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ABSTRACT

Pleurotus ostreatus (“shimeji”) is produced in Brazil on a commercial scale using various lignocellulosic
residues. Efforts have been made to reuse the culture residue to obtain products of greater aggregate value
such as enzymes or in processes of bioremediation. We evaluated the Remazol brilliant blue R (RBBR)
degradation potential of extracts from solid substrate colonized by P. ostreatus and extracts from residue of
the “shimeji” mushroom yield. Colonized substrates and residue were provided by Toyobo do Brasil Ltda.
Extraction was performed with sodium acetate buffer (50 mM, pH 4.6). RBBR decolorization was monitored at
592 nm and peroxidase and laccase activities were measured by monitoring the oxidation of ABTS. Horseradish
peroxidase was used as reference. The time of growth of P. ostreatus influenced RBBR degradation and
peroxidase and laccase activities. Concentration of 1 mM H2O2 and pH 4.0 were the best for RBBR decolorization.
Complete RBBR decolorization was obtained with the addition of only one aliquot of 50 µL of 1 mM H2O2. The
stability of the extracts was higher when they were kept under refrigeration than when stored frozen. The
potential application of the ligninolytic complex derived from P. ostreatus and mushroom residue for xenobiotic
degradation was demonstrated.
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INTRODUCTION

The potential application of the ligninolytic complex of
basidiomycetes has been the target of great academic and
industrial interest due to its ability to biodegrade a series of
toxic and recalcitrant pollutants such as DDT, polychlorinated
biphenyls, organochlorine pesticides, and various synthetic
dyes. These enzymes find various applications in the
environmental area, such as the decolorization of effluents from
the paper and textile industries and in the polymerization of
chlorinated compounds (5,28).

Pleurotus ostreatus or “shimeji” is a mushroom produced
in Brazil on a commercial scale using different lignocellulosic
residues. During growth, this fungus selectively degrades lignin
and produces various extracellular enzymes involved in
ligninolysis: laccase, Mn2+-dependent peroxidase (MnP) and

H2O2-producing oxidases, in addition to other Mn2+-
independent peroxidases, such as one able to decolorize
Remazol brilliant blue R (RBBR) and versatile peroxidase
(7,11,22). Like other basidiomycetes, P. ostreatus is able to
degrade a series of synthetic dyes, pentachlorophenol, and
polycyclic aromatic hydrocarbons such as phenanthrene,
anthracene and pyrene, among other pollutants (2,13,19).

After mushroom harvesting, large volumes of residue (an
estimated 600 g of residue per 200g of mushroom) need to be
disposed of, representing a large problem for the producer. In
addition to fungal mycelium and unused lignocellulosic substrate,
the residue contains a series of extracellular enzymes produced
during the growth of the fungus. Efforts have been made to
reuse this residue to obtain products of higher aggregate values
such as biogas, enzymes, organic fertilizers and animal feed
supplements, and in processes of bioremediation (16,20,23).
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RBBR has been widely used as a model compound in
degradation studies. It is the raw material in the production of
polymeric dyes and, as a derivative of anthracene, represents
an important member of toxic and recalcitrant organopollutants.
The identity of enzymes involved in the degradation of RBBR
is still not completely established, with evidence indicating the
involvement of lignin peroxidase and laccases (4,17,24).

In the present study, we evaluated the potential of the
ligninolytic complex produced by P. ostreatus during growth
on solid substrate and of the production residue of this
mushroom for the degradation of organic pollutants by
determining RBBR decolorization.

MATERIALS AND METHODS

Enzymatic extracts
Three polypropylene flasks containing about 1 kg of

substrate (commercial supplemented sawdust) colonized with
P. ostreatus grown for 20, 25 and 28 days and the residue of
“shimeji” mushroom production were provided by Toyobo do
Brasil Ltda. Extraction was performed with 50 mM sodium acetate
buffer, pH 4,6, at a ratio of 1:3 (w/v). The content was shaken
manually (5 min) and mechanically (100 rpm, 60 min) and filtered
(0.45 µm) to obtain the crude enzymatic extract. Partially purified
horseradish peroxidase (HRP) extract provided by Toyobo was
used as reference.

