J.Chem.Soc.Pak., Vol. 37, No. 05, 2015

Ismat Bibi et al.,

859
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Produced from Agaricus bisporus A21 and its Potential Application in the
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Summary: In this study Manganese peroxidase, from novel fungus Agaricus bisporus A21 was
purified, thermally characterized and its catalytic properties were investigated. The four step
purification procedure i.e., ammonium sulphate precipitation, dialysis, ion exchange and gel
filtration chromatography yielded 6.9 % activity with a purification factor of 8.48. The optimum
temperature and pH of Manganese peroxidase for the oxidation of Manganese peroxidase were 40˚C
and pH 6.0 respectively and remain active within the pH range of 3-10 after 24 h.The catalysis of
MnSO4 by Manganese peroxidase was expressed by the Michaelis-Menten equation, suggesting that
the maximum velocity (Vmax) was 231 U/mL and the Michaelis constant was 3.33mM revealing a
binding site with higher substrate affinity. Enthalpy of activation decreased where Free energy of
activation for thermal denaturation increased at higher temperatures. The partially purified
manganese peroxidase shows excellent decolorization potential for Orange G (from 19.32 to 96 %)
by the addition of natural mediator of wheat bran. UV–Vis spectrum and HPLC chromatogram
clearly revealed that orange G transformed into different products. Thermostability and efficient
decolorization suggest that this enzyme could be receiving substantial attention for its potential
application in the biotransformation of organo-pollutants.
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Introduction
Lignin modifying enzymes are involved in
the biotransformation of various xenobiotic
compounds, and dyes. This group of enzymes is
highly versatile in nature and they find application in
a wide variety of industries [1] Their capacities to
remove xenobiotic substances and produce polymeric
products make them a useful tool for bioremediation
purposes [2].
Manganese Peroxidase (EC 1.11.1.13) is an
extracellular enzyme, belongs to the family of
oxidoreductases, produced by various microorganism. MnP seem to be most extensive among
white rot fungi than lignin-peroxidase [3] manganese
peroxidase (MnP) oxidizes Mn2+ to Mn3+, which turn
the structure of phenolic to phenoxyl radicals [4].
Mn3+ is extremely reactive and complex with
chelating organic acid, as oxalate or malate, which is
synthesized by the fungus [5].Manganese peroxidases
have lower redox potential then that of LiPs and
preferably oxidize in vitro phenolic substrates. It can
nonspecifically oxidize a variety of phenolic and nonphenolic substances including lignin and various
other xenobiotic pollutants [6].Many researchers
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focused on producing the enzyme using
biotechnology due to its important degradative
potential [7]. In the last years, MnP has surprising
attention for its potential application in the
transformation of xenobiotic compounds [8].
MnP is a biotechnologically important
enzyme having a broad range of industrial
