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Triphenylmethane dyes represent a major group of dyes causing serious environmental hazards. Malachite Green is one of
the commonly and extensively used triphenylmethane dyes although it is carcinogenic and mutagenic in nature. Various
physicochemical methods have been employed for its elimination but are highly expensive, coupled with the formation of huge
amount of sludge. Hence, biological methods being ecofriendly are good alternatives. In the present study, the novel bacterial
isolate SA13P was isolated from UASB tank of tannery effluent treatment plant. Phylogenetic characterization of 1470 bp fragment
of SA13P has revealed its similarity with Castellaniella denitrificans. This strain has been found to decolorize the dye (malachite
green) at a concentration of 100mg L−1 (80.29%). Decolorization was done by living bacterial cells rather than adsorption. Growth
conditions have also been optimized for the decolorization.Maximumdecolorizationwas observed at a temperature of 37∘Cand pH
8.0. Also, it has been found that bacterization of seeds ofVigna radiatawithCastellaniella denitrificans SA13P increases germination
rate. We have reported for the first time that Castellaniella denitrificans SA13P may be used as a novel strain for dye decolorization
(malachite green) and biological treatment of tannery effluent.

1. Introduction

Out of all the contaminants present in wastewater, coloured
compounds are considered as the most undesirable com-
ponents and are mainly contributed by dyes [1]. Dyes are
aromatic water-soluble dispersible organic colorants, hav-
ing impending applications in numerous industries. More
than 10,000 different commercially available synthetic dyes
(mainly pigments belonging to azo, anthraquinone, and
triphenylmethane groups) are produced in over 0.7 mil-
lion tons per year [2]. These are widely used in leather,
textile, paper printing, color photography, rubber products,
pharmaceuticals, food coloring, cosmetics, and many other
industries [3]. The presence of these dyes in the aqueous
ecosystems presents the serious environmental and health
concerns [4, 5]. The majority of them remain unreacted
and are directly lost in the effluents. Some of the dyes
and dye degraded products are reported to be carcinogenic
and mutagenic in nature [6–8]. Their disposal is becoming

troublesome worldwide. These are released into the environ-
ment as wastewaters and besides producing an aesthetically
unacceptable coloring of water bodies, they cause decreased
gas solubility in water.They also block the penetration of light
to the lower depths of aquatic systems, resulting in inhibition
of photosynthesis [9, 10].Thus, these effluentsmust be treated
before releasing into the natural environment.

Malachite green, a triphenylmethane dye, is extensively
used as food additive, parasiticide, and fungicide in food,
dyeing, and fish farming industry throughout the world [11].
This dye is resistant to biodegradation and has toxicological
effects on the liver, lungs, and other organs of mammals
as well as animals. Due to these characteristics, it has
been banned in several countries and listed as a priority
chemical for carcinogenicity testing by theUS Food andDrug
Administration [11, 12]. However, it is still used in many
areas of the world due to its low cost, ready efficacy, and
lack of suitable alternatives [13].Therefore, the environmental
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pollution caused due to its long-term and widespread usage
has become a serious problem.

Several physicochemical methods, such as adsorption,
precipitation, and photodegradation have been applied to
remove dyes from wastewaters [14]. However, these methods
are costly, inefficient, and produce large amounts of sludge,
hence not widely used [2]. Scientists have been exploring
the microbial diversity, particularly of contaminated areas
in search for organisms that can degrade a wide range of
pollutants [15]. Although numerous microorganisms can
decolorize such dyes, only a few are able to mineralize these
compounds into CO

2

and H
2

O [16]. These include bacteria,
fungi, and algae capable of decolorizing a wide range of dyes
with high efficiency [17].

