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Abstract

Purpose Malachite Green (MG) is used for a variety of
applications but is also known to be carcinogenic and
mutagenic. In this study, a novel Micrococcus sp. (strain
BD15) was observed to efficiently decolorize MG. The
purposes of this study were to explore the optimal conditions
for decolorization and to evaluate the potential use of this
strain for MG decolorization.

Methods Optical microscope and UV—visible analyses were
carried out to determine whether the decolorization was due to
biosorption or biodegradation. A Plackett-Burman design was
employed to investigate the effect of various parameters on
decolorization, and response surface methodology was then
used to explore the optimal decolorization conditions. Kinetics
analysis and antimicrobial activity tests were also performed.
Results The results indicated that the decolorization by the
strain was mainly due to biodegradation. Concentrations of
MG, urea, and yeast extract and inoculum size had significant-
ly positive effects on MG decolorization, while concentrations
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of CuCl, and MgCl,, and temperature had significantly nega-
tive effects. The interaction between different parameters could
significantly affect decolorization, and the optimal conditions
for decolorization were 1.0 g/L urea, 0.9 g/L yeast extract,
100 mg/L MG, 0.1 g/L inoculums (dry weight), and incubation
at 25.2°C. Under the optimal conditions, 96.9% of MG was
removed by the strain within 1 h, which represents highly
efficient microbial decolorization. Moreover, the kinetic data
for decolorization fit a second-order model well, and the strain
showed a good MG detoxification capability.

Conclusion Based on the results of this study, we propose
Micrococcus sp. strain BD15 as an excellent candidate strain
for MG removal from wastewater.

Keywords Decolorization - Micrococcus sp. - Malachite
Green - Plackett—Burman design - Response surface
methodology - Kinetics - Detoxification

1 Introduction

Malachite Green (MG), a triphenylmethane dye, is exten-
sively used as a dye, food additive, parasiticide, and fungi-
cide in food, dyeing, and fish farming industry throughout
the world. This dye is resistant to biodegradation and has
toxicological effects on the liver, lungs, and other organs of
experimental mammals and other animals. Due to these
characteristics, MG has been banned in several countries
and listed as a priority chemical for carcinogenicity testing
by the US Food and Drug Administration (Srivastava et
al. 2004). However, it is still used in many areas of the
world due to its low cost, ready efficacy, and lack of
suitable alternatives (Shedbalkar and Jadhav 2011). Therefore,
the environmental pollution caused by the long-term and
extensive usage of MG has become a serious problem.
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One method for removing MG from polluted water is the
biological treatment which is considered to be an attractive
and eco-friendly method. Several microorganisms, includ-
ing Chlorella sp., Shewanella sp., and Pseudomonas sp.,
have been reported to degrade MG (Daneshvar et al. 2007;
Chen et al. 2010a; Li et al. 2009; Du et al. 2011);
however, the efficiency of degradation still needs to be
improved, and additional strains with excellent MG-
degrading ability also need to be explored. Moreover,
the traditional “one-factor-a-time” approach for investigating
the effect of operational parameters on decolorization
and optimizing the decolorization conditions is time
consuming and needs abundant trials. As a more powerful
method to investigate decolorization of dyes, the statistical
design has received more attention and become popular
(Levin et al. 2005).

Several strains of Micrococcus sp. have been isolated to
degrade 2-nitrotoluene, nitrobenzene, melamine formalde-
hyde, and azo dyes in previous studies, whereas no reports
are available on biodegradation of triphenylmethane dyes by
Micrococcus sp. strains (Mulla et al. 2011; El-Sayed et al.
2006; Saratale et al. 2009; Zheng et al. 2009). In the present
study, a novel Micrococcus sp. strain named BD15 with a high
MG degradation ability was isolated. Therefore, the aims of
this study are to investigate the effect of operational
parameters on decolorization and optimize the conditions
for decolorization of MG by the strain using statistical design,
and to evaluate the potential of this strain for decolorization of
MG.

2 Materials and methods
2.1 Dye and chemicals

All chemicals were of analytical grade and purchased from
Sinopharm Chemical Reagent Company, China.

2.2 Organism and media

Micrococcus sp. strain BD15 (accession no. GU085223)
was isolated from sewage and preserved at the College of
Life Sciences, Zhejiang University (Chen et al. 2010b). The
phylogenetic tree based on 16S rRNA gene sequences is
showed in Fig. | in supplementary materials.

