii (IT6) and Bacillus infantis (S12) showed
MIC of 26.5 and 33 mM arsenite and were resistant to other heavy metal ions at significant
level. Both bacterial strains showed efficient potential of arsenite oxidation at 37 °C and pH of
7 with 100 pg/mL arsenite after incubation of 96 h. Both strains were resistant against
commonly used antibiotics including amikacin, imipenem, and ciprofloxacin. The multiple
heavy metals resistant bacterial strains can potentially be used to remediate metal-polluted
sites. For practical use, further research work is needed to investigate arsenite oxidizing
potential of these strains with experiments using real polluted water in batch and continuous
bioreactors.
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