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Abstract

Response surface methodology (RSM) was applied for the decolourization of the azo dye reactive black 5 (RB-5) using purified laccase from
a white rot fungus Pleurotus sajor-caju. We observed that the presence of 1-hydroxybenzotriazole (HBT) is essential for decolourization of RB-5
by purified laccase from P. sajor-caju. Box—Behnken design using RSM with four variables namely dye (25—100 mg1™"), enzyme (0.5—
2.5 Uml™"), redox mediator (0.5—1.5 mM) concentrations and incubation time (24—48 h) was employed in this study to optimize significant
correlation between the effects of these variables on the decolourization of RB-5. The optimum concentrations of dye, enzyme, HBT, and
time were found to be 62.5mg1™"!, 2.5 Uml !, 1.5 mM and 36 h, respectively, for maximum decolourization of RB-5 (84.4%). A quadratic
model was obtained for dye decolourization through this design. The experimental values were in good agreement with predicted values and
the model was highly significant, the correlation coefficient being 0.999. Increased decolourization was observed with increase in enzyme con-
centration at lower dye concentration. Interaction between HBT and dye concentrations was negligible. The optimization of HBT is independent

of dye concentration.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Synthetic dyes are being extensively used in various indus-
trial dyeing and printing processes. The textile industry is the
largest user of synthetic dyes consuming about 56% of the to-
tal annual world production (7 X 10° tons) [1,2]. Among the
available dyes, about 50% of the industrial dyes produced in
the world are azo dyes [3]. Reactive group azo dyes are mostly
used in textile dyeing due to their superior fastness to the ap-
plied fabric, high photolytic stability, and resistance to micro-
bial degradation. However, reactive dyes are particularly
problematic, because the dyes exhibit low levels of fixation
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with the fiber and about 10—20% of total dye used in dyeing
process remain left in the spent dye bath with accessory chem-
icals [4]. Treatment of the textile dye containing effluent is dif-
ficult and ineffective with conventional biological (activated
sludge) processes [5,6] because many synthetic dyes are
very stable to light, temperature and resistant to microbial at-
tack. Several physico-chemical methods have been used, in-
cluding coagulation/flocculation, membrane filtration, and
activated carbon adsorption, for colour removal from effluent.
Unfortunately, these methods of effluent treatment have high
operating costs and of limited applicability [7]; further these
treatment methods produce large quantities of sludge which
again create a problem in waste disposal. In recent years, bi-
ological decolourization method has been considered as an al-
ternative and eco-friendly method to dye degradation and
colour removal [8—12].
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White rot fungi are a heterogeneous group of organisms but
have in common the capacity to degrade lignin as well as other
wood components and wide variety of recalcitrant compounds
including synthetic dyes [10,13—16]. The dye degrading abil-
ity of the white rot fungi is due to its lignolytic enzyme system
consisting of lignin peroxidase, manganese dependent peroxi-
dases, and laccases [17—19] as well as H,O, producing oxi-
dases [20]. A number of white rot fungi have been explored
for decolourization of various industrial dyes and treatment
of dye effluent [9,10,12,14,21]. Majority of these studies
were conducted with fungal mycelia. One of the major disad-
vantages of using fungal cultures to decolourization is the ac-
cumulation of biomass, which would cost the wastewater
treatment in industrial scale. To overcome this disadvantage
the application of isolated enzymes for dye decolourization
has increased in recent years [19,22—24].

