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ABSTRACT

Aims: To optimize laccase production by submerged fermentation using an edible
mushroom Pleurotus ostreatus ARC280.
Study Design: Laccase activity was assayed by monitoring the product formation rate of
enzymatic oxidation of syringaldazine spectrophotometrically at 525 nm.
Place and Duration of Study: Department of Microbial Chemistry, Genetic Engineering
and Biotechnology Division, National Research Centre, Dokki, Cairo, Egypt, between May
2009 and October 2010.
Methodology: Pleurotus ostreatus ARC280 was maintained on potato dextrose agar
medium. The liquid medium used for the laccase production by the fungal culture during
its growth in submerged fermentation was selected from eight liquid media for inducing
laccase production. Parameters such as incubation period, temperature, pH of the
production medium, carbon and nitrogen sources and other nutritional parameters were
studied using syringaldazine as a model substrate for laccase activity determination.
Results: In the present work, Eight media with different components were screened. The
enzyme formed by Pl. ostreatus ARC280 was localized mainly in the extra-cellular
fraction. Laccase formation reaches its maximum value with specific activity of about 140
U/mg protein at the twenty-sixth day of incubation, pH 5.0 and 28ºC. Among the various
wastes used, corn stover induces the highest laccase production with specific activity of
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75.48 U/mg protein. Soluble starch at 1.5% (w/v) and ammonium sulfate was found to be
the best carbon and nitrogen sources for laccase formation, respectively. The optimal
concentrations of Tween-80 and CuSO4. 5H2O, were found to be 0.1% (v/v) and 100μM
and cause enzyme induction by about 44% and 19% than control, respectively.
Conclusion: Laccase production by Pl. ostreatus ARC280 has been shown to depend
markedly on the composition of the culture medium, carbon, nitrogen content and inducer
compounds and governed by parameters such as pH of the production medium and other
nutrition parameters.
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1. INTRODUCTION

Laccases (benzenediol: oxygen oxidoreductase, EC 1.10.3.2), which belong to the group of
polyphenoloxidases are multi-copper-containing enzymes which reduce molecular oxygen to
water and simultaneously perform one-electron oxidation of various substrates such as
diphenols, methoxy-substituted monophenols and aromatic and aliphatic amines (Munusamy
et al., 2008a; Kudanga et al., 2011; Elshafei et al., 2012). Laccase has broad substrate
specificity towards aromatic compounds containing hydroxyl and amine groups. These
enzymes were known to catalyze the oxidation of a wide range of phenolic compounds and
aromatic amines including diphenols and polyphenols to diamines, aromatic amines,
benzenethiols and substituted phenols (Kiiskinen et al., 2002; El-Shora et al., 2008;
Sivakumar et al., 2010). Laccases were first detected in the sap of the Japanese laquer tree
Rhus vernicifera and subsequently in many other plants (Yoshida, 1883; Desai and
Nityanand, 2011), insects (Kramer et al., 2001), Archae and bacteria (Claus, 2003).
However, most laccases are found and studied in lignin-degrading basidiomycetes
(Thurston, 1994; Baldrian, 2006; Prabu et al., 2006). Among the basidiomycetes, white-rot
fungi have received special attention because of their ability to mineralize lignin by secreting
oxidative enzymes, such as peroxidases and laccases (Khammuang and Sarnthima, 2009;
Halaburgi et al., 2011). Investigators reported that fungal laccases existed as extracellular as
well as intracellular enzymes as one or more isoenzymes (Bertrand et al., 2002; Baldrian,
2006).

Mushrooms are saprophytic fungi belonging to the class of the Basidiomycetes. They grow
in moist places with decomposing organic matter and are very important in nutrient cycling
(Subramanian, 1995). Although there are more than 2000 species of edible mushrooms
nowadays, only the champignon (Agaricus bisporus), the giant mushrooms (Pleurotus
ostreatus and Pleurotus edodes) are among the most cultivated ones (Bononi et al., 1999).
The Pleurotus genus gathers several species, such as Pl. ostreatus, Pl. pulmonaris, Pl. sajor
caju, Pl. cornucopiae and Pl. ostreatoroseus. Pleurotus is spread all around the world in its
natural habitat, mainly in forest environments (Bononi et al., 1999) and produce
lignocellulosic enzymes, mainly laccase (LAC) and Mn-peroxidase (MnP), which convert
lignocellulosic residues into food (Bernardi et al., 2008).

