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Abstract

Pleurotus tuber-regium is a unique sclerotium-forming white rot fungus. It is edible and has medicinal value and

a high potentials of application in various industries. However, to date, there is no information on the production
of laccase by this fungus, the purification and determination of decolourization potential of laccase have also not
been reported. In this study, purification of laccase from P. tuber-regium is demonstrated for the first time. Laccase was purified from the submerged culture of P. tuber-regium using ammonium sulfate precipitation, ion-exchange chromatography and gel filtration chromatography. The molecular weight of laccase was determined using
sodium dodecyl sulfate polyacrylamide gel electrophoresis. The purified laccase was characterized to determine
its optimum pH and temperature, substrate specificity, Michaelis-Menten constant, and inhibitors. The decolourization potential of the crude laccase was evaluated using Congo red, trypan blue, textile dyes and textile effluent.
The purified laccase had a molecular weight of 52 kDa, optimum pH and temperature were 4 and 60EC, respectively. The best substrate for laccase was found to be 2,2N-azino-bis (3-ethylbenzothiazoline-6-sulfonate), with
a Michaelis-Menten constant (Km) of 7.82 μM. Laccase activity was mildly inhibited by ethylenediamine tetraacetic
acid (EDTA) and L-cysteine, but strongly inhibited by sodium azide. The activity of the purified laccase was enhanced by more than two fold by Na+, Ca2+ and Ba2+, and slightly enhanced by Hg2+ and Mn2+. The crude laccase
was able to efficiently decolourize trypan blue and Congo red dyes and red and blue textile dyes. Notably, on solid
agar, trypan blue was completely degraded by intracellular laccase.
Key words: fungal laccase; textile dye biodegradation; decolourization of trypan blue dye; Pleurotus tuber-regium;
medicinal mushroom

Introduction
Laccase is a polyphenol oxidase containing copper
(Patel, 2013) and belonging to the family of the blue
multicopper oxidases. It is produced by the white-rot
fungi (Othman et al., 2014; Martani et al., 2017; Agrawal
et al., 2018) and some actinomycetes (Niladevi and Prema, 2008; Yadav et al., 2019), insects including termites
(Coptotermes formosanus ) (Geng et al., 2018) and silkworm (Bombyx mori ) (Yatsu and Asano, 2009), and
some plant species (such as Acer pseudoplatanus and
Populus euramericana ) (Cai et al., 2006; Prajapati and
Minocherherhomji, 2018). Certain bacteria including

Escherichia coli, Pseudomonas putida, Bacillus sp,
Streptomyces sp and Azospirillum sp. (Kiiskinen et al.,
2004) are also known to produce this enzyme. Laccases
were first obtained from a fungal source in 1896 (Kunamneni et al., 2007). Interestingly, fungal laccases have
both degradative and synthetic properties unlike the
laccases produced by plants, bacteria and insects (Sharma et al., 2018). These functions of laccases have been
utilized in the synthesis of aromatic aldehydes, indamine
dye, totarol, and 3,4-dihydro-7,8-dihydroxy-2H-dibenzofuran-1-ones from Trametes versicolor, Coriolus hirsutus, Trametes pubescens and Agaricus bisporus, res-
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pectively (Baker et al., 1996; Fritz-Langhals and Kunath,
1998; Ncanana et al., 2007). These uses of fungal laccases have been attributed to their higher redox compared to laccases obtained from other sources (Sharma
et al., 2018), and hence their application in the synthesis
of pharmaceutically important compounds.
In nature, laccase is involved in the production of
melanin which fights against environmental stresses,
while some phytopathogenic fungi use laccase as a lignin-degrading enzyme to penetrate the lignotubers (Henson et al., 1999; Sharma et al., 2018). Laccases and the
microorganisms that produce them play important roles
in the bioremediation of xenobiotics, industrial pollutants and aromatic substances (Prajapati and Minocheherhomji, 2018). Other practical applications of laccase
include detoxification of waste water, finishing of denim
fabrics, bleaching of textile dyes, delignification of pulp,
and transformation of steroids and antibiotics (Sheikh
et al., 2012; Sharma et al., 2015).
Pleurotus tuber-regium (Fr.) Singer is a white-rot
fungus widely distributed in tropical countries and regions including equatorial Africa, Asia, Northern Australia, and South Pacific (Bamigboye et al., 2016). It prefers
a warm and humid environment for growth (Vilgalys,
1996; Bamigboye et al., 2019). The fungus P. tuber-regium is primarily saprotrophic, found on dead or decaying wood, with its enzymes involved in the breakdown of the darker-colored lignin, leaving behind white
stringy wood debris. Its basidiocarps develop from
underground sclerotia, and emerge from the soil when
the atmospheric conditions are favorable (Okhuoya and
Okogbo, 1990). Although a number of studies are available on the laccases obtained from white-rot fungi and
their applications (Nagai et al., 2003; Ramírez-Cavazos
et al., 2014; Wang et al., 2018; Pandey et al., 2018),
there is only one preliminary investigation on the ligninolytic enzymes from P. tuber-regium reported so far
(Isikhuemhen and Nerud, 1999). Laccase produced by
P. tuber-regium has been poorly studied, and the characterization as well as purification of laccase from this
fungus has received no attention. However, characterization and purification of laccase would significantly
improve its applicability in medical and industrial areas,
since this enzyme functions efficiently in the production
of some pharmaceutical compounds such as Vinblastine
and actinocin (Kunamneni et al., 2008), which shall
boost the overall income of the mushroom breeders. To