Luria—Bertani (LB) medium consists of 10.0 g/L tryptone,
5.0 g/L yeast extract, and 10.0 g/L NaCl, pH 7.0-7.2. Mineral
salt medium (MSM) consists of 15.13 g/L. Na,HPO,, 3.0 g/L
KH,POy, 0.5 g/L NaCl, 1.0 g/L NH4CI, 0.491 g/L
MgSO,47H,0, and 0.026 g/L CaCl,-2H,0, pH 7.0.

Mueller—Hinton (MH) medium consists of 6.0 g/L beef
extract, 1.5 g/L starch, 17.5 g/L acid hydrolysate of casein,
and 17.0 g/L agar, pH 7.3£0.1.

2.3 Decolorization experiments

Micrococcus sp. strain BD15 was pre-cultured in LB media
by shaking at 200 rpm, at 30°C overnight. The cells were
harvested by centrifugation (8,000 rpm, 5 min), washed
twice, and resuspended in distilled water. Equal concentra-
tions of cells were used as inoculums with an initial cell
mass of 0.2-0.6 g/L (dry weight) for Plackett—Burman
experiments and 0.1-0.3 g/L (dry weight) for response
surface experiments. At a certain interval, 4-mL samples
were collected and centrifuged at 12,000 rpm for 10 min.
The supernatant was analyzed using a UV-3100 spectropho-
tometer at 620 nm (A« for MG). Controls without
inoculation were conducted under the same conditions.

The decolorization percentage of MG was calculated by
the following formula:

A;
DP(%) = = L % 100%

1

where DP is the decolorization percentage of MG, 4; is the
initial absorbance of the MG solution without inoculation, and
Aris the final absorbance of the MG solution after inoculation.

The process of MG decolorization by the strain BD15
was also analyzed with an optical microscope (Nikon,
YS100). The strain was suspended in MG solution, and
images were acquired at various time points.

2.4 Experimental design

2.4.1 Screening of important operational parameters
for MG decolorization

The important operational parameters for MG decoloriza-
tion by Micrococcus sp. BD15 were screened by Plackett—
Burman design, which is a very useful tool for screening n
variables in only n+1 trials (Singh and Dikshit 2010). The
theoretical linear model for the results of the Plackett-Burman
design is as follows:

Y:ao—l—ZbiC,-—Fe

where Y is the estimated target function, a is the intercept of
the linear model, b, is the regression coefficient of the variable,
and e is the experimental error of the selected model. A large
b; value (either positive or negative) indicates that the
corresponding variable has a large effect on decolorization
of MG; if the b; value is close to zero, it means that the
corresponding variable has little or no effect on the decolor-
ization of MG (Levin et al. 2005). Based on this formula, 16
variables, including concentration of different medium com-
ponents (glucose, sucrose, lactose, urea, protein extract, yeast
extract, CuCl,, MgCl,, ferric citrate, MnCl,, CaCl,, KCl, and
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MGQG), inoculum size, pH, and temperature, were selected to
investigate their effect on the decolorization of MG by the
strain BD15. As shown in Table 1 in the supplementary
materials, the high and low levels of each independent vari-
able, as well as center points which are the averages of the
high and low levels, were assigned. The Plackett—-Burman
design for the 16 variables is also presented in Table 1 in the
supplementary materials. After 4 h of incubation, the decol-
orization percentage of MG was determined by the method
described above. All experiments were carried out in tripli-
cates, and the mean values were used for analysis. In order to
minimize the effect of the uncontrolled factors, the experi-
mental sequence was stochastic. The Minitab 14.0 software
was used for the statistical analysis of the Plackett—-Burman
design.

2.4.2 Optimization of the operational parameters
for decolorization using response surface methodology

Response surface method which is usually applied follow-
ing a screening study was employed to optimize the selected
operational parameters for decolorization of MG (Ayed et al.
2010a). A central composite design (CCD), which usually
has three groups of design points: two-level factorial design
points, axial points, and center points, was applied for the
five screened independent variables. The relationship and
interrelationship of variables could be described by the
following formula:

Y =Bo+ Y Bt Y Buxi + ) By + error
i=1 i=1

i<j

where Yis the estimated target function, (3, is the constant of
the model, 3; is the linear coefficient of the model, 3;; is the
quadratic coefficient of the model, 3 is the cross-product
coefficient of the model, and e is the experimental error of
the selected model. The three-level, five-factorial CCD de-
sign is shown in Table 2 in the supplementary materials, and
the variables selected for CCD were the concentrations of
MG, urea, and yeast extract, as well as the inoculum size
and temperature. The initial pH value of the MG solution
was 7.0, and the incubation time was 1 h. The total trials
(=32) include 26 experiments and 6 replications at the
design center which is used for evaluation of the experimen-
tal error. The experimental sequence was randomized to
minimize the effect of the uncontrolled factors. Minitab
14.0 software was applied to analyze the data from the
CCD experiments.