Enzymatic activities
Peroxidases. Peroxidase activity was determined by

monitoring the oxidation of ABTS at 420 nm for 10 min in a
reaction mixture containing 600 µL of the extract, 250 µL 50 mM
citrate-phosphate buffer, pH 4.0, 100 µL 5 mM ABTS, and 50 µL
2 mM H2O2. One unit of enzyme activity was defined as the
amount of enzyme oxidizing 1 µmol of substrate per liter per
minute (10).

Laccase. Laccase activity was determined as described for
peroxidases in the absence of H2O2 using the enzymatic extract
previously incubated with Aspergillus oryzae catalase (0.07 U;
Sigma).

RBBR decolorization. Decolorization of RBBR was
monitored at 592 nm for 10 min in a reaction mixture containing
600 µL of the extract, 250 µL 50 mM citrate-phosphate buffer,
pH 4.0, 100 µL 0.2% RBBR, and 50 µL 2 mM H2O2. One unit of
decolorization activity was defined as that able to catalyze a
0.01 reduction in absorbance (10).

Determination of the optimal H2O2 concentration and pH
optimum

The optimal H2O2 concentration for RBBR decolorization
by the 25-day P. ostreatus extract was determined in the range
of 0.025 to 2.5 mM using the reaction kinetics described
above.

The pH optimum for RBBR decolorization by the 25-day P.
ostreatus extract was determined in the range of 3 to 7 using 50
mM sodium citrate buffer.

Successive additions of H2O2 and RBBR
The effects of successive additions of 50 µL of 1 mM H2O2

and 100 µL of 0.2% RBBR on the decolorization of the latter by
the 25-day P. ostreatus extract were evaluated based on the
absorption spectrum of RBBR (400 to 700 nm). HRP was used
as reference.

Effect of inhibitors
Decolorization of RBBR by the extract of P. ostreatus grown

for 25 days was monitored after preincubation of the extract
with 50 µL of 1 mM of the inhibitor (H2O2, sodium azide, FeSO4

or EDTA) for 5 min. HRP was used as reference.

Stability of the extract upon refrigeration and freezing
Immediately after extraction, aliquots of the enzymatic

extracts obtained from P. ostreatus grown for 28 days and of the
residue were stored in 2-mL flasks under refrigeration (4ºC) or
frozen (-20ºC). Enzymatic activities and RBBR decolorization
were measured at given time intervals.

RESULTS AND DISCUSSION

Initial activity of the enzymatic extracts
The “shimeji” mushroom is produced by Toyobo do Brasil

in polypropylene flasks (about 1kg), with the substrate being
completely colonized within about 30 days. This phase is
followed by an additional 30 days of fructification and harvest
after which the content of the flasks, corresponding to the
production residue, is completely discarded. Basidiomycetes
growing on solid substrates produce different patterns of
hydrolytic and oxidative enzymes depending on their growth
phase. For many fungi such as Agaricus bisporus, Pleurotus
sajor-caju and Lentinula edodes, high laccase activities were
observed during the phase of substrate colonization, with a
reduction in this activity at the beginning of primordium
formation (3,15,23).

