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1. INTRODUCTION

Arsenic is a toxic metalloid and a well known peigbat is ubiquitous in the environment.
The acute minimal lethal dose of arsenic in adigtgstimated to be 70 to 200 mg or
1 mg/kg/day (Dart, 2004). The permissible limitdrinking water for arsenic is 10 pg/L
according to World Health Organization (WHO) and 5@/L as per Bureau of Indian
Standards (BIS), India. The concentration of acsendrinking water has been found to be
much higher in several parts of the world includindia. In India, some portions of the
seven states namely, West Bengal, Jharkhand, Biltay, Pradesh, Assam, Manipur and
Chhattisgarh have so far been found to be contaednwith arsenic at concentrations

much above the permissible limit.

Arsenic exists in environment in four oxidationteta(+5, +3, 0 and -3) with pentavalent
arsenate [+5, As (V)] and trivalent arsenite [+3& @ll)] being most common soluble
forms (Joshiet al., 2009). The inorganic forms of arsenic are mobrdctdhan organic
forms (Hopenhayn2006). In the inorganic form, trivalent arsenite3[+As (Ill)] is
considered to be more toxic than less mobile peitat arsenate [+5, As (V)] (Valenzuela

et al., 2009).

The trivalent arsenite [+3, As (Ill)] can be corneel to 100 times less toxic pentavalent
arsenate [+5, As (V)] by the process of oxidatibimus the oxidation of arsenite to arsenate
is considered as primary method of detoxificatibhis oxidation process can be achieved
by using chemical as well as biological methodse Themical methods are costly and
result in secondary pollution. Hence, alternativieiylogical or bioremediation methods of

arsenite remediation are preferred.
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Arsenic oxidation is being mediated by both heteqgitic and chemoautotrophic
microorganisms. These arsenite oxidizing bactessspssi0ox gene that codes for arsenite

oxidase enzyme responsible for arsenite oxidat@mét al., 2009; Brancat al., 2009).

Thus, realizing the importance of bioremediationacgenite by biological oxidation we
undertook the exploration and characterizationreéite oxidizing bacteria from arsenic

contaminated soil.

2. REVIEW OF LITERATURE

After the introduction of arsenic into the envirommh through natural or anthropogenic
sources it enters to the biosphere. This createsl larsenic stress environment to the
microbiota. In order to survive the stress micremigms have shown to develop resistance

mechanisms.

The arsenic resistant bacteria can survive in poesef arsenic but usually their growth
declines with the increase in arsenic concentratioitro and at a point the growth ceases.
This dose is considered as Minimum Inhibitory Conicagion (MIC). Various workers
have computed MIC of arsenic by their isolates whinge from 2-120 mM (JosHi al.,

2009; Daveet al., 2010).

The resistance in microorganisms is because odwsudetoxification mechanisms in these
bacteria. Arsenite is a toxic metalloid and its oéication frequently involves its
oxidation to less toxic forms. This reaction is iawhble through chemical methods using
strong oxidants but this is very expensive moredivgenerates secondary pollution (Kim
and Nriagu, 1999). Hence, bioremediation overcotheslimitations posed by chemical
technique by bringing out the detoxification ofete to less toxic form that is arsenate at

a lower cost.

The first arsenite oxidizing bacteriuBacillus arsenoxydans was isolated by H. H. Green

in 1918. Since then numerous arsenite oxidizingdrachave been isolated and studied
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including Alcaligenes faecalis (Santini et al., 2000), Pseudomonas arsenitoxidans
(llyaletdinov and Abdrashitova, 1981icrobacterium lacticum (Mokashi and Paknikar,
2002), Agrobacterium tumefaciens 5A (Kashyapet al., 2006), Microbacterium oxydans
(Aksornchu et al., 2008), Pseudomonas strutzeri, Aeromonas sp., Agrobacterium sp.,
Comamonas sp., Enterobacter sp., Pantoea sp. andPseudomonas sp. (Changet al., 2010)

andPseudomonas lubricans (Rehmaret al., 2010).