2.5 Kinetics study

The kinetics studies were performed under the optimal con-
dition which was determined by the CCD. After inoculation
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of the strain BD15, 4 mL of samples was collected at several
intervals and centrifuged at 12,000 rpm for 10 min. The
supernatants were analyzed by a spectrophotometer at
620 nm. All experiments were carried out in triplicates,
and the mean values were used for analysis.

2.6 Antimicrobial activity tests

Bacillus subtilis B19 and Escherichia coli K12 were selected
as standard organisms to test the antimicrobial activity of MG
and its degradation products. The strains were pre-cultured in
LB medium at 37°C overnight. The cultures were swabbed
onto MH agar plates with an initial bacterial concentration of
ODgpp=0.5. The antibiotic paper disks with 10 uL. MG or its
degradation products were then put onto the agar plates, after
which the plates were incubated at 37°C overnight. The zone
of inhibition was measured to evaluate the antimicrobial
activity.

The superoxide dismutase (SOD) activity was measured
using a UV-3100 spectrophotometer. After overnight incuba-
tion, the cells were collected by centrifugation at 6,000 rpm
for 10 min, washed three times with distilled water, and then
resuspended in distilled water (control), MG solution
(100 mg/L), or a solution of MG degradation products,
respectively. After 2 h of incubation, the cells were collected,
and the enzyme extract was prepared according to our
previous study (Du et al. 2011). The SOD activity was
measured at 550 nm using an A001-1 enzyme kit (Nanjing
Jiancheng Bioengineering Institute, Jiangsu Province, China).
One unit of SOD is defined as the amount of samples required
for 50% inhibition of cytochrome C reduction.

3 Results and discussion

3.1 Optical microscope and UV—visible analysis
of decolorization of MG by strain BD15

The Micrococcus sp. strain BD15 was observed to decolor-
ize MG (100 mg/L) efficiently in MSM medium. The de-
colorization process was analyzed using an optical
microscope, and the images in Fig. 2 in the supplementary
materials clearly displayed that the color caused by MG in
the solution faded over time. The cells darkened in color
2 min after their suspension in the solution and then began
to lighten again after 2 min, suggesting that MG was quickly
absorbed and then degraded by the cells. After decoloriza-
tion for 30 min, the cells were almost colorless indicating
that the MG decolorization was mainly caused by biodegra-
dation. In order to further determine whether the decoloriza-
tion is due to the biodegradation or biosorption, UV—visible
analysis (200800 nm) was carried out before and after de-
colorization. The UV—visible spectrum in Fig. 1 showed that



Environ Sci Pollut Res (2012) 19:2898-2907

2901

2.5
. 209 nm —e— Before decolorization
248 nm 370 nm —8—  After decolorization
2.0 [
. W4 ' ————620nm

1.54 ’
i 206 nr
2
<

1.0+

.54
0.0 T T T T T T 1
200 300 400 500 600 700 800

Wavelength (nm)

Fig. 1 UV-visible analysis of MG solution before (no bacterium
involved) and after decolorizing by strain BD15

the peak at 620 nm (\,ux for MG) decreased significantly after
decolorization; meanwhile, a new peak was observed at
370 nm after decolorization. Besides, the peaks at 206 and
253 nm before decolorization shifted to 209 and 248 nm after
decolorization, respectively, and the intensity of these peaks
increased significantly after decolorization. According to the
previous report, if the bacterial decolorization of dyes is
caused by biosorption, the absorption peaks will decrease
proportionally after decolorization; while the absorption peaks
will decrease completely or a new peak will appear if the
decolorization is caused by biodegradation (Ayed et al.
2009). Therefore, the decolorization of MG by the strain
BDI15 was mainly due to biodegradation since a new peak
appeared at 370 nm after decolorization.

