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Yakup Kolcuoğlu a, Ahmet Colak a,*, Ertuğrul Sesli b, Melike Yildirim a, Nagihan Saglam a

a Department of Chemistry, Karadeniz Technical University, 61080 Trabzon, Turkey
b Department of Science Education, Karadeniz Technical University, 61335 Trabzon, Turkey

Received 4 April 2005; received in revised form 16 February 2006; accepted 16 February 2006
Abstract

In this study, Macrolepiota mastoidea, a wild edible mushroom, was evaluated for its polyphenol oxidase potential. Native electro-
phoresis, stained by L-dihydroxyphenylalanine, of the crude extracts from this species showed two bands having Rf values of 0.38 (minor)
and 0.50 (major), supporting a polyphenol oxidase potential. The crude extracts showed monophenolase activity against 3-(4-hydroxy-
phenyl)-propionic acid and diphenolase activity against 4-methylcatechol as substrates. Monophenolase and diphenolase activities of
enzyme extract prepared from M. mastoidea showed pH optimum values at pH 6.0 and pH 4.0, respectively. The extracts retained about
100% and 60% of their original monophenolase and diphenolase activities at their optimum pH values, respectively. It was estimated
from thermodynamic data that M. mastoidea had a thermostable monophenolase activity. Thiourea and ascorbic acid were highly poten-
tial inhibitors for monophenolase, and ascorbic acid and sodium metabisulphite for diphenolase activity. It is clear from the present
results that the enzyme extracts prepared from M. mastoidea possess polyphenol oxidase activities with interesting properties.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Polyphenol oxidase (PPO) is a copper enzyme which cat-
alyzes two different reactions in the presence of oxygen: the
hydroxylation of monophenol to o-diphenols (monopheno-
lase activity) and the oxidation of o-diphenols to o-qui-
nones (diphenolase activity) which, in turn, are
polymerized to brown, red, or black pigments (Mason,
1948; Prota, 1988). PPOs are essential for melanization
(Mayer & Harel, 1979). In mammals, melanins are mainly
found in skin and hair, and they have a protective function
against UV radiation. In lower organisms, melanins are
also protective polymers that constitute a primary response
against chemicals and free radicals, toxic metal ions (Jac-
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obson, 2000). PPO activity has also been found in plants
and plays an important role in plant metabolism, including
the respiration system, intermediary metabolism, regula-
tion of the oxidation–reduction potential, antibiotic effects,
and wound-healing (Mayer, 1987). In addition, enzymatic
browning is the main function of PPOs in fruits and vege-
tables, and it is often undesirable and responsible for
unpleasant sensory qualities and losses in nutrient quality
(Sanchez-Amat & Solano, 1997).

PPO, especially having monophenolase activity, is very
important for use in the removal of phenols from wastewa-
ter (Duran & Esposito, 2000). A PPO-modified solid com-
posite biosensor has been developed, and its application for
the determination of phenol and related compounds in
environmental samples was studied (Svitel & Miertus,
1998). In addition, monophenolase activity of PPO
also attracts scientific interest for use in the synthesis of
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L-DOPA, used for the treatment of Parkinson’s disease
(Ahmed & Vulphson, 1994).

The fruiting bodies of Macrolepiota mastoidea (Fr.)
Singer which is a member of Agaricaceae family grow,
solitary to gregarious, in open hardwood forests, under
brush, on soil among grasses and herbs in collecting
areas. The growing season of the mushroom is summer-
fall in Turkey, and it can be found in large quantities
in the collection area (Maçka, Trabzon, Turkey). The
pileus of fructification organs is 70–150 mm across, pale
ochre to brown, ovoid when young, later campanulate,
plane when old, with a papilla. The flesh of the mush-
room is white, thick in the centre of the pileus, thin
toward the margin, with faint odour, mild taste. The stipe
of the fruiting body is 80–150 · 8–15 mm, cylindrical,
solid when young, hollow when old, pale ochre and floc-
cose to smooth. Macrolepiota species are used as medi-
cine for stomach and heart diseases by the people in
the collection area. M. mastoidea is one of the com-
monly-consumed wild mushrooms in the collection area
for its nutritional value (33% protein, 55% total carbohy-
drate, 4.5% crude fat, unpublished data) when it is abun-
dantly available. Some local people dry fresh mushrooms
in order to preserve them for future use. All of these fac-
tors increase its economic importance.