applications; (i) Potential to produce natural aromatic
flavours in food industries [9].ii) efficient in
transformation of kraft pulp mill effluents [10] iii)
Textile dye transformation and bleaching. iv)
Mineralization of many environmental contaminants
are used for bioremediation process [11].v) It has
excellent electron transfer capability with electrodes.
It has many functions like the synthesis of biosensors
supported on direct electron transfer (DET), efficient
bio-fuel unit, and perceptive bio-organic production
[12].
Orange G is a class of Azo dyes,
differentiated by the presence of one or more azo
bonds (–N=N–) in association with aromatic systems
and auxo-chromes (–OH, –SO3, etc.). Because of
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their chemical stability and versatility, and most of
them (azo dye) are non-biodegradable, toxic and
potentially carcinogenic in nature [13]. The
widespread utilization of azo dyes has caused an
important environmental problem. Prior to the
disposal of these industrial effluents, it is necessary to
detoxify the polluted water. Many wastewater
treatment technologies have been applied for the
removal of azo dyes from aqueous solutions
including physical and chemical processes
[14].However, these treatments are unproductive and
expensive for elimination of industrial dyes effluents
[15]. Interest is therefore now focused on the
microbial degradation of dyes as a better. In the early
1980s, researchers for the first time developed an
idea of using oxidoreductase for treating wastewater
contaminated with aromatic pollutants [16]. Peroxidases have high potential in targeting a wide
variety of xenobiotic pollutants.
These enzymes can act on a wide range of
substrates and convert them into less toxic insoluble
compounds, which can be easily took away from
waste [1]. Sometime these enzymes cannot act on
noxious waste, owing to the intractable nature of such
compounds. But these toxic compounds get
converted into non detrimental in the existence of
certain low-molecular weight compounds that are
known as redox mediators. A redox mediator
increased the rate of enzyme-catalyzed reaction and
enhanced the range of selection of their substrates
[17].
Worth of these lignin modifying enzymes
has led to a drastic boost in the demand of MnP in the
recent time. Therefore the objective of this study was
to, purify and characterize a thermally stable
manganese peroxidase, furthermore its catalytic
properties were investigated and explore the
capability of this extracellular enzyme of Agaricus
bisporus A21 for biotransformation of orange G dye.
This study will enhance our knowledge for
the ligninolytic system of this edible mushroom, and
show the potential applications of the manganese
peroxidase of Agaricus bisporus A21 in industry and
biotechnology. To our knowledge, it is first report on
isolation, purification, thermal characterization and
catalytic properties, of manganese peroxidase from
Agaricus bisporus A21 and its potential application in
the biotransformation of textile dye as well.
Experimental
Chemicals
The chemicals used were of analytical grade
and highest purity, mainly procured from Sigma-

