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Abstract: Microorganisms are known for their ability to mettibe a variety of
chemical compounds, including aliphatic and aromhtidrocarbons, fatty acids and
other environmental pollutants. These capabilitiedke them useful for application as
bioremediation agents. Heavy metals found in wasters are harmful to the
environment and their effects on biological sysi@m very severe. An efficient and
economic treatment for their removal and reuse sieete developed. Microbial metal
bioremediation is an efficient strategy due to libsv cost, high efficiency and
ecofriendly nature. Recently advances have beer imaginderstanding metal-microbe
interaction and their application for metal det@mafion. Microorganisms in soil are
sensitive to the high concentrations of heavy raelide zinc, manganese, cobalt,
copper, chromium, cadmium, mercury and silver. @tioon is a toxic heavy metal,
which primarily exists in two inorganic forms, C¥If and Cr (lll). Chromate [Cr
(VI)] is a serious environmental pollutant. The remt study aimed to isolate the
bacteria which have the potential capacity to redine chromium levels. Chromium
contaminated soil was collected and analyzed. Fioencollected soil samples the
bacterial isolates were screened and charactebyedsing the 16s rRNA based PCR
amplification. Biochemical tests were performed thoe microorganisms isolated from
the effluent. As per the present study the isol&stidomonas sp was found to reduce
99 % of chromium from the medium in 21 hours.

Keywords: Tannery effluents, Hexavalent chromium, Environtaé pollution,
Diphenycarbazide, 16S rRNA sequenessudomonas sp, Bioremediation.
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INTRODUCTION

Chromium is a strong oxidant, Crystalline; stealygrlustrous, hard metallic, is an odorless. Foimd
rocks, animals, plants, and soil. India is the sda@nk in the world production of chromate gerigras

an essential micronutrient. Chromium maintainingicefnt glucose, lipid, carbohydrate and protein
metabolism. Chromium released by a large numbeindfistrial operations such as electroplating,
chromate manufacturing, leather tanning industggsdand pigment fabrication and wood preservation.
Chromium is toxic to the reproductive system argluihborn child. Hexavalent chromium is a widespread
industrial waste. Environmentally friendly processeeed to be developed to clean-up and protect the
environment Bioremediation can be defined as any processues microorganisms, fungi, green plants
or their enzymes to return the natural environmedtéred by contaminants to its original condition.
Bioremediation may be employed to attack specijit @ntaminants, such as degradation of chlorohate
hydrocarbons by bacteria. Several Gram-positive@rain-negative bacteria species are capable teaeedu
hexavalent chromium Arthrobacter, Escherichia, Bacillus.ES29,B. subtili ,B.pumilus,, P.flourescens,
pseudoal caligenesCECT5344 , P. aeruginosa, Burkhoderia copaiba ,P.aeruginosaPA01’.P. putida, P.
aeruginosaHP104  Streptomyces,, AeromonaskEnterobac, E. clocaestrain  HO1, Shewanella
putrefaciensMR-1, P. fluorescensLB300, Agrobacterium radiobacter EPS-916.°Aquatic plant species,
algae, yeast, are also used for chromium redudtiese methods have found limited application
Traditional methods such as chemical oxidatiotrafilon, evaporation recovery, membrane technotggie
chemical precipitation, freeze separation, revessaosis, ion exchange and electrolf&iare the used to
reduce hexavalent chromium, but huge quantity reagents, high cost, generation of toxic sludge ,
incomplete metal removal and creating harmful evdstproduct¥.Pseudomonas putida has been shown
to degrade many heavy metals like chromium, Zinpper etc.

MATERIALS AND METHODS

Collection of soil sample, Isolation and purificatbn: Soil Sample was collected from TIE (Tirupur
Industrial Estate). It was collected from the sceféo a depth of 10 cm, sealed in sterilized pelythbags
and stored at 4°C until use. It was subjected tilsdilution*'and 10 and 1@ dilutions were plated on
nutrient agar medium (peptone 5g/l, NaCl 5¢g/I, yeasract 1.5g/l, beef extract 1.5g/l, agar20¢°@, pH

at ((25°C) 7.4+0.2) by spread plate method .cutt@ed maintained as pure cultures on minimal gt a
medium supplemented with glucose- 5¢g/l, ammoniumsphate monobasic-1g/l, sodium chloride- 5g/l,
magnesium sulphate-0.2g/l, potassium phosphatsiditieg/| for further studies .

