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环境生物技术                                                               

裂褶菌 F17 锰过氧化物酶酶活力影响因素的响应面优化 

查诚，荚荣，陶香林，姚祖亮 
安徽大学生命科学学院，合肥 230039 

摘  要: 锰过氧化物酶是真菌分泌的一种糖基化的含有血红素辅基的胞外蛋白, 在染料降解和脱色过程中起着重要作

用。本实验利用本实验室保存的的白腐真菌裂褶菌 Schizophyllum sp. F17 产锰过氧化物酶（MnP），研究 MnP 的酶学性

质，并对酶活条件进行优化。实验通过超滤浓缩、DEAE-纤维素、DE52 离子交换层析和 Sephadex G-75 凝胶过滤等步

骤，分离纯化得到电泳纯的锰过氧化物酶。该酶蛋白含量为 23 μg/mL，分子量大小为 49.2 kDa，在 0.1 mmol/L H2O2

中半衰期为 5~6 min。Mn2+、H2O2 以及酶的用量可以影响 MnP 酶促反应的效率，在单因子分析法的基础上，通过全因

子中心组合设计响应面分析表明：H2O2 以及 H2O2 与酶用量之间的交互作用对酶促反应的作用是最显著的。在优化条件

下，酶对偶氮染料金橙 G、刚果红显示出较强的脱色能力。 

关键词 : 锰过氧化物酶 , 纯化 , 优化 , 相对酶活 , 全因子试验 , 偶氮染料  

Optimization of process variables for the manganese  
peroxidase of the white-rot fungus Schizophyllum sp. F17 by  
full factorial central composite design 
Cheng Zha, Rong Jia, Xianglin Tao, and Zuliang Yao 

School of Life Science, Anhui Key Laboratory of Eco-engineering and Bio-technique, Anhui University, Hefei 230039, China 

Abstract:  White-rot fungus manganese peroxidase (MnP) that has great potential in degrading azo dyes is one of the extracellular 
glycolsylated heme proteins. MnP from Schizophyllum sp. F17 was isolated and purified by Sephadex G-75 gel filtration 
chromatography followed by DEAE-cellulose anion exchange chromatography. The molecular weight of the puried enzyme was 
49.2 kDa, while the half-life of the MnP in the presence of 0.1 mmol/L H2O2 was 5−6 min. The efficiency of MnP-catalyzed reactions 
were determined by three key factors: the concentrations of Mn2+, H2O2, and the amount of MnP. Using single factor analysis, an 
optimized concentration of Mn2+, H2O2 and enzyme were optimized to be 1.2 mmol/L, 0.1 mmol/L, and 0.4 mL, respectively. A response 
surface methodology (RSM) employing two-level-three-factor full factorial central composite design was used to optimize the catalytic 
conditions. The result showed that the concentration of H2O2 and the interaction between H2O2 and MnP mostly affect the MnP catalytic 
efficiency. Finally, we show that the azo dyes could be efficiently decolorized by the purified MnP under optimized conditions. 

Keywords:  manganese peroxidase, purification, optimization, relative MnP activity, full factorial central composite design, 
azo dyes 
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Introduction 
 

Azo dyes are extremely versatile colorants and are the 
largest group of synthetic known [1]. As a consequence, 
they are also the most common group of synthetic 
colorants released into the environment [2]. It is 
estimated that about 10% and 20% of 0.7 million tons 
of dyestuff being manufactured each year and used in 
dyeing processed may be found in wastewater [3]. The 
treatment of dye wastewater from textile and dyestuff 
industries is one of the most challenging among 
industrial wastewater [4]. Compared with physical 
and/or chemical methods, microbial decolorization has 
been claimed to be less expensive and less 
environmentally intrusive alternative [5]. 

White-rot fungi have been shown to possess a 
remarkable potential for degrading azo dyes because 
they produce oxidase and peroxidase, which are highly 
oxidative and substrate-nonspecific[6]. One of the most 
understood enzymes is manganese peroxidase (MnP, 
EC 1.11.1.13), first described in Phanerochaete 
chrysosporium[7]. MnP oxidizes a wide range of 
substance, rendering it an interesting enzyme for 
potential applications. MnP is an extracellular 
glycolsylated heme protein. MnP can catalyze the 
H2O2-dependent oxidation of Mn2+ to Mn3+, which is 
stabilized by chelators such as organic acid. Chelated 
Mn3+ acts as a highly reactive, low molecular weight, 
diffusible redox-mediator[2]. Thus, MnP is able to 
oxidize and depolymerize its natural substrate, i.e., 
ligin and a range of diverse environmental pollutants 
such as nitroaromatic compounds and textile dyes [8]. 
Although they have enormous potential, their 
industrial application is hampered by their high price 
and low operational stability[9]. Heme peroxidases are 
swiftly inactivated in the presence of catalytic amounts 
of hydrogen peroxide, which acts as an electron 
acceptor during the catalytic cycle. Although the 
inactivation mechanism is not completely explained, 
several events such as heme destruction, 
intermolecular crosslinking and oxidation of low redox 
potential amino acid residues are known to lead to 
activity loss[10]. The inactivation is considered a 
suicide process, as the main inactivating species are 
the enzymatic intermediates involved in the catalytic 
cycle[11]. 