3.2 Results of Plackett—Burman design and factor screening

In order to investigate the effect of different operational
parameters on decolorization of MG by the strain and screen
the important factors, the Plackett—Burman design was
employed in the next step. Table 1 in the supplementary
materials represents the results of the Plackett—-Burman
design with respect to the decolorization of MG by the
strain. The decolorization percentage of MG was in the
range of 0% (run 2) to 100% (run 16), indicating that the
selected variables have significant effects on decolorization
of MG. The effects of variables and a statistical analysis of
the Plackett—-Burman design are presented in Table 3 in the
supplementary materials. The values of R* and adjusted R*
were 98.9% and 95.3%, respectively, which indicated that
the model was appropriate. As shown in Table 3 in the
supplementary materials, temperature (20-36°C) had a
negative effect on decolorization, which meant that a rela-
tively low temperature was required for decolorization. The
initial pH of the medium in the tested range had a positive
effect on decolorization, but the effect was insignificant

(»>0.05). Most of the carbon and nitrogen sources (sucrose,
lactose, urea, and yeast extract) tested could enhance the
decolorization by the strain since their effect and coefficient
values were positive. Among the metal ions tested, only
Ca”" had a significantly positive effect on decolorization,
while the others had a negative or no effect on the decoloriza-
tion. Besides, a relatively higher inoculum size and lower MG
concentration could enhance the decolorization. Therefore,
the model equation for decolorization can be expressed as
follows:

DP =43.44 —10.744 — 6.91C + 5.78E + 6.31F — 4.74G
+6.11H — 19.671 — 9.64J — 4.83K 4 4.98M
—4.24N 4+ 6.710 — 10.50P

where DP is decolorization percentage; A4 is temperature; C
through N are the concentrations of glucose, lactose, urea,
protein extract, yeast extract, CuCl,, MgCl,, ferric citrate,
CaCl,, and KCI, respectively; O is the inoculum size; and P
is the concentration of MG (p<0.05).

The significance of coefficients of the variables was
checked by the p values. Among the factors tested, concen-
trations of CuCl,, MG, glucose, urea, and yeast extract, as
well as inoculum size and temperature, had a significant
influence (p<0.01) on decolorization (Table 3 in the
supplementary materials); however, concentrations of
CuCl, and glucose had a significantly negative effect,
indicating that these two factors should not be included
in CCD experiments. Therefore, concentrations of MG, urea,
and yeast extract, as well as inoculum size and temperature,
were selected as the variables of CCD experiments to further
optimize the decolorization conditions.

3.3 Results of CCD and optimization of experimental
conditions

3.3.1 Development of regression and model equation

In order to further optimize the decolorization conditions
and study the interactions between the significant factors on
decolorization, CCD experiments were carried out follow-
ing the Plackett-Burman design. The experimental values
and predicated values of decolorization percentage are pre-
sented in Table 2 in the supplementary materials. The ex-
perimental decolorization percentage ranged from 45.4% to
87.9% after incubation for 1 h, which confirmed that the
selected factors had a significant influence on decoloriza-
tion. The variance (ANOVA) and regression coefficients of
the selected model are presented in Tables 4 and 5 in the
supplementary materials. Based on the data, the R* and
adjusted R* values were 97.0% and 91.5%, respectively,
which indicated that the model could be used as a predictor
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of the decolorization percentage. Therefore, a fitted quadrat-
ic model for decolorization of MG could be written in the
form of the following equation:

DP = 63.17 — 9.64B +2.39C + 3.11D + 7.22B* + 5.47C*
+ 1.764C — 1.834D + 3.57BC — 2.84CD + 1.81DE

where DP is decolorization percentage, and A4 through D are
the five independent variables of CCD. The F value and p
value of the regression were 17.73 and <0.001, respectively,
suggesting that the model was highly significant. The
p value of the linear and interaction terms was also <0.01,
indicating that the linear terms B, C, D and interaction terms
AC, AD, BC, CD, and DE had significant influence on
decolorization of MG by the strain. Besides, the F' value
and p value of the “lack of fit” term were 1.15 and 0.447,
respectively, which suggested that the “lack of fit” term

a
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&0
\_// 6
70
75
250 4 80
B0
S 200-
=

150

Temperature

28 R
Temperature

25 26 27

Fig. 2 a The effect of temperature and concentration of MG on
decolorization. b The effect of temperature and inoculum size on
decolorization. ¢ The effect of temperature and concentration of urea
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was not significant relative to the pure error and further
indicated that the model fitted the response (decolorization
percentage) well.

