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ABSTRACT

Arsenic is a common menace in the state of West Bengal particularly in the district of 24-Parganas (North)
and (South). The major source of arsenic being geologic in nature. Soil samples collected from one such
particular location Baduria were tested for the presence of arsenic (As), and on an average the As content
of the soil was 2.18mg/kg. Different bacteria were isolated by serial dilution and were also tested for As
tolerance. On the basis of their tolerance, three organisms (viz. C-7, A-2, A-1) have shown remarkable
percentage uptake of As 43%, 22.17% and 14% respectively, which was highest for C-7 strain. Azithromycin
and Streptomycin were found to be more effective to control C-7 with an inhibition zone of 4.5 cm, but for A-
2 and A-1 it was Azithromycin with inhibition zone of 3.8cm and 3.5cm respectively. These organisms were
characterized and identified by 16S rDNA technique, BLAST results and the cluster analysis by NTSYSpc
ver. 2.02e program, and found to be Bacillus sp. strain CCBAU 51490 (C-7) (GenBank Accession Number
EF377314.1), Bacillus subtilis sub sp. subtilis strain DSM 10 (Genbank Accession Number NR_027552.1)
(A-2) and Pseudomonas otidis strain MCC 10330 (Genbank Accession Number NR_043289.1) (A-1). They
can be used in the treatment of As contaminated sludge generated industrially from As treatment plant. This

can give a new insight in microbial arsenic trapping with minimum toxic implications in the nature.

INTRODUCTION

Arsenicisanatura metalloidthat iscomparatively rare, but
widely distributed in soils and rocks and also in the differ-
ent water bodies. Numerousenvironmental factorsinfluence
arsenic speciation in soil, which include pH, redox poten-
tial, the presence of other ions, organic matter content, soil
texture and fungal or bacterial activities (Turpinen et al.
1999). The sources of environmental arsenic may derivefrom
various natural sources (i.e., weathered, volcanic, marine,
sedimentary rocks, fossil fuels, minerals), water, air, living
organisms and anthropogenic activities including mining,
agricultural chemicals (e.g., pesticides, herbicides), wood
preservatives, medicinal products, industrial activities(e.g.,
timber, tannery, paints, electroplating, etc.) (Dowdle et a.
1996, Liest et al. 2000, Mandal & Suzuki 2002). The most
common arsenic species observed in the environment are
the trivalent form arsenite [As(l11)] and pentavalent form
arsenate [As(V)] and it can occur in naturein its pure form
asablack-grey metallic substance, but usually existscom-
bined with other chemical elements (for example oxygen
and sulphur) in arange of chemical compounds. Arsenic has
been referred to as“ essential toxins’ becauseitisrequired
intrace amountsfor growth and metabolism thoughit isonly
toxic at high concentration, (Stolz et al. 2002). Thetoxicity
of different forms of arsenic decrease in order:

arsine>inorganic arsenite>organic arsenite>inorganic
arsenate>organic arsenate>free arsenic (Mandal & Suzuki
2002) and it depends on factorssuch as physical state, gas,
solution, or powder particle size, cell adsorption rate, elimi-
nation rate and nature of the chemical toxic compound
(Anderson & Cook 2004).

The objectives of the present investigation include to
determine the arsenic contamination in the soil; to isolate
and characterize bacteriatolerant to arsenic; to find out the
level of arsenic uptake and its binding site in the microbe;
and to identify the bacteriaby 16SrDNA technique.

MATERIALS AND METHODS

Arsenic analysisin soil: Soil sampleswere collected from
the district of 24 Parganas (North) inthe State of West Ben-
gal. The soil samples were collected by the sterile spatula
from the subsurface soil (from 0-15 cm in depth), placed in
plastic bag and kept onice or at 4°C until further analysis.

Fifty gramme of the soil sample was added to 10 mL of
50% HNO,. Then it was heated on a hot plate and filtered,
and volume was made up to 10mL.