In this work, the characterization of PPO from M. mas-

toidea, a wild edible mushroom, was studied in terms of
substrate specificities, thermal activation and stability, pH
optimum and stability, and degrees of inhibition by general
PPO inhibitors. In addition, the effects of some metal ions
on PPO activity were studied.

2. Materials and methods

2.1. Materials and chemicals

M. mastoidea (Fr.) Singer, Lilloa 22: 417(1951) [1949],
Lepista nuda (Bull.:Fr.) Corumooke, Handkea excipulifor-

mis (scop.) Pers., Nova Hedwigia 48 (3–4): 283 (1989),
and Amanita rubescens var . rubescens (Pers.) Gray, Tent.
disp. meth. Fung.: 71 (1797) were collected directly from
the Lis�er Plateau-Maçka (Trabzon, Turkey). The mush-
rooms were carried into the laboratory in liquid nitrogen,
with a nitrogen Dewar flask. The extracts were prepared
as quickly as possible after the mushrooms were brought
into the laboratory and stored deep-frozen at �30 �C until
used.

Substrates and 3-methyl-2-benzothiazolinone hydrazone
(MBTH) were purchased from Sigma Chemical Co. (St.
Louis, MO, USA) and the other reagents were of analytical
grade and used as obtained.

2.2. Enzyme extraction

Crude enzyme fractions were prepared as reported pre-
viously (Dincer, Colak, Aydın, Kadioglu, & Güner, 2002;
Colak, Özen, Dincer, Güner, & Ayaz, 2005). Mushrooms
(10 g) were placed in a Dewar flask under liquid nitrogen
for 15 min in order to decompose cell membranes. The
cold mushrooms were separately homogenized by using
a blender in 10 ml of acetate buffer (pH 4.0 and pH
5.0), phosphate buffer (pH 6.0 and pH 7.0), or Tris–
HCl buffer (pH 8.0) containing 2 mM EDTA, 1 mM
MgCl2, 1 mM phenylmethylsulfonyl fluoride (PMSF)
and 6% (w/v) Triton X-114, for 10 min at 4 �C. All of
the buffers were cold and at 50 mM concentration. The
homogenate was filtered and kept at 4 �C for 60 min
before being centrifuged at 17.000g for 20 min at 4 �C.
The supernatant was stored at �30 �C and used as crude
enzyme.

2.3. Protein determination

Protein quantity in the enzyme extracts was determined
according to the Lowry method with bovine serum albu-
min as standard (Lowry, Rosebrough, Farr, & Randall,
1951). The values were obtained by graphic interpolation
on a calibration curve at 650 nm and it was found that
the crude extract from M. mastoidea had an average of
2.9 ± 0.1 mg/ml of protein.

2.4. Enzyme assay

Polyphenol oxidase (PPO) activity was assayed by
measuring the rate of increase in absorbance at a given
wavelength, using an ATI Unicam UV2-100 double
beam UV–Vis spectrophotometer (ATI Unicam, Cam-
bridge, UK), as described previously (Colak et al.,
2005; Dincer et al., 2002; Yildirim et al., 2005). The
activity was determined by using different mono- or
diphenolic compounds by measuring the increase in
absorbance at 494 nm for 4-methylcatechol and 500 nm
for all other substrates (Espin, Morales, Varon, Tudela,
& Garcia-Canovas, 1995). The assay mixture contained
substrates (stock 100 mM), an equal volume of MBTH
(stock 10 mM), and 20 ll of dimethylformamide
(DMF), and the solution was diluted to 950 ll with buf-
fer. After dilution, 50 ll of enzyme extract were added.
The reference cuvette included all the reactants except
the crude enzyme. One unit of PPO activity was defined
as 1 lM of product formed per min in 1 ml of reaction
mixture. Specific activity was defined as units of enzyme
activity per mg of protein (Kong, Hong, Choi, Kim, &
Cho, 2000; Yildirim et al., 2005).