Diphenylcarbazide assay:Hexavalent chromium in the medium was determinedliphenylcarbazide
method?. 1000 mg/L KCrO, stock solution was prepared. 0.25gm of diphenplzide reagent dissolved

in 9.67ml of acetone along with 330ul of 3M3D, for the preparation of DPC reagent.100mM of3-
Morpholinopropane sulphonic acid (MOPS dissolve&@ml of distilled water and pH was adjusted to 7.
by adding 10 pellets of NAOH such that concentrabMOPS buffer was 100mM which is used as stock
and absorbance measured spectromatrically at 540 henabsorbance readings of the standard solutions
were used to construct a calibration curve. Fortdsé samples the culture supernatant is used arisl C
determined.

MOLECULAR CHARACTERIZATION

Isolation of Genomic DNA: For PCR amplification of 16s rRNA PCR was performé&d¢nomic DNA
was isolated by usingmethod with some modifications 1.5ml of overnigpaicterial culture was taken
into eppendorf tubes under sterile conditions amtrdfuged at 10000rpm for 3 minutes. Supernataag w
discarded and 2@0 of TE buffer was added to the pellet and wasat&sl completely.300ul of ST buffer
was added to the tubes and incubated & &8 10 minutes. Tube was inverted for every 2utes while
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heating for proper mixing. Cooled to room tempematand centrifuged at 10000rpm for 3 minutes
.Supernatant was taken and 180f 0.3M sodium acetate was added. These tubes wamtrifuged at
10000rpm for 2 minutes. Supernatant was taken 80du6of isopropanl was added and incubated in -20
°c for 20 minutes and centrifuged at 10000rpm fayual8 minutes. Discard the supernatant and wash the
pellet with 300l of 70% ethanol. These tubes were centrifuged Zominutes at 10000rpm.The
supernatant was discarded and pellet was air drlading the tube reversely on the tissue paper2&nd

of TE buffer was added to pellet. Then the samps subjected t01% agarose gel electrophoresés. Th
bands were observed on the UV-Transilluminator.

PCR amplification: The Genomic DNA was isolated from the overnightvgrobacterial culture was
amplified with universal bacterial primers. Aj2%f reaction mixture contains, jtbof master mix (10x
assay buffer, dNTP's, Taq polymerase and MpCl 1yl of forward primer
(5'GGCGAACGGGTGAGTAASY), il of reverse primer (5’ACTGCTGCCTCCCGTAG3'),ul2of
template DNA and @ of distilled water. PCR was carried out by theefithal cycling was carried out
using a corbett research Australia thermo cyclesgmmmed for the following conditions- An
initialization step at 94°C for 4min followed by 2cles of 94°C for 1min, 52°C for 1min, 72°C for
1.15min followed by final extension at 72°C for Bnaind holding temperature at 10°C for 5 min The PCR
products were recovered by 2% agarose gel elearepis and then sequenced. The unknown bacterium
was identified using GenBank database. The segsestm@ined were initially estimated by the BLAST
facility of NCBI*.