One to 2 g of soil samples were added to 10 mL 50%
HNO,, and heated and refluxed at 95°C for 10-15min. The
soil suspension wasleft at room temperature to cool, then
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added with 5 mL concentrated HNO, and refluxed for an-
other 30 minat 95°C. This step wasrepeated one moretime.
The solution was evaporated until approximately 5 mL |eft.
After the solution cooled to room temperature, 2mL
deionized H,O and 3 mL 35% H,O, were added and heated
to 95°C. The solution was cooled to room temperature and
added with 7 mL warm 35% H,0,. The solution wasagain
cooled to room temperature, mixed with 5 mL concentrated
HCI and 10 mL deionized H,0O and refluxed at 95°C for 15
min. The digested solution was filtered to remove residual
particulatesand then diluted to 100 mL with deionized H,O.
Thisacidified sample solution wasused to measure the ar-
senic concentration by ICP-OES. It was nebulized and the
resultant fine mist was carried out by an argon flow into a
high temperature plasmagenerated by aradio frequency el ec-
tric current running in an induction coil. The sample was
decomposed in plasma, followed by atomized and excited
and quantification of each compound was performed by
monitoring a specific spectral line emitted by an atom (or
ion). Continuous determination of arsenic was possible by
monitoring the plasmawith a polychrometer (Thermo Sci-
entific, Model No. ICAP 6000 Duo). The most sensitive
linesfor arsenic lie inthe UV region (193.759 nm) and the
analysiswas made by an appropriate spectrophotometer.

Bacterial isolation by serial dilution method: Onegramme
of soil sample was added to 10 mL of sterile water in the
glass conical flask (Borosil). Then 1 mL of the suspension
wasadded to another 10mL of sterilewater in thetest-tube
(Borodl) and the processwas repeated for another four times
(i.e., up to 10° dilution). Pure culture was obtained by re-
peated sub-culturing technique from the isolated colonies
from the 102 and 102 dilution plate.

Growth mediafor isolation of bacteria: Thebacteriawere
grown in the nutrient medium containing 0.3g of beef ex-
tract, 0.5 g of peptone, 0.5g of NaCl and 2 g of agar in 100
mL of water. Pure culture was obtained by subculture and
pure culturing technique from theisol ated col onies. For each
culture smears were prepared prior to Gram staining and
cell morphol ogy was investigated under the compound mi-
croscope (45X) (Dhar et al. 2004) and binding site of ar-
senicinthe bacterial strainswere detected by phase-contrast
microscope (100X) (Leica, Model No. DM2500). Antibi-
otic sensitivity test was done by disk diffusion method and
the bacterial strainswerealso characterized by catalaseted.

Deter mination of minimum inhibitory concentr ation of
ar senic by colorimetric assay method: Colorimetric assay
method was used to determine the minimum tolerable con-
centration of the strainsfor both arsenate and arsenite (Dhar
et al. 2004). The bacteria were grown in sodium arsenate
containing nutrient broth. The media contained 10 mg/L,
20mg/L, 30mg/L, 50 mg/L, 70 mg/L, 80 mg/L and 100
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mg/L concentrations of arsenic for the arsenic tolerant ex-
periment of the bacterial strains. It was incubated at 37°C
for 48 hrs. Optical density was measured at 580nm (Dhar et
al. 2004).

Arsenic analysis of bacterial isolates: The bacterial cul-
tureswere centrifuged and the supernatantswere taken for
acid digestion. The supernatants were added with 10 mL
50% HNO,, heated and refluxed at 95°C for 10-15min. The
suspensionwas|eft at room temperatureto cool, then added
with 5 mL concentrated HNO, and refluxed for another 30
min at 95°C. This step was repeated one more time. The
analysis of arsenic was made by |CP-OES method just like
to that for soil described earlier.

16SrDNA Sequence Analysis

1. DNA wasisolated from the slant culture provided. Its
quality wasevaluated on 1.2% Agarose Gel, asingleband
of high molecular weight DNA was observed.

2. Fragment of 16SrDNA genewasamplified by PCR from
theaboveisolated DNA. A singlediscrete PCR amplicon
band of 1500 bp was observed when resolved on Agarose
Gel.