2.5. Screening of mushrooms for their PPO potentials

The mushrooms were screened for their PPO potentials
by the method reported previously (Colak et al., 2005; Din-
cer et al., 2002; Espin et al., 1995; Özen, Colak, Dincer, &
Güner, 2004). In the crude enzyme extracts prepared within
different buffers, as described above, the PPO activity was
determined by using 50 mM phosphate buffer, pH 7.0 as
buffer and 4-methylcatechol as substrate.
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2.6. Characteristics of the crude enzyme

2.6.1. Substrate specificity and enzyme kinetics

PPO activity was determined by using L-tyrosine and
3-(4-hydroxyphenyl)-propionic acid (PHPPA) as mono-
phenolic substrates and 4-methylcatechol, catechol and L-3,
4-dihydroxyphenylalanine (L-DOPA) as diphenolic sub-
strates with MBTH (Espin et al., 1995) in 50 mM buffer
at optimum pH of each substrate.

The kinetic data were plotted as reciprocals of activities
vs. substrate concentrations. The Michaelis–Menten con-
stant (Km) and maximum velocity (Vmax) values were deter-
mined as the reciprocal absolute values of the intercepts on
the x- and y-axes, respectively, of the linear regression
curve. Substrate specificity (Vmax/Km) was calculated by
using the data obtained on a Lineweaver–Burk plot
(Lineweaver & Burk, 1934).

2.6.2. Effect of pH on PPO activity and pH stability

The effects of pH on the monophenolase and diphe-
nolase activities were determined by using PHPPA and
4-methylcatechol, respectively, with the following buffers
(50 mM) at the indicated pH; glycine–HCl buffer (pH
3.0), acetate buffer (pH 4.0 and pH 5.0), phosphate buf-
fer (pH 6.0 and pH 7.0) and Tris–HCl buffer (pH 8.0
and pH 9.0). The optimum pH obtained for both sub-
strates was used for determining thermal properties
and other parameters (Colak et al., 2005; Özen et al.,
2004).

The pH stability was determined by incubating the
enzyme extract in the above buffer for 24 h at 4 �C. At
the end of the storage period, the activity was assayed by
using 50 mM phosphate buffer, pH 6.0, for PHPPA and
50 mM acetate buffer, and pH 4.0 for 4-methylcatechol
(Colak et al., 2005; Özen et al., 2004).

2.6.3. Effect of temperature on PPO activity and thermal

stability
PPO activity was assayed at various temperatures over

the range 10–70 �C, using a circulation water bath. The
reaction mixtures at the optimum pH of each substrate,
containing all the reagents except crude enzyme, were incu-
bated for 5 min at various temperatures as indicated above.
The enzyme extract was added to the mixtures and the
activity of PPO was determined spectrophotometrically at
500 nm for PHPPA and 494 nm for 4-methylcatechol as
rapidly as possible.

In order to determine the thermal stability of the
enzyme, the enzyme extracts in Eppendorf tubes were incu-
bated at various temperatures of 20–80 �C with 10 �C
increments for 60 min, rapidly cooled in an ice bath for
5 min, and then brought to 25 �C. After the mixture
reached room temperature, the enzyme activity was
assayed under the assay conditions. The percentage resid-
ual PPO activity was calculated by comparison with unin-
cubated enzyme (Colak et al., 2005; Dincer et al., 2002;
Yildirim et al., 2005). The data obtained from the thermal
stability profile were used to analyze some thermodynamic
parameters.

2.6.4. Effect of protein concentration on PPO activity

PPO activity, as a function of protein concentration,
was determined in a protein concentration range of 0.01–
0.5 mg/ml for PHPPA and 0.005–0.25 mg/ml for 4-methyl-
catechol. The activity was assayed under standard condi-
tions using various volumes of the enzyme extract
(Yildirim et al., 2005).

2.6.5. Effect of various inhibitors on enzyme activity

Sodium azide, benzoic acid, sodium metabisulfite, ascor-
bic acid, thiourea, and cysteine were evaluated for their
effectiveness as inhibitors of PPO activity. An aliquot of
each inhibitor at various final concentrations was added
to the standard reaction mixture immediately before the
addition of enzyme extract. Relative enzymatic activity
was calculated as a percentage of the activity in the absence
of inhibitor. The concentration of inhibitor giving 50%
inhibition (IC50) was determined from plot of residual
activity against inhibitor concentration (Colak et al.,
2005; Yildirim et al., 2005).