Applications of laccase in biotechnology include: textile dye or stain bleaching (Fu and
Viaraghavan, 2001; Kirby et al., 2000; Pointing and Vrijmoed, 2000), paper-pulp bleaching
(Annunziatini et al., 2005; Grönqvist, et al., 2003), synthetic dye decolorization (Baldrian,
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2004; Nagai et al., 2002), bioremediation (Jaouani et al., 2005; Mohidem and Mat, 2009),
biosensors (Timur et al., 2004; Khammuang and Sarnthima, 2008), chemical synthesis
(Karamyshev et al., 2003), immunoassays (Jordaan and Leukes, 2003) and the
detoxification of contaminated soil and water (Filazzola et al., 1999; Munusamy et al.,
2008b).

1.1 Main Objective

A good strategy to increase the productivity of the laccase fermentation process is the
optimization of the fermentation medium and then enhancing laccase activity by using
inducers. Therefore, the objective of this study was to optimize laccase production by the
edible white-rot fungus, Pleurotus ostreatus ARC280 by studying the physiological
conditions required for the production of the enzyme under study, which also be beneficial to
the development of laccase fermentation industry.

2. MATERIALS AND METHODS

2.1 Microorganism

Pleurotus ostreatus ARC280 was obtained from Agriculture Research Center (ARC), Egypt.

2.2 Chemicals and Media

The enzyme substrate (syringaldazine) was supplied by Sigma, USA. The other chemicals
used in this study were of analytical grade and higher purity. For maintenance and
propagation of the fungal culture, potato-dextrose agar (PDA) medium was used. The liquid
medium used for the laccase production by the fungal culture during its growth in submerged
fermentation is composed as follows, (g/l): glucose, 10.5; yeast extract, 5; (NH4)2SO4, 2;
K2HPO4, 0.5; MgSO4.7H2O, 0.5; FeSO4.7H2O, 0.02; CaHPO4, 0.3; ZnSO4, 0.2; MnSO4, 0.2
and CuSO4.5H2O, 0.25 (Tlecuitl-Beristain et al. 2008). The medium was adjusted to an initial
pH value of 5.0, and then sterilized by autoclaving at 1.5 atmosphere and 121ºC for 20 min.

2.3 Preparation of Cell Free Filtrates

At the end of the incubation period, the cultures were filtrated using Whatman No.1 filter
paper. The culture filtrate was used directly for enzyme activity determination.

2.4 Preparation of Cell Free Extracts

Pl. ostreatus ARC280 mats were filtered and homogenized in citrate phosphate buffer (100
mM; pH 5.0) and cold washed sand in a cold mortar (4ºC). The crude homogenate was then
centrifuged at 5000 rpm for 10 min. The upper layer containing cell free extracts was
separated by decantation and used as the crude endocellular enzyme preparation (Verdin et
al., 2004; Elshafei et al., 2012).

2.5 Enzyme Assay

Laccase activity was assayed by monitoring the product formation rate of enzymatic
oxidation of syringaldazine spectrophotometrically at 525nm (ε525 = 65,000 M−1 cm−1)
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(Leonowicz and Grzywnowicz, 1981; Minussi et al., 2007). The assay mixture (2.0 ml)
contained syringaldazine, 0.1µmole; citrate-phosphate buffer (pH 5.0), 90 µmoles and
appropriate volume of diluted enzyme. One unit laccase activity was defined as the change
in the absorbance of 0.001 per sec (Prabu and Udayasoorian, 2005; Aríca et al., 2009).
Protein content was estimated by the modified procedure of Lowry et al. (1951). Citrate-
phosphate buffer was prepared according to the method presented by Gomori (1955).
Moreover, the final pH was accurately adjusted by using PHM 62 Standard pH meter. All the
data were statistically evaluated according to the method described by Kenney and Keeping
(1962). All experiments were performed in triplicate. The means and standard deviation
(Mean ± S.D.) were calculated for each experiment.