The MnP catalytic cycle process is a complicated 
system. The three main factors that decide the enzyme 
activity of MnP are concentrations of H2O2, Mn2+ and 
enzyme itself. It is important to analyze the factors as 

a whole and understand the combination interactions 
among these three factors. The classic method of 
determining optimum conditions by varying one 
parameter while keeping the other at specified constant 
level is a single-dimensional, laborious and time- 
consuming method, often dose not guarantee 
determination of optimal conditions [12]. In order to 
overcome these problems, optimization studies have 
been done using response surface methodology 
(RSM), a statistically designed experimental protocol 
in which several factors were simultaneously varied. 
This multivariate approach has its advantages in terms 
of reductions in the number of experiments, improved 
statistical interpretation possibilities and reduced time 
requirements from overall analysis. RSM has been 
found to be much successful and economical during 
optimization of various industrial processes [13]. Easy 
way to estimate response surface, factorial designs are 
the most useful schemes for the optimization of 
variables with a limited number of experiments. A 
variety of factorial designs are available to accomplish 
this task. The most successful and best is the central 
composite design (CCD), which is accomplished by 
adding two experimental points along each coordinate 
axis at opposite sides of the origin and at a distance 
equal to the semi-diagonal of the hyper cube of the 
factorial design and new extreme values (low and 
high) for each factor added in the design. The model is 
also used to predict the result by iso-response contour 
plot and three-dimensional surface plots [14]. Here 
two-level-three-factor full factorial central composite 
design model was used to acquire deeper 
understanding of the catalytic mechanism of MnP. 
However, MnPs from different white-rot fungi may 
have very different properties. For our studies on the 
properties of MnP, we chose the MnP from 
Schizophyllum sp. F17 which has been previously 
shown potential for dye decolorization [15].  

 
1  Materials and methods 

 
1.1  Microorganisms and culture conditions 

Schizophyllum sp. F17 was isolated from a decayed 
wood chip pile in the vicinity of Hefei, China. The 
fungus was cultured on potato dextrose agar (PDA) 
slants for one week at 28°C. The grown mycelium mat 
was washed with sterile water. Mycelia obtained from 
several slants were blended with 100 mL of sterile 
water in three cycles of 15 s. Five hundred millilitre 
flasks containing a 100 mL liquid medium were 
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inoculated with a mycelial suspension and grown at 
28°C on a rotary shaker at 130 r/min for 2 days. The 
liquid medium contained 20 g potato extrace, 2 g 
dextrose, 0.3 g KH2PO4, 0.15 g MgSO4, 1 mg 
thiamine, and was autoclaved at 121°C for 20 min. 
Homogenized mycelia, which were obtained after 
crushing the mycelial pellets in a Waring blender, were 
used as the inoculums for 250 mL flasks containing 5 g 
SSF medium. SSF medium containing 90% rice hull 
and 10% soybean cake meal was humidified with 7.5 g 
water and autoclaved at 121°C for 20 min [16]. 
Incubation was carried out at 28°C for 4 days. 

To the culture flasks, 100 mL of sodium acetate 
buffer (10 mmol/L, pH 5.9) was added. Contents were 
gently beaten and incubated on the rotary shaker at 
130 r/min for 30 min. The crude enzyme obtained was 
then filtered and spun (10 000 r/min, 20 min, 4°C). 
1.2  Enzyme activity assay of MnP 

The level of MnP activity was determined by 
monitoring the formation of the Mn3+-lactate complex 
(ε240= 6500 M-1cm-1) at 240 nm at 25°C, during 
oxidation of 1 mmol/L MnSO4 in 0.1 mol/L sodium 
lactate(pH 4.5) in the present of 0.1 mmol/L H2O2. 
One unit of MnP was defined as the amount of enzyme 
producing 1 μmol of the Mn3+-lactate complex per 
minute[17]. The relative MnP activity was defined as 
the ratio of the enzyme activity and the corresponding 
maximum activity. The maximum MnP enzyme 
activity was 100%. 
1.3  Enzyme purification and examination of 
protein concentration 

The crude enzyme was concentrated 20-fold by 
ultrafiltration (20 kDa-cut-off polyethersultone 
membranes, Model 8400, Millipore Corporation, 
USA), then applied to a DEAE-cellulose anion 
exchange column (Whatman DE52, England) (2.6 cm× 
30 cm) previously equilibrated with sodium acetate 
buffer (10 mmol/L, pH 5.9). The MnP was eluted with 
a liner gradient of 0–0.5 mol/L NaCl in the same 
buffer at a low rate of 100 mL/h. The fractions 
containing MnP activity were collected and 
concentrated 100-fold using Stirred Ultrafiltration 
Cell Model 8010 (20 kDa-cut-off polyethersultone 
membranes, Millipore Corporation, USA). The 
concentrated samples were loaded onto a Sephadex 
G-75 gel filtration column (Fluka, USA) (1.7 cm× 
100 cm) equilibrated with sodium acetate buffer 
(10 mmol/L, pH 5.9). The column was run using 
sodium acetate buffer (10 mmol/L, pH 5.9) at a low 
rate of 6 mL/h. MnP fractions were pooled and 

concentrated with centrifugal ultrafiltration units, then 
analyzed by SDS-PAGE. The enzyme solution was 
kept at 4°C to be used for characterization 
experiments. 

Protein concentration was estimated using Bradford 
with crystalline bovine serum albumin (BSA) as 
standard[18]. Protein concentrations in the fractions 
from the chromatography were determined from 
absorbance values at 280 nm. 
1.4  H2O2 sensitivity and the kinetics of MnP with 
H2O2 and Mn2+ 

The inactivation of the enzyme in the presence of 
H2O2 was studied as follows: MnP was incubated 
with 0.1 mmol/L or 1 mmol/L H2O2 respectively and 
the enzyme activities were monitored from 0 to 10 min 
every minute and afterward, every 5 minutes up to 
25 min. 