J.Chem.Soc.Pak., Vol. 37, No. 05, 2015

860

Aldrich Chemical Co, USA. The orange G dye used
this study was in purchased from Sigma-Aldrich
Chemical Co, USA for research purposes.
Preparation of Partially Purified MnP
Fungal strain Agaricus bisporus A21
obtained from Institute of Horticultural Sciences
University of Agriculture Faisalabad, Pakistan, was
maintained on nutrient agar medium. The
decolorization medium (Kirk basal medium) [18] was
optimized for enhance production of MnP by
dissolving following composition (g/L): glucose 10;
ammonium sulphate, 0.22; KH2PO4, 0.21:
MgSO4·7H2O 0.05; CaCl2.2H2O, 0.01, Thiamine,
0.001.Along with modified amounts: 3 ml /100 mL
of 10% solution of Tween-80; 1 mL /100mL of 1
mM solution of MnSO4; 10 ml/L of trace elements
solution and 5 mL of 24 h old vegetative inoculum
was used to inoculate sterile fermentation medium
under aseptic conditions at pH 4.5. The fermentation
medium was incubated at 30 °C and 200 rpm in
temperature controlled shaker (Weiss-Gallenkamp,
Loughborough, UK) to produce high titre of MnP
during decolorization of NOVACRON Reactive dye
[19].The fermented broth was harvested periodically
and centrifuged at 10,000 ×g for 15 min to remove
the fermented particles. All the centrifuged were
pooled and analyzed for activity, thermal constancy
as well as catalytic properties of MnP.
Manganese
Peroxidase
Assay:
The
manganese peroxidase (MnP) activity was
determined by the oxidation of 1.0 mM Manganese
sulphate in 50 mM sodium malonate buffer having
pH 4.5, in the presence of H2O2 [20], a complex is
formed between maganic ion and malonate, which
absorbs at 270 nm (Є270 =11590 M-1cm-1). One unit
was defined as the amount of enzyme that oxidized 1
μmol Mn2+ per minute under reaction conditions.
Total protein contents were estimated using the
Bradford method with crystalline bovine serum
albumin (BSA) as standard [21] .The concentrations
of protein in the different fractions from the
chromatography were determined at 280 nm.
Purification of Manganese Peroxidase (MnP)
Fractional precipitation of protein was
achieved using ammonium sulfate method. The
concentration of ammonium sulfate was first
optimized, after that crude enzyme was kept in
chilled water and crystals of (NH4)2SO4 were added
to get 85 percent saturation at zero temperature and
placed at 4oC for overnight. Then it was centrifuged
at 10,000 × g for 20 min. at 4oC.
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The resulting pellets were collected,
dissolved in minimum amount of phosphate buffer
(pH 6.0) and dialyzed (membrane with a molecular
weight of 8000 Da ) several times against distilled
water to remove salts by continue stirring. The
dialyzed sample was filtered through 0.4 μm
Millipore filter and the resulting solution was loaded
onto a DEAE-sepharose (3 x100 centimeter) column
with a flow rate of 10 mL/min, equilibrated with 4
mM phosphate buffer (pH 6.0). The active fractions
from ion-exchange chromatography were collected
and pooled collectively, loaded onto gel filtration
column (2.6 x 100 cm) filled with Sephadex G-75
and equilibrated with the same buffer. A fraction with
high MnP activity were pooled and after each
purification step, the total protein content and
enzyme activity was measured to calculate specific
activity and purification factor.
Enzyme Catalytic Activity and Enzyme Stability
The enzyme catalytic activity of manganese
peroxidase at different pH levels was measured for
manganese sulphate using 1 mM of buffers in the pH
range of 3-10 at room temperature. To examine the
effect of pH on the stability of enzyme, the purified
enzyme was incubated in the buffer with different pH
levels at room temperature for 1h. The samples were
then withdrawn after interval and tested for activity at
room temperature using manganese sulphate as the
substrate. The thermo-stability was investigated by
pre-incubating the enzyme in phosphate buffer, at
particular temperatures ranging from 25 to 70 °C for
5 min at its optimum pH, the remaining activity
values were determined under the standard assay
conditions. The experiments were carried out in
duplicate.
Irreversible Thermal Denaturation
Kinetics
and
thermodynamics
for
irreversible thermal denaturation of MnP was
determined by incubating the enzyme in phosphate
buffer (pH 6.0) at different temperatures in the
absence of substrate. Fractions were withdrawn at
specific time period, chilled on ice coldwater for 3 h
[22] and assayed for residual enzyme activity as
described above. This procedure was repeated at
various temperatures ranging from 50 to 65 °C. The
data was fixed to 1st order plots. From a semilogarithmic plot of residual activity vs. time, the
denaturation constants (kd) were calculated and
perceptible half-lives were estimated. The
temperature dependence of kd was investigated from
the Arrhenius plot, the activation energy (Ea) for
thermal denaturation was calculated from the slope of
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the plot as described previously [23]. Activation
enthalpy (ΔH*) for thermal denaturation was
calculated according to the following equation:
ΔH* = Ea-RT

i

ΔG* = - RT ln (kd,h/kb.T)