2.6 Influence of Media Composition

Eight liquid media were tested for inducing laccase production. These media compositions
were described in these references: Medium 1, Chawachart, et al., 2004; Medium 2, Chefetz
et al., 1998; Medium 3, Minussi et al., 2007; Medium 4, Da Re et al., 2008; Medium 5,
Dhaliwal et al., 1992; Medium 6, Difco Manual, 1672 and Bora, 2003; Medium 7, Tlecuitl-
Beristain et al., 2008 and Medium 8, Khlifi et al., 2010. All media were adjusted to an initial
pH value of 5.0, then sterilized by autoclaving at 1.5 atmosphere and 121ºC for 20 min.
Pleurotus ostreatus ARC280 was grown on the eight different media under both static and
shake culture conditions (150 rpm) using New Brunswick scientific Co. Inc. Edison N. J. USA
shaker at 28 ± 2ºC for 26 days of incubation and the cell-free filtrate (CFF) was then used as
an enzyme source. The activity of the formed laccase was assayed using syringaldazine as
a substrate.

3. RESULTS AND DISCUSSION

3.1 Effect of Different Media Composition

Eight liquid media were tested for inducing laccase production with compositions described
previously in materials and methods section. Results obtained in Table 1 indicate that, Pl.
ostreatus ARC280 laccase was mainly formed under static condition. Results also showed
that in the diverse range of culture media used for the cultivation of Pl. ostreatus ARC280,
better enzyme production was obtained maximally in the medium No7 under both static and
shake conditions with specific activities of 150.47 and 57.52 U/mg proteins, respectively.
Laccase production by fungi has been shown to depend markedly on the composition of the
culture medium, carbon, nitrogen content and inducer compounds (Ravankar and Lele,
2006; Adejoye and Fasidi, 2010). Bora (2003) stated that, in some media, the addition of
some inducers may induce the laccase production whilst in other media they did not.

3.2 Localization of Laccase Produced by Pl. ostreatus ARC280

Pl. ostreatus ARC280 was cultured and incubated under static condition on the medium
No7. After incubation, the levels of laccase activity in both cell-free filtrate (CFF) and cell-free
extract (CFE) were compared using syringaldazine as a substrate. Results in Table 2
indicate that, the enzyme formed by Pl. ostreatus ARC280 expressed as specific activities,
was detected mainly in the extra-cellular fraction (CFF), and the relative specific activities of
the corresponding endo-cellular enzyme values represent only about 48% and 67% of the
corresponding relative activities for exo-cellular enzyme level with static and shake
conditions respectively which mean that the enzyme is mainly excreted extracellularly. In the
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following experiments, the filtrated fermented medium (cell-free filtrate, CFF), was employed
as a laccase source under static culture condition.

Table 1. Effect of different media on the formation of laccase produced by Pl.
ostreatus ARC280

Medium
number

Aeration
condition

Final pH Specific activity
(U/mg protein)

1 static 4.8 1.96 ± 0.21
shake 4.5 51.11 ± 5.16

2 static 4.8 3.92 ± 0.72
shake 4.5 57.33 ± 4.67

3 static 5.0 1.47 ± 0.79
shake 4.5 0.68 ± 0.03

4 static 4.5 0.18 ± 0.10
shake 4.5 0.36 ± 0.01

5 static 4.5 28.28 ± 3.73
shake 4.5 40.50 ± 1.14

6 static 4.8 3.96 ± 0.21
shake 4.5 33.92 ± 2.70

7 static 5.0 150.47 ± 1.54
shake 4.5 57.52 ± 1.05

8 static 5.0 25.80 ± 0.75
shake 5.5 3.81 ± 0.17

Table 2. Localization of laccase produced by Pl. ostreatus ARC280

Enzyme
source

Static Shake
Specific activity
(U/mg protein)