Microbial decolorization and degradation have appeared
as an environmentally pleasant and cost-competitive alter-
native to chemical decomposition processes [18]. Sev-
eral microorganisms capable of degrading malachite green
including Chlorella sp., Shewanella sp., and Pseudomonas sp.
have been extensively reported [19–22]. Apparently there is
a need to expand novel biological decolorization processes
leading to the more efficient clean-up of Malachite Green
using a single microorganism. Thus the main objective of
our study was to observe the degradation of Malachite Green
in a successive process using exclusively a novel bacterium
isolated from tannery effluent, its process optimization, and
molecular characterization.

2. Materials and Methods

2.1. Dyestuff, Chemicals, and Microbiological Media. In order
to obtain a high-performance bacterial decolorization, Mala-
chite Green (commonly used triphenylmethane dye) was
chosen for the screening of dye degrading bacteria. All the
chemicals used were of highest purity and of analytical grade.
Reagents and other fine chemicals were obtained from Hi-
media Laboratory, India.

2.2. Sample Collection. Tannery effluent samples were col-
lected from the outlet of combined effluent treatment plant
at Jajmau (Kanpur), India, which lies in Indo-Gangetic plains
between the parallels of 88∘22E longitude and 26∘26N
latitude. Jajmau (Kanpur) is the major hub of tanneries.
The effluent released from tanneries is used for irrigation of
agricultural land. Due to long-term irrigation, area is having
highly contaminated sites and hence was used for collection
of samples for the present investigations. The samples were
collected in presterilized plastic and polyethylene bags and
were stored at 4∘C in laboratory.

2.3. Isolation. One mL of diluted sample was spread on
respective nutrient agar plate and then incubated at 37∘C for
4-5 days. Individual bacterial colonies which varied in shape,
size, and color were picked and purified by streaking.

2.4. Screening of the Isolates. For primary screening, test
tube containing 10mL of Luria Bertani (LB) broth with
malachite green (10mg L−1) was prepared. Sterilized broth

was inoculated with 1% inoculum and then incubated at 37∘C
for 5 days. Reduction in color was observed at an interval of
12 h.

For secondary screening, selected isolates from primary
screening were further checked at higher concentration of
dye (100mg L−1). Decolorization of dye was measured in
terms of the decrease in optical density (at 610 nm) of the
supernatant obtained after centrifugation (10,000 g for 20
minutes). Percent decolorization was calculated using the
following formula [23]:

Decolorization (%) = [
(OD
𝑖

−OD
𝑡

)

OD
𝑖

] × 100, (1)

where OD
𝑖

refers to the initial absorbance and OD
𝑡

refers to
the absorbance after incubation.

2.5. Optimization of Cultural Conditions for Dye Decoloriza-
tion. The bacterial isolate showing significant decolorization
activity in secondary screening was chosen for the opti-
mization of cultural conditions. Decolorization process was
optimized by using the traditional stepwise strategy, varying
one factor at a time. Effect of temperature on decoloriza-
tion was studied by inoculating media flasks containing
100mg L−1 dye at different temperatures (25∘C to 45∘C) for
4 days. The effect of pH on decolorization was observed by
incubating flasks containing dye media (conc. 100mg L−1)
and appropriate inoculum at different pH values (5.0 to 11.0)
at optimum temperature for 4 days.

2.6. Comparison of Live and Autoclaved Cells for Decol-
orization. Two fresh culture broths of selected isolate were
prepared and half of them were autoclaved. Both the auto-
claved (inactive) and living cells were centrifuged at 7500 g
for 4 minutes. To determine if extracellular by-products or
bacterial cells are involved in decolorization, the supernatant
and pellets of the living and nonliving cells were incubated
with the dye; absorption was used as a measure of their
decolorization activity [24].