16S rRNA sequencingThe amplified product of 1330 bp was sequenceddiyg the ABI 3600 system;
Sequencing was carried out at MWG Eurofins Indi& IRd, Bangalore .The identification of ribosomal
RNA as a premier molecule for evaluating evolutigneelationships and the application of molecular
techniques to microbial systematics has revolutiehithe concept of phylogenetic relationships among
bacteria®*'®. Genomic DNA was isolated and PCR amplified withiversal bacterial primers (MWG
Eurofins, Banglore) were used to amplify 16S rRNeng fragmerit16S rRNA sequence data and type
strains available in the public databases GenBagikguthe BLAST sequence match routines. The
sequences were aligned using the CLUSTAL X progemd analyzed with the MEGA software
2001.Evolutionary distances were derived from sagegair dissimilarities, calculated as implemerited
MEGA, using Kimura’s DNA substitution mod&The phylogenetic reconstruction was done using the
neighbor joining (NJ) algorithm, with bootstrap wa$ calculated from 1000 replicate runs, using the
routines included in the MEGA softwafdor PCR amplification, Universal bacterial 16S #RIigene
primers forward primers {BGGCGAACGGGTGAGTAA-3 ) reverse primers (5-
ACTGCTGCCTCCCGTAG- 3 ) were used to amplify 16S MRNene fragment. Sequence data was
aligned and analyzed for finding the closest homlimr the microbes

RESULTS

Isolation and purification: Four colonies were obtained on the nutrient agadiune plate which were
further purified and single colonies, were isolat@d selected based on morphological characterghaind
biochemical test were performed. The colonies weh#te and pale yellow in colour which showed
irregular shape. Some colonies were also in opaque.

Chromium reduction: Hexavalent Chromium in the culture supernatant wasasured using
diphenylcarbazide (DPC) method as explained abdi® Strainshowing high Cr (VI) reduction abilities
was isolated from Tirupur Industrial Estate Maximueduction was observed at (194mg/lit) 1mM
concentration in 21 hours, 99 % was observed. Pienam condition for hexavalent chromium reduction
was reported at temperatur€@ppH 7.0 and substrate fructose as 5% concenigatio
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Table.1-Time and chromium reduction in terms of percentage Gradual chromium
reduction was observed in 1mM concentratio

Time Ohr 3hr 6 hr 12 hr 15 hr 18 hr 21hi
Blank 0% 0% 0% 0% 0% 0%
1mM 11% 11% 29% 41% 64% 85%
Chromium
2mM 13% 13% 21% 40% 47% 54%
Chromium

3mM 10% 10% 14% 20% 25% 36%
Chromium

4mM 9% 13% 13% 18% 20% 25%
Chromium

% of Chromium concentration on Chromium reduction

100
G —e— Seriesl
© g
g 60 —— Series2
S 40 Series3
S
o 20 Series4
S 0

conof 3hr 6hr 12hr 15hr 18hr 21hr
cr

Time in Hours

Graph -1 Percentageof different chromium concentrations profile. X-axis represents time in hours
and Y-axis represents chromium degradation in terms of peentage. Serie-1 represents the
maximum degradatior.

MOLECULAR CHARACTERIZATION

Genomic DNA isolation: The highesyield of DNA to be obtained was preserved with Gifer, yields
of 25l total DNA from the 1.5ml broth. The extracted DNvas electrophoresed on 1% Agai gel with
ethidium bromide. The bands were observed unde- transilluminator.

1 2 M

(Picture-1).Agarose gel electrophoresis of Genomic DM
Lanel and 2= Bacterial genomic DNA, N.Molecular Marker.
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PCR amplification: TheDNA extraction provided a good yield of DNA, whicbuld be used in 16S ge
amplification with bacterial universal prime(Picture-2)satisfactory amplification products were obtail
after adding large quantities of Taq DNA polymerdiee amplifiid sample and00bp DNA Laddewas
electrophoresed on 2% agarose gel and comgThe bands were observed under Wahsilluminatol

1 2 M

(Picture-2)— Agarose gel electrophoresis of PCR produc

Lanes M = Molecular Markel 1 & 2 = PCR amplified isolated genomic DNA
with universal primeproduct of desired gene.

16S rRNA based identification > TIE2 16srRNA (1330by

The amplified product of 1330 bp was sequenceddiyguthe ABI 360(system;Sequencing was carrit
out at MWG Eurofins India Pvt LtdBangalor:.