At national level few arsenite oxidizing strainsrevedentified by various researchers. In
2002, Mokashi and Paknikar isolat®ticrobacterium lacticum from a municipal sewage
sample by the enrichment culture technique whichitetted 50 mM of minimum
inhibitory concentration for arsenite. A chemoligtudotroph namelyrthrobacter sp. 15b
was identified from a sewage treatment plant sytePlasadet al., 2009. Bachatet al.,
2012 isolated two heterotrophic arsenite oxidizbarteria from garden soil that were
closely related to genuBordetella (MIC- 15 mM) andAchromobacter (MIC- 40 mM)

based on 16S rRNA sequencing analysis.

Arsenic oxidation is mediated by both heterotrophand chemoautotrophic
microorganisms. Some microbes gain energy foaiizing arsenite (Inskeeg al., 2007),
although this activity coultie an exception limited to chemolithotrophic baetetUnder
standard conditions, arsenite oxidation is a thelynamically exergonic reaction and can
provide sufficient energy to support chemoautotrophicrobial cell growth (Ehrlich,
1996). Heterotrophibacteria have not been shown to derive major erfeogy arseniten
growth experiments. In heterotrophic bacteria, tlsisgenerally considered to be a

detoxification mechanism instead of supportinggrawth.

Arsenite oxidation is generally presumed to be #oxikcation mechanism without
experimental observations of any toxic effectsame cases. Salmassial., 2002 isolated

a bacterium namelyigrobacterium albertmagni strain AOL15 from the surface of aquatic
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macrophytes collected in Hot Creek, California. Tésult suggested that the oxidation of

arsenite by this strain is a detoxification mechan{Salmassst al., 2002).

The arsenic detoxification potential of the baetestrains is carried out with the arsenite
oxidation geneaox genotype which showed the activity of arsenitedaton to arsenate

(Changet al., 2009).

A number of bacteria with arsenite oxid@eyme activity have been isolated and genes
apparently encodingrsenite oxidase are found widely in various groopbacteria and
archea (Mulleret al., 2003).Various arsenite oxidizing bacteria that possa®s genes
responsible for arsenite oxidation have been redofAndersonret al., 1992; Vanden-
Hoven and Santini, 2004; Cai al., 2009; Branccet al., 2009). TheaoxB gene acts as a
functional marker for aerobic arsenite oxidizersl @m responsible for the oxidation
reaction which results in the formation of an eney@rsenite oxidase facilitating oxidation
of As(lll) to As(V) species (Quemenest al., 2008). The bacteria possessawyB gene
encoding the large subunit of arsenite oxidaseblees found in different soil and water

systems containing arsenic (Inskestpl., 2007).

3. JUSTIFICATION

Arsenic contamination in ecosystem promotes theeld@wment of its detoxification by
microbiota. Although arsenic concentration in safsRajasthan has not been reported
earlier, but understanding the introduction of aisen soil through textile dyes and
mordants seem necessary. We planned the studyabfzarg textile dyes contaminated
soil for arsenic and other heavy metals and devedp of arsenic detoxification system in

microorganisms present in soil.
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4. OBJECTIVES AND SCOPE

The major objectives of the study included:

» Characterization of arsenite detoxifying bacteria.

» Determining the mechanism of arsenite detoxifigatio

Soil with long-term arsenic contamination may résnlthe evolution of highly diverse

arsenite-resistant bacteria. Bacteria capable tf asenite oxidation and arsenite efflux
mechanisms had an elevated arsenite resistandealedehence can be used as potential
candidate for bioremediation. Further, suitalbleitu methodologies may be developed for

the isolated strain and there is potential of improent in strain by genetic engineering.

5. DESCRIPTION OF THE RESEARCH WORK

5.1 THE RESEARCH PROBLEM

The research focused upon the isolation of arsésligeant bacteria from contaminated soil
sample followed by the characterization of the &aat Further, the arsenite detoxifying

mechanism was explored in them.

5.2 THE METHODOLOGIES EMPLOYED
1. Soil Sampling and its Physico-chemical Characterizan:

Soil samples were collected from different placed at various depths from a
textile dyeing industry in a previously ethanolaried polypropylene zip locked

bags. Soil samples were physico-chemically chanzet for pH, electrical
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conductivity, organic carbon, organic matter, exgeable calcium, water holding

capacity and metal content (APHA, 2005; Maiti, 203
2. Isolation of Arsenite Resistant Bacteria:

For isolation of arsenite tolerant bacteria frore tontaminated soil samples serial
dilution method was applie&oil samples were serially diluted and then inoealan
nutrient broth supplemented with increasing corregion of sodium arsenite. Pure

colonies were obtained with repeated spreadingakiing and Gram'’s staining.