In agreement with these previous studies, we observed
that the time of growth of P. ostreatus on solid substrate
influenced both enzymatic activities and RBBR decolorization
(Fig. 1). Maximal peroxidase and laccase activities were
observed at 25 days of growth, followed by a significant
reduction in these activities at 28 days. RBBR decolorization
was not correlated with enzyme activity levels. RBBR
decolorization by the extract obtained from P. ostreatus grown
for 28 days was three times higher than that detected in the
20-day extract, whereas its peroxidase activity was about 42%
lower. The extract obtained from the shimeji culture residue
did not decolorize RBBR (Fig. 1).
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The involvement of the ligninolytic system in the
degradation of recalcitrant compounds by basidiomycetes is
still a matter of controversy and contradictory results have been
explained by inter- and intraspecies specific variations between
ligninolytic systems consisting of different enzymes and
mediators. Effective decolorization of RBBR by extracts obtained
from Irpex lacteus grown on solid substrate (pinewood) has
shown no direct relationship with MnP or laccase activity levels
(14). However, recently a correlation has been described between
ligninolytic activity and the degradation of various azo dyes by
the basidiomycete PV002 (26). The presence of mediators was
essential for the decolorization of RBBR by a commercial
formulation of laccase used in the textile industry (24).

Optimal H2O2 concentration and pH optimum for RBBR
decolorization

Optimal H2O2 concentration for RBBR decolorization by the
extract obtained from P. ostreatus grown on solid substrate for
25 days was 50 µM (Fig. 2). Peroxidases might be inactivated in
the presence of H2O2, with this inactivation depending on the
concentration of H2O2 (1,25). Vyas and Molitoris (27) observed
that RBBR decolorization by a crude P. ostreatus extract was
maximal at a H2O2 concentration ranging from 132 to 154 µM.
Concentrations higher than 154 µM inhibiting decolorization.
Recently, Hoshino et al. (8) reported MnP produced by Lenzites
betulinus which presented high tolerance to H2O2. Whereas
MnP produced by P. chrysosporium showed maximal activity
at a H2O2 concentration of 0.02 mM, with total loss of activity in
the presence of 1 mM H2O2, the MnP of L. betulinus presented

maximal activity at 0.2mM, with 95 and 60% of its activity being
maintained in the presence of 1 and 10 mM H2O2, respectively.
High stability in the presence of H2O2 is an important
characteristic for the commercial application of ligninolytic
enzymes (1,8).

Decolorization of RBBR by the P. ostreatus extract was
maximal at pH 4.0 (Fig. 2). Decolorization of RBBR by crude
extracts and purified enzymes obtained from basidiomycetes
grown on solid substrate has been shown to be maximal in the
pH range from 4.0 to 5.0 (4,22,27).

Successive additions of RBBR
Complete decolorization of the RBBR dye present in the

reaction mixture (0.2%) by the P. ostreatus extract was obtained
with the addition of only one aliquot of H2O2, which was
sufficient to decolorize newly added aliquots of RBBR
corresponding to a concentration three times higher than the
initial one. Crude extract of HRP was used for the effect of
comparison with a typical peroxidase. Four aliquots of 50 µL
H2O2 were necessary for complete decolorization of RBBR by

Figure 1. Peroxidase and laccase activity and decolorization
of Remazol brilliant blue R (RBRR) dye by the crude extract
obtained from Pleurotus ostreatus grown on solid substrate
for different periods of time. One unit of decolorization activity
was defined as that able to catalyze a 0.01 reduction in
absorbance at 592 nm.

Figure 2. Optimal hydrogen peroxide concentration (A) and
pH (B) for the decolorization of Remazol brilliant blue R (RBBR)
dye by the crude extract obtained from Pleurotus ostreatus
grown on solid substrate for 25 days.
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HRP (data not shown). The ability of the crude P. ostreatus
extract to degrade high concentrations of RBBR with only one
addition of H2O2 demonstrates its high biotechnological
potential. The ability to decolorize high concentrations of RBBR
added during successive cycles has also been observed during
the growth of Irpex lacteus and P. ostreatus (14,18).