Relative specific
activity (%)

Specific
activity
(U/mg protein)

Relative
specific
activity (%)

Exo-cellular 150.47 ± 1.54 100.00 57.52 ± 1.05 100.00

Endo-cellular 71.72 ± 3.28 47.66 38.62 ± 0.30 67.14

3.3 Incubation Period

In this experiment, Pl. ostreatus ARC280 was grown on media No7 under static culture
condition for thirty-one days of incubation. Samples of the fermented medium were collected
periodically for the determination of laccase activity. Results cited in Fig. 1 indicate that, the
highest specific activity was obtained at the twenty-sixth day of growth of Pl. ostreatus
ARC280 where laccase formation reaches its maximum value with specific activity of 140.03
U/mg protein. A decrease in enzyme level was noticed by increasing the incubation period
above this value.
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Fig. 1. Effect of incubation period on laccase formation by P. ostreatus ARC280

Many investigators reported different incubation periods for optimum production of laccase.
The ligninolytic enzyme system of white rot fungi, although may be present in the primary
phase of growth, usually is triggered in response to N or C depletion, attaining its maximum
in the idiophase when the mycelial dry weight is decreasing (Kaal et al.,1995). Das et al.
(2011) stated that Pl. ostreatus (MTCC, 1802) was able to produce highest quantity of
laccase in the 25th day of culture, whereas the other species (Pl. florida (ITCC, 3308), Pl.
flabellatus (MTCC, 1799), Pl. sajorcaju (MTCC, 1806) and P. pulmonarius (MTCC, 1805)
could even effectively exhibit their optimum laccase activities in the 26th day of culture in
agreement with the results obtained. On the other hand, Elisashvili et al. (2008) and
Sivakumar et al. (2010) reported that maximum laccase production was obtained at the 7th

and 10th day of incubation in case of Lentinus edodes and Ganoderma sp, respectively.
Oppositely, Cavallazzi et al. (2005) found maximum laccase activity with Lentinula edodes
after 30 days of incubation, whilst Chawachart et al. (2004) reported that laccase activity still
increased after 36 days of cultivation of Coriolus versicolor strain RC3 when grown on rice
bran solid media.

3.4 Initial pH Values

A series of pH values ranging from 4.0 to 7.0 were studied in this experiment. Results
obtained are shown in Fig. 2. From which it is clear that maximal formation of P. ostreatus
ARC280 laccase took place at pH 5.0 and laccase formation occurred at a narrow range of
pH values, whereas considerably low levels of enzyme were obtained at pH values below
and above this value. This may be attributed to the fact that change in pH value may alter
the three-dimensional structure of the enzymes (Shulter and Kargi, 2000).  Haltrich et al.,
(1996) stated that most of fungal cultures prefer a slightly acidic pH in the medium for growth
and enzyme biosynthesis, in agreement with the results obtained. In addition, Patel et al.
(2009), Adejoye and Fasidi (2010) and Sivakumar et al. (2010) reported that Pleurotus
ostreatus HP-1, Schizophyllum commune and Ganoderma sp. gave the optimum laccase
production at  pH 5.0, 5.5 and 6.0, respectively.
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Fig. 2. Influence of different initial pH values on the formation of Pl. ostreatus ARC280
laccase

3.5 Incubation Temperature

In this experiment, Pl. ostreatus ARC280 was grown at various degrees of temperatures
ranging from 25 to 35ºC. Results cited in Fig. 3 demonstrate that Pl. ostreatus ARC280 is
able to grow and produce laccase within the range of incubation temperatures studied. The
optimal temperature for fungal growth and laccase formation was found to be 28ºC with
specific activity of 146.94 U/mg protein. Results also indicated that, by increasing the
incubation temperature above 28ºC, a gradual decrease in laccase formation occurred until
32ºC and a null growth was obtained at 35ºC, and subsequently no enzyme activity could be
detected at that degree of temperature.