3. PCRamplicon was purified to remove contaminants.

4. Forward and reverse DNA sequencing reaction of PCR
amplicon was carried out with 8F and 1492R primers
using BDT v3.1 cycle sequencing kit on ABI 3730xl
genetic analyser.

5. Reverse sequence of 546 bp of rDNA gene was used for
further analysis.

6. The 16SrDNA gene wasused to carry out BLAST with
the nrdatabase of NCBI genbank database. The cluster
analysiswas done by UPGMA method through NTSY S
pcver.2.02e program.

RESULTS

Arsenic in soil samples: A total of 2 soil samples were
collected from Baduriaand Deganga. Arsenic concentration
of the soil of Baduriaand Degangais2.18mg/kgand 1.52mg/
kg respectively.

I solated bacteria: Thebacterial strainswere characterized
from the pure cultures obtained by repeated sub-culturing
technique from theisolated colonies (Table 1and Figs. 1a.,
1b, 1c, 1d, 1e,1f). In 102and 103 dilution plate the val uesof
CFUS/mL were 37x10° and 32x10°respectively. Then the
bacterial strainswere characterized (Table 1 and Figs. 1a,,
1b, 1c, 1d, 1e,1f).

Minimum inhibitory concentr ation of ar senic: Indigenous
bacteria from arsenic contaminated soils were firstly en-
riched in the nutrient broth with increased arsenic concen-
trationsfrom 10 mg/L to100mg/L. The LD_ dosesof arsenic
for C-7, A-1 and A-2 bacteria were found to be 50 mg/L,
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Table 1: Characterization of bacteria
Sample Gram character Dimension of Characterization Antibiotic sensitivity test
No. of the bacteria the bacteria of the bacteria by (Diameter of inhibition zone in cm)
(um) Catalase test
C-7 Gram Positive Length=5.69 Catalase Positive Sensitive to Streptomycin (4.5cm), Azithromycin (4.5cm)
long Rods Breadth=2
A-1 Gram Negative Diameter=1 Catalase Negative Sensitive to Sreptomycin (3cm), Azithromycin (3.5cm),
short semi-rods Ciprofloxacin (3.1cm)
A-2 Gram-Positive Length=3.14 Catalase Positive Sensitive to Sreptomycin (3cm), Azithromycin (3.8cm),
long Rods Breadth=1 Ciprofloxacin (3.5cm), Clindamycin (3cm)
Table 2: Percentage uptake of arsenic by the bacteria.
Sample Concentration of Residual arsenic Uptake of arsenic % uptake of arsenic
No. arsenic (mg/L) in the medium by the bacteria (mg/L) by the bacteria
(mg/L)
C7 50 285+4.41 21.50 43.00
A-2 30 2335+ 361 6.65 2217
A-1 10 856+ 1.32 1.40 14.00
Table 3: BLAST result of C-7 bacteria
Accession Description Max score Total Score Query coverage E value Max. ident
EF377314.1 Bacillus sp. CCBAU 51490 16S 2398 2398 96% 0.0 98%
ribosomal RNA gene, partial sequence
HQ108182.1  Bacillus cereus strain BCM2 16S 2394 2394 96% 0.0 98%
ribosomal RNA gene, partial sequence
GU384894.1  Bacillusthuringiensis strain ZJOU-010 16S 2394 2394 97% 0.0 98%
ribosomal RNA gene, partial sequence
FJ686830.1 Bacillus thuringiensis strain NB8 16S
ribosomal RNA gene, partial sequence
Table 4: BLAST result of A-2 bacteria.
Accession Description Max score Total Score Query coverage E value Max. ident
NR_027552.1 Bacillus subtilis sub sp. subtilis strain 2423 2423 96% 0.0 98%
DSM 10 16Sribosomal RNA partial sequence
NR_042638.1 Brevibacterium halotolerans strain DSM 8802 2412 2412 96% 0.0 97%
16Sribosomal RNA complete sequence
NR_024693.1 Bacillus mojavensis strain IFO15718 16S 2412 2412 96% 0.0 97%
ribosomal RNA partial sequence
NR_024696.1 Bacillus vallismortis strain DSM11031 16S 2396 2396 96% 0.0 97%
ribosomal RNA partial sequence
Table5: BLAST result of A-1 bacteria.
Accession Description Max score Total Score Query coverage E value Max. ident
NR_043289.1 Pseudomonas otitidis strain MCC 10330 16S 2143 2143 89% 0.0 96%
ribosomal RNA partial sequence
NR_025972.1 Pseudomonas balearica strain SP1402 16S 2132 2132 89% 0.0 96%
ribosomal RNA partial sequence
NR_043419.1 Pseudomonas alcaligenes strain IAM12411 16S 2109 2109 87% 0.0 97%
ribosomal RNA complete sequence
NR_026534.1 Pseudomonasresinovorans strain LMG2274 16S 2106 2106 89% 0.0 95%
ribosomal RNA partial sequence
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Fig. 1(a) Fig. 1(b) Fig. 1(c)