Effect of inhibitory substances
Decolorization of RBBR by the P. ostreatus extract remained

unchanged in the absence of 50 µL 1mM H2O2 in the reaction,
demonstrating the involvement of laccase in this process (Table
1). This finding was supported by the significant inhibition of
RBBR decolorization in the presence of typical oxidoreductase
inhibitors such as sodium azide, ferrous sulfate and EDTA.
Inhibition of RBBR decolorization by these agents has been
reported for both crude extract and purified laccase and MnP
(4,14,22,27). Manganese sulfate did not alter RBBR
decolorization by the P. ostreatus extract, as also observed by
Vyas and Molitoris (27).

Oxidation of ABTS by the P. ostreatus extract was also
inhibited by typical phenoloxidase inhibitors (Table 1).
Manganese sulfate did not alter oxidation but EDTA inhibited
the reaction by only 20%. Oxidation of ABTS by laccases
produced by Pycnoporus cinnabarinus and Peniophora sp.
was inhibited by 100 and 95% in the presence of 0.1 and 0.5 mM
sodium azide, respectively (6,12). In contrast, even high
concentrations of EDTA did not inhibit ABTS oxidation by a
laccase produced by Coriolus hirsutus (21). Recently, Lorenzo
et al. (9) found that the inhibitory effect of EDTA on laccase
activity was dependent on the substrate used. These authors

observed a significant reduction in laccase activity in the
presence of EDTA when syringaldazine or dimethoxyphenol
was used, whereas no inhibition of ABTS oxidation was
detected under the same experimental conditions.

In contrast to the P. ostreatus extract, ABTS oxidation by the
culture residue extract was stimulated in the presence of H2O2

and Mn2+ and significantly inhibited by EDTA, demonstrating
the participation of ion-dependent peroxidases such as MnP in
the oxidation of ABTS. These results indicate significant
differences in the composition of the enzymatic systems of P.
ostreatus extracts during the different phases of growth of the
fungus.

Decolorization of RBBR by HRP was stimulated by about
300% in the presence of EDTA, a finding probably due to the
chelating action of the latter on metals present in the partially
purified HRP extract. The influence of metals on the activity of
HRP was also shown by its inhibition in the presence of
manganese sulfate (Table 1).

Stability of the extract upon refrigeration and freezing
The in vitro stability of the ligninolytic complex is considered

to be one of the determinant factors for the technical and
economical viability of its industrial application to the degradation
of pollutants, as well as for the optimization of commercial
enzyme production (1). Loss of ligninolytic activity has been
related to the action of proteases or inactivation by hydrogen
peroxide, a metabolite produced by basidiomycetes under
various culture conditions (1,25).

The stability of the extracts obtained from P. ostreatus and
from the culture residue under refrigeration and freezing was

evaluated over a period of about 100 days.
Keeping the P. ostreatus extract under
refrigeration resulted in less loss of its RBBR
decolorization ability and of peroxidase and
laccase enzymatic activities than freezing (Fig.
3). Under refrigeration, reductions of only 20%
in RBBR decolorization and peroxidase and
laccase activities were observed at 18 days
(Fig. 3A). In contrast, freezing of the P. ostreatus
extract caused a loss of about 70% of RBBR
decolorization activity and a 51 and 62%
reduction of peroxidase and laccase activities,
respectively, during the same period (Fig. 3B).

Although the culture residue extract did not
act on RBBR at the time of its extraction (Fig.
1), decolorization of the dye by this extract was
observed during refrigeration (Fig. 4). The ability
of this extract to decolorize RBBR reached a
maximum at 18 days, followed by a progressive
loss of this activity until day 81. Maintaining
the residue extract under refrigeration also
interfered with laccase activity, with maximum

Table 1. Relative activity in terms of decolorization of the Remazol brilliant blue
R (RBBR) dye and ABTS oxidation observed for the Pleurotus ostreatus extract,
culture residue of this mushroom and horseradish peroxidase in the presence of
inhibitory substances.