Laccases [(benzenediol:oxygen oxidoreductase, (E.C.
1.10.3.2)] are multi copper-containing enzymes that catalyze
the oxidation of a wide variety of aromatic compounds, with
concomitant reduction of oxygen to water [25]. This oxidative
enzyme is particularly abundant in white rot fungi and has
been purified and characterized extensively from many white
rot fungi [19,21,26]. In recent years, laccase based treatment
method has received much attention in treatment of various re-
calcitrant pollutants because the laccase production is consti-
tutive in most of the white rot fungi and it can be easily
enhanced by chiefly available laccase inducers. Many studies
have been demonstrated for dye decolourization using both
crude and purified forms of laccase [17,19,21—23,27,28].
Some of the chemicals serving as redox mediators facilitate
the dye degrading activity of laccase and enhance its specific-
ity to wide range of dyes [22,27] and addition of redox
mediator is essential for certain dyes [21,27]. 1-hydroxybenzo-
triazole (HBT) is one of the most efficient laccase mediators,
but the major drawbacks of HBT are its high cost, high dose,
limited biodegradability, and potential toxicity [29]. Hence,
the optimization of HBT is important for effective
decolourization.

A number of statistically designed experimental models
have been applied to optimize the culture parameters in bio-
logical research. Response surface methodology, first de-
scribed by Box and Wilson [30], is an experimental
approach to identify the optimum conditions for a multivari-
able system. This methodology has been successfully applied
in optimization of the culture parameters in lignolytic enzyme
production and dye decolourization with fungal cultures [31—
33]. Recently, RSM has been applied for the optimization of
redox mediator in laccase mediated pulp bleaching [29]. In en-
zymatic dye decolourization, optimization of the concentra-
tions of redox mediator, dye and enzyme is an important
criterion for successful decolourization. Understanding the
combined interactions between these factors is also important.
To our knowledge there has been no study for the optimization
of parameters in enzymatic dye decolourization using RSM.
The aim of this study was to optimize the concentrations of
HBT, enzyme, and dye and the incubation time in order to ob-
tain best possible results in reactive azo dye decolourization by

purified laccase. In this study we selected reactive black 5
(RB-5) (Fig. 1), a widely used reactive diazo textile dye, as
a model and purified laccase from a white rot fungus Pleurotus
sajor-caju.

2. Materials and methods
2.1. Chemicals and organism

Reactive black 5 (RB-5), DEAE cellulose, Sephadex G-100
and ABTS (2,2'-azinobis-3-ethylbenzothiazoline-6-sulfonic
acid) were purchased from Sigma—Aldrich Co. HBT (1-hy-
droxybenzotriazole) was obtained from ICN Biochemicals
Inc, Germany and all other chemicals were of analytical grade
obtained from Junsei Chemical Co, Japan. The white rot fun-
gus, P. sajor-caju described earlier [21] was obtained from
Centre for Advanced Studies in Botany, University of Madras,
India, and used for enzyme production.

2.2. Enzyme preparation

Laccase production from P. sajor-caju was carried out in
solid-state fermentation using wheat bran as described earlier
[21]. The extracellular enzymes from 12 days old wheat bran
culture was separated by filtration through nylon cheese cloth
and the supernatant was centrifuged 8000 x g for 20 min twice
to remove fine particles. The proteins present in the culture fil-
trate were precipitated by 70% ammonium sulfate saturation.
Then the protein precipitate was dissolved in 50 mM sodium
tartrate buffer (pH 5.0) and dialyzed overnight against the
same buffer with low concentration (10 mM). Further purifica-
tion through ion exchange and gel filtration chromatography
was carried out as described previously [21]. The purity of pu-
rified laccase was checked by SDS-PAGE.

2.3. Response surface methodology

Response surface methodology is an empirical modeling
technique used to evaluate the relationship between a set of
controllable experimental factors and observed results. This
optimization process involves three major steps: (i) perform-
ing statistically designed experiments, (ii) estimating the coef-
ficients in a mathematical model, and (iii) predicting the
response and checking the adequacy of the model [34]. A
class of three level complete factorial design for the estima-
tion of the parameters in a second-order model was developed
by Box—Behnken [35]. In this study we selected Box—
Behnken design for the optimization of laccase mediated
reactive dye decolourization. This design was applied using
Design Expert 6.0 to our study with four variables at three
levels. Three different concentrations of dye (25, 62.5,
100 mg1~"), enzyme (0.5, 1.5, 2.5 Uml™"), HBT (0.5, 1.0,
1.5 mM), and different time intervals (24,36,48 h) were
chosen as the critical variables and designated as A, B, C,
and D, respectively, as shown in Table 1. The four significant
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Fig. 1. The chemical structure of reactive black 5 dye (RB-5) (C.I. 20505; M.W =991 Da).