3.3.2 Effect of interactive factors

The contour plots which were obtained using Minitab 14.0
software are presented in Figs. 2, 3, and 4. Figure 2 showed
the combined effect of temperature and the other four tested
factors on decolorization. The decolorization percentage
decreased as concentration of MG increased from 100 to
300 mg/L, and the interaction between concentration of MG
and temperature is insignificant (Fig. 2a). From Fig. 2b, the
decolorization percentage first increased and then decreased
with increasing temperatures, while the decolorization per-
centage decreased first and then increased as the inoculum
size increased. Besides, the interaction between the two

b
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8
E 0.2
=
3
=
0.15
N
Temperature
d
°
£
5
3
bt

25 26 27 28 29 30
Temperature

on decolorization. d The effect of temperature and concentration of
yeast extract on decolorization
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decolorization. b The effect of concentration of MG and urea on
decolorization. ¢ The effect of concentration of MG and yeast extract
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variables (temperature and inoculum size) was significant.
Figure 2¢ showed that the decolorization percentage increased
as concentration of urea increased from 0.5 to 1.0 g/L,
and a higher decolorization percentage was observed
under the condition of 25-28°C and 0.9-1.0 g/L urea.

Fig. 4 a The effect of inoculum size and concentration of urea on
decolorization. b The effect of inoculum size and concentration of
yeast extract on decolorization. ¢ The effect of concentration of urea
and yeast extract on decolorization

Meanwhile, the interaction between temperature and concen-
tration of urea was significant. Figure 2d indicated that the
interaction between concentration of yeast extract and
temperature was significant, and the highest decolorization
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percentage was observed at 27-28°C and 0.7-0.8 g/L yeast
extract.

Figure 3 presents the combined effect of the varying
concentrations of MG, urea, and yeast extract and inoculum
size on decolorization. It was observed that the decoloriza-
tion percentage decreased as concentration of MG increased
from 100 to 300 mg/L (Fig. 3). Figure 3a showed that as
concentration of MG decreased, the decolorization percent-
age increased with inoculum size up to the optimal level,
and the interaction between the two variables could signif-
icantly affect decolorization. Figure 3b and c indicated that
the interaction between the concentration of MG and urea
and between the concentration of MG and yeast extract was
insignificant.

Figure 4 presents the combined effect of the concentra-
tion of urea and yeast extract and inoculum size on decol-
orization. Figure 4a showed a significant interaction
between the concentration of urea and inoculum size, and
higher decolorization was observed when inoculum size was
0.1 g/L and concentration of urea was 1.0 g/L. Figure 4b
indicated that the interaction between the concentration of
yeast extract and inoculum size was insignificant. As shown
in Fig. 4c, the interaction between the concentration of yeast

3.3.3 Model validation and experimental confirmation

Validation of the selected quadratic model was tested
by another three runs of experiments under the optimal
conditions obtained from CCD. The optimal operational
parameters obtained from CCD were as follows: the
concentrations of urea, yeast extract, and MG were
1.0, 0.9, and 100 mg/L, respectively; the inoculum size was
0.1 g/L (dry weight), and the temperature was 25.2°C. The
results of the confirmation experiments showed that
96.9% decolorization was observed under the optimal
conditions, which was within the confidence interval
(92.4%). Therefore, the selected quadratic model is a good
fit for the response.

3.4 Kinetics study

The kinetics of decolorization was investigated under the
optimal conditions obtained from CCD experiments.
According to the report by Das et al. (2010), the kinetics
of microbial decolorization can be described by the follow-
ing equations:

extract and urea was significant, and >66% decolorization G = Co — kot (1)
was observed under the condition of 0.95-1.0 g/L urea and
0.7-1.0 g/L yeast extract. Therefore, the CCD results
indicated the interaction between AC, AD, BC, CD, and C, = Coe*k'f (2)
DE could significantly affect decolorization of MG by
the strain, while it could not be observed by the traditional
“one-factor-a-time” approach. 1/C =1/Co + kat (3)
120 S - 1.2
A e Civst
100+ o —— Cyvs t regression L 1.0
A InCivst - 4
80 InCt vs t InC; vs t regression r
y=-0.025x+3.167, R2=0.665 B 1Civst ,
. 60 N —— 1/Cq vs t regression || 3
?ﬂ 4 - .6 —
g 404 2 Q
Mo O — Lo
© - 4
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Fig. 5 Kinetic model of MG decolorization by the strain BD15
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where C, (milligrams per liter) is the concentration of MG at
time ¢, Cy is the initial concentration of MG; ¢ (minutes) is the
incubation time, and ky, k;, and k, are the zero-order, first-
order, and second-order rate constants, respectively. The data
from the kinetics study were plotted based on the above
equations and depicted in Fig. 5. The results indicated that

the kinetic data for decolorization fitted Eq. 3 better, since the
R? of the model was 0.907 while it was only 0.259 and 0.665
for the other two models, respectively. Therefore, the decol-
orization of MG by strain BD15 could be well described by
the second-order model, and almost 97% of MG (100 mg/L)
could be removed within 1 h under the optimal conditions.