3. Determination of Minimum Inhibitory Concentration:

The Minimum Inhibitory Concentration (MIC) is deéid as the lowest concentration
that completely inhibits bacterial growth (Courwvedt al., 1985; Mulleret al., 2003).
MIC for purified bacterial strains against arsenitas determined in nutrient broth
amended with different concentrations of sodiunewite. Cell density was measured
by measuring the culture turbidity using a spedtatpmeter (Systronics UV-Vis.

Spectrophotometer-106) at 600nm.

4. Preliminary Determination of Arsenite Oxidizing Ability:

Isolated strain showing the maximum MIC was sule@db the following preliminary

tests to study its ability of oxidizing arsenitesxsenate-

a. Silver Nitrate Test: The oxidizing ability of the isolate was checked ising
silver nitrate method. Arsenite, after reactinghngilver nitrate, give a yellow
precipitate of silverorthoarsenite, while arsenaenerates brown coloured
precipitate of silver-orthoarsenate exhibiting arte oxidation. Twenty four hour
culture growth agar plates with sodium-meta-arse(iit g/L concentration) were
flooded with a solution of 0.1M AgNfand were incubated in dark for 24 hours
along with a control plate. A brownish precipitate flooding the plate with silver

nitrate solution revealed the presence of arsandtee medium (arsenite oxidizing

(7)



5.

bacteria), while the presence of arsenite was thgtdry a bright yellow precipitate

(Lett, et al, 2001; Krumovat al, 2008).

Microplate screening assay: Qualitative estimation of arsenic species
transformation in the culture was carried out bycidplate Screening Assay
(MSA) using silver nitrate. The presence of arsemathe culture, its pellet as well
as supernatant along with control was detectedignoplate by incubating at 37°C
for 4 days. Development of brown color precipitat¢he well showed the presence
of arsenate (Mokashi and Paknikar, 2002; Simeorbah, 2004; Krumoveet al,

2008).

Paper chromatography: The two arsenic species were separated by ruraing
chromatograph in an isopropanol:water (7:3) soh&dtem. The two forms of
arsenic, arsenite and arsenate were distinguisiesptaying 0.1 M silver nitrate

reagent. Violet spot revealed for arsenate an@wesdipot for arsenite (Mokashi and

Paknikar, 2002). The retardation factof)(Yalues are calculated.
16S rDNA Sequencing and Biochemical Characterizatioof the Isolated Strain:

The strain capable of arsenite oxidation was furtlentified by 16S rDNA
sequencing. DNA was isolated from the culture usiigamp DNA Purification Kit
(Qiagen). The 16S rDNA gene fragment was amplifigcP&R from genomic DNA
using 16S rDNA gene universal primers: 8F and 14@&&tchiet al., 2002; Maniatis
et al., 1989)8F: (5° AGA GTT TGA TCC TGG CTC AG 3'), 1492R: (BCG GCT
ACC TTG TTA CGA CTT 3') and a single discrete PQRpéicon band of 1500 bp
was observed when resolved on agarose gel. Theectwaton of the purified DNA
was determined and was subjected to automated Dadfvesicing on ABI 3730xl
Genetic Analyzer (Applied Biosystems, USA). The 1@8NA gene sequence was
used to carry out BLAST with the non redundant basaof NCBI genbank database.

Phylogenetic analyses were conducted in MEGA4 (Trareal ., 2007).
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The sequencing results were supported by biochéctheaacterization from Bergey's

Manual of Determinative Bacteriology (Hatal., 1994).
6. Study of Metal and Antibiotic Sensitivity:

The disc diffusion method of Huysmans and Frankegdrg1990) was used to screen
the isolated strain for resistance to various rediké Cadmium chloride, Cobalt (I1I)
nitrate, Lead nitrate, Nickel chloride, Zinc sulpdhaMercuric chloride, Chromium
(1) chloride, Sodium selenate, Stannous chloaae Antimony (lll) chloride at the
concentration of 100 pg/ml. further MIC was detered for bacterial strain against
various metals was determined in nutrient brothraded with different concentrations
of metal salts. Cell growth was measured by maaguhe culture turbidity using a
spectrophotometer (600 nm) for the metals like Gadmchloride, Chromium (lIl)

chloride, Lead nitrate, Mercuric chloride and Nickbloride.