Fig. 3. Influence of incubation temperature on the formation of Pl. ostreatus ARC280
laccase
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This can be interpreted by the alteration of cell membrane composition and stimulation of
protein catabolism. Lonsane et al., (1985) and Krishna, (1999) stated that, the optimum
cultivation temperature depends on the growth kinetics of the microorganism employed
rather than on the enzyme produced.  Many authors also reported that 28ºC was the best
temperature for laccase production by Schizophyllum commune edible mushroom (Adejoye
and Fasidi, 2010) and Pleurotus ostreatus HP-1 (Patel et al., 2009). On the other hand,
Zadrazil et al., (1999) reported that temperatures higher than 30ºC caused reduction in
ligninolytic enzymes activity.

3.6 Inoculums' Size

Inoculum plays a significant role in enzyme production. A lower level of inoculum may not be
sufficient to initiate growth, whereas a higher level may cause competitive inhibition (Sabu et
al., 2005). Sharma et al. (1996) reported that inoculum size controls and shortens the initial
lag phase, as smaller inoculum size increased the lag phase. In this experiment, different
inoculum sizes were tested ranging from 2 to 7 agar plugs (14 mm in diameter) were cut
from actively growing fungal mycelium and inoculated in the production medium. Results
obtained indicated that laccase production was progressively increased up to six agar plugs.
Inoculum size of seven discs had an adverse effect on laccase formation Fig. 4, which can
interpreted by the fast depletion of nutrients, resulting in a decrease in metabolic activity
(Patel et al., 2009). In agreement with our results, Patel et al., (2009) reported that maximum
laccase production was obtained with inoculum size of five agar discs.

Fig. 4. Influence of inoculums' size on the formation of Pl. ostreatus ARC280 laccase

3.7 Effect of the Addition of Lignocellulosic Wastes

Different lignocellulosic wastes (wheat bran, wheat straw, sawdust, rice bran, rice straw,
corn stalk, corn stover and sugar cane bagasse) were washed, dried, cut and grinded to
equal sizes then used instead of glucose in the media for laccase production after
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adjustment of media initial pH values at pH 5.0. Results cited in Table 3 showed that the
maximum activity was recorded with glucose (as control) with specific activity of 152.15
U/mg protein.

Patel et al., 2009 stated that, wheat straw was found to be the best substrate. Whereas,
higher laccase activities were found in Pl. ostreatus HAI 493 and Pl. pulmonarius HAI 572
under conditions of SSF of grapevine sawdust (Stajić et al., 2006). On the other hand, rice
bran as a carbon source was found to be the most efficient substrate for laccase production
by Coriolus versicolor strain RC3 compared to glucose, wheat bran and rice straw meal
(Chawachart et al., 2004).

Table 3. Influence of lignocellulosic wastes on the formation of Pl. ostreatus ARC280
laccase

Lignocellulosic waste Visual growth Activity
(U/ml)

Specific activity
(U/mg protein)

Glucose (Control) ++++ 541.67 152.15 ± 2.39
Wheat bran ++++ 27.33 5.24 ± 0.29
wheat straw +++ 26.00 7.81 ± 0.38
Saw dust ++ 176.67 56.81 ± 0.85
Rice bran ++++ 11.33 3.00 ± 0.01
Rice straw +++ 92.67 26.86 ± 0.72
Corn stalk ++++ 88.67 23.46 ± 1.04
Corn stover ++++ 285.33 75.48 ± 3.27
Sugar cane bagasse ++++ 29.33 8.81 ± 0.63