Fig. 1(f)

Fig. 1(d) Fig. 1(e)

Fig.1: (a), (b) and (c). Bacterial isolates (C-7), (A-2) and (A-1) were grown
on the nutrient agar media respectively. (d), (e) and (f) are photomicro-
graph of Gram+ve stained cells of arsenic resistant bacteria (C-7), (A-2)
and Gram-ve stained cells of arsenic resistant bacteria (A-1) respectively
under 45X magniffication of compound microscope.

10mg/L and 30mg/L of arsenic respectively (Fig. 3a, 3b, 3c).

Uptake of arsenic by the bacterial strains: C-7, A-2 and
A-1 bacteria can tolerate up to 50, 30 and 10mg/L of arsenic
respectively. The percentage uptake of arsenic of C-7, A-2
and A-1 bacteria is 43%, 22.17% and 14% respectively
within 48 hoursof incubation (Table 2), and the | ocation of
the binding site of the arsenic isthe cytosol of the all bacte-
rial strains and it was clearly observed by phase-contrast
microscopy of C-7 bacteria (Fig. 2a, 2b).

I dentification of ar senic absor bing isolates: Morphol ogi-
cal and biochemical characterigticsof all the three bacterial
isolateswas determined by Gram staining and biochemical
tests. The investigation results indicated that two isolates
were Gram positive rod shaped bacteria (C-7 and A-2) and
the other one isolate (A-1) was Gram negative semi-rod
shaped bacteria. The cultures which were labelled as C-7,
A-2 and A-1 (closely related to) were found to be Bacillus
. strain CCBAU 51490 (C-7) (GenBank Accession Number
EF377 314.1), Bacillus subtilis subsp. subtilis strain DSM
10 (Genbank Accession Number NR_027552.1) and Pseu-
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10 pm
e

Fig. 2(b).

Fig. 2(a).
Fig. 2(a) and (b): Photomicrograph of C-7 contol and treated C-7
Bacteria under 100X magnification of Phase-contrast microscope.

domonas otidis strain MCC 10330 (Genbank Accession
Number NR_043289.1) respectively based on nucleotide
homology and phylogenetic sudy by UPGMA cluster analy-
sisby NTSY Spc ver.2.02e Program (Tables 3, 4, 5and Figs.
4,5,6,7,8,9).

DISCUSSION

Arsenicin natureisspecifically converted to different forms
whichwill modify itstoxicity level (Silver & Phung 2005).
These chemical reactions are continuous in nature through
precipitation or redox reaction (Gadd 1990, Lovely & Coates
1997) aswell asprotein-DNA adduct formation (Zhitkovitch
& Costa 1992) and induction of stress proteins (Ballatori
1994). Other workers like Aksornchu et al. (2008), Shivaji
et al. (2005) and Banerjee & Santra (2010) described the
isolation of arsenic resistant bacterial strains from the soil
of arsenic contaminated sites, their characteristics, arsenic
tolerance ability i.e., the bacterial strains survived up to
40mM of sodium arsenite and 20mM and 100ppm of so-
dium arsenate containing culture media respectively.
Aksornchu et a. (2008), Shakoori et al. (2010) and Shivaji
et al. (2005) have identified the different arsenic tolerant
bacteriaby 16SrDNA sequence analysis and some of them
are Microbacterium oxidans, Achromobacter sp., Pseu-
domonas, Salmonella spp., Klebsiella oxytoca, Bacillus
anthracis and Bacillus arsenicus Con &/3" (AJ606700).