our knowledge, there has been no study focusing on the
purification and characterization of laccase from P. tuber-regium. This fungus forms sclerotia that can be preserved for months and thus may be easily available for
application in bioremediation. This study was therefore
aimed at characterizing and purifying the laccase enzyme
from P. tuber-regium – Pt30 and exploring its application potential in dye decolorization.
Materials and methods
Organism collection and maintenance

The mycelium of the strain P. tuber-regium, – Pt30
(NCBI accession number KP325383) was obtained from
the Microbiology Unit of the Department of Pure and
Applied Biology, Ladoke Akintola University of Technology, Ogbomoso, Nigeria. The organism was maintained
on potato dextrose agar (PDA) plates at 25EC and subcultured for the research demands.
Laccase plate screening assay

Laccase plate screening assay was performed following the method of Kiiskinen et al. (2004) with slight
modifications. Three types of medium were prepared for
detecting laccase production: PDA with 0.01% guaiacol,
PDA with 0.5% (w/v) tannic acid, and PDA with 1 mM
(2,2N-azino-bis (3-ethybenzothiazoline-6-sulfonic acid)
(ABTS). The media were autoclaved at 121EC for
15 min, allowed to cool, and then poured into 90 mm
Petri dishes. Precisely, mycelia agar discs measuring
5 mm were aseptically cut from the previously prepared
PDA plates (using a glass Pasteur pipette) containing exponentially growing mycelia of P. tuber-regium – Pt30.
Fusarium sp. was used as a negative control. The screening media were each inoculated at the center with
a 5 mm mycelia agar disc, and incubated at 30EC and inspected daily for 7 days.
Culture conditions and laccase assay

Six mycelia plugs (5 mm in diameter) of P. tuber-regium – Pt30 were inoculated into a 250 ml conical flask
containing 100 ml of the basal medium. The basal medium contained 18 g/l glucose, 3.8 g/l yeast extract, 1 g/l
KH2PO4 and 0.06 g/l MgSO4 @ 7H2O. The culture was
incubated at 30EC for 10 days. Laccase activity was determined according to the modified method of Lu et al.
(2007). At the final concentration, the reaction mixture
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contained 1.95 ml of 0.1 M citrate – phosphate buffer
(pH 3.4), 1 ml of 0.1 M ABTS, and 50 μl of the crude
enzyme in a final volume of 3 ml. The mixture was incubated for 3 min at 25EC. Oxidation of ABTS was detected by monitoring the change in absorbance at 420 nm.
A unit of the activity of laccase is defined as the amount
of enzyme that oxidizes 1 μmol of ABTS per minute at
25EC. The protein concentration was determined using
the method of Bradford (1976) using bovine serum albumin was used as a standard.
Purification of laccase