2.7. Toxicity Test. Toxicity of tannery effluent before and
after treatment was checked by seed germination experiment
[25]. Mung bean (Vigna radiata) seeds were surface sterilized
with 0.1% HgCl

2

for 2 minutes and then washed repeatedly
with sterilized deionized water. Initially, the effect of various
concentrations of untreated tannery effluent (25%, 50%, 75%,
and 100%) was observed on seeds of mung bean. Seeds
were spread on sterilized petri dishes lined with sterilized
filter paper. Then the seeds were treated with equal volume
(10mL) of raw and treated tannery effluent. The petri dishes
were kept at room temperature (25 ± 2∘C) and the seed
germination (%) was recorded after every 24 h. The plant
growthmeasurements included shoot length and root length;
wet shoot weight, wet root weight, dry shoot weight, and dry
root weight were also calculated in 15th day old seedlings.

2.8. Molecular Characterization. Total genomic DNA of bac-
terial isolate was obtained using Charles and Nester [26]
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method with slight modifications. Pure culture of bacteria
was raised in 10mL of nutrient broth for 18 h–24 h to obtain
cell O.D of 0.6 at 600 nm. The bacterial pellet was washed in
1.5mL of 0.85% NaCl, centrifuged for 2 minutes at 12,000 g,
and was resuspended in 0.4mL Tris-EDTA buffer (T

10

E
25

).
Cell lysis was done by adding 20 𝜇L of 25% SDS, 50 𝜇L of 1%
lysozyme, and 50𝜇L of 5M NaCl followed by incubation at
68∘C for 30 minutes in a circulatory water bath. For protein
precipitation, 260𝜇L of 7.5M ammonium acetate solution
was added to the microcentrifuge tubes and tubes were kept
on ice for 20 minutes followed by centrifugation at 12,000 g
for 15 minutes at 20∘C. Supernatant was carefully pipetted
out in another fresh, sterile microcentrifuge tube to which
1 𝜇L RNase (4mgmL−1) was added followed by incubation
at 37∘C for 20 minutes. An equal volume of chloroform
was added in the tubes and proper mixing was done by
inverting the tube up and down several times. RNA was
precipitated by centrifuging for 1 minute at 12,000 g. The
top layer containing total cell DNA was pipetted out in
fresh microfuge tube and was used for next step. DNA was
precipitated by adding 0.8 volume of isopropanol followed by
incubation on ice for 30 minutes and pelleted by centrifuging
at 10,000 g for 15 minutes. DNA was further washed with
0.5mLof 70% ethanol and spundown at 10,000 g for 1minute.
Pure DNA sample was then suspended in 20 𝜇L Tris-EDTA
buffer (T

10

E
1

) or deionizedwater and stored at 4∘C for further
use.

2.8.1. Agarose Gel Electrophoresis. The genomic DNA sample
of bacteria was quantified through agarose gel electrophoresis
by analyzing their migration on 0.8% agarose gel prepared
in 0.5M Tris-borate-EDTA (TBE) buffer and run in an
electrophoresis tank filled with the same concentration of
TBE buffer. The genomic DNA was diluted with Tris-EDTA
(T
10

E
1

) buffer so as to achieve a concentration of 50 ng in
10 𝜇L to be used as a template DNA in PCR amplification
reaction.

2.9. Bacterial Identification by 16S rRNA Sequences and
Phylogenetic Relationship. Identification was done by 16S
rRNA analysis using universal primers. The sequences
of the primers used for the amplification were 16SF
(5-AGAGTTTGATCCTGGCTCAG-3) and 16SR (3-
ACGGCTACCTTGTTACGACTT-5). Sequence was ana-
lyzed at NCBI GenBank (http://www.ncbi.nlm.nih.gov./)
using BLAST (N) program. Phylogenetic tree was con-
structed by maximum likelihood method using the MEGA
5 (Molecular Evolutionary Genetics Analysis) software (v.
5.05) [27]. The final sequence was deposited at GenBank.

2.10. Statistical Analysis. All the experiments were performed
in triplicate. Results were expressed as mean ± SE (standard
error) and analyzed using paired 𝑡-test (SPSS, v. 16). A𝑃 value
less than 0.05 is considered as statistically significant.
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Figure 1: Graph comparing decolorization (%) of malachite green
by various isolates.
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Figure 2: Effect of temperature on decolorization activity.