Fig. 3(a).

Fig. 3.(b).

Fig. 3(c).
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Fig. 3: Growth of arsenic tolerant bacteria (a) C-7, (b) A-2, (c) A-1.
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CNNAAANNAACATGT TGECTACTTAT T GAAGT TAGOGEOGGACGEOGT TGAGTAACACGTGEGT
AACCTGOCCATAAGACT GGGATAACT COGEGAAACCEEEECT AATACCGGATAACAT TTTGAAC
COGCATGGT TCGAAAT TGAAAGBOGECT TCGECTGT CACTTAT GGATGGACCOGCGT CGCATTAG
CTAGT TGGTGAGGT AACGGCT CACCAAGGCAACGATGOGT AGCOGACCT GAGAGEGT GATCGEC
CACACTGGGACT GAGACACGGEOCCAGACT CCTACGGGAGECAGCAGT AGGGAATCT T COGCAAT
GGACGAAAGT CT GACGGAGCAACBOCGOGT GAGT GATGAAGGCT TTCEEGTOGTAAAACTCTGT
TGTTAGGEGAAGAACAAGT GCTAGT TGAATAAGCTGGCACCT T GACGGTACCTAACCAGAAAGCC
ACGGCTAACTACGT GOCAGCAGOOGOGGTAATACGT AGGT GGCAAGOGT TATCOGGAATTATTC
GEOGTAAAGOGCGOGCAGGTGGT TTCT TAAGT CTGATGT GAAAGCOCACGGCTCAACCGTGEAG
GGTCATTGGAAACT GBGAGACT TGAGT GCAGAAGAGGAAAGT GGAATTCCATGT GTAGCGGTGA
AATGOGTAGAGATAT GGAGGAACACCAGT GECNAAGGBOGACT TTCTGGTCTGTAACT GACCCTG
AGGGOGOGAAAACGT GBBGAGCANACACGAT TATATACCCT GGTANTCCAGGT CGTAAACTATC
AGTGOCAAATGT TAGAGEGNT TTOCOCCCT CTAGT GOOGAAGT TAACGCATTAAGCACTCOGCC
TGGGGAGTACGGOOGCAAGGCTGAAACT CAAAGGAAT TGACGGEEECOCGCACAAGCGETGGAG
CATGTGGT TTAATTCGAAGCAACGOGAAGAACCT TACCAGGT CTTGACAT CCTCTGAAAACCCT
AGAGATAGGECT TCTCCT T CGEGAGCAGAGT GACAGGT GGT GCATGGT TGTCGTCAGCTCGTGT
COGTGAGATGT TGGGT TAAGTCOCGCAACGAGOGCAACCCT TGATCTTAGT TGOCATCATTAAGT
TGGGCACTCTAAGGT GACT GOOGGT GACAAACCGGAGGAAGGTGEGEGAT GACGTCAAATCATCA
TGCCCCTTATGACCT GGBCTACACACGT GCTACAATGGACGGTACAAAGAGCT GCAAGACCECG
AGGT GGAGCTAATCTCATAAAACCGT T CTCAGT TCGGAT TGT AGBCTGCAACTCGOCTACATGA
AGCGGAATCGCT AGT AATCGOGGAT CAGCATGOOGCEGET GAATACGT TCCOGEECCT TGTACAC
ACCGOCOGT CACACCACGAGAGT TTGT AACATAGCGATGTCT CGTGEGEGT QCCACTATCNNTCG
TNAA
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Fig. 4: Consensus sequence of C-7 bacteria.