ii

ΔS* = (ΔH*- ΔG*)/T

iii

Extraction of Phenolic Compounds
Five gram of wheat bran was mixed with 100
ml of 65% (v/v) ethanol (methanol and acetone) and
then sonicated for 30 min at 50˚C in an ultrasonic water
bath independently. The mixture was immediately
filtered under vacuum, and then evaporated the solvent
by incubating at 50˚C in an oven [24] .Then subjected
to quantify the Phenolic contents by Folin-Ciocalteu
method [25].
Estimation of Phenolic Contents
1.5 mL of 10 fold diluted Folin-Reagent was
added into 0.2 mL phenolics extract, Shake well and
allowed for 5 minutes then Add 1.5 mL Sodium
carbonate solution (60 g/L). Incubated at room
temperature for 90 min and recorded absorbance at 725
nm.Used distilled water in blank sample instead of
phenolics extract. Exploited different FA concentration
(10, 20, 30----50 µg FA/reaction) in standard as an
alternative of sample and then added other reagent as
shown in phenolic estimation.
Enzymatic Dye Decolorization
Dye decolorization capability of the purified
enzyme, obtained from Agaricus bisporus A21 SmF
culture, was accessed using orange G. Reaction
mixture contained, 50 ppm dye concentration, 0.5mL
of 1mM MnSO4, varying concentration of enzyme
(100 uL-300uL per 1.3 mL) 250µL of 0.1mM H2O2
in 50 mM sodium malonate buffer (pH 4.5), in a total
volume of 1.35 ml in an Eppendorf tube. The reaction
mixture was placed at 30 °C in dark and the percent
removal was determined by monitoring the decrease
in lambda max of orange G (475 nm) dye in a UV–
Vis Spectrophotometer and expressed in terms of
percentage. Whereas control contained heat
inactivated enzyme. Wheat bran extract was used as a
natural redox mediator for the biotransformation of
dye.
UV–Vis Spectral Analysis
Orange G decolorization was determined by
computing the decrease in optical density of the dye
at the wavelength of maximum absorbance (λmax
475 nm) in a UV–vis spectrophotometer (Cary 3 Bio,
Varian, UK) and expressed in percentage. Control
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samples were also run parallel and contained the
reaction mixture without enzyme. All experiments
were conducted in triplicate and data were presented
as mean ± SD.The percentage decolorization was
calculated as follows:
% Decolorization =
Initial absorbance−Observed absorbance
Initial absorbance

×100

HPLC analysis
The biotransformation product of Orange G
was monitored through Reversed phase-HPLC
analysis (Agilent 1100 series, Agilent, Waldbronn,
Germany). Enzyme treated and control samples were
vortex well and filtered through 0.45 μm syringe
filter then injected (10 μL) into ZORBAX SB C-18
(Applied Biosystems) column and eluted using 60%
acetonitrile at the flow rate of 1 mL min−1. The
eluate was monitored at 475 and 450 nm and scanned
at the range of 200–700 nm in a diode array detector.
Results and Discussion
Purification of Manganese Peroxidase
The biosynthesis of MnP from A. bisporus
A21 was carried out in 250 mL flasks under optimal
condition during the decolorization of NOVACRON
reactive dye [18].Crude MnP was purified using
ammonium sulphate precipitation, DEAE-Sepharose
column chromatography and gel filtration (SephadexG 75). The purification results in Table-1 show that
the culture broth contains a high proportion of
contaminating peptides and protein (with 1067 mg of
total proteins having specific activity 73.66 U/mg,
which clearly demonstrated that ammonium sulphate
precipitation reduces this amount considerably and
also removes peptides which interfere with the
manganese peroxidase assay [26]. After ammonium
sulphate precipitation the specific activity of MnP
increased. The partially purified MnP sample was
fractionated on a DEAE-Sepharose column
chromatography and gel filtration with % age
recovery of 9.39 and 6.9 respectively.
The specific activity of purified MnP was
found to be 624.94 U/mg which is greater that the
specific activity reported for MnP from Pleurotus
ostreatus [27].

862

The eluted enzyme showed a single
symmetrical peak from gel filtration column. MnP
yield obtained by this procedure was low (6.9 %),
nevertheless, our goal was to purify and characterize
the enzyme.[28] purified manganese peroxidase from
Lenzites betulinus using ammonium sulphate
precipitation, ion-exchange chromatography and gel
filtration on Sephadex G-75.The specific activity of
purified MnP was 125 U/mg having 625 purification
factor.
% yield = Total enzyme activity of each step x 100
Specific activity of crude enzyme
Purification fold = Specific activity of each step
Total enzyme activity of crude
Temperature Stability and pH Optimum
The effect of pH on enzyme activity and
stability was examined after 1 h of incubation. As can
be seen in Fig. 1, the maximum rate of manganese
sulphate oxidation was observed at around pH 6.0, a
further rise in pH was found to deactivate the MnP
protein, pH appear to be crucial parameter regarding
MnP activity, it is worth mentioning that manganese
peroxidase remains active within the pH range of 310 which may be interesting for wide range of
applications. Similar to our findings, a pH optimum
6.0 has been reported for MnP isolated from Irpex
lacteus [29]. Previously the optimum pH for
manganese peroxidase isolated from different white
rot fungi has been reported in the range of 4-7 [3034]. Whereas the MnP produced by S. commune
grown on banana stalks solid state culture was
optimally active at pH 5 [35].