3. Results and Discussion

3.1. Isolation. Total of 136 different bacterial isolates were
obtained. About 46 isolates were obtained from tannery
effluent and remaining 90 were obtained from soils irrigated
with treated tannery effluent.

3.2. Screening. Out of 136 isolates, only three bacteria
(SA13A, SA13P, and SA7E) exhibited visible decoloriza-
tion of Malachite Green (10mg L−1) and were selected for
secondary screening (Table 1). During secondary screening
extent of decolorization was measured and it was found that
strain SA13P (Figure 1) exhibited maximum decolorization
(73.80% ± 0.25) of Malachite Green in 5 days. Moreover,
this value has been found to be highly statistically significant
(𝑃 < 0.05) and hence strain SA13P was further selected for
optimization of cultural conditions. Rate of decolorization is
function of time. It has been reported earlier also that rate
of decolorization is slow in 12 h and gets accelerated after 15 h
indicating that organism requires some time to acclimatize in
the environment [28].
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Table 1: Decolorization (%) of Malachite Green by various isolates.

Isolate(s) Day 1 Day 2 Day 3 Day 4 Day 5
SA13P 43.20∗ ± 0.10 57.90∗ ± 0.05 65.20∗ ± 0.05 67.50∗ ± 0.16 73.80∗ ± 0.25

SA13A 25.10 ± 0.12 27.56 ± 0.08 34.60 ± 0.17 46.90 ± 0.06 51.40 ± 0.05

SA7E 24.40 ± 0.12 24.70 ± 0.16 28.50 ± 0.21 32.40 ± 0.12 36.60 ± 0.17

All values are expressed as mean ± SE, ∗𝑃 < 0.05 (significant in comparison to SA13A and SA7E).
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Figure 3: Effect of pH on decolorization.
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Figure 4: Effect of living and autoclaved cells on decolorization.
∗𝑃 < 0.05 (significant as compared to autoclaved cells).

3.3. Effect of Temperature and pH on Decolorization. Strain
SA13P exhibited strong decolorizing activity at 37∘C.
Although a lag phase was observed and the decolorization
rate was comparatively low at 25∘C, the decolorization extent
increased to a similar level from 25∘C to 37∘C (Figure 2).
Decolorizing activity was significantly suppressed at 45∘C,
which might be due to the loss of cell viability or deactivation
of the enzymes responsible for decolorization at 45∘C. Also
the effect of pH was observed at optimum temperature. It
has been found that the efficient decolorization was achieved
between pH 7.0 and 8.0, with maxima (80.29% ± 0.59; 72 h)
at pH 8.0 (Figure 3). This may be due to the fact that the
optimum pH for the growth of strain SA13P has a major
effect on its efficiency of dye decolorization. Earlier Mali et
al. [28] reported similar observations for decolourization
of triphenylmethane and azo dye by Pseudomonas sp.
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Figure 5: Effect of different concentrations of tannery effluent on
seed germination. All values are expressed as mean ± SE, ∗𝑃 < 0.05
(significant as compared to 50%, 75%, and 100% effluent).

pH between 6.0 and 8.0 was found to be optimum for
decolorization. Wu et al. [29] also reported decolorization
of triphenylmethane dyes by Pseudomonas otitidis strain
WL-13. The optimum temperature was found to be 37∘C
and optimum pH reported was in range of 7.5 to 8.0.
Achromobacter xylosoxidans MG1 strain has also been
reported for malachite green decolorization. The optimum
decolorization activity has been observed at pH 6.0 and 38∘C
in LB decolorization medium [30].