3.8 Effect of Carbon Source

The effect of conventional carbon sources on adaptation of the fungus for the production of
laccase is of importance. For studying the effect of different carbon sources on the formation
of laccase, monosaccharides (galactose and fructose), disaccharides (maltose and sucrose)
and polysaccharides (carboxymethyl cellulose (CMC) and soluble starch) were used instead
of glucose (control). Each carbon source was added at a concentration of 10.05 g/l to the
growing medium described by Tlecuitl-Beristain et al., 2008 (medium 7), as the main carbon
source. The obtained results showed that, soluble starch was found to be the best inducer
for laccase formation. Alternatively, galactose, fructose, maltose and CMC significantly
repressed laccase formation by Pl. ostreatus ARC280 (Fig. 5). In agreement with our results,
among the carbon sources, starch supported the maximum laccase production from
Ganoderma sp. (Sivakumar et al., 2010). On the other hand, maximum laccase production
by Pl. ostreatus HP-1 was obtained with 1% (w/v) glucose containing medium (Patel et al.,
2009). Mansur et al. (1997) showed that the use of fructose instead of glucose resulted in a
100-fold increase in the specific laccase activity of basidiomycetes. Earlier it was suggested
that easily assimilable components such as glucose, allow for constitutive laccase
production but repress its induction in several fungi (Bollag and Leonowicz, 1984). An
alternative to avoid this time delay in laccase production is to use a carbon source that is not
very easily assimilable (D’Souza-Ticlo et al., 2009). Undoubtedly, laccase production is
dependent on the microbial taxa employed (Osma et al., 2007).
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Fig. 5. Influence of carbon source on the formation of Pl. ostreatus ARC280 laccase

3.9 Influence of Soluble Starch Concentration

From the results of the preceding experiment, it was evident that soluble starch was the best
tested carbon source for laccase formation by Pl. ostreatus ARC280. Therefore, it was
necessary to test the effect of soluble starch concentration on enzyme formation. Soluble
starch was added to the culture medium instead of glucose at six different concentrations
ranging from 2.5 to 25 g/l. It is clear from Fig. 6, that the enzyme specific activity was
increased with increasing soluble starch concentration up to 15 g/l, which is the best
concentration of soluble starch for laccase formation. Increasing soluble starch concentration
above this value resulted to a decrease in enzyme level.

Fig. 6. Influence of soluble starch concentration on the formation of Pl. ostreatus
ARC280 laccase
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3.10 Effect of Different Nitrogen Sources

Various nitrogen compounds (sodium nitrate, ammonium chloride, urea, L(+)asparagine,
L(+)glutamine, L-alanine, DL–alanine, L-arginine and L-tryptophan) were added separately
to the culture medium in amounts equivalent to the amount of nitrogen in ammonium sulfate
(control) in the medium described by Tlecuitl-Beristain et al., 2008 (medium 7) for Pl.
ostreatus ARC280. The highest level of enzyme formation expressed in terms of specific
activity was obtained with ammonium sulfate followed by L-arginine. The rest of nitrogen
sources gave also considerable amounts of laccase except urea which gave the lowest
enzyme activity. Different proportions of laccase were obtained in all media containing
different nitrogen sources (Table 4).

Table 4. Influence of different nitrogen sources on the formation of Pl. ostreatus
ARC280 laccase

Nitrogen source Final pH Protein
(mg/ml)

Activity
(U/ml)

Specific activity
(U/mg protein)

Ammonium sulfate (Control) 5.0 2.63 431.33 164.00 ± 5.24
Sodium Nitrate 5.0 3.07 216.42 70.50 ± 2.25
Ammonium chloride 5.0 2.82 229.83 81.50 ± 2.09
Urea 5.5 3.75 10.67 2.85 ± 0.00
L(+) asparagine 5.5 3.76 99.30 26.41 ± 0.96
L(+) glutamine 6.0 3.57 243.30 68.15 ± 3.08
L- alanine 5.0 3.44 213.33 62.01 ± 4.05
DL– alanine 5.5 3.13 174.00 55.59 ± 0.65
L- arginine 5.0 3.38 358.33 106.01 ± 6.47
L- tryptophan 6.0 10.35 135.83 13.12 ± 3.61

In agreement with this result, Gogna et al. (1992) stated that, the most widely used nitrogen
sources for fungal ligninolytic enzyme production are ammonium salts. Stajić et al. (2006)
showed 396 U/l activity of laccase by Pl. ostreatus HAI 493 and 100 U/l by Pl. eryngii with
ammonium sulfate as nitrogen source. On the other hand, Adejoye and Fasidi (2010) and
Sivakumar et al. (2010) reported that yeast extract stimulated higher production of laccase
by Schizophyllum commune and Ganoderma sp., respectively.