GGT GGGAGCTACCT GCAGT CGACGGT AGCACAGAGAGCT TGCTCTCGGEGT GACGAGT GECGGACGEGT GA
GTAATGI CTGGGAAACT GCCT GAT GGAGGGGEGATAACT ACT GGAAACGGT AGCTAATACCGCATAACGT C
GCAAGACCAAAGAGEGEEGACCT TCGEECCT CT TGCCAT CAGAT GT GCCCAGAT GGGAT TAGCTAGTAGGT
GGEGTAACGGECT CACCTAGGCGACGAT CCCTAGCT GGT CTGAGAGGAT GACCAGCCACACT GGAACT GAA
ACACGGT CCAAACT CCTACGEGAGGECAGCAGT GGGGAAAT T TGCCCAT GGEECGECAAGCCGGAT GCAGCC
ATGCCGEEEEEEEATACATAGEECCTACGGT TGTAAACCT TCT TTACCGGEGAAAGAACT CGGT TAGAGACAT
AAAATTCTTCCGAAT GACCT TAACCCGCAAAAAATATACCGCGT TAATTCCATTCCTACCT TCCTCGAAT
ATATTGATGGTGCAAGCT TTAATCACGACT TACAGCGT CGTACACCT CACGACAGGCGGTTTGATCACTC
AGATGTAAAAT TCCCCTCGCATCAATCCTGGTAACTTGCATTCGAAAACT GGCCTAGGCTAGCACTCTTC
GTAGAAGGCGGT AAGAAATTCTTCAGCAGAAGCACT GTAAAT GCCTAACACAT CTTGGACCGAATACCGC
TATGGCGTAAT GGCGECCCT CCTGGACAAACCACT GATCGACT CAAGTAGT CGATAACCCT GGCGCAGCA
CAAAAGGATTTAGAAAACCCT CGGT TAGT CCACCCCT GTAAAACGATAGT CCAAATAGAGGTATGACTGC
CCTTGAGGCGT GECTTCCGGAGCTAACGCGT TAAGT CGACCGCCT GGGGAGTACGGCCGCAAGGT TAAAA
CTCAAATGAAT TGACGGGEGEECCCGCACAAGCGGT GGAGCATGT GGT TTAAT TCGATGCAACGCGAAGAAC
CTTACCTACTCTTGACATCCAGAGAACT TAGCAGAGATGCTTTGGT GCCTTCGGGAACT CTGAGACAGGT
GCTGCATGECTGICGTCAGCTCGT GT TGT GAAATGI TGEGT TAAGT CCCGCAACGAGCGCAACCCTTATC
CTTTGI TGCCAGCGGT TAGGCCGGGAACT CAAAGGAGACT GCCAGT GATAAACT GGAGGAAGGT GGGGAT
GACGT CAAGT CATCATGGECCCT TACGAGT AGGGCTACACACGT GCTACAAT GGCGCATACAAAGAGAAGC
GACCT CGCGAGAGCAAGCGGACCT CATAAAGT GCGT CGTAGT CCGGAT TGGAGT CTGCAACT CGACT CCA
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PHYLOGENETIC TREE

=3 —— 0i[3077138%4|Enterobacter_sp._envichment_culture_clone_HSLBBA
b L ([M3790798 Fnterobacter sp._NCCP-242 gene

5 307713859|Enterobacter_sp._enrichment_culture_clone HSLE7

— §i|307713873 Enterobacter sp. enrichment culture clone HSLT0
4 ——gi307713888 Enterobacter sp. enrichment culture clone HSLE2B
— Q|#10129784Enterobacter_sp. NCCP-755 gene

L (|154962964 Enterobacter_aerogenes_strain_HC050612-1

TIE2

01254763237 Pseudomonas_putida_strein_142

100

7 —— ([264763236 Pseudomonas_putida strain_169
Al ———— 124107966 Pseudomonas_sp. AT14

Fig. 1: Phylogenetic tree oPseudomonas sp strain from TIE2. The tree was constructed using tie
neighbor-joining method.