The kinetics of MnP with H2O2 and Mn2+ was 
studied as follows: The oxidation of Mn2+ was 
measured at wavelengths of 240 nm. Reaction with all 
substrates was quantitated in 0.1 mol/L sodium lactate 
buffer, pH 4.5. The Km of Mn2+ and H2O2 were done in 
0.1 mol sodium lactate buffer and 0.1 mL MnP using 
fixed concentrations of H2O2 (0.1 mmol/L) and 
varying Mn2+ concentrations (0.001–0.01 mmol/L) or 
fixed concentrations of Mn2+ (1 mmol/L) and varying 
H2O2 concentrations (0.004–0.04 mmol/L). The kinetic 
data were analyzed using double-reciprocal plots of 
rates versus substrate concentration.  
1.5  The one-factor-at-a-time analysis 
1.5.1  Effect of concentrations of Mn2+ on the MnP 
activity 

MnP activity was measured in 4 mL 0.1 mol/L 
sodium lactate (pH 4.5) containing 0.1 mL MnP, 
0.1 mmol/L H2O2 and a predetermined concentration 
of Mn2+ (0.2–2 mmol/L), The reaction was carried out 
for 5 min at 25°C. All data were the values for at least 
three samples. 
1.5.2  Effect of concentrations of H2O2 on the MnP 
activity 

To study the H2O2 dependence for the enzyme, MnP 
activity was measured in 4 mL 0.1 mol/L sodium 
lactate(pH 4.5) containing 0.1mL MnP, 1 mmol/L 
MnSO4 and a predetermined concentration of 
hydrogen peroxide H2O2 (0.02–0.5 mmol/L), The 
reaction was carried out for 5 min at 25°C. All data 
were the values for at least three samples. 
1.5.3  Effect of amounts of MnP on the MnP activity 

MnP activity was measured in 4 mL 0.1 mol/L 
sodium lactate (pH 4.5) containing 0.1 mmol/L H2O2, 
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1 mmol/L Mn2+ and different amounts of MnP 
(0.05–0.6 mL), The reaction was carried out for 5 min 
at 25°C. All data were the values for at least three 
samples.  
1.6  Design of experiments 

A two-level-three-full factorial Central Composite 
Design (CCD) was designed to assess the influence 
of the main factors on the MnP activity, as well as 
their interactions between those factors. The three 
factors considered are (ⅰ) concentration of Mn2+(low 
0.8 mmol/L and high 1.6 mmol/L ) (ⅱ) concentration 
of H2O2(low 0.05 mmol/L and high 0.15 mmol/L ) (ⅲ) 
amounts of MnP(low 0.25 mL and high 0.55 mL).  
1.7  Azo dye decolorization by manganese 
peroxidase 

Dye decolorization was measured spectrophotometrically 
at the following wavelengths: Orange G, 474 nm; 
Congo red, 506 nm. The decolorization was carried out 
directly in the spectrophotometer cuvette. The reaction 
mixture contained sodium lactate buffer (pH 4.5, 
100 mmol/L), dye (1 mmol/L) and optimized dosage 
of Mn2+, H2O2 and purified MnP in a total volume of 
3 mL. Data were noted every 5 min during the 60 min 
reaction. Control samples, without H2O2, were done in 
parallel identical conditions.  

 
2  Results 

 
2.1  Physicochemical properties of purified MnP 

MnP was the main oxidoreductase produced in solid 
cultures of Schizophyllum sp. F17. Additionally, the 
fungus produced lower level of LiP and no laccase. 
The crude MnP was fractionated by anion-exchange 
chromatography at pH 5.9, then further purified by gel 
filtration chromatography (Sephadex G-75). The 
purified protein appeared to be homogeneous when 
analyzed by SDS-PAGE. The molecular mass of MnP 
was calculated to be 49.2 kDa under denaturing 
conditions (Fig.1). The protein concentration of this 
purified enzyme was 23 μg/mL estimated by Bradford 
method. The enzyme solution was kept at 4°C to be 
used for the next experiments. 

The susceptibility of MnP to some concentrations 
of H2O2 was studied. The half-life of the MnP in the 
presence of 0.1 mmol/L or 1 mmol/L H2O2 were 
shown below (Fig.2). When the H2O2 concentration 
was 0.1 mmol/L, the MnP activity decreased by 50% in 
the first 5–6 min and continued to decrease but at a lower 
rate. When the H2O2 concentration was 1 mmol/L, the 
MnP activity decreased rapidly by 80% at the 

 
Fig. 1  SDS-PAGE of samples containing MnP from various 
purification steps, which were stained with Coomassie blue. M: 
protein standards molecular size markers; 1: purified MnP after 
gel filtration; 2: concentrated samples after DEAE-Cellulose 
DE52 column chromatography; 3: crude extract. 

 

 
Fig. 2  Stability of MnP at two different concentrations of 
H2O2. (a) 0.1 mmol/L H2O2. (b) 1 mmol/L H2O2. 

 

beginning of the catalytic process, and remained the 
same thereafter. 

The kinetics of MnP with H2O2 and Mn2+ were also 
studied. The Km for H2O2 and Mn2+ were 5.2 μmol/L 
and 13.1 μmmol/L respectively. The Km of H2O2 was a 
little higher than that of the MnPs from most 
Bjerkandera species when the Km of Mn2+ was much 
lower than that of Bjerkandera Species [19-22]. 
2.2  The one-factor-at-a-time analysis 

In this section, the single-factor effects of H2O2, 
Mn2+ and MnP dosage on MnP enzyme activity were 
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investigated. The effect of Mn2+ on the MnP activity is 
shown in Fig.3a. As the Mn2+ concentration reached 
1.2 mmol/L, the MnP had the maximum activity then 
slowly decreased over the concentration of 1.2 mmol/L. 
MnP showed its strong activity (more than 80% of the 
maximum) at a board concentration of H2O2 ranging 
from 0.1 to 0.2 mmol/L. The maximum was observed 
when the H2O2 was 0.1 mmol/L, but decreased sharply 
at the concentration over 0.25 mmol/L (Fig.3b). The 
optimum MnP dosage for the enzyme activity was 
0.4 mL. The activity increased with the increase in 
amount of purified enzyme used up to 0.4 mL, 
however amounts above 0.4 mL decreased the MnP 
enzyme activity (Fig.3c). 