3.11 Influence of Tween-80 Concentration

Surfactants, especially Tween-80, can increase the bioavailability of less soluble substrates
for the fungi and stimulate growth of the fungal spores (Zheng and Obbard, 2001). Pl.
ostreatus ARC280 was grown on the medium described by Tlecuitl-Beristain et al., 2008
supplemented with different concentrations of Tween-80 (0.1 – 0.75%; v/v) as a surfactant to
define the optimal concentration needed to induce maximum laccase yield. The results
obtained showed that, the enzyme production expressed as a relative activity reached its
maximum value at a concentration of 0.1% (v/v Tween-80) and increased by about 44% than
control (without Tween-80). In addition, it was found that increasing Tween-80
concentrations up to this value resulted in a gradual decrease in laccase formation (Fig. 7).
The stimulatory effect of surfactants may be a consequence of its action on cell membranes
causing increased permeability and /or by promoting the release of cell-bound enzymes
(Zeng et al., 2006). Tween 80 with a concentration of 0.015 gl-1 simulated higher laccase
production by Pl. ostreatus HP-1 as compared to the control (Patel et al., 2009). The specific
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mechanism by which surfactants enhance extracellular enzyme production in filamentous
fungi has not been elucidated.

Fig. 7. Influence of Tween-80 concentration on the formation of Pl. ostreatus ARC280
laccase

3.12 Effect of Various Concentrations of Copper Sulfate

Copper as a micronutrient has a key role as a metal activator, induces both laccase
transcription, and plays an important role in laccase production (Palmieri et al., 2000). In
order to find out the suitable concentration of copper sulfate for induction maximum
production of laccase from Pl. ostreatus ARC280, a series of concentrations of copper
sulfate (50, 100, 250, 500, 750, 1000, 1250, and 1500μM) were used. Among the different
concentrations tested, 100μM supported the maximum laccase production by Pl. ostreatus
ARC280 with relative activity of 119.23% compared to the original medium containing 50μM
CuSO4.5H2O. However, when the concentration of copper was increased beyond 100μM,
significant decrease in fungal growth and laccase production was observed (Fig. 8). This
may be attributed to an inhibitory effect of copper at higher concentrations. Copper sulfate at
a concentration of 30μM supported the maximum laccase production by Ganoderma sp.
(Sivakumar et al., 2010). On the other hand, Copper sulfate (667µM) addition increased up
laccase production to 7-fold by Colletotrichum truncatum (Levin et al., 2007). Niladevi and
Prema (2007) obtained maximum laccase activity when copper sulfate was used at a
concentration of 1mM. Galhaup et al. (2002) and Stajić et al. (2006) reported that the
addition of copper sulfate in various concentrations (1-10 mM) stimulates laccase
production. It is worthy to mention that, the absence of copper sulfate in the medium resulted
to a very low laccase formation. On the other hand, neither growth nor activity was noticed
with all concentrations started from 1000μM (data not shown). Baldrian (2003) stated that
higher copper concentrations may be toxic for fungi, affecting their growth and enzymatic
activities.
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Fig. 8. Influence of CuSO4 concentration on the formation of Pl. ostreatus ARC280
laccase

4. CONCLUSION

In view of the results obtained, it can be concluded that: Laccase production by Pl. ostreatus
ARC280 has been shown to depend markedly on the composition of the culture medium,
carbon, nitrogen content and inducer compounds and governed by parameters such as pH
of the production medium and other nutritional parameters. In future, we are interested to
study the properties of laccase and test the ability of this enzyme to degrade the various
dyes as an important enzyme for various industrial applications and this strain seems to be a
prospective organism for further biotechnological exploitation.
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