variables can be approximated by the quadratic model equa-
tion as follows:

Y = ko + kA + kB + k.C + kgD + kpu AZ + ki B + ke C?
+ kgaD? + kp AB + ko AC + kg AD + ki . BC + kpgBD
+ k.4CD (1)

where Y is the predicted response; kg is a constant; k,, ky, ke,
kq are the linear coefficients; k,p,, kac, Kad» kbe, kba» keq are the
cross-coefficients; k,,, kpp, kee, kg are the quadratic coeffi-
cients. This response is preferred because a relatively few ex-
perimental combinations of the variables are adequate to
estimate potentially complex response function. A total num-
ber of 29 experiments were necessarily carried out to esti-
mate the 15 coefficients for the decolourization of RB-5.
Data were analyzed using Design Expert 6.0 program includ-
ing ANOVA to find out the interaction between the variables
and the response. The quality of the fit of this model was ex-
pressed by the coefficient of determination (R”) in the same
program.

2.4. Dye decolourization test

Dye decolourization experiments were carried out in 2 ml
Eppendorf tube. Total reaction mixture (1 ml) containing
100 mM sodium acetate buffer (pH 5.0), purified laccase at
various concentrations (0.5, 1.5 and 2.5 Umlfl), HBT (0.5,
1.0, 1.5 mM) and reactive black dye (25, 62.5, 100 mg 171)

Table 1
The level and range of independent variables chosen for RB-5 decolourization

Factor Variable Unit Range and level of actual

and coded values

—1 0 +1
A Dye mgl™! 25 50 100
B Enzyme Uml™! 0.5 15 25
C HBT mM 0.5 1.0 1.5
D Hours h 24 36 48

was prepared as described in Table 2. The reaction tubes
were incubated at 25 °C under dark and the decolourization
was monitored spectrophotometrically at different incubation
hours (24, 36, 48 h) by recording the absorbance at the A
of the dye (596 nm). Before starting the actual designed exper-
iments preliminary tests were conducted using 1.0 Uml ™" lac-
case, 25 mg 1! dye and 1 mM HBT. The reaction mixture was
incubated at 24 h and monitored for colour reduction. The
control sample received heat-killed enzyme. In order to find

Table 2
The actual design of experiments and response for RB-5 decolourization
Observations  Factor I ~ Factor 2 Factor 3  Factor 4  Response
A: dye B: enzyme C: HBT  D: hours
1 25 0.5 1.0 36 449
2 100 0.5 1.0 36 359
3 25 2.5 1.0 36 80.0
4 100 2.5 1.0 36 56.5
5 62.5 1.5 0.5 24 223
6 62.5 1.5 1.5 24 56.9
7 62.5 1.5 0.5 48 36.2
8 62.5 1.5 1.5 48 71.8
9 25 1.5 1.0 24 63.4
10 100 1.5 1.0 24 338
11 25 1.5 1.0 48 62.4
12 100 1.5 1.0 48 61.0
13 62.5 0.5 0.5 36 20.2
14 62.5 2.5 0.5 36 37.2
15 62.5 0.5 1.5 36 42.6
16 62.5 2.5 1.5 36 84.5
17 25 1.5 0.5 36 40.0
18 100 1.5 0.5 36 24.5
19 25 1.5 1.5 36 75.4
20 100 1.5 1.5 36 59.9
21 62.5 0.5 1.0 24 26.7
22 62.5 2.5 1.0 24 62.1
23 62.5 0.5 1.0 48 472
24 62.5 2.5 1.0 48 70.1
25 62.5 1.5 1.0 36 60.8
26 62.5 1.5 1.0 36 61.3
27 62.5 1.5 1.0 36 62.4
28 62.5 1.5 1.0 36 61.7
29 62.5 1.5 1.0 36 61.4
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the effect of HBT, experiments were also conducted without
addition of HBT.