 

 

 
Fig. 3  The effect of single factor on MnP activity. (a) Mn2+. 
(b) H2O2. (c) MnP. 

2.3  Response surface factorial design for the 
optimization of the MnP enzyme activity 

In this study, the two-level-three-full factorial 
Central Composite Design (CCD) experiment was 
chosen to investigate the factors predominantly 
affecting the MnP enzyme activity.  

Table 1 shows the experiments performed according 
to the experimental plan and the response thus 
obtained for each combination of the variables; also in 
this table is the predicted value from the model. 

Table 2 shows the response surface regression 
results, which give the coefficients for all the terms in 
the model. The R2 value was 96.4%, which means 
96.4% results of the total variations could be explained 
by this model. Except square terms, all the P values were 
very small (＜0.05) suggesting that these three factors 
and there interactions may be important in this model. 

Analysis of variance (ANOVA) utilized for 
statistical testing is shown in Table 3. The p-values 
(0.000) for Liner and Interaction terms meant these 
three factors and their interactions had serious effect on 
the activity of the MnP, and the model was applicable. 

 
Table 1  Two-level-three-full factorial Central Composite 
Design matrix and experiments results of dependent 
variables (data processed by MINITAB software) 

Run Mn2+ H2O2 Enzyme Relative MnP 
activity (%) 

Predicted
value (%)

1 0.8 0.05 0.25 38.8 41.4 
2 1.2 0.1 0.15 39.4 41.499 
3 1.2 0.1 0.4 54.7 51.93 
4 1.6 0.05 0.25 41.1 40.089 
5 0.8 0.15 0.25 50.2 44.341 
6 0.53 0.1 0.4 36.9 40.839 
7 1.6 0.05 0.55 35.6 40.494 
8 1.2 0.02 0.4 23.9 27.173 
9 1.87 0.1 0.4 65.3 63.021 

10 0.8 0.05 0.55 30.8 26.855 
11 1.2 0.1 0.4 52.8 51.93 
12 1.2 0.1 0.65 59.5 62.361 
13 1.2 0.1 0.4 53.6 51.93 
14 1.2 0.1 0.4 54.8 51.93 
15 1.2 0.02 0.4 68.1 76.687 
16 1.6 0.15 0.25 54.1 57.08 
17 1.6 0.15 0.55 100 96.435 
18 1.2 0.1 0.4 54.1 51.93 
19 1.2 0.1 0.4 56.2 51.93 
20 0.8 0.15 0.55 68.7 68.746 

Central composite design: factor, 3; base runs, 20; base blocks,1; 
replications, 1; total runs, 20; total blocks, 1. Two-level factorial: full 
factorial: cube points, 8; center points in cube, 6; axial points, 6; center 
points in axial, 0. alpha: 1.68179. Response Surface Regression: relative 
MnP activity 100% versus Mn2+(mmol/L), H2O2(mmol/L), enzyme(mL).  
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Based on the statistical analysis above, the 
mathematical expression of relationship to the MnP 
activity with variables Mn2+, H2O2 and enzyme is as 
follows: 
Relative MnP activity (%)=73.3358−21.0042×Mn2+− 
264.820×H2O2−130.669×enzyme−2.07844×(Mn2+)2− 
854.269×(H2O2)2−40.7023×(enzyme)2+175.625× 
Mn2+×H2O2+62.2917×Mn2+×enzyme+1298.33×H2O2× 
enzyme (1) 

As the square terms were insignificant (5%), they 
were deleted from the equation, hence a new 
regression model as follows: 
Relative MnP activity (%)=89.0738−25.9924×Mn2+− 
435.674×H2O2–163.235×enzyme+175.625×Mn2+×H2O2 

+62.2917×Mn2+×enzyme+1298.33×H2O2×enzyme (2) 
The predicted values of relative MnP activity 

obtained using Eq.(2) were close to the experimental 
values(see Table 1) proving that the model was 
applicable. 
2.3.1  Residual plots for the relative MnP activity 

The normal probability plot (Fig.4) showed that the 
distribution of the residual value, which was defined as 
the difference between the observed and the predicted, 
could form a straight line, and these residual value 
were normaly distributed on both sides of the line. It 
showed that experimental point was reasonably 
aligned with the predicted value. 
 
Table 2  Estimated regression coefficient for relative MnP 
activity 

Term Coef SE Coef T P 

Constant 54.2408 1.780 30.480 0.000
Mn2+ 6.5947 1.181 5.586 0.000
H2O2 14.7205 1.181 12.468 0.000
Enzyme 6.2023 1.181 5.523 0.000
Mn2+×Mn2+ −0.3326 1.149 −0.289 0.778
H2O2×H2O2 −2.1357 1.149 −1.858 0.093
Enzyme×enzyme −0.9159 1.149 −0.797 0.444
Mn2+×H2O2 3.5125 1.543 2.277 0.046
Mn2+×enzyme 3.7375 1.543 2.423 0.036
H2O2×enzyme 9.7375 1.543 6.312 0.000

R-Sq = 96.4%; R-Sq(adj) = 93.2% 
 

Table 3  Analysis of variance for relative MnP activity 

Source DF Seq SS Adj SS Adj MS F P 

Regression 9 5120.62 5120.62 568.96 29.89 0.000
Liner 3 4078.63 4078.63 1359.54 71.41 0.000
Square 3 72.99 72.99 24.33 1.28 0.334
Interaction 3 969.00 969.00 323.00 16.97 0.000
Residual error 10 190.38 190.38 19.04   
Pure error 5 6.77 6.77 1.35   
Total 19 5311.00 5311.00    

 
Fig. 4  The normal probability plot. 