2.6.6. Effect of metal ions on PPO activity

The PPO activity was measured in the presence of
Mn2+, K+, Co2+, Al3+, Ca2+, Ni2+, Cu2+, Zn2+, Hg2+and
Cd2+ at 1 mM final concentration under the standard con-
ditions. The percentage remaining activities were expressed
by comparison with standard assay mixture with no metal
ion added (Yildirim et al., 2005).

2.6.7. Native polyacrylamide gel electrophoresis

Before electrophoresis, the enzyme extract was precipi-
tated using an equal volume of cold acetone (�30 �C).
The acetone precipitate was collected and left for 24 h at
4 �C to remove acetone. After that, the precipitate was dis-
solved in 50 mM phosphate buffer (pH 6.0). After being
stirred for 5 min, the suspension was centrifuged at
5000 rpm for 5 min. The supernatant was used as the
enzyme sample for electrophoresis (Duangmal & Owusu
Apenten, 1999).

Native polyacrylamide gel electrophoresis was per-
formed on a Hoeffer SE 600 Series Electrophoresis dual
slab cell unit (California, USA), using preparative 8% poly-
acrylamide gels (Laemmli, 1970) under native conditions.
After electrophoresis, the gel was stained for PPO activity
in 24 mM L-DOPA.

3. Results and discussion

In the present study, polyphenol oxidase (PPO) poten-
tials of four mushroom species were evaluated. The screen-
ing of PPO activities in the presence of 4-methylcatechol
showed that M. mastoidea possessed the greatest PPO
activity (Table 1). In all of the studies, the M. mastoidea

enzyme extract prepared with 50 mM acetate buffer, pH



Table 1
Polyphenol oxidase potentials of the mushroom species in the presence of 4-methylcatechol as a substrate

Extraction pH Specific activity (lM min�1 mg protein�1)

4.0 5.0 6.0 7.0 8.0

Macrolepiota mastoidea 164 ± 2.2 145 ± 2.0 78.9 ± 0.8 17.3 ± 0.5 10.2 ± 0.5
Lepista nuda 99.5 ± 1.5 99.4 ± 1.6 82.1 ± 0.8 77.4 ± 1.2 75.2 ± 1.4
Handkea excipuliformis 17.2 ± 0.5 15.0 ± 0.2 4.3 ± 0.2 3.7 ± 0.2 No activity
Amanita rubescens 97.2 ± 1.7 83.7 ± 1.3 No activity No activity No activity

Table 2
Substrate specificities of M. mastoidea crude polyphenol oxidase

Substrate Wavelength (nm)a Relative Activity (%)

Monophenols
L-Tyrosine 500 1.8 ± 0.3
PHPPA 500 100 ± 2.4

Diphenols
4-Methylcatechol 494 100 ± 2.5
Catechol 500 66.8 ± 1.6
L-DOPA 500 13.5 ± 0.5

a Espin et al., 1995.
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4.0 was used because the PPO activity was highest in this
crude enzyme extract.

Native polyacrylamide gel electrophoresis resulted in
two isoforms of M. mastoidea PPO, having Rf values of
0.38 (minor) and 0.50 (major), respectively, indicating the
presence of at least two PPO isoenzymes (Fig. 1). Two to
four PPO isoenzymes have been reported for different
fruits. Park and Luh (1985) reported four forms of PPO
as isoenzymes in kiwis. Rivas and Whitaker (1973)
reported the existence of two types of PPO in Bartlett pears
and Flurkey and Jen (1980) reported three types of PPO in
peach.