Fig. 1:

Effect of pH on the activity of manganese
peroxidase.
Table-1: Purification of manganese peroxidase (MnP) producing while the decolorization of Reactive black
dye by Agaricus bisporus A21 through different techniques
Purification Steps

Total volume(mL)

Total enzyme activity(IU)

Total protein content (mg)

Specific activity (U/mg)

Yield(%)

Purification(fold)

Crude Enzyme
(NH4)2SO4Precipitation
Dialyzed enzyme
DEAE-Sepharose
Sephadex-G
75

1000
100
100
15
10

78600
53980
49560
7320
5487

1067
93
83.23
12.13
8.78

73.66
580.43
595.45
610
624.94

100
68.60
63.0
9.30
6.9

1
7.88
8.08
8.28
8.48
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While the results presented in Fig. 2 showed
that a preliminary increase in temperature increased
the enzyme activity, might be due to by increasing
the kinetic energy of the molecules and increasing the
interaction between enzyme active site and
interacting groups of the substrate. It was found that
the optimum temperature of Manganese peroxidase
was 40˚C above and below this temperature activity
was dramatically decreased. Our outcomes are
complete agreement with, the optimum temperature
of purified MnP secluded from Phanerochaete
chrysosporium
was
40°C
[36].
Optimum
temperatures of Manganese peroxidase have been
reported in the range of 40-60°C, isolated from
various white rot fungi [30-34]. According to the [29]
MnP from Irpex lacteus was stable in the range of 30
to 40̊ C, whereas MnP from another WRF strain,
Rhizoctonia sp. SYBC-M3 was stable at 55°C [37].
While the isozyme MnP2 produced by Lentinula
edodes in SSF of corn cobs had 40̊ C optimum
temperature [38].
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Irreversible Thermal Denaturation of MnP
Denaturation is a process in which proteins
lose the tertiary structure and secondary structure
which is present in their native state,
Thermodynamics and activation parameters provide a
detailed mechanism for many chemical and
biological reactions [41]. Thermal denaturation of
enzymes occurs as:
Native enzyme ↔ Unfolded inactive enzyme →
Inactivated enzyme
Unfolding is studied to determine the
conformational stability of the enzyme. Kinetics and
thermodynamics of irreversible thermal denaturation
of manganese peroxidase was studied at different
temperature ranging from 50 to 65 °C using
phosphate buffer (pH 6.0) in the absence of substrate.
The thermodynamic parameters were
determined from Arrhenius plot Fig. 3. The half life
(t1/2) of MnP was decrease and inactivation constant
(kd) was increase as we increase the incubation
temperature, the value of enthalpy of denaturation
and free energy of denaturation were 39.78 kJmol-1
and 286.41 kJmol-1 respectively. The opening up of
enzyme structure is accompanied by an increase in
disorder in entropy (ΔS*) [42] but converse to this we
found that the entropy of deactivation (ΔS*) of MnP
was decrease as we increased the temperature (Table2).
Table: 2. Kinetics and thermodynamic parameters
for irreversible thermal denaturation of manganese
peroxidase from Agaricus bisporus A21

Fig. 2:

Effect temperature on MnP activity.