 
Fig.5 shows that the residuals distribute randomly 

about zero, indicating that the regression terms were 
incorrelated with one another. This plot rules out the 
impact of order which may influence the results. 

 
Fig. 5  Residual versus the order of the data. 

 
2.3.2  Pareto chart for the effect of different factors 
on the MnP activity 

Mn2+, H2O2 and enzyme itself, as well as there 
interactions among them are main factors that decide 
the enzyme activity of MnP, In this work, we tried to 
find out the most important factor for the enzyme 
activity by Pareto chart (Fig.6). The Pareto Chart is a 
vertical bar chart, the graph shows the relative 
frequency of numerical way from left to right in 
descending order. Plato can be effectively applied to 
analysis of the primary concerns. Thus we found that 
the concentration of H2O2 was the most important  

 
Fig. 6  Pareto chart of the standardized effects. A: concentration 
of Mn2+(mmol/L); B: concentration of H2O2(mmol/L); C: 
amounts of enzyme(mL). 



查诚等: 裂褶菌 F17 锰过氧化物酶酶活力影响因素的响应面优化 347 

 

Journals.im.ac.cn 

factor for the MnP, as well as the interaction between 
H2O2 and enzyme. The liner terms owned the stronger 
ability to influence the MnP activity then the 
interaction terms. According to the Pareto chart, the 
effect of different factors from serious to minimal was:  

H2O2> (H2O2×enzyme) >Mn2+> enzyme > (Mn2+× 
enzyme) > (Mn2+×H2O2) 
2.3.3  The three-dimensional response surface plots 
and Interaction Plot for the mutual effect between 
two variable factors 

The three-dimensional response surface plots are the 
graphical representations of the regression equation. 
The main goal of response surface is to track 
efficiently for the optimum values of the variables 
such that the response is maximized [23]. The surface 
plots (Fig.7a-c) were in 3D graphs in which the 
relative MnP activity was represented by varying two 
of the three main factors which have effect on the 
enzyme activity.  

It was shown that in different concentrations of 
H2O2, the MnP had larger activity when the 
concentration of Mn2+ was higher (Fig.7a). According 
to the sharply slope, H2O2 had more significant effect 
on the MnP activity compared with Mn2+. 

From Fig.7b it was shown that in different amounts 
of MnP, the MnP activity became larger when the 
model had more Mn2+. However, when the 
concentration of Mn2+ was low, the change of enzyme 
activity was significant if the amounts of enzyme 
increased. 

Fig.7c showed the combined effect of varying 
concentrations of H2O2 and amounts of MnP on the 
MnP activity. From this response surface plot it was 
shown that relative MnP activity could reach its 
maximum if the concentration of H2O2 should be near 
0.15 mmol/L and amounts of enzyme should be 0.55 mL. 

The interaction plot shows the change of the one 
factor if the other one is changed between the two 
relative variables. It is very important to study the plot 
because it can enlarge or eliminate the effect of the 
main effect. Two variables’ interactions are the lines of 
different slope. (Fig.8) The graph shown in Fig.6 
confirmed the model of three-dimensional response 
surface plots which reflected the relationship between 
the variables. 
2.4  Studies on the decolorization of azo dyes by 
MnP 

Azo dyes such as Orange G, Congo red were treated 
with optimized dosage of Mn2 +(1.6 mmol/L), 
H2O2(0.15 mmol/L) and purified MnP(0.42 mL). The 

 

 

 

Fig. 7  (a) 3D surface plot of the combined effect of 
concentration of Mn2+ and concentration of H2O2 on relative 
MnP activity. (b) 3D surface plot of the combined effect of 
amounts of enzyme and concentration of Mn2+ on relative MnP 
activity. (c) 3D surface plot of the combined effect of amounts 
of enzyme and concentration of H2O2 on relative MnP activity. 
R: relative MnP activity; A: concentration of Mn2+ (mmol/L); B: 
concentration of H2O2 (mmol/L); C: amounts of enzyme (mL). 

 

Fig. 8  Interaction Plot for MnP activity. A: Mn2+ (mmol/L); B: 
H2O2 (mmol/L); C: MnP ( mL). 
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results of decolorization are shown in Fig.9. The 
decolorization for Orange G reached nearly 35% after 
60 min of treatment as well as for the Congo red. The 
purified MnP was able to play a role in the 
decolorization of the azo dyes. 

 

 
Fig. 9  Decolorization of azo dyes by MnP. 

 
3  Conclusions  

 
Statistically designed experimentation has been 

applied in optimization of medium for MnP production 
as well as in the enzymatic decolorization with MnP. 
But to our knowledge little attention has been paid to 
the interactions among those factors which had serious 
effect on the MnP activity.  

In this study, the statistically process analyzed the 
key factors and their interactions in the biochemical 
reaction, which was useful to investigate the 
enzymatic mechanism of MnP. H2O2 was proved to be 
the most important factor in the action, so did its 
interactions with the amounts of the enzyme. But the 
MnP is easily inactivated by H2O2 present in the 
action. Meanwhile the half-life time of MnP presented 
in H2O2 is too short to effectively apply to the 
manufacture. However, this powerful oxidant[24] is 
potentially valuable for some applications, such as in 
the pulp and paper industries and the degradation of 

environmental pollutants[25-27]. Therefore, investigation 
of the effect of H2O2 on the MnP is desirable for 
practical use. Here a model was set up by central 
composite design which can predict the value of MnP 
activity and show the effect of Mn2+, H2O2, amounts of 
enzyme on the reaction, so do their inactions. 