3.1. Substrate specificity and enzyme kinetics

L-Tyrosine and 3-(4-hydroxyphenyl)-propionic acid
(PHPPA) as monophenolic substrates, and 4-methylcate-
chol, catechol and L-3,4-dihydroxyphenylalanine (L-
DOPA), as diphenolic substrates were tested for substrate
specificity of the M. mastoidea PPO. While 4-methylcate-
chol, catechol, L-DOPA, and PHPPA were oxidized by
crude M. mastoidea PPO, there was no significant oxida-
tion of L-tyrosine (Table 2). The crude enzyme showed
the greatest activity toward PHPPA as monophenolic sub-
strate and 4-methylcatechol as diphenolic substrate. The
relative activities of the enzyme, based on the wavelength
maximum of the product, were compared with the activi-
ties in the presence of PHPPA as 100% for monophenolase
activity and in the presence of 4-methylcatechol as 100%
Fig. 1. Activity staining for PPO from M. mastoidea mushroom with
24 mM L-DOPA.
for diphenolase activity. These results are consistent with
the previous reports on the mushroom PPOs containing
both monophenolase and diphenolase activities (Fenol
et al., 2000; Ratcliffe, Flurkey, Kuglin, & Dawley, 1994;
Zhang & Flurkey, 1997; Seo, Sharma, & Sharma, 2003).
In addition, extracted PPO from different sources has been
shown to have varying substrate specificity (Wong, Luh, &
Whitaker, 1971; Jen & Kahler, 1974).

Substrate saturation curves for PHPPA and 4-methyl-
catechol indicated that the M. mastoidea PPO follows
simple Michaelis–Menten kinetics. Michaelis–Menten con-
stants (Km) and maximum reaction velocities (Vmax) were
determined using PHPPA and 4-methylcatechol at various
concentrations. The Lineweaver–Burk plot analysis of this
enzyme preparation showed 2.7 and 5.3 mM Km values,
and 41.0 and 384.6 lM min�1 mg protein�1 Vmax values
for PHPPA and 4-methylcatechol, respectively. Abukh-
arma and Woolhouse (1966) reported that 4-methylcate-
chol was the preferred substrate for PPO from the King
Edward variety of potato. Walker (1995) also noted that
4-methylcatechol was usually the best substrate for plant
diphenolases. However, there have been few studies on
monophenolase activity (Rodriguez-Lopez, Tudela, Varon,
Garcia-Carmona, & Garcia-Canovas,1992; Rodriguez-
Lopez et al., 1992).

3.2. Effect of pH on PPO activity and stability

Different pH optima were determined for each substrate.
The pH optima were 6.0 in the presence of PHPPA as a
monophenolic substrate and 4.0 in the presence of 4-meth-
ylcatechol as a diphenolic substrate (Fig. 2). The pH opti-
mum for 4-methylcatechol was found to be very broad
between 3.0 and 5.0, with more than 90% of the maximum
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Fig. 2. pH-activity profile for M. mastoidea PPO in 50 mM Glycine–HCl
buffer (pH 3.0), in 50 mM acetate buffer (pH 4.0 and pH 5.0), in 50 mM
phosphate buffer (pH 6.0 and pH 7.0), and in 50 mM Tris–HCl buffer (pH
8.0 and pH 9.0).
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activity occurring between these limits. The second peak of
diphenolase activity at pH 7.0 might indicate different
enzymatically-active diphenolase isoforms present in the
crude enzyme preparations (Van Gelder, Flurkey, &
Wichers, 1997). Differences in PPO pH optima with various
substrates were reported (Aylward & Haisman, 1969),
varying from 4.0 to 7.0, depending on the origin of the
material, extraction method and substrate used for assay.

The pH stability of the enzyme was examined by incu-
bating the crude enzyme extract at different pH values at
4 �C for 24 h (Fig. 3). M. mastoidea monophenolase activ-
ity was stimulated by approximately 71% and 12%, by
keeping at pH 4.0 and pH 7.0, respectively, and retained
all of its original activity at pH 6.0 and 8.0 but was not sta-
ble at pH 3.0. It was reported that pear PPO was unstable
at pH values below 3.5 (Rivas & Whitaker, 1973) and plum
PPO was unstable below 4.0 (Siddig, Sinha, & Cash, 1992).
M. mastoidea diphenolase activity retained more than 95%
of its original activity at physiological pH values. Incuba-
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Fig. 3. pH stability of M. mastoidea monophenolase and diphenolase.
tion of the enzyme for 24 h at pH 4.0, 5.0 and 6.0 caused
41%, 51% and 27% loss of activity, respectively.