2.5. Analytical methods

Extracellular protein was estimated by the method of
Bradford [36] using bovine serum albumin as standard
(Sigma—Aldrich, USA). Laccase activity was determined
spectrophotometrically as described by Niku-Paavola et al.
[37]. One unit of laccase activity was defined as the amount
of enzyme that oxidized 1 pumol of ABTS per minute. Dye
decolourization was monitored by measuring the absorbance
decrease at the maximum absorbance wavelength of the dye
(596 nm) and by scanning in UV—vis spectrophotometer
(Varion, Australia).

3. Results and discussion

In the present study we used the purified laccase from white
rot fungus P. sajor-caju. It has been reported that this fungus
efficiently degrades wide range of synthetic dyes in nitrogen-
limited medium which was mainly due to laccase [21,38]. Pu-
rified laccase of this fungus was also found to degrade the syn-
thetic dyes [21]. The reactive dye RB-5 is widely used for
textile dyeing process which is resistant to biodegradation.
In the present study we have tested the ability of purified lac-
case to decolourize the azo dye RB-5 and found that purified
laccase was unable to decolourize the dye, however, in the
presence of 1 mM HBT the dye was transformed from blue
colour to reddish pink colour and then turned colourless.
The absorbance spectrum of the RB-5 and its decolourization
by laccase is shown in Fig. 2 which revealed that HBT is es-
sential for the decolourization of RB-5. This result shows con-
sistency with the results of other researchers reported for RB-5
decolourization by laccase [39,40]. Bourbonnais and Paice [25]
first described the oxidation of non-phenolic compounds by
laccase in the presence of low molecular weight redox medi-
ators. The mechanism of action of laccase-mediator system

1.4 1

—— RB-5 Control
......... RB-5 + Laccase
——— RB-5 + Laccase + HBT

1.2 1

0.0 T T T
300 400 500 600 700

Fig. 2. UV—vis absorption spectrum of RB-5 decolourization by purified lac-
case of P. sajor-caju. Spectrum obtained from RB-5 (25 mg 1~ ") treated by pu-
rified laccase with and without 1 mM HBT incubated for 24 h.

has been studied and it was commercially applied for pulp
and paper bleaching [41]. Although the laccase-mediator sys-
tems are effective, over certain concentration it inhibits the
laccase activity [29]. Therefore optimization of HBT concen-
tration is essential for the successful decolourization. In the
present study we have monitored the combined effects of en-
zyme, dye, and HBT concentrations, and the incubation time
at various levels for the decolourization of RB-5 using RSM.

Response surface methodology has been successfully ap-
plied for optimizing conditions for dye degradation in fungal
cultures and laccase catalyzed catechol polymerization.
[29,31,42]. Box—Behnken design was chosen in this study
and the levels of (coded—actual) four significant variables
are presented in Table 1. Table 2 shows the data resulting
from the experiment of the effect of four variables dye (A), en-
zyme (B), HBT (C) concentrations and incubation time (D) on
decolourization of RB-5. The experimental results were ana-
lyzed through RSM to obtain an empirical model for the
best response. The results of theoretically predicted responses
are shown in Table 3. The estimated response seems to have
a functional relationship only in a local region or near the cen-
tral points of the model. The quadratic model was used to ex-
plain the mathematical relationship between the independent
variables and dependent responses. The mathematical expres-
sions of relationship to the decolourization of RB-5 with vari-
ables like A, B, C and D are shown below as in terms of coded
factors:

Decolourization = +61.52 —7.88 x A+ 14.41 x B +17.56
x C+6.96 xD—1.69 x A> —5.42 x B?
—9.97xC?—4.67xD*—3.62x AxB
+7.05xAxD+622xBxC—-3.13
XxBxD+0.25xCxD (2a)

and in terms of actual factors:

Decolourization = —69.44 — 0.48 x dye + 33.63 X enzyme
+94.68 x HBT + 2.28 x hours — 1.2 E-03
x dye® — 5.41 x enzyme® — 39.87 x HBT?
—0.03 x hours® — 0.09 x dye x enzyme
+0.01 x Dye x hours 4 12.45 x enzyme
x HBT — 0.26 x enzyme X hours + 0.04
x HBT X hours (2b)

The results of analysis of variance (ANOVA) are shown in
Table 4 which indicates that the predictability of the model
is at 95% confidence interval. The predicted response fit
well with those of the experimentally obtained response. A co-
efficient of determination (R2) value of 0.999 showed that the
equation is highly reliable. Further the computed F value
(1942.04) is much greater than that of the tabular Fy o (14,14
value (3.70) suggesting that the treatment is highly significant.
A P value less than 0.01 indicates that the model is statistically
significant. The model also revealed statistically insignificant
lack of fit, as is evident from the lower computed F value
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Table 3
Comparison of experimentally obtained and theoretically predicted values for
decolourization of RB-5

Observations Response — decolourization Residual
Actual value Predicted value

1 44.90 44.25 0.65
2 35.90 35.75 0.15
3 80.00 80.32 —0.32
4 56.50 57.32 —0.82
5 22.30 22.62 —0.32
[§ 56.90 57.23 —0.33
7 36.20 36.03 0.17
8 71.80 71.65 0.15
9 63.40 63.13 0.27
10 33.80 33.28 0.52
11 62.40 62.94 —0.54
12 61.00 61.29 —0.29
13 20.20 20.39 —0.19
14 37.20 36.76 0.44
15 42.60 43.06 —0.46
16 84.50 84.33 0.17
17 40.00 40.18 —0.18
18 24.50 24.43 0.075
19 75.40 75.29 0.11
20 59.90 59.54 0.36
21 26.70 26.94 —0.24
22 62.10 62.01 0.092
23 47.20 47.11 0.092
24 70.10 69.68 0.42
25 60.8 61.52 —0.72
26 61.3 61.52 —0.22
27 62.4 61.52 0.88
28 61.7 61.52 0.18
29 61.4 61.52 —0.12

(0.9) than that of the tabular F 0.05 (10,4) value (5.96) even at
5% level. The model was found to be adequate for prediction
within the range of variables chosen. Fig. 3 shows observed
decolourization versus those from the statistical model (Egs.
(2a) and (2b)). The figure explains that the predicted data of
the response from the empirical model is in good agreement
with the experimentally obtained data.

Using RSM the combined effect of four variables can be
predicted which is difficult to observe in conventional
methods. The effects of variables on RB-5 decolourization
are shown through Figs. 3—6. Fig. 3 shows the 3-D re-
sponse surface plot of interactions between varying concen-
trations of enzyme and dye on decolourization at 1 mM
HBT and 36 h. The surface plot shows the decrease in

Table 4
ANOVA results for the quadratic equation of Design Expert 6.0 for decolou-
rization of RB-5

Source Degree of Sum of Mean F-value P
freedom squares square

Model 14 8732.05 623.72 1942.04 <0.0001

Residual 14 4.5 0.32

Lack of fit 10 3.11 0.31 0.9 Not

significant
Pure error 4 1.39 0.35
Total 28 8736.55

Std. dev.: 0.57; R* 0.9995; adj R*: 0.999.

Decolourization %

Fig. 3. Response surface plot showing the effect of different concentrations of
enzyme and dye on RB-5 decolourization at 1.0 mM HBT concentration and
36 h.