The kinetics constants (Km and Vmax,)
values for the enzyme, using manganese sulphate as
substrate, were determined by Lineweaver-Burk
plot.This was achieved by incubating specific amount
of enzyme with different concentrations of
manganese sulphate as a substrate (1-35 mM). The
maximum rate achieved during this was 231 U/mL
while Michaelis–Menten constants (Km) of MnP for
Mn+2 was relatively low (3.33 mM) revealing a
binding site with higher substrate affinity. The mode
of action of MnP is reported to involve Mn+3
diffusing out of the active site which in turn acts as a
nonspecific oxidant that attacks phenolic lignin
structures by one-electron abstraction [39]. [40]
reported that the Km value of fungus Irpex lacteus
MnP using manganese peroxidase as substrate was
21.4 µmolL-1.

Temp.(K)

Kd (min-1)

t1/2(min-1)

ΔH*
(kJmol-1)

ΔG*
(kJmol-1)

ΔS*
Jmol-1K-1)

323
0.0089
77.65
39.91
272.12
-707.94
328
0.0134
51.86
39.87
277.35
-713.18
333
0.0148
46.67
39.82
281.75
-715.77
338
0.0178
38.86
39.78
286.41
-719.04
Activation energy (Ea) of denaturation is 42.64 kJmol-1 calculated from
Fig.1. 4.
Half life (t1/2) = 0.693/kd
ΔS* = (ΔH*- ΔG*)/T
ΔG* = - RT ln (kd,h/kb.T)

Thermal denaturation of enzymes is escorted
by the disruption of non-covalent linkages, including
hydrophobic interactions, with concomitant increase
in the enthalpy of activation (ΔH*) [43].The
activation energy (Ea) calculated from Arrhenius
plots for MnP isolated from Agaricus bisporus A21
was 42.64 kJmol-1 (Fig. 3).
A decrease in ΔH* was also observed with
increase of temperature which indicated that less
energy is required to denature the MnP at higher
temperature. Moreover, a high value of free energy
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change (ΔG*) showed that MnP exhibited a
resistance against thermal unfolding at higher
temperature. These results are analogous to the
reported outcome in which a decrease in entropy of
activation (ΔS*) and increase in free energy change
(ΔG*) for thermal inactivation has been investigated
for various enzymes [44].
0
-1
-2

ln K d

-3
-4
-5
-6
-7
-8
-9
2 .8 9

2 .9 3

2 .9 7

3 .0 1

3 .0 5

1000/T (K)

Fig. 3:

Arrhenius plot for the activation energy of
thermal denaturation of MnP.
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The dye decolorization was represented by a decrease
in absorbance and the absorbance spectral pattern of
each recovered dye solution was similar to that of the
initial one (Fig. 5) indicated that there was no any
biotransformation of parent dye while in case of dye
treated by enzyme in the presence of phenolic extract
the absorbance spectral pattern of each recovered dye
solution was not alike to that of the original one.
Common decline of this kind is usually attributed to
dye degradation rather than adsorption [47].
The results clearly indicated that there was
only 20% transformation of orange dye by 300 uL of
partially purified enzyme alone (Fig. 5). However
when 100 uL enzyme was mediated by 300 uL of
natural redox mediators of wheat bran then the rate of
removal was more than threefold (96.84%) then the
MnP alone within 1h Fig. 6. Indicate that manganese
peroxidase exhibit highly efficient decolorization
potential in the presence of natural mediator of wheat
bran (Fig. 7).
O ra n g e G C o n tr o l
O ran g e G + 50 u L en zym e

1 .8

O ra n g e G + 1 0 0 u L e n z ym e

1 .6

O ra n g e G + 2 0 0 u L e n z ym e

At low temperatures and in the presence of
urea, several protein like lacto- globulin are
denatured [45] and shows decrease in entropy which
might be due to water ordering increases in the
vicinity of non-polar amino acids which are exposed
during unfolding [46].This ordering of water around
hydrophobic residues is disrupted at higher
temperatures; so as to concord to our findings.
5