3.3. Effect of temperature on PPO activity and thermal

stability

Thermal activity data for both enzyme activities are pre-
sented in Fig. 4. The optimum temperatures were 30 �C
and 20 �C for monophenolase and diphenolase activity,
respectively. It appears that the diphenolase activity is
more sensitive to temperatures above 40 �C. Optimum tem-
perature values of monophenolase and diphenolase activi-
ties were similar to those of Amasya apple (18 �C)
(Oktay, Küfrevioğlu, & S�akiroğlu, 1995), artichoke
(25 �C) (Aydemir, 2004), loquat (30 �C) (Ding, Chachin,
Ueda, & Imahori, 1998), taro and potato (25 and 30 �C,
respectively) (Duangmal & Owusu Apenten, 1999).

The thermal stability profile for crude M. mastoidea

PPO, presented in the form of the residual percentage
activity, is shown in Fig. 5. The monophenolase retained
85% of its original activity at its optimum temperature.
The enzyme was quite stable at 20, 30 and 40 �C for
60 min but unstable at temperatures above 60 �C. Heating
at 70 and 80 �C for 60 min almost fully inactivated mono-
phenolase. Although M. mastoidea diphenolase retained
all its original activity at 20 �C for a period of 60 min,
the activity was stimulated by keeping at 30 and 40 �C,
by approximately 33% and 46%, respectively. It has been
reported that Anoxybacillus kestanbolensis K1 catecholase
was stimulated by keeping at 80 �C (Yildirim et al., 2005).

Ea values for monophenolase and diphenolase activities
were calculated to be 92.1 and 52.2 kJ mol�1, respectively,
from the plot of 1/T vs. lnk and used for the calculation of
D H# (Table 3). The average values for DH# and DS# were
89.3 ( ± 1.3) kJ mol�1 and � 760 ( ± 16) J mol�1 K�1 for
monophenolase and 49.8 ( ± 1.2) kJ mol�1 and �886
( ± 18) J mol�1 K�1 for diphenolase heat-inactivation,
respectively. Results from Table 3 suggest that M. mastoi-
dea has a high thermostable monophenolase activity. In
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Fig. 4. Temperature optima of M. mastoidea monophenolase and
diphenolase.
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Fig. 5. Thermal stability of M. mastoidea monophenolase and
diphenolase.

Table 4
Inhibition of M. mastoidea monophenolase and diphenolase activities by
some general PPO inhibitors

Inhibitors IC50 (mM)

Monophenolase activity Diphenolase activity

Sodium azide 1.40 0.27
Benzoic acid 0.84 0.64
Sodium metabisulfite 0.47 0.06
Ascorbic acid 0.04 0.04
Thiourea 0.01 0.26
Cysteine 0.37 4.90
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general, DH# is seen as a measure of the number of non-
covalent bonds broken in forming a transition state for
enzyme inactivation (Amiza & Apenten, 1994; Duangmal
& Owusu Apenten, 1999; Mazzafera & Robinson, 2000).
3.4. Effect of protein concentration on PPO activity

The enzyme activities were found to be protein concen-
tration-dependent. For both activities, the plots of final
protein concentration in the assay mixture vs. activity
exhibited hyperbolic curves. Monophenolase and dipheno-
lase activities increased until the final protein concentra-
tion, under the standard assay conditions, reached 0.2
and 0.1 mg/ml, respectively, and remained constant after
these values for each.
3.5. Effects of various inhibitors on enzyme activity

Sodium azide, benzoic acid, sodium metabisulfite, ascor-
bic acid, thiourea, and cysteine were examined to determine
their potentials for inhibition of M. mastoidea PPO activ-
ity. Their potentials for the inhibition of M. mastoidea

monophenolase and diphenolase activities were presented
as IC50 values, calculated from the plots of inhibitor con-
centrations vs. percentage inhibition of PHPPA and 4-
methylcatechol oxidation (Table 4).
Table 3
Thermodynamic parameters for thermal inactivation of M. mastoidea monoph

Temperature (�C) Monophenolase activity

DG# (kJ mol�1) DH# (kJ mol�1) DS# (J mol�

20 297 90 �706
30 314 90 �741
40 324 89 �748
50 338 89 �770
60 352 89 �790
70 365 89 �804