Decolourization %

Fig. 4. Response surface plot showing the effect of dye concentration and in-
cubation time on RB-5 decolourization at fixed concentration of enzyme and
HBT 1.5Uml ' and 1.0 mM, respectively.
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Fig. 5. Response surface plot showing the effect of enzyme and HBT concen-
trations at 36 h and fixed dye concentration 62.5 mg1~".
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Fig. 6. Response surface plot showing the effect of enzyme concentration and
incubation time at fixed concentrations of dye and HBT 62.5mgl ' and
1.0 mM, respectively.

dye decolourization with increase in dye concentration while
the decolourization increased with increase in enzyme con-
centration. Maximum decolourization was observed at low
dye and high enzyme concentration (2.5 Uml '). Decolouri-
zation was decreased with increase in dye content even in
the presence of high enzyme concentration (2.5 Uml").
At high dye concentration the efficiency of enzyme reduced
but did not completely diminish. The surface plot also
shows the best decolourization (80.32%) obtained at
25mg dye and 2.5Uml"' which is corresponding with
the experimentally obtained response (80%) under the con-
ditions used. Previously, Soares et al. [43] had also reported
that increasing concentration of laccase from 0 to 25 Uml ™!
increased the rate of decolourization for remazol brilliant
blue R in the presence of 0.06% HBT.

Fig. 4 represents the effect of varying dye concentration
and incubation time at fixed concentrations of enzyme and
HBT. Maximum decolourization was 63.2% for 25 mgl™'
dye at 24 h when keeping the enzyme and HBT concentra-
tions at 1.5 Uml ™' and 1.0 mM, respectively. It can be seen
from Fig. 4 that increasing the dye concentration, keeping
of all other factors constant, decreases the decolourization.
However, increasing the incubation time enhances the dye de-
colourization. At 100 mg1~" dye concentration the decolouri-
zation was 33.5% at 24 h, however, it was doubled when
incubating for additional 24 h. To achieve higher decolouriza-
tion, optimization of other factors, such as enzyme and HBT
concentrations is important.

HBT, a potential redox mediator, plays a critical role in
enhancing the rate of laccase mediated dye degradation,
bleaching of pulp and other environmental pollutants
[29,44]. HBT or other laccase-mediator is essentially required
for the decolourization of some dyes [27]. In this study, HBT
plays an important role in decolourization of RB-5 by puri-
fied laccase. The dosage of HBT is an important factor for
the enzyme activity and reduction of kappa number and in
paper pulp bleaching [29]. The past studies conducted on lac-
case mediated dye decolourization focused only on the effect
of HBT [22,29,43]. There has been no study focused on the
combined effects of enzyme and HBT concentrations on dye
decolourization. Fig. 5 shows the combined effect of varying
concentration of enzyme and HBT on RB-5 decolourization.
The response plot revealed that an increase in enzyme con-
centration, keeping all other factors at fixed level, increased
the decolourization level. The rate of decolourization in-
creased with the increase in HBT concentration, however,
at lower enzyme concentration (0.5 Uml™') HBT started to
inhibit the decolourization rate at the concentration above
1.4 mM suggesting that HBT is toxic to laccase beyond
this concentration. But increasing the concentration of en-
zyme diminishes the effect of HBT at the tested range. Max-
imum response observed on response plot was 84.44% at
25Uml™" and 1.5mM concentrations of enzyme and
HBT, respectively, for 62.5 mgl~' RB-5 at 36 h that coin-
cided well with experimentally obtained response.

Recent report of Zille et al. [23] showed that decolouriza-
tion of RB-5 was achieved with laccase of Trametes villoso
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without addition of laccase-mediator system. Li et al. [45]
compared fungal laccase in combination with different redox
mediators and found that the redox potential of laccase varied
depending on the source of laccase. Past study showed that
HBT is essential for decolourization of remazol brilliant
blue R (RBBR) for Aspergillus laccase [27] whereas it is not
required for laccase from Pycnoporus cinnabarinus laccase
[46].