According to the result of decolorization 
experiment, the purified MnP has a good potential for 
the application in the optimized system. 

REFERENCES 

[1] Madhavi SR, Lele SS. Synthetic dye decolorization by 

white-rot fungus, Ganoderma sp. WR-1. Biores Technol, 

2007, 98: 775−780. 

[2] Xiaobin C, Rong J, Pingsheng L, et al. Purification of a 

new manganese peroxidase of the white-rot fungus 

Schizophyllum sp. F17, and decolorization of azo dyes by 

the enzyme. Enzyme Microb Technol, 2007, 41: 258−264. 

[3] Tychanowicz GK, Zilly A, Souza CGM, et al. 

Decolourisation of industrial dyes by solid-state cultures 

of Pleurotus pulmonarius. Proc Biochem, 2004, 39: 

855−859. 

[4] Toh YC, Yen JJL, Obbard JP, et al. Decolourisation of azo 

dyes by white-rot fungi (WRF) isolated in Singapore. 

Enzyme Microb Technol, 2003, 33: 569−575. 

[5] Deveci T, Unyayar A, Mazmanci MA. Production of 

Remazol Brilliant Blue R decolourising oxygenase from 

the culture filtrate of Funalia trogii ATCC 200800. J Mol 

Catal B: Enzym, 2004, 30: 25−32. 

[6] Mielgo I, Lopec C, Moreira MT, et al. Oxidative 

degradation of azo dyes by manganese peroxidase under 

optimized condition. Biotechnol Prog, 2003, 19: 325−331. 

[7] Gold MH, Glenn JK. Manganese peroxidase of 

Phanerochaete chrysosporium//Wood WA, Kellog ST, 

Eds. Methods Enzymology. CA San Diego: Academic 

Press, 1988: 258−264. 

[8] Wesenberg D, Kyriakides I, Agathos SN. White-rot fungi 

and their enzymes for the treatment of industrial dye 

effluents. Biotechnol Adv, 2003, 22: 161−187. 

[9] Velde F, Rantwijk F, Sheldon RA. Improving the catalytic 

performance of peroxidases in organic synthesis. Trends 

Biotech, 2001, 19: 73−80. 

[10] Valderrama B, Ayala M, Vazquez-Duhalt R. Suicide 

inactivation of peroxidases and the challenge of 

engineering more robust enzymes. Chem Biol, 2002, 9: 

555−565. 

[11] Ayala M, Pickard MA, Vazquez-Duhalt R. Fungal 



查诚等: 裂褶菌 F17 锰过氧化物酶酶活力影响因素的响应面优化 349 

 

Journals.im.ac.cn 

enzymes for environmental purposes, a molecular biology 

challenge. J Mol Catal B: Enzym, 2008, 15: 172−180. 

[12] Wernimont GT. Use of statistics to develop and evaluate 

analytical methods. Arlington, USA: Association of 

Official Analytical Chemists, 1985: 268. 

[13] Ren J, Weitie L, Yanjing S, et al. Optimization of 

fermentation media for nitrite oxidizing bacteria using 

sequential statistical design. Bioresour Technol, 2008, 99: 

7923−7927. 

[14] Prakash O, Talat M, Hasan SH. Response surface design 

for the optimization of enzymatic detection of mercury in 

aqueous solution using immobilized urease from vegetable 

waste. J Mol Catal B: Enzym, 2009, 56: 265−271. 

[15] Jia R, Zhao F, Wu S, et al. Treatment of dyestuff 

wastewater with White rot fungus bio-contact oxidation 

technique. China Environ Sci, 2004, 24: 205−208. 

荚荣, 赵凤, 武胜, 等. 白腐真菌生物接触氧化法处理

染料废水. 中国环境科学, 2004, 24: 205−208. 

[16] Xudong L, Rong J, Pingsheng L, et al. Response surface 

analysis for enzymatic decolorization of Congo red by 

manganese peroxidase. J Mol Catal B: Enzym, 2009, 56: 

1−6. 

[17] Sarkar S, Mart´ınez AT, Mart´ınez MJ. Biochemical and 

molecular characterization of a manganese peroxidase 

isoenzyme from Pleurotus ostreatus. Biochim Biophys 

Acta, 1997, 1339: 23−30. 

[18] Bradford MM. A rapid and sensitive method for the 

quantitation of microgram quantities of protein utilizing 

the principle of protein-dye binding. Anal Biochem, 1976, 

72: 248−254. 

[19] Yuxin W, Rafael VD, Michael AP. Purification, 

characterization, and chemical modification of manganese 

peroxidase from Bjerkandera adusta UAMH 8258. Curr 

Microbiol, 2002, 45:77−87. 

[20] Heinfling A, Martinez MJ, Martinez AT, et al. Purification 

and characterization of peroxidases from the 

dye-decolorizing fungus Bjerkandera adusta UAMH 

8258. FEMS Microbiol Lett, 1988, 165: 43−50. 

[21] Mester T, Field JA. Characterization of a novel manganese 

peroxidase-lignin peroxidase hybrid isozyme produced by 

Bjerkandera species strain BOSS55 in the absence of 

manganese. J Biol Chem, 1998, 273: 15412−15417. 