After 10 days, the cultures were harvested by filtration and centrifugation at 4000 rpm for 25 min. The obtained supernatant was saturated with 80% ammonium
sulfate by adding solid ammonium sulfate over a period
of 1 h with occasional stirring and leaving the solution
for 12 h on ice. The resulting precipitate was collected
by centrifugation at 4000 rpm for 30 min at 10EC. Next,
dialysis tubing was pre-treated by boiling in 0.01 M ethylenediamine tetraacetic acid (EDTA) for 30 min followed
by another pre-treatment in distilled water (at 100EC)
twice, for 30 min each. The precipitate resulting from ammonium sulfate fractionation was dialyzed for 18 h against
3 l of 20 mM sodium phosphate buffer (pH 6.5) at 28EC.
CM-Sephadex C50 cation exchanger (Sigma, USA) was
pre-treated by first swelling 20 g of resin in 1 l of distilled
water for 24 h. The resin was then washed with 15 volumes of 0.5 M NaOH for 30 min followed by a series of stirring and decantation process until effluent attained pH 8.
The effluent was later washed with 15 volumes of 0.5 M
HCl followed by continuous washing with distilled water
until it reached pH 7. A column (2.5 × 40 cm) of DEAECellulose (Sigma, USA) was packed and equilibrated with
20 mM sodium phosphate buffer (pH 6.5). The dialyzed
protein obtained from the preceding step was then layered on the column. The column was first washed with
20 mM sodium phosphate buffer (pH 6.5) to remove the
unbound proteins, followed by elution with a 400 ml linear
gradient of 0.1 M NaCl in 20 mM sodium phosphate
buffer (pH 6.5). Fractions of 3 ml were collected from
the column that was maintained at a flow rate of 30 ml/h
(0.5 ml/min). The concentration of particular protein
fractions was monitored spectrophotometrically using
the method of Bradford (1976). The fractions were
assayed for laccase activity as earlier described, and the
fractions showing high laccase activity were pooled.
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Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis
The protein sample was prepared by adding 0.2 ml of
the sample buffer (containing 0.01 M sodium phosphate
buffer (pH 7.2), 1 g sodium dodecyl sulphate (SDS) and
1 ml of 2-mercaptoethanol to 0.1 ml of the enzyme preparation, heated in a boiling water bath for 2 min, and
then cooled. A drop of glycerol was added to the sample,
and 0.2 ml of the sample was applied on the gel. Electrophoresis was run at 8 mA until the marker dye was about
1 cm from the anodic end of the gel. After electrophoresis the gels were removed by squirting water between
the gel and the glass wall using a syringe.
Determination of the kinetic parameters
of P. tuber-regium laccase
The kinetic parameters (Vmax and Km) of the enzyme
were measured according to the modified method of
Zhang et al. (2010). The Km of ABTS was calculated by
varying its concentration between 0.1 and 1 mM. The
parameters were determined from the double- reciprocal
plot of Lineweaver and Burk (1934). Lines through the
points were drawn using the method of regression.
Substrate specificity studies

The substrate specificity of laccase was investigated
by testing its activity towards structurally similar compounds which included catechol and guaiacol. The solutions of these two compounds (1 mM) were prepared in
20 mM sodium phosphate buffer (pH 6.5). Enzyme activity was measured following the modified method of Lu
et al. (2007). At the final concentration, the reaction mixture contained 0.1 M citrate-phosphate buffer (pH 3.4),
1 mM solution of the substrates and 50 μl of the enzyme
preparation in a final volume of 3 ml.
Effect of temperature on laccase activity

The activity of laccase was assayed at temperatures
between 30 and 100EC. The assay mixture was first incubated at the indicated temperature for 10 min. The reaction was then initiated by adding 50 μl of the enzyme
(1.12 mg/ml) equilibrated at the same temperature.
Effect of pH on laccase activity

The effect of pH on laccase was studied by assaying
the enzyme at different pH values using 5 mM citrate
buffer (pH range between 3.0 and 6.5) and 5 mM
phosphate (pH range between 6.5 and 8.0).
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Inhibition studies

A

B

Effects of metal chelating compounds

The inhibitory effects of chelating compounds on
laccase produced by P. tuber-regium – Pt30 were investigated by pre-incubating the purified enzyme solution
(1 ml) with the compounds (1 ml) at 4EC for 1 h before
determining the residual laccase activity. The chelating
compounds EDTA, sodium azide, and L-cysteine were
used for this analysis at a final concentration of 10 mM.