Mean (±SD) 332 (±24.2) 89.3 (±1.3) �760 (±16)

Note: Ea values for monophenolase and diphenolase activities were calculated t
used for the calculation of DH#.
All the compounds used in this study inhibited both
activities. Inhibition assays indicated that ascorbic acid
and sulphur-containing compounds, such as thiourea and
cysteine, with low IC50 values, were potent inhibitors of
the M. mastoidea monophenolase. The strongest inhibition
of PPO occurred with thiourea, as previously reported
(Zhou, Smith, & Lee, 1993). For the diphenolase activity
of M. mastoidea PPO, the most effective inhibitor was
ascorbic acid, followed by sodium metabisulfite and thio-
urea. These results were consistent with the earlier reports
(Ding et al., 1998; Friedman & Bautista, 1995; Yang, Fuj-
ita, Ashrafuzzaman, Nakamura, & Hayashi, 2000).

The mechanism of inhibition by ascorbate may involve
reduction of quinonoid compounds produced by the diphe-
nolases, and chelation or reduction of copper centres at the
active site of the enzyme (Martinez & Whitaker, 1995;
Sapers, 1993; Zawistowski, Biliaderis, & Eskin, 1991).
Ascorbic acid has also been reported to cause irreversible
inhibition (Golan-Goldhirsch & Whitaker, 1984). Inhibi-
tion by the thiol compounds is attributed to either the sta-
ble colourless products formed by addition reaction with o-
quinones (Ikediobi & Obasuyi, 1982) or binding to the
active centre of PPO, e.g. metabisulfite (Valero & Garcia-
Carmona, 1992).

3.6. Effect of metal ions on PPO activity

The effect of various metal ions on the both activities of
M. mastoidea PPO are shown in Table 5. The concentra-
tions of all metal ions tested were 1 mM and the enzyme
activity was assayed under standard conditions. While
Co2+ stimulated M. mastoidea monophenolase by 46%,
enolase and diphenolase activities

Diphenolase activity

1 K�1) DG# (kJ mol�1) DH# (kJ mol�1) DS# (J mol�1 K�1)

300 50 �854
316 50 �878
327 50 �886
335 50 �884
348 49 �896
364 49 �917

332 (±25.3) 49.8 (±1.2) �886 (±18)

o be 92.1 and 52.2 kJ mol�1, respectively, from the plot of 1/T vs. lnk and



Table 5
Effects of various metal ions on both activities of M. mastoidea

Metal ion Relative activity (%)

Monophenolase Activity Diphenolase Activity

None 100 100
K+ 97.4 126
Mn2+ 132 134
Co2+ 146 122
Cd2+ 82 156
Ca2+ 93.6 130
Ni2+ 97.4 127
Cu2+ 3.4 95.5
Zn2+ 77.3 110
Hg2+ 0.9 100
Al3+ 134 136
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Cu2+ and Hg2+ caused almost complete inhibition of the
enzyme. M. mastoidea diphenolase was activated by all of
the metal ions used except Hg2+ and Cu2+, while Cu2+

inhibited diphenolase activity by approximately 4.5% and
Hg2+ had no effect on the activity. Since metal ions may
have different coordination numbers and geometries in
their coordination compounds, and potentials as Lewis
acids, they may behave differently toward proteins as
ligands. These differences may also result in metal binding
to different sites, and therefore, perturb the enzyme struc-
ture in different ways (Bock, Katz, Markham, & Glusker,
1999; DiTusa, Christensen, McCall, Fierke, & Toone,
2001).

It can be concluded that the crude extracts prepared
from M. mastoidea mushroom possess polyphenol oxidase
having greatest substrate specificity to PHPPA and 4-meth-
ylcatechol. The enzyme appears to have biochemical char-
acteristics similar to several plant PPOs in terms of
substrate specificity, pH and temperature optima, stability
and kinetic parameters. Moreover, M. mastoidea PPO was
very sensitive to some general PPO inhibitors, especially to
thiourea, ascorbic acid and metabisulfite. It is, further-
more, noteworthy that M. mastoidea has monophenolase
activity, which has been less studied than diphenolase
activity.
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