3.4. Effect of Living and Autoclaved Cells on Decolorization.
It was observed that autoclaved cells exhibited no decol-
orization activity while decolorization of Malachite Green by
living cells has appeared within 12 h of incubation. When the
datawas analyzed, highly statistical significancewas observed
(𝑃 < 0.05) in decolorization by living cells as compared
to autoclaved cells. As seen in Figure 4, living cells of strain
SA13P showed (39.87% ± 0.012) and (48.88% ± 0.005)
decolorization activity after 12 h and 24 h of incubation.
Maximum activity (80.25% ± 0.077) was observed after 72 h
of incubation. Activity decreased to (78.86% ± 0.008) and
(76.64%±0.003) in 108 h and 120 h of incubation.Thus, it can
be inferred from the above results that dye decolorization is
by degradation process rather than adsorption on bacterial
cells.

3.5. Toxicity Test. Seed germination of Vigna radiata was
affected by different concentrations (25%, 50%, 75%, and
100%) of raw tannery effluent. Different concentrations of
effluent bring significant change (Figure 5) in the rate of
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(a) (b)

Figure 6: Seedling growth under (a) raw effluent and (b) treated effluent.

seed germination. At lower concentration (25%) germination
was found to be 22.23% in 24 h but at higher concentra-
tion (50%) germination percentage was 15.45% (24 h) while
concentration of 75% and 100% imposed lethal effect on
seeds. Seed germination was found to be maximum after
72 h at all concentrations of effluent. The seed germination
percentage was excellent at lower concentrations (up to
50%) of effluent but at higher concentrations (specifically
at 100%), the seed germination was decreased abruptly. On
the other hand, toxicity test of bioremediated effluent was
performed at 100% concentration of effluent and various
seed germination parameters were calculated (Table 2). Raw
effluent showed 3.03% ± 0.12 seed germination while seed
treated with bioremediated effluent resulted in 83.1% ± 0.11
germination.This increased germination rate has been found
to be highly statistically significant (𝑃 < 0.05) for treated
effluent. Similarly when data was analyzed for seedling
length and seedling weight, statistical significant increase
(𝑃 < 0.0.5) has been exhibited by bioremediated effluent
in comparison to raw effluent. Seedlings growth of Vigna
radiata with treated effluent as well as untreated effluent has
been shown in Figure 6. The above observations indicated
that effluent treated with strain SA13P resulted in significant
seed germination as compared to raw effluent (𝑃 < 0.05).
Similar results have also been reported for Triticum aestivum
and Phaseolus mungo seeds. Malachite green in comparison
to its degradation products have been found to significantly
affect plumule and radical length indicating less toxicity of
degraded products [31].

3.6. Molecular Characterization. Amplified DNA fragments
were sequenced using Sanger Dideoxy method [32]. Forward
and reverse sequence of isolate was joined using DNA Baser
v 3.5.3 software and finally was identified as Castellaniella
denitrificans.The 16S rRNA gene sequence obtained from the
isolate was compared with other bacterial sequences by using
NCBI mega BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
for their pairwise identities. Isolate has shown 100% identity

Table 2: Various seed germination parameters of raw and treated
effluents.

Germination parameter(s) Raw effluent Treated effluent
Germination (%) 3.03 ± 0.12 83.1

∗

± 0.11

Shoot length (cm/seed) 0.06 ± 0.01 3.71∗ ± 0.23

Root length (cm/seed) 0.16 ± 0.01 3.01∗ ± 0.02

Wet root weight (mg/seed) 2.51 ± 0.01 47.10∗ ± 0.11

Wet shoot weight (mg/seed) 18.0 ± 0.86 85.42
∗

± 0.25

Dry root weight (mg/seed) 0.50 ± 0.01 2.51∗ ± 0.02

Dry shoot weight (mg/seed) 5.01 ± 0.02 10.0∗ ± 0.11

All values are expressed as mean ± SE, ∗𝑃 < 0.05 (significant as compared
to raw effluent).

with Castellaniella denitrificans strain NKNTAU with max-
imum query coverage of 100%. The 16S rRNA sequence of
the isolated bacteriumwas submitted in theGenbank (NCBI)
with an accession number KC684873. Further, consensus
sequences were aligned and compared with the available
database in NCBI. The phylogenetic tree was constructed
using MEGA 5.05 software to determine evolutionary rela-
tionships of the isolate (Figure 7). The evolutionary history
was inferred by using themaximum likelihoodmethod based
on the Tamura-Nei model [33].