Table 1 Comparison of MG decolorization ability of strain BD15 with other microorganisms

Microorganisms Inoculum size Incubation Medium IDC DP (%) References

time (h) (mg/L)
Pseudomonas sp. MDB-1 1x10° cells/ml 12 Mineral salts medium 10 >90 Li et al. (2009)
Sphingomonas paucimobilis 14x107 cells/ml 24 Mineral salts medium 50 75 Ayed et al. (2009)
Staphylococcus epidermidis  2.6x107 cells/ml 14 Mineral salts medium (with 7 mM 750 33 Ayed et al. (2010b)

glucose and 0.1% yeast extract)

Saccharomyces cerevisiae 20 g/L wet weight 7 Distilled water 100 85 Jadhav and

MTCC 463 Govindwar (2006)
Bacillus cereus DC11 0.05 g/L dry weight 4 M9 synthetic medium 19 96 Deng et al. (2008)
Shewanella decolorationis  0.4-0.5 g/L wet weight 1 Phosphate-buffered basal medium 100 66.1 Chen et al. (2010a)

NTOU1 (with 20 mM formate and 20 mM

ferric citrate)
Penicillium ochrochloron 0.1 g/L dry weight 14 Czapek dox broth 50 93 Shedbalkar and
Jadhav (2011)

Micrococcus sp. BD15 0.1 g/L dry weight 1 1.0 g/L urea and 0.9 g/L yeast 100 97 The present study

extract in distilled water

IDC Initial dye concentration, DP decolorization percentage
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3.5 Antimicrobial activity of MG and its degradation
products

The antimicrobial activity of MG and its degradation products
for E. coli K12 and B. subtilis B19 are presented in Fig. 6. As
shown in Fig. 6a and b, it showed a significant inhibition zone
for both E. coli K12 and B. subtilis B19 when MG was added
into the paper disks, and the size of the inhibition zone was
significantly smaller when degradation products of MG were
added (Fig. 6¢), suggesting that degradation products of MG
were less toxic than MG. The SOD activity of the cells
also can be a reference aspect for environmental pollu-
tion (Lyubenova et al. 2009; Lin et al. 2009). The SOD
activity was determined, and the data indicated that the
SOD activity for both E. coli K12 and B. subtilis B19
treated with MG was highest, followed by that treated
with degradation products of MG, and lowest when the
cells were treated with water (Fig. 6d), which meant
that the toxicity of degradation products of MG decreased
compared to MG. Therefore, this strain showed a good MG
detoxification ability.

3.6 Comparison of MG decolorization ability of strain
BD15 with other microorganisms

The microbial decolorization of MG has been investigated
previously, and selected information was summarized in
Table 1. Comparatively, the decolorization efficiency of
MG by Shewanella decolorationis NTOU1 was the highest
in the previous reports, and the decolorization by the strain
could reach to 66.1% within 1 h (Table 1). In the present
study, it was observed that the Micrococcus sp. BD15 could
remove 97% of MG (100 mg/L) within 1 h, indicating that
this strain is an efficient strain to degrade MG. Moreover,
Micrococcus sp. has been reported to degrade 2-nitrotoluene,
nitrobenzene, melamine formaldehyde, and azo dyes (Mulla
etal. 2011; El-Sayed et al. 2006; Saratale et al. 2009; Zheng et
al. 2009), while no reports were available on the biodegrada-
tion of triphenylmethane dye. This study was the first attempt
to investigate the potential of Micrococcus sp. BD15 for
biodegradation of MG (a triphenylmethane dye), and the
results showed that this strain exhibited excellent MG
biodegradation ability.

4 Conclusion

Micrococcus sp. strain BD15 was firstly reported to have a
high MG degradation ability in the present study. The effect
of operational parameters on decolorization and the optimal
conditions for decolorization by the strain were determined
based on the Plackett—-Burman design and response surface
methodology. The kinetics of decolorization by the strain
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could be well described by the second-order model. More-
over, the strain showed a good MG detoxification capability.
These results suggested that this strain might be an ideal
candidate strain for the biodegradation of MG. Besides,
further works will focus on the biodegradation mechanism
of MG by the strain and the practical application of this
strain.
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