C

Effects of metal ions

The effect of metal ions on laccase activity was determined using a method described by Kuddus et al.
(2013). The salts HgCl2, BaCl2, MnCl2, NaCl, and KCl
were used for this analysis at a final concentration of
10 mM.
Decolourization studies

The effectiveness of P. tuber-regium – Pt30 in decolorizing Congo red and trypan blue dyes was investigated in both solid and liquid media (submerged fermentation). PDA was separately compounded with 0.02%
of Congo red and trypan blue dyes, and then inoculated
with 5 mm agar plug and incubated at 30EC for 10 days.
For quantitative determination, two agar plugs of P. tuber-regium, measuring 5 mm in diameter, were inoculated into 100 ml of minimal salt medium (MSM) containing 3.8 g/l of yeast extract, 18 g/l of glucose, 0.06 g/l of
MgSO4, and 0.01 g/l of KH2PO4 and incubated for 4 days.
The culture broth was then filtered with a Whatman No.
1 filter paper, and the crude laccase was used in decolorization of Congo red and trypan blue dyes. To further evaluate the potential of the fungus in the biodegradation of textile dyes, blue, royal blue, brown, and
red textile dyes (0.02% each) were compounded into
MSM, and then inoculated with two 5 mm agar plugs of
P. tuber-regium and incubated at 30EC for 15 days. Colour changes were visually monitored and also measured
spectrophotometrically.
Results
Plate screening assay

Laccase-producing fungi are commonly detected
through the development of brown, purple, or reddishbrown colour around the fungi mycelia when grown in
a medium containing tannic acid, ABTS or guaiacol res-

Fig. 1. Plate screening for the detection of laccase using selected indicators. A) The brownish zone around Pt30 mycelia on
PDA plate containing guaiacol indicates laccase production
B) Fusarium sp. (negative control – non-laccase producer)
grown on PDA plate containing guaiacol with no colour production. C) PDA plate containing ABTS showing purplish colouration indicating production of laccase by P. tuber-regium – Pt30

pectively (Wang et al., 2018). This suggests that when laccase screening test is positive, the media changes from
colorless to brown, purple or reddish-brown colored (if
tannic acid, ABTS or guaiacol is present, respectively) due
to the oxidation reactions catalyzed by laccase. In this
study, during the initial analysis of laccase producing ability, the PDA plates used for growing the fungus (P. tuberregium ), containing guaiacol and ABTS, showed the development of brown and purple colors around the mycelia,
respectively (Fig. 1). However, the PDA plates containing
tannic acid used for the growth of P. tuber-regium mycelia, developed no color. Another fungal species used as
negative control, Fusarium, which is a non-laccase producer, also showed no color production (Fig. 1).
Laccase purification

The crude laccase of P. tuber-regium – Pt30 was subjected to different purification steps, including ammonium
sulfate precipitation, ion exchange and gel filtration, which
have a marked influence on the enzyme activity. The
specific activity and total protein content of the crude
laccase were determined to be 0.43 μmol @ mg!1 @ ml!1 and
150.38 mg, respectively (Table 1). Ammonium sulfate
precipitation and ion-exchange chromatography increased the specific activity of laccase from 0.43 to 1.02 and
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Table 1. Summary of the purification of laccase from P. tuber-regium – Pt30
Total protein
[mg]

Total
laccase
activity

Specific activity
[μmol/mg/ml]

Yield
[%]

Purification
fold

Crude enzyme

150.38

64.12

0.43

100

1

Ammonium sulfate precipitation

54.10

55.19

1.02

85.97

2.37

CM-Sephadex ion exchange

20.32

43.23

2.13

67.42

4.95

Bio-Gel P-100 gel filtration

1.57

13.11

8.35

20.44

19.42

Purification
steps

M

25

BSA (66.4 KDa)
Pt30 laccase
(52 KDa)

Oval albumin (44.3 KDa)
Pepsinogen (41.4 KDa)
Trypsinogen (24 KDa)