Isolated strain was screened for resistance towsmntibiotics such as: Erythromycin
(15 mcq); Penicillin G (10 pg); Oxacillin (1 pg)e@halothin (30 pg); Clindamycin (2
Kg); Amoxyclav (30 ug); Tobramycin (10 pg); Co-Tarazole (25 pg); Cephotaxime
(30 pg); Ampicillin (10 pg) and Gentamicin (10 pdintibiotic sensitivity was

established on the basis of zone of inhibition adbthe disc.
7. Standardization of Growth Conditions:

For standardization of optimum growth of the iselafollowing parameters were

studied:

a. Temperature: The standardization of optimum temperature for ghowf the
isolate was done using variable temperature as30€, 37°C, 45°C and 60°C. It

was grown in nutrient broth at different sets ohperatures.

(9)



b. pH: The standardization of optimum pH for growth oé ilsolate was done using
variable pH as 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0. iBbéated strain was grown in

nutrient broth at different pH.

c. Media: The standardization of optimum media for the groweftlhe isolated strain
was done using Minimal Media and Chemically Defiivdedia. Culture was grown
in minimal media with and without sodium-meta-arseat the concentration of 1
g/L as described by Santiat al., 2000 and Lugtwet al., 2009. Carbon source that
is lactose monohydrate at different concentratid@sg/L, 15 g/L and 20 g/L) was
also added to the minimal media. Culture was growchemically defined media
with and without sodium-meta-arsenite at the cotregion of 1 g/L as described

by Weegesrt al., 1999 and Liaet al., 2011.
8. Confirmatory Determination of Arsenite Detoxifying Ability (Oxidation):

For detecting the arsenite oxidizing ability of te#ain following methods were

employed:

a. Molybdene Blue Method: The pellet of the strain was suspended in 0.1 géerate
solution for a period of 72 hours (0, 24, 48 and urs) along with appropriate
controls was estimated for the quantitative oxwlatiof arsenite to arsenate by
molybdene blue method. The basic principle involuedhis method is that initially
arsenate can react with molybdate to form a compfekthen gets reduced by ascorbic
acid to produce blue color under conditions of aeracidity and temperature, while
arsenite does not react under the same condifidresblue complex has an absorbance

peak at 838 nm and can be measured by spectropéviomethod (Cagt al., 2009).

b. Anion Exchange Chromatography followed by Inductivéy Coupled Plasma Mass
Spectrometry (ICP-MS): The analytical technique for measuring inorganisearc

species in the culture involves separation of daffik chemical forms of arsenic by solid
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phase extraction followed by detection of arsepiecges by ICP-MS. The cultures used
for Sodium Molybdene Method were further used feparation of arsenic species by
anion exchange chromatography. The tubes contaieinged arsenate by anion

exchange chromatography were further quantifietd#:MS.

c. Genetic basis of oxidation of arseniteThe isolated strain was checked for the
presence o&ox gene which is responsible for arsenite oxidatiomakecular level. This
was performed by PCR amplification aéx genes using specific primers (Chaatgl.
2010, Quemeneut al., 2008).

Statistical Analysis: The results of each experiment performed in trijgécare represented

as meanzstandard error. The results were compaird Student’s t-test and significance

level were considered at p<0.001 as highly sigaific p<0.05 as statistically significant

and p<0.01 as significant.