Stability of enzyme over a period of time and the concen-
tration of enzyme are more important for enzymatic dye
decolourization. Fig. 6 represents the effect of varying concen-
tration of enzyme at different incubation times on RB-5 decol-
ourization under 62.5mgl™' dye and 1mM HBT
concentrations. The results indicate that the response increased
when increasing the enzyme concentration as well as the incu-
bation time. The best decolourization value 71.2% was ob-
served on surface plot at 42h with 25 Uml™" enzyme;
however, RB-5 decolourization would increase when the con-
centration of HBT is increased more than 1 mM. Our results
indicate that the purified laccase from P. sajor-caju is stable
over 48 h at the conditions employed. Many laccases have
been identified as thermostable and are even more active
even under high stress conditions [26,47].

3.1. Adequacy of the model

Generally, it is important to confirm the fitted model to
make sure that it gives sufficient approximation to the actual
test. Unless the model shows a satisfactory fit, proceeding
with investigation and optimization of the fitted response sur-
face likely gives poor or misleading results. The residuals
from the least squares fit play an important role in judging
model adequacy. By constructing a normal probability plot
of the residuals, a check was made for the normality assump-
tion as shown in Fig. 7. The normality assumption was satis-
fied as the residual plot approximated along a straight line.
The plot of studentized residuals versus the run order was
tested and the residuals scattered randomly on the display sug-
gesting that the variance of the original observations was con-
stant for all values or response [48].

From the experimental responses we have calculated the
optimum HBT concentration for better decolourization by per-
forming the stationary point analysis on the 3-D surface using
partial differential calculus. If the HBT concentration corre-
sponds to the maximum value of the decolourization response
function at fixed values of dye concentration, enzyme concen-
tration, and reaction hours, then the corresponding point on the
surface graph corresponds to a stationary point, that is, no
change in the response function occurs in the direction of
the HBT concentration axis, then

(6Y/5C)A,B,D: 0 (3)

The solution to this equation gives the optimal concentration
of HBT (C*) beyond which it starts inhibiting the reaction.
Applying the partial derivative condition (Eq. (3)) to the
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Fig. 7. Normal probability plot of studentized residuals.

response function defined in Egs. (2a) and (2b), considering
only the significant terms, we can get

C'=(17.56 +6.22B
+0.25D)/19.94 as in terms of coded factors (4a)

and

HBT concentration = (94.68 + 12.45 x enzyme + 0.04
x hours)/79.74 (4b)

as in terms of actual factors. The values obtained from Egs.
(4a) and (4b) are well fitted with optimization tools of design
experiment. Although HBT is essential for enhancing decolou-
rization of RB-5, it starts inhibiting the reaction with increase
in dye concentration. Using the higher HBT values than C*
would lead to lower decolourization and at the same time
wastage of chemical. Thus, using Egs. (4a) and (4b) we can
determine the concentration of HBT required for optimization
of the decolourization of RB-5 by including the enzyme con-
centration and incubation time. The optimization of HBT is in-
dependent of dye concentration. This further verifies the
negligible interaction between the two factors.

4. Conclusions

Purified laccase from P. sajor-caju was tested for decolou-
rization of RB-5. The results clearly showed that the redox
mediator HBT is essentially required for decolourization of
RB-5. The concentrations of dye, enzyme, redox mediator
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and the reaction time are the most important factors for de-
colourization. All these factors showed combined effects on
decolourization of RB-5. Response surface methodology
was successfully applied to find out the optimum level of
the above factors using Box—Behnken design. The optimum
concentrations of dye, enzyme, HBT and, time were found to
be 62.5 mg 171, 2.5 Umlfl, 1.5 mM and 36 h, respectively,
for maximum decolourization of RB-5 (84.33%). A quadratic
model was obtained for this design using Design Expert 6.0.
The model employed provided good quality of predictions
for the above variables in terms of effective dye decolouriza-
tion, and a good correlation coefficient of R* 0.999 was ob-
tained. By this model we can predict the response for the
above variables at any point. To our knowledge, this is the
first report on the demonstration of RSM to optimize the lac-
case mediated enzymatic dye decolourization.
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