O ra n g e G + 3 0 0 u L e n z ym e

1 .2
1 .0
0 .8
0 .6
0 .4
0 .2
0 .0
300

400

500

600

700

800

900

1000

W a v e le n g t h n m

Fig. 5:

T= 50,55,60,65

4

UV-visible spectra (300–900 nm) of
enzymatic (50-300 uL of partially purified
MnP) transformation of dye.
C ontrol O ran ge G

1.8
1.6

3

1.4

2

0

10

20

30

40

50

60

70

T ime (min)

Fig. 4:

Irreversible
thermal
Manganese peroxidase.

denaturation

of

Dye decolorization by partially purified Manganese
Peroxidase
The partially purified enzyme was utilized
for enzymatic decolorization activity using orange G
dye. A spectrophotometric scanning (300–900 nm) of
the orange G dye showed a single peak at 475nm.

Absorbance

ln% residaul activity

1 .4

1.2

O range G +100uL en zy me +100 uL w heat bran E xtract

1.0
0.8
0.6

O range G +100uL en zyme +300 uL w heat b ran E xtract

0.4
0.2
0.0
300

400

500

600

700

800

900

1000

W avelength nm

Fig. 6:

UV-visible spectra (300–900 nm) of
enzymatic transformation of dye in the
presence of 100 and 300 uL phenolic extract
of wheat bran.
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100
90
80
70
60

% Decolorization
50
40
30
20
10
0
% decolorization at 50,100,200,300 uL
of enzyme concentration

50

100

200

300

3.41

6.25

10.23

19.32

% Delcolorizatio in presence of 100 uL
enzyme +100 uL Extract

78

% Decolorization in presence of 100
uL enzyme+ 300 uL extract

96

Enzyme concentration (uL)

Fig. 7:

Decolorization of dye by MnP alone and in the presence of phenolic extract of wheat bran.

HPLC analysis

60

OrangeG

50

40

mA

Then all the treated samples were subjected
to
RP-HPLC
analysis
(Reversed-phase
chromatography, which separates molecules on the
basis of differences in their hydrophobicity. The
components of the analyte mixture pass over
stationary-phase particles bearing pores large enough
for them to enter, where interactions with the
hydrophobic surface removes them from the flowing
mobile-phase stream to detect orange G
transformation products. The HPLC chromatogram
profiles of control Orange G shows a single peak at
the retention time of 1.5 min (Fig. 8a). In the
presence of Manganese Peroxidase, in addition to
orange G peak there is a new peak appeared at
retention times of 1.8 min (Fig. 8b) whereas as the
reaction mixture is mediated by 300 uL natural redox
mediators the original dye peak was completely
disappeared and two new peak was appeared at 2.0
min and 2.3 min (Fig. 8d) from which we suggest
that orange G is completely transformed into
different products. HPLC results clearly depicted that
as the concentration of natural redox mediators is
increased the rate of transformation of xenobiotic
compounds was also increased and original
compound was completely disappeared when the
concentration of natural phenolic compounds was
upto 300 uL.

30

20

10

0
-1

0

1

2

3

4

5

6

RetentionTime(min)
Fig. 8(a): Control dye.
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Conclusions

10

In view of the results obtained, it can be
concluded that: the newly isolated white rot fungal
strain, Agaricus bisporus A21, is higher Manganese
peroxidase producer under the optimum conditions so
as to permits to maintain the culture in the more
productive state. From kinetic and thermodynamics
studies it was suggested that Manganese peroxidase
was quite thermo-stable at higher temperature hence
could be use for industrial applications. The
remarkable thermo-stable potential of Manganese
peroxidase makes this enzyme attractive for
biotechnological applications, e.g.in pulping and
bleaching of cellulose and in removing of hazardous
wastes. All these applications are dependent on the
feasible production of the enzyme at high scale and
on its long term thermal stabilization. Thus
Manganese peroxidase could be use as versatile
biocatalyst in biotechnological processes.
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