GCTATAGGTGCT CT TGGAGOGOGCGEEA T TGGAGCT GEGTACCTGAAGT TT GTGEOGGATC
GGTGAGTAACACGT GEGTAACCT GOCT GTAAGACT GGGATAACT COGEGAAACCGEGECT
AATACCGGAGGT TGT TTGAACCGCAGGTTCAAACATAAAAGGTGECTTCGGCTACCACTT
ACAGATGGACCCGOGECGECATAGCTAGT TGGTGAGGT AACGGCTCACCAAGGCAACGATG
OGTAGCCAACCT GAGAGGGT GATCGECCACACTGGGACTGAGACACGECCCAGACTCCTA
CGGGAGGECAGCAGT AGGGAAT CTTCOGCAAT GGACGAAAGT CTGACGGAGCAACGOCGECG
TGAGTGATGAAGGT TTTCGGATCGTAAAGCTCTGT TGT TAGGGAAGAACAAGTACQCGTTC
GAAT AGEE0GGET ACCT TGACGGT ACCT AACCAGAAAGCCACGGCTAACTACGTGOCAGCA
GCOGCGGTAATACGT AGGT GGCAAGOGT TGTCOGGAAT TAT T GBEOGTAAAGEECTCGCA
GGOGGTTTCTTAAGT CTGATGT GAAAGCCCCOCGECTCAACCGGEGAGEGT CATTGGAAAC
TGGGGAACTTGAGT GCAGAAGAGGAGAGT GGAAT T CCACGT GTAGCGGT GAAATGOGTAG
AGAT GTGGAGGAACACCAGT GECGAAGGOGACTCT CTGGTCT GTAACTGACGCTGAGGAG
CGAAAGCGT GGGGAGCGAACAGGATTAGATACOCT GGTAGT CCACGOCGT AACGATGAGT
GCTAAGTGI TAGGEGEGT TTCCGOCCCT TAGTGCTGCAGCTAACGCATTAAGCACTCCGCC
TGGGGAGT ACGGT CGCAAGACT GAAACT CAAAGGAAT TGACGGEEE0COGCACCAGCGGT
GGAGCATGIGGT TTAATTCGAAGCAACGCGAAGAACCT TACCAGGTCTTGACATQCTCTG
ACAATCCTAGAGATAGGACGT CCOCTT CGEGEGEECAGAGT GACAGGTGGTGCATGGT TGT T
GTCAGCTCGT GT CGTGAGATGT TGGEGT TAAGT QCCGCAACGAGOGCAACCCTTGATTTTA
GTTGCCAGCATT CAGT TGGGCACT CTAAGGT GACGCCGGTGACAAACQCGGAGGAAGGTGG
GGATGACGTCAAATCATCATGOCCCTT ATGACCTGGECTACACACCTGCT ACAATGGACA
GAACAAAGGECAGCGAAACCGOGAGGT TAAGCCAATCCCACAAATCTGT TCTCAGI T CGG
ATCGCOGTCTGCAACTCGACT GOGT GAAGCAGGAATCGCTTGTAATOGOGGATCAGCATG
CCGCGGTGAATACGT TCCCGERECCT TGTACACACCCCCOGT CACACCACGAGAGTI TTGTA
ACACCGGATGT CGGTGAGGT TACCTAT CTGGAGCCGCCTACAGT GTAGAGGTCTACT TTG
(cow

Fig. 5: Dendrogram of C-7 bacteriaby UPGMA cluster analysis
through NTSY Spc ver.2.02e Program.
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Fig. 6: Consensus sequence of A-2 bacteria.