[22] Palma C, Martinez AT, Lema JM, et al. Different fungal 

manganese-oxidizing peroxidases: a comparison between 

Bjerkandera sp. and Phanerochaete chrysosporium. J 

Biotechnol, 2000, 77: 235−245. 

[23] Sharma P, Singh L, Dilbaghi N. Optimization of process 

variables for variables for decolorization of Disperse 

Yellow 211 by Bacillus subtilis using Box-Behnken 

design. J Hazard Mater, 2009, 164: 1024−1029. 

[24] Glenn JK, Akileswaran L, Gold MH. Mn(II) oxidation is 

the principal function of the extracellular Mn-peroxidase 

from Phanerochaete chrysosporium. Arch Biochem 

Biophys, 1986, 251: 688−696. 
[25] Sasaki T, Kajino T, Bo L, et al. New Pulp biobleaching 

system involving manganese peroxidase immobilized in a 

silica support with controlled pore sizes. Appl Environ 

Microbiol, 2001, 67: 2208−2212. 

[26] Hammel KE, Tardone PJ, Moen MA, et al. Biomimetic 

oxidation of nonphenolic lignin models by Mn(III): 

New observations on the oxidizability of guaiacyl and 

syringyl substructures. Arch Biochem Biophys, 1989, 270: 

404−409. 