The 16S rRNA results suggested that the cultulenige to genu$seudomonas of Pseudomonadaceae
family having the nearest neighbor #@seudomonas spaccording to phylogenetic tree (Figurel)
pseudomonas putida strain(Acc.No.142) with 98.2% similarityeseudomonas putida strain(Acc.N0.169)
with 98.3% similarity And Pseudomonas sp strain (Acc.No.AT14) with 98.4% similarity. The
phylogenetic tree (Figure 1) was done by neighbaring tool, which shows the relation between the
isolates and their respective neighbor type stralmsg with their respective distances.16S rRNA
nucleotide sequences from NCBI genbank were cordpain known sequencdseudomonas sp strain
with 98.4% similarity. (Acc.No. TIE 2KC17812).

DISCUSSION

A total of 4 Chromium resistant bacteria were ismdafrom Tirupur Industrial Estates (TIE Park) eéht

in the present study. Four selected isolates awaptd their morphological shape were plated in imed
amended with 194 mg/l Cr (VI) (1Mm). Out of 4 isi@a (TIE 1, TIE 2, TIE 3 and TIE 4), the maximum
degradation ability was observed in TIE2 strain aad identified a$seudomonas sp. Showed excellent
bioremediation ability the degradation efficiencytbe four respective isolates follows the sequence
TIE2>TIE1>TIE3>TIE4. The TIE2 isolate was selecfed further experiments that isolate TIE2 showed
different abilities to degrade Cr (VI) in the mediiuwhich was directly related to varying Cr (VI)
concentrations. Genomic DNA was isolated from theegculture. Using universal primers totally~700 bp
of the 16S rDNA of TIE2 strain was amplified usinmigh-fidelity PCR Polymerase. The PCR product was
bi-directionally sequenced using the forward, regeand primer. Sequence data was aligned and adalyz
for finding the closest homolog for the microbesBad on nucleotides homology and phylogenetic aisalys
the strain-TIE2 was detected to WB&seudomonas sp. nearest homolog species was found to be
Pseudomonas sp strains. The 16S rDNA were partially sequencedofathg PCR amplification and
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compared with sequences deposited in databasegphitegenetic tree (Fig. 1) showed that isolateZTIE
is closely related to the genu®seudomonas exhibiting similarity values greater than 90%. Gfl)(
reduction kinetics and bio-mass growth at varyifgdBnium concentrations. The optimum time required
for maximum Cr (VI) removal was estimated within-28 hours at an initial Cr (VI) concentration of
194mg/l (ImM). The maximum Cr (VI) removal and biss growth byPseudomonas sp was recorded
during 21 hours of incubation (table 1.) The petage of Cr (VI) reduction initially increased and
extended up to 21 hours and after that there wigsnaarginal increase. The rate of Cr (VI) reductivas
observed in two phases, an initial phase of fattgradation followed by the phase of slower dedrada
The initial faster uptake might be due to the allity of abundant Cr (VI) species and empty metal
binding sites of the microbes. The slower phase b&yattributed to saturation of metal binding sites
Arthrobacter sp. and Bacillus sp. reduced 30ug/ml of Cr (VI) duridg h incubatioff. While
Microbacterium sp. MP30 completely reduced 20 pugml-1 Cr (VI) withia F#*.Strain B. casei thus seems
to be more efficient than all of these reportedis. However, rates of Cr (VI) reduction decreaseet
time with all Cr (V1) concentrations. It was prolhabue to Cr (VI) toxicity towards biological acity.

CONCLUSION

The present investigation has examined the alifilpdigenous organisms from the Cr (VI) contamaaat
soil. It identifies an organism that has high ddgrg ability Cr (V1) and has significant potentitd
degrade the toxic Hexavalent chromium. The orgamis® molecular characterised and the organism was
revealed ag’seudomonas sp. The optimum condition for maximum degradation was$ to study. The
optimum condition moreover, the effect of varioyemting conditions such as initial pH of the medliu
Temperature, initial concentration of Cr (VI) on Qfl) degradation helps to estimate the hydraulic
resilience time of the species in the reactor tometely detoxify the environment.
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