GAGGTAGTATCGTATAGGT GAGCTTGGCTCTGACT GGTATAT GBEGACCCCAGAGAGTGT
AGTTTTGECTOGTGIGTAT TAAATOGGOOGEGT AGT GBEEGATAACTCGGEGAAACT CGA
GCTAATACOGCAGACGT CCT ACGEGAGAAAGDGGEGGGATCT T CBGACCT CAOGCTAT CAG
ATGAGCCTAGGT CGGATTAGCTAGT TGGTGEGGTAATGECTCACCAAGGCGACGATCOGT
AACT GGTCTGAGAGGATGAT CAGTCACACTGGAACTGAGACACGGTOCAGACT CCTACGG
GAGGCAGCAGT GGEGAATAT TGGACAATGEE0GAAAGCCTGATCCAGOCATGCOROGTGT
GTGAAGAAGGTCTTCGGAT TGTAAAGCACT TTAAGT TGEGAGGAAGEECAGTAAGI TAAT
ACCTTGCTGITT TGACGT TACCGACAGAATAAGCACCGECTAACT TOGT GOCAGCAGOCE
OGGT AATACGAAGGGT GCAAGOGT TAATCGGAAT T ACTGEECGTAAAGCGOGCGTAGGTG
GITCAGCAAGT T GGAGGT GAAATCCCCGEECTCAACCTGEGAACTGOCTCCAAAACT ACT
GAGCTAGAGTACGGTAGAGGGT GGTGGAATTTOCT GTGTAGCGGTGAAATGOGTAGATAT
AGGAAGGAACACCAGT GBCGAAGBOGACCACCTGGACTGATACTGACACT GAGGTGCGAA
AGOGT GEEGAGCAAACAGGATTAGATACCCT GGTAGT CCACGOOGTAAACGATGTCGACT
AGCOCGT TGEGAT CCTTGAGATCT TAGT GBOGCAGCTAACGOGATAAGT CGACCGOCT GEGGAGT
ACGGOOGCAAGGTTAAAACT CAAATGAAT TGACGGEEE000GCACAAGCGGT GGAGCATGTGGT
TTAATTOGAAGCAACGOGAAGAACCTTACCTGEOCTTGACAT GCTGAGAACT TTCCAGAGATGG
ATTGGTGOCTTCGEGAACT CAGACACAGGT GCTGCATGE0GT OGTCAGCT CGTGTOGTGAGAT
GITGGGT TAAGT COOGTAACGAGOGCAACCCTTGT CCTTAGT TACCAGCACGTGATGGTG
GECACTCTAAGGAGACTGCCGGT GACAAACOGGAGGAAGGT GBEGATGACGT CAAGT CAT
CATGGOOCT TACGECCAGGGCTACACACT GCTACAATGGT CGGTACAAAGEGT TGCCAAG
OQOGCGAGGTGGAGCTAATCCCATAAAACCGATTGT AGTCOGGATCCCAGT TTGCAACTAG
AATGOGTGAAGT TGGAATCGCTOGT TATOCTGAAT CAGAATGACACGGT GAATACGT TCC
OGGEGOCTTGTACACACCOOCCCAACACACCAAGGAGTGAGTGT TTACAGT TTCCCTGI CTT
TATAACTOGGCACCATGTACACTGTAGAGGT TCCT CTCCC

Fig. 7: Dendrogram of A-2 bacteria by UPGMA cluster analysis
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Fig. 8: Consensus sequence of A-1 bacteria.

Fig. 9: Dendrogram of A-1 bacteria by UPGMA cluster analysis through

NTSY Spc ver.2.02e program.
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In the present study the tree bacteria (C-7, A-2, A-1)
showed 43%, 22.17% and 14% uptake of As at 50mg/L,
30mg/L and 10mg/L concentration respectively and they
were identified to be Bacillus sp. strain CCBAU, Bacillus
subtilis subsp. subtilis strain DSM 10 and Pseudomonas
otidisstrain MCC 10330. Onthe bass of dendrogram analy-
sisthey belong to Bacillus and Pseudomonas cluster of or-
ganisms.

Antibiotic tolerance was reported by Berg et al. (2005).
Similarly these bacteriawere significantly resistant to ampi-
cillin (C-7, A-1and A-2), tetracycline (A-2), ciprofloxacin
(C-7) and clindamycin (C-7 and A-1) and sensitiveto strep-
tomycin (diameter of inhibition zone of C-7, A-1 and A-2
were 4.5cm, 3cm and 3cm respectively), azithromycin (di-
ameter of inhibition zone of C-7, A-1 and A-2 were 4.5cm,
3.5cm and 3.8cm respectively), ciprofloxacin (diameter of
inhibition zone of A-1 and A-2 were 3.1cm and 3.5cm re-
spectively) and clindamycin (diameter of inhibition zone of
A-2was 3cm).

These potential microbes can effectively be usedin de-
signing the effective bioremedial tower for purification of
industrial sudge.
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