[27] Popp JL, Kirk TK. Oxidation of methoxybenzenes by 

manganese peroxidase and by Mn3+. Arch Biochem 

Biophys, 1991, 288: 145−148.
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdineKirnberg-Script
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Anywhere
    /AnywhereButHome
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-BookItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BoyarskyMon
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /BrushScriptStd
    /ByJOSSQ-DMFinBeiJing
    /Calibri
    /Calibri-Bold
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Castellar
    /CastleT-Ultr
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DDD
    /Designer2
    /DFPHaiBaoW12
    /Dotum
    /DotumChe
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-ExtraBoldItalic
    /Dutch801BT-Italic
    /Dutch801BT-ItalicHeadline
    /Dutch801BT-Roman
    /Dutch801BT-RomanHeadline
    /Dutch801BT-SemiBold
    /Dutch801BT-SemiBoldItalic
    /EANaaplain
    /E-B1
    /E-B1X
    /E-B2
    /E-B2X
    /E-B3
    /E-B3X
    /E-B4
    /E-B4X
    /E-B5
    /E-B5X
    /E-B6
    /E-B6X
    /E-B7
    /E-B7X
    /E-B8
    /E-B8X
    /E-BD
    /E-BKB
    /E-BKBX
    /E-BKH
    /E-BKHX
    /E-BX
    /E-BZ
    /EccentricStd
    /EdwardianScriptITC
    /E-DY
    /E-F1
    /E-F1X
    /E-F2
    /E-F2X
    /E-F3
    /E-F4
    /E-F4X
    /E-F5
    /E-F5X
    /E-F6
    /E-F6X
    /E-F7
    /E-F7X
    /E-F8
    /E-F9
    /E-F9X
    /E-FX
    /E-FZ
    /E-H1
    /E-H1X
    /E-H2
    /E-H2X
    /E-H3
    /E-H3X
    /E-H4
    /E-H4X
    /E-H5
    /E-H5X
    /E-H6
    /E-H6X
    /E-H7
    /E-H7X
    /E-HD
    /E-HT
    /E-HT1
    /E-HT2
    /E-HX
    /E-HZ
    /E-KY
    /Elephant-Italic
    /Elephant-Regular
    /E-NBS
    /EngraversMT
    /E-OCR
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /E-SXT
    /E-TT
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /E-X1
    /E-X1X
    /E-XF1
    /E-XFX
    /E-XFZ
    /E-XT
    /E-XY
    /E-YB
    /E-YT1
    /E-YT2
    /FangSong_GB2312
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Heavy
    /Futura-Condensed-Italic
    /FZBSJW--GB1-0
    /FZBSK--GBK1-0
    /FZBWKSJW--GB1-0
    /FZCCHJW--GB1-0
    /FZCCHK--GBK1-0
    /FZCHYJW--GB1-0
    /FZCQJW--GB1-0
    /FZCQK--GBK1-0
    /FZCSJW--GB1-0
    /FZCSK--GBK1-0
    /FZCYJW--GB1-0
    /FZCYK--GBK1-0
    /FZDBSJW--GB1-0
    /FZDBSK--GBK1-0
    /FZDHTFW--GB1-0
    /FZDHTJW--GB1-0
    /FZDHTK--GBK1-0
    /FZFSFW--GB1-0
    /FZFSJW--GB1-0
    /FZFSK--GBK1-0
    /FZGLJW--GB1-0
    /FZHCJW--GB1-0
    /FZHCK--GBK1-0
    /FZHLJW--GB1-0
    /FZHLK--GBK1-0
    /FZHPJW--GB1-0
    /FZHPK--GBK1-0
    /FZHTFW--GB1-0
    /FZHTJW--GB1-0
    /FZHTK--GBK1-0
    /FZJZJW--GB1-0
    /FZKANGJW--GB1-0
    /FZKANGK--GBK1-0
    /FZKATJW--GB1-0
    /FZKTFW--GB1-0
    /FZKTJW--GB1-0
    /FZKTK--GBK1-0
    /FZL2JW--GB1-0
    /FZL2K--GBK1-0
    /FZLBJW--GB1-0
    /FZLBK--GBK1-0
    /FZLSJW--GB1-0
    /FZLSK--GBK1-0
    /FZLTCHJW--GB1-0
    /FZLTCHK--GBK1-0
    /FZLTHJW--GB1-0
    /FZLTHK--GBK1-0
    /FZLTTHBJW--GB1-0
    /FZLTTHBK--GBK1-0
    /FZLTTHCJW--GB1-0
    /FZLTTHCK--GBK1-0
    /FZLTTHJW--GB1-0
    /FZLTTHK--GBK1-0
    /FZLXTJW--GB1-0
    /FZMHJW--GB1-0
    /FZMHK--GBK1-0
    /FZNBSJW--GB1-0
    /FZNBSK--GBK1-0
    /FZNSTJW--GB1-0
    /FZNSTK--GBK1-0
    /FZPHFW--GB1-0
    /FZPHTJW--GB1-0
    /FZPHTK--GBK1-0
    /FZPTYJW--GB1-0
    /FZPWJW--GB1-0
    /FZPWK--GBK1-0
    /FZQTJW--GB1-0
    /FZS3JW--GB1-0
    /FZS3K--GBK1-0
    /FZSEJW--GB1-0
    /FZSEK--GBK1-0
    /FZSHHJW--GB1-0
    /FZSHJW--GB1-0
    /FZSHK--GBK1-0
    /FZSJSJW--GB1-0
    /FZSJSK--GBK1-0
    /FZSSFW--GB1-0
    /FZSSJW--GB1-0
    /FZSSK--GBK1-0
    /FZSTJW--GB1-0
    /FZSTK--GBK1-0
    /FZSYJW--GB1-0
    /FZSYK--GBK1-0
    /FZSY--SURROGATE-0
    /FZSZJW--GB1-0
    /FZSZK--GBK1-0
    /FZTJLSJW--GB1-0
    /FZWBFW--GB1-0
    /FZWBJW--GB1-0
    /FZWBK--GBK1-0
    /FZXBSJW--GB1-0
    /FZXBSK--GBK1-0
    /FZXDXJW--GB1-0
    /FZXDXK--GBK1-0
    /FZXH1FW--GB1-0
    /FZXH1JW--GB1-0
    /FZXH1K--GBK1-0
    /FZXIANGLJW--GB1-0
    /FZXKFW--GB1-0
    /FZXKJW--GB1-0
    /FZXKK--GBK1-0
    /FZXLFW--GB1-0
    /FZXQJW--GB1-0
    /FZXQK--GBK1-0
    /FZXSHJW--GB1-0
    /FZXSHK--GBK1-0
    /FZXZTFW--GB1-0
    /FZY1JW--GB1-0
    /FZY1K--GBK1-0
    /FZY3JW--GB1-0
    /FZY3K--GBK1-0
    /FZY4JW--GB1-0
    /FZY4K--GBK1-0
    /FZYBKSJW--GB1-0
    /FZYBXSJW--GB1-0
    /FZYHJW--GB1-0
    /FZYTJW--GB1-0
    /FZYTK--GBK1-0
    /FZYXJW--GB1-0
    /FZYXK--GBK1-0
    /FZZBHJW--GB1-0
    /FZZDXJW--GB1-0
    /FZZDXK--GBK1-0
    /FZZHYJW--GB1-0
    /FZZHYK--GBK1-0
    /FZZKFW--GB1-0
    /FZZQJW--GB1-0
    /FZZQK--GBK1-0
    /FZZYJW--GB1-0
    /FZZYK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /HYa0gj
    /HYa1gj
    /HYa2gj
    /HYa3gf
    /HYa3gj
    /HYa4gj
    /HYa5gj
    /HYa6gj
    /HYa7gf
    /HYa7gj
    /HYa9gj
    /HYb0gj
    /HYb1gf
    /HYb1gj
    /HYb2gf
    /HYb2gj
    /HYb3gj
    /HYb4gf
    /HYb4gj
    /HYb5gj
    /HYb6gj
    /HYb7gj
    /HYb8gj
    /HYb9gj
    /HYc1gf
    /HYc1gj
    /HYc3gj
    /HYd1gf
    /HYd1gj
    /HYd2gj
    /HYd4gj
    /HYe0gj
    /HYe1gj
    /HYe2gj
    /HYe3gj
    /HYe4gj
    /HYf0gj
    /HYf1gj
    /HYf2gj
    /HYf3gj
    /HYf4gj
    /HYf5gj
    /HYf9gj
    /HYg1gj
    /HYg2gf
    /HYg2gj
    /HYg3gj
    /HYg4gj
    /HYg6gj
    /HYh1gf
    /HYh1gj
    /HYh2gj
    /HYh3gj
    /HYh4gj
    /HYi1gf
    /HYi1gj
    /HYi2gj
    /HYi3gj
    /HYi4gj
    /HYj1gf
    /HYj2gj
    /HYj4gj
    /HYk1gf
    /HYk1gj
    /HYk2gj
    /HYk3gj
    /HYk5gj
    /HYl1gj
    /HYm1gj
    /HYm2gj
    /HYm4gj
    /HYm5gj
    /HYm6gj
    /HYm7gj
    /HYn1gj
    /HYn3gj
    /HYo1gj
    /HYo2gj
    /HYo3gj
    /HYp1gj
    /HYq1gj
    /HYq2gj
    /HYr1gj
    /HYr2gj
    /HYr3gj
    /HYt4gj
    /HYx1gj
    /HYx4gf
    /HYy1gj
    /HYy2gj
    /HYy4gj
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Isabella
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LGSTHeiti
    /LiSu
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marlett
    /mathtool
    /MaturaMTScriptCapitals
    /MesquiteStd
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Roman
    /SFSlapstickComicShaded
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /SRegular
    /STCaiyun
    /Stencil
    /StencilStd
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Swiss921BT-RegularA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TOvlapRound_Outline-Ultra
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [595.276 841.890]
>> setpagedevice