5.30BSERVATIONS AND RESULTS

1. Soil Sampling and its Physico-chemical Characteriza&n:

Four soil samples were collected at different disés (100-200 m) and various depths
(0-40 cm) from a textile dyeing industry and agitictal land adjoining the textile
effluent channel in Sanganer area, Jaipur. Theipdlyand chemical properties of the
soil samples were determined. The pH of the samgeged from 7.27-8.61 and
Electrical Conductivity ranged from 0.356-2.58 nfSange of organic carbon and
organic matter observed was 0.396 + 0.019% to 11928€86% and 0.683 + 0.181% to
3.317 + 0.087% respectively. The minimum *Caresent in the soil samples
determined was 42.08 + 3.532 mg/L while maximum w43.08 + 15.57 mg/L. The
minimum Md"* present in the soil samples was 28.1 + 2.144 mdgyile maximum was
254.11 + 8.33 mg/L. The fluoride content of the p#a ranged from 3.405-4.43 mg/g
of soil. The water holding capacity ranged betw48:18-71.0%. The arsenic content in
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samples ranged from 68-464 mg/kg of the soil samihe iron, magnesium, lead and

zinc content were also determined in the soil seasiphd were in variable ranges.

. Isolation of Arsenite Tolerant Bacteria:

Four arsenite resistant bacterial strains weraisd|from soil sample number 3 and 4
which were collected at the depth 10-40 cm ancadgs of 200 meters from textile
effluent channel. These soil samples showed nepittalnd medium range of electrical

conductivity, exchangeable calcium and water hajidiapacity.

These soil samples were also found contaminateu avéenic ranging between 68-84
mg/kg of soil. All the isolated strains were stutli®r their colony morphology and

Gram'’s reaction. Morphologically bacterial colonesre yellow and cream colored
having circular shape with smooth or lobulated rimergAll the bacterial strains were

found to be Gram’s positive bacilli.
. Determination of Minimum Inhibitory Concentration:

The isolated four resistant strains exhibited MitQange of 3-9 g/L of sodium arsenite
(23.09-69.2 mM)The strains namely IB-1 and IB-2 isolated from skmmumber 3
showed the MIC of 8 g/L and 5.5 g/L respectivelyrais IR-1 and IR-2 isolated from

sample number 4 exhibited MIC of 9 g/L and 3 g/gprectively.

. Determination of Arsenite Oxidizing Ability:

Oxidizing ability of the strain exhibiting highebtiC was determined qualitatively by
silver nitrate test followed by microplate scregnassay and it was further confirmed

by performing paper chromatography.

The strain showed arsenite oxidizing activity byeleping brown color precipitate in
the culture plate after supplementation with 0.5iMer nitrate in silver nitrate test. In

microplate screening assay, presence of brown qmlecipitate when treated with
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silver nitrate indicated the presence of arsenatihe culture pellet as well as in the
supernatant exhibiting the oxidation of arsenitargenateThe paper chromatographic
separation of 24our nutrientbroth supplemented only with arsenite indicatee t
presence of arsenite as well as arsenate (oxigizeduct) in the media which was
confirmed by comparing theR; value for arsenite and arsenate with standard iégsen
and arsenate solutioo significant difference was observed whBn values of

standards of arsenate and arsenite were compathdargenic forms present in the

culture.

16S rDNA Sequencing and Biochemical Characterizatioof the Isolated Strain:

Based on nucleotide homology and phylogenetic amalgf the 16S rDNA gene
sequence, the bacterial strain, IR-1 with highedC Mf 9 g/L was identified as
Microbacterium paraoxydans strain CF36 (GenBank Accession Number:

NR_025548.1).

The bacterial strain was tested for its morpholaigemd biochemical properties using
Bergeys manual of Derterminative Bacteriology, 1994. The strain appeared as rods in
cultures arranged singly or in pairs. It was fotmde Gram’s positive, non acid fast
and negative for spore staining (non-spore formitigyas observed that the strain was
aerobic and catalase positive. Acid was not prodldeem carbohydrates like sucrose,
dextrose, xylose, glucose and arabinose in carbvateydermentation test. The strain

exhibited negative result for oxidase and nitrauctase tests.
. Study of Metal and Antibiotic Sensitivity:

Microbacterium paraoxydans isolated from soil contaminated with arsenic, |eadc
and iron exhibited resistance not only to arseitealso to heavy metals like cobalt,

cadmium, mercury, lead, nickel, zinc, chromium, esalm, stannous at the
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concentration of 100pug/ml of each. The MIC was deteed for the selected heavy
metals for the isolate. It was found to be higtiestchromium (1.6 g/L) than the other
metals employed under study namely cadmium (0.7, ¢¢lad (1.2 g/L), mercury (0.7
g/L) and nickel (1.4 g/L). It was found to be résig to antibiotic cephalothin (30 pg).