Relative activity (%)

RBBR ABTS

Substance P. ostreatus
HRP

P. ostreatus P. ostreatus
HRP

(1 mM) (25 days extract) (25 days extract) (residue)

H2O2 87 100 111 134 100
MnSO4 100 31 100 246 94
NaN3 0 66 0 15 92
FeSO4 0 0 0 11 82
FeCl3 nd 76 82 133 142
EDTA 9 314 82 8 100

Cisteína 100 0 nd nd nd
control 100 0 100 100 0

HRP: horseradish peroxidase; nd: not determined; control: containing distilled water
instead of the inhibitory substance.
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economical viability of the industrial application of this fungus
to the degradation of pollutants. Environmental application of
the culture residue of mushrooms may represent an excellent
form of reuse of a Brazilian agroindustrial residue.
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RESUMO

Biodegradação do azul brilhante de remazol R pelo
complexo enzimático ligninolítico produzido por

Pleurotus ostreatus

Pleurotus ostreatus (“shimeji”) é produzido no Brasil em
escala comercial empregando-se vários resíduos
lignocelulósicos. Esforços têm sido feitos para reaproveitamento
do resíduo do cultivo em produtos de maior valor agregado,
como enzimas ou sua aplicação em processos de biorremediação.
Foi feita avaliação do potencial de degradação do azul brilhante
de remazol (RBBR) por extratos obtidos de substratos sólidos
colonizados por P. ostreatus e por extratos do resíduo da
produção do cogumelo “shimeji”. Substratos colonizados e o
resíduo foram fornecidos pela Toyobo do Brasil Ltda. Extração
foi feita com tampão acetato de sódio (50 mM, pH 4,6).
Descoloração do RBBR foi acompanhada a 592 nm e atividades
de peroxidases e lacase pela oxidação do ABTS. Peroxidase da
raiz forte (HRP) foi usada como referência. O tempo de
crescimento de P. ostreatus influenciou a degradação do RBBR
e a produção das atividades enzimáticas de peroxidases e de
lacase. Concentração de 1 mM de H2O2 e pH 4,0 mostraram-se
ótimos para descoloração do RBBR. Descoloração total do RBBR

Figure 3. Residual enzymatic activity detected in the extract
obtained from Pleurotus ostreatus grown on solid substrate
and kept under refrigeration (A) or frozen (B). Peroxidase (�);
laccase (�); RBBR decolorization (�).

Figure 4. Residual enzymatic activity in the culture residue of
Pleurotus ostreatus grown on solid substrate kept under
refrigeration. Peroxidase (�); laccase (�); RBBR decolorization
(�).

activity being observed at 32 days. Peroxidase activity was
only affected after 30 days of refrigeration, with a loss of about
90% of its initial activity at 109 days (Fig. 4). The ability to
decolorize RBBR and the increase in laccase and peroxidase
activity observed during refrigeration of the extracts might be
explained by the loss of inhibitory substances initially present
in the extract as a result of the effect of refrigeration. When the
residue extract was stored frozen, no RBBR decolorization
activity was observed during a period of 109 days, and a 60 and
70% loss of laccase and peroxidase activities, respectively, was
noted during the first 30 days of freezing (data not shown).

In conclusion, we demonstrated the potential application to
the environmental area of enzymatic extracts obtained from P.
ostreatus grown on solid substrate. The time of fungal growth
and pH were the factors that most influenced the degradation
of the RBBR dye, indicating the possibility to optimize the
degradation process. The ability of the crude P. ostreatus extract
to degrade high concentrations of RBBR with only one H2O2

addition, as well as its high stability, support the technical and
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foi obtida com adição de apenas uma alíquota de 50 µL de H2O2

(1 mM). Maior estabilidade dos extratos foi obtida por
refrigeração que por congelamento. Foi evidenciado o potencial
de aplicação de extratos enzimáticos de Pleurotus ostreatus e
do resíduo da produção do cogumelo para a degradação de
compostos xenobióticos.

Palavras-chave: peroxidases, lacase, fermentação no estado
sólido, resíduo do cultivo de shimeji
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