4. Conclusion

The present study reveals the ability of the Castellaniella
denitrificans to decolorize Malachite Green. Results obtained
from this work reveal that this bacterial isolate possesses sig-
nificantly high decolorization efficiency (80.29%). In current
study it was found that decolorization is dependent on the pH
and temperature. The optimal values of temperature and pH
for decolorizationwere found to be 37∘C and 8.0, respectively.
As per literature surveyed, this is the first compilation of data
in conviction with Malachite Green decolorization by Castel-
laniella denitrificans. In another experiment, it was found



6 Applied and Environmental Soil Science

Castellaniella denitrificans strain NKNTAU 16S ribosomal RNA complete sequence
Bacterium DP-2 gene for 16S rRNA partial sequence

Castellaniella denitrificans strain SA13P 16S ribosomal RNA gene partial sequence
Alcaligenes sp. Ic4 16S ribosomal RNA gene partial sequence

Castellaniella defragrans isolate TG26 16S ribosomal RNA gene partial sequence
Castellaniella denitrificans isolate TJ4 16S ribosomal RNA gene partial sequence
Castellaniella sp. BCcN16A1 16S ribosomal RNA gene partial sequence

Beta proteobacterium C14 JRPA-2007 16S ribosomal RNA gene complete sequence
Castellaniella defragrans isolate N1 16S ribosomal RNA gene partial sequence
Castellaniella sp. Pyr24 16S ribosomal RNA gene partial sequence

5

Figure 7: Molecular phylogenetic analysis of Castellaniella denitrificans SA13P by maximum likelihood method.

that viable cells are directly involved in dye decolorization
by degradation mode rather than adsorption. Toxicity of
treated and raw effluent was also studied by seed germination
experiment and germination rate was found to be higher in
effluent treated with putative strain. As Castellaniella deni-
trificans SA13P possess potential to degrade dye (Malachite
Green), therefore may serve as potent dye decolorizer and
bioremediating agent.
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[2] E. Forgacs, T. Cserháti, and G. Oros, “Removal of synthetic dyes
from wastewaters: a review,” Environment International, vol. 30,
no. 7, pp. 953–971, 2004.

[3] F. Rafii, J. D. Hall, and C. E. Cerniglia, “Mutagenicity of azo dyes
used in foods, drugs and cosmetics before and after reduction
by Clostridium species from the human intestinal tract,” Food
and Chemical Toxicology, vol. 35, no. 9, pp. 897–901, 1997.

[4] F. He,W.Hu, and Y. Li, “Biodegradationmechanisms and kinet-
ics of azo dye 4BS by amicrobial consortium,”Chemosphere, vol.
57, no. 4, pp. 293–301, 2004.

[5] S. Asad,M. A. Amoozegar, A. A. Pourbabaee, M. N. Sarbolouki,
and S. M. M. Dastgheib, “Decolorization of textile azo dyes by
newly isolated halophilic and halotolerant bacteria,” Bioresource
Technology, vol. 98, no. 11, pp. 2082–2088, 2007.

[6] A. L. Henderson, T. C. Schmitt, T. M. Heinze, and C. E.
Cerniglia, “Reduction of malachite green to leucomalachite
green by intestinal bacteria,” Applied and Environmental Micro-
biology, vol. 63, no. 10, pp. 4099–4101, 1997.

[7] P. Verma andD.Madamwar, “Decolourization of synthetic dyes
by a newly isolated strain of Serratia marcescens,”World Journal
of Microbiology and Biotechnology, vol. 19, no. 6, pp. 615–618,
2003.