It was found to be resistant to antibiotic cepHato(30 pg) and sensitive to all others.
. Standardization of Growth Conditions:

For standardization of optimum growth conditiongled isolate, the parameters studied

were temperature, pH and media:

. Temperature: The maximum growth in term of optical density wasserved at 37°C
as significant difference in growth was observed&tiC as compared to growth at
30°C and 45°C at significant level of p<0.01 an®®1 respectively. Hence it can be

concluded that isolate is mesophilic in nature.

. pH: The optimum pH condition of the medium for growthsMound to be neutral to
alkaline. Although non-significant difference inogrth pattern was observed at pH 7, 8

and 9.

. Media: The strain grew well in nutrient broth, minimal dwee with carbon source and
chemically defined media when supplemented withisadarsenite Microbacterium
paraoxydans grows best in nutrient broth as compared to minimedlia and chemically
defined media as highly significant difference (B41) in growth was obtained when
culture was grown in nutrient broth as comparedniaimal media and chemically
defined media (with arsenite concentration in ladl three types of media) whereas no
significant difference was obtained when culturesvwgrown in minimal media and
chemically defined media when both were supplentemigh arsenite concentration.
No significant difference was observed in the gtowthen culture was grown in

minimal media supplemented with varying concerraiil0, 15 and 20 g/L) of carbon
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source. Although statistically significant diffei@n (p<0.05) in growth was observed
when the strain was grown in minimal media withL1gf sodium arsenite amended
with different concentration of carbon source. Ome tbasis of the nutritional
requirement, this bacterium was considered as chetamtrophic because it utilizes

carbon source when supplemented in media.
8. Confirmatory Determination of Arsenite Detoxifying Ability (Oxidation):

Quantitative determination of the arsenite oxidire@rsenate was done by molybdene
blue method and it confirmed the oxidizing abildy the strain. Highly significant
(p<0.001) increase was observed in the quantityxafized product (arsenate) during
the first 24 hours of incubation. Statistically migcant (p<0.05) rise in oxidation was
observed from 24 to 48 hours. The results of madyledblue method were further
supported by arsenate estimation by ICP-MS aftserate extraction by anion

exchange chromatography.

The arsenite detoxification mechanism that is bgitg of oxidizing arsenite to less
toxic arsenate iiMicrobacterium paraoxydans strain CF36 was studied and confirmed.
Presence of oxidizing genesxB andaoxC as observed by PCR amplification of the
genes showed that the bacterium is able to tolenasenite and thes®x genes may
code for the arsenite oxidase enzyme responsiblthéoxidationaoxB codes for the
large molybdopterin subunit of enzyme, arsenitedase andaoxC encodes for

cytochrome c required in oxidation.
6. CONCLUSIONS

The soil samples from which the arsenite hypersmiebacteria were isolated were
contaminated with arsenic and other heavy metkdsiéad, iron, zinc and magnesium.
The pH was neutral or alkaline and with high Eleetr Conductivity. Out of four

isolatesMicrobacterium paraoxydans strain CF36 exhibited high MIC of 9 g/L. This
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strain posses multi-metal resistance as well astags to one antibiotic namely
cephalothin. The strain grows best in nutrient bbipplemented with sodium arsenite
at neutral pH and 37°C at 120 rpm in shaker incaub#n the basis of the nutritional
requirement, this bacterium was considered chereobiebphic because it utilizes
carbon source when supplemented in meldiar obacterium paraoxydans strain CF36
also possess detoxifying ability of arsenite by pinecess of oxidation of arsenite to
arsenate which is on an average 100 times less form of arsenic.The arsenic
oxidizing ability of the strain as determined byeggnce ofaoxB which codes for
enzyme, arsenite oxidase aadxC which encodes for cytochrome ¢ which gives it
advantage to survive in environment with arsenstét @ossess the property of arsenite
detoxification. This gram positive mesophilic baistegrowing best in nutrient broth at

pH 7 can be used to develop method of arsenic dietbon.
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