[8] G. B. Michaels and D. L. Lewis, “Sorption and toxicity of azo
and triphenylmethane dyes to aquatic microbial populations,”
Environmental Toxicology and Chemistry, vol. 4, no. 1, pp. 45–
50, 1985.

[9] H. M. Pinheiro, E. Touraud, and O. Thomas, “Aromatic amines
from azo dye reduction: status review with emphasis on direct
UV spectrophotometric detection in textile industry wastewa-
ters,” Dyes and Pigments, vol. 61, no. 2, pp. 121–139, 2004.

[10] C. Raghukumar, D. D’Souza-Ticlo, and A. K. Verma, “Treat-
ment of colored effluents with lignin-degrading enzymes: an
emerging role of marine-derived fungi,” Critical Reviews in
Microbiology, vol. 34, no. 3-4, pp. 189–206, 2008.

[11] S. J. Culp and F. A. Beland, “Malachite green: a toxicological
review,” Journal of the American College of Toxicology, vol. 15,
no. 3, pp. 219–238, 1996.

[12] S. Srivastava, R. Sinha, and D. Roy, “Toxicological effects of
malachite green,” Aquatic Toxicology, vol. 66, no. 3, pp. 319–329,
2004.

[13] U. Shedbalkar and J. P. Jadhav, “Detoxification of mala-
chite green and textile industrial effluent by Penicillium
ochrochloron,” Biotechnology and Bioprocess Engineering, vol. 16,
no. 1, pp. 196–204, 2011.

[14] J. P. Jadhav, G. K. Parshetti, S. D. Kalme, and S. P. Govindwar,
“Decolourization of azo dye methyl red by Saccharomyces
cerevisiaeMTCC463,”Chemosphere, vol. 68, no. 2, pp. 394–400,
2007.

[15] R. K. Jain, M. Kapur, S. Labana et al., “Microbial diversity:
application of microorganisms for the biodegradation of xeno-
biotics,” Current Science, vol. 89, no. 1, pp. 101–112, 2005.

[16] C. Junghanns, G. Krauss, and D. Schlosser, “Potential of
aquatic fungi derived from diverse freshwater environments to
decolourise synthetic azo and anthraquinone dyes,” Bioresource
Technology, vol. 99, no. 5, pp. 1225–1235, 2008.



Applied and Environmental Soil Science 7

[17] Y. Fu and T. Viraraghavan, “Fungal decolorization of dye
wastewaters: a review,” Bioresource Technology, vol. 79, no. 3, pp.
251–262, 2001.

[18] G. Ozdemir, B. Pazarbasi, A. Kocyigit, E. E. Omeroglu, I. Yasa,
and I. Karaboz, “Decolorization of Acid Black 210 by Vibrio
harveyi TEMS1, a newly isolated bioluminescent bacterium
from Izmir Bay, Turkey,” World Journal of Microbiology and
Biotechnology, vol. 24, no. 8, pp. 1375–1381, 2008.

[19] N. Daneshvar, A. R. Khataee, M. H. Rasoulifard, and M.
Pourhassan, “Biodegradation of dye solution containing Mala-
chite Green: optimization of effective parameters using Taguchi
method,” Journal of Hazardous Materials, vol. 143, no. 1-2, pp.
214–219, 2007.

[20] L.-T. Li, Q. Hong, X. Yan, G.-H. Fang, S. W. Ali, and S.-P.
Li, “Isolation of a malachite green-degrading Pseudomonas sp.
MDB-1 strain and cloning of the tmr2 gene,” Biodegradation,
vol. 20, no. 6, pp. 769–776, 2009.

[21] C.-H. Chen, C.-F. Chang, and S.-M. Liu, “Partial degrada-
tion mechanisms of malachite green and methyl violet B by
Shewanella decolorationisNTOU1 under anaerobic conditions,”
Journal of Hazardous Materials, vol. 177, no. 1–3, pp. 281–289,
2010.

[22] L.-N. Du, S. Wang, G. Li et al., “Biodegradation of malachite
green by Pseudomonas sp. strain DY1 under aerobic condition:
characteristics, degradation products, enzyme analysis and
phytotoxicity,” Ecotoxicology, vol. 20, no. 2, pp. 438–446, 2011.

[23] G. K. Parshetti, A. A. Telke, D. C. Kalyani, and S. P. Govindwar,
“Decolorization and detoxification of sulfonated azo dyemethyl
orange by Kocuria rosea MTCC 1532,” Journal of Hazardous
Materials, vol. 176, no. 1–3, pp. 503–509, 2010.

[24] M. S. Khehra, H. S. Saini, D. K. Sharma, B. S. Chadha, and S. S.
Chimni, “Comparative studies on potential of consortium and
constituent pure bacterial isolates to decolorize azo dyes,”Water
Research, vol. 39, no. 20, pp. 5135–5141, 2005.

[25] V. Sharma, R. Sharma, and K. D. Sharma, “Distillery effluent
effect on seed germination, early seedling growth and pigment
content of sugarbeet (Beta vulgaris Linn. var. mezzanau-poly),”
Journal of Environmental Biology, vol. 23, no. 1, pp. 77–80, 2002.

[26] T. C. Charles and E.W.Nester, “A chromosomally encoded two-
component sensory transduction system is required for viru-
lence of Agrobacterium tumefaciens,” Journal of Bacteriology,
vol. 175, no. 20, pp. 6614–6625, 1993.

[27] K. Tamura, D. Peterson, N. Peterson, G. Stecher, M. Nei, and
S. Kumar, “MEGA5: molecular evolutionary genetics analysis
using maximum likelihood, evolutionary distance, and max-
imum parsimony methods,” Molecular Biology and Evolution,
vol. 28, no. 10, pp. 2731–2739, 2011.

[28] P. L. Mali, M. M. Mahajan, D. P. Patil, and M. V. Kulkarni,
“Biodecolourisation of members of triphenylmethane and azo
group of dyes,” Journal of Scientific and Industrial Research, vol.
59, no. 3, pp. 221–224, 2000.

[29] J. Wu, B.-G. Jung, K.-S. Kim, Y.-C. Lee, and N.-C. Sung,
“Isolation and characterization of Pseudomonas otitidis WL-13
and its capacity to decolorize triphenylmethane dyes,” Journal
of Environmental Sciences, vol. 21, no. 7, pp. 960–964, 2009.

[30] J. Wang, M. Qiao, K. Wei et al., “Decolorizing activity of mala-
chite green and its mechanisms involved in dye biodegradation
by Achromobacter xylosoxidans MG1,” Journal of Molecular
Microbiology and Biotechnology, vol. 20, no. 4, pp. 220–227, 2011.

[31] G. Parshetti, S. Kalme, G. Saratale, and S. Govindwar,
“Biodegradation of malachite green by Kocuria rosea MTCC
1532,” Acta Chimica Slovenica, vol. 53, no. 4, pp. 492–498, 2006.

[32] M. Hattori and Y. Sakaki, “Dideoxy sequencing method using
denatured plasmid templates,” Analytical Biochemistry, vol. 152,
no. 2, pp. 232–238, 1986.

[33] K. Tamura andM.Nei, “Estimation of the number of nucleotide
substitutions in the control region of mitochondrial DNA in
humans and chimpanzees,” Molecular Biology and Evolution,
vol. 10, no. 3, pp. 512–526, 1993.



Submit your manuscripts at
http://www.hindawi.com

Forestry Research
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Environmental and 
Public Health

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ecosystems
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Meteorology
Advances in

Ecology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Applied &
Environmental
Soil Science

Volume 2014

Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Environmental 
 Chemistry

Atmospheric Sciences
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Waste Management
Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

 International Journal of

Geophysics

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Geological Research
Journal of

Earthquakes
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Biodiversity
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oceanography
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

  Journal of 
 Computational 
Environmental Sciences
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Climatology
Journal of