Laccase activity [U/ml]

1

20

15

10

5

0
3

Lysozyme (14.3 KDa)

4

5

6

7

8

9

pH

Fig. 3. Effect of pH on the activity of the laccase purified from the
submerged fermentation media of P. tuber-regium mutant Pt30

Fig. 2. SDS-PAGE analysis of laccase from P. tuber-regium – Pt30

2.13 μmol @ mg!1 @ ml!1 respectively with a total protein
content of 54.10 and 20.32 mg respectively (Table 1). In
addition, gel filtration chromatography favorably increased the specific activity of the crude enzyme from 0.43
to 8.35 μmol/mg/ml (Table 1). The SDS-PAGE analysis
of the purified laccase showed a single band with a molecular weight of 52 kDa (Fig. 2).
Effect of pH and temperature on the specific activity
of the purified laccase of P. tuber-regium mutant Pt30

The evaluation of the effect of pH (3–8) on the activity
of purified laccase showed that the optimum pH for the
specific activity of laccase obtained from P. tuber-regium
– Pt30 at 60EC was 4 (20.5 U). In comparison with the
other pH values tested, the laccase activity at pH 3, 4.5
and 5 was 0.278, 1.94 and 0.833 U, respectively. The enzyme showed no activity at the alkaline pH range which
implies that the laccase from P. tuber-regium – Pt30 can
function efficiently only at acidic pH (Fig. 3).

The activity of the purified laccase of P. tuber-regium
– Pt30 was at the peak at 60EC. At 40, 60 and 80EC, the
laccase activity was recorded to be 9.17, 11.9 and 7.5 U,
respectively. This indicates that the laccase obtained
from Pt30 mutant retains its activity only at a high
temperature of 60EC (Fig. 4).
Effect of metal ions and inhibitors on laccase activity

The evaluation of the effect of metal ions showed that
the chloride salts of potassium, sodium, calcium, barium,
mercury and manganese at a concentration of 1.5 mM
had no inhibitory effect on the activity of the laccase
purified from P. tuber-regium – Pt30 (Table 2). Interestingly, laccase activity was stimulated in the presence of
these metals; for instance, when sodium, barium, or
calcium was present in the assay mixture, laccase activity increased to 220, 241, and 208%, respectively. This
suggests that instead of inhibiting laccase, these chloride
salts stimulated its activity by more than two fold (Table 2). Similarly, the chloride salts of mercury, manganese
and potassium enhanced laccase activity up to 158.9,
137.48, and 103.45%, respectively.
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Fig. 4. Influence of temperature on the activity of laccase purified from the submerged culture of P. tuber-regium mutant
Pt30 (optimum temperature – 60EC)
Table 2. Effect of chloride salts at a concentration of 10 mM
on the activity of purified laccase from P. tuber-regium – Pt30

EDTA

Sodium azide inhibitors

L-cysteine

Fig. 5. Effect of inhibitors (at 10 mM) on the activity of the
purified laccase of P. tuber-regium mutant Pt30

Table 3. Substrate specificity studies on purified laccase
of P. tuber-regium – Pt30
Substrate

Km

Vmax

[mM]

[mM]

Chloride salts

Residual activity
[%]

ABTS

7.82 × 10!5

2.9 × 10!5

KCl

103.45

Catechol

6.456

1.349

NaCl

220.39

Guaiacol

32.3875

12.5

CaCl2

208.4

BaCl2

241.4

HgCl2

158.9

MnCl2

137.48

Among the tested inhibitors, sodium azide notably
inhibited laccase activity leaving a residual activity of
18%, but EDTA and L-cysteine exhibited only a mild inhibitory effect leaving a residual activity of 77 and 88%,
respectively (Fig. 5).
Kinetics of laccase from P. tuber-regium mutant, Pt30

The ability of laccase purified from the submerged
culture of P. tuber-regium to oxidize different substrates
(ABTS, catechol and guaiacol) was evaluated. Km and
Vmax were determined using different concentrations
(from 0.1 to 1 mM) of the mentioned substrates. The
Line-weaver – Burk plots showed that Pt30 laccase had
a higher affinity for ABTS substrate than for the other
substrates (Fig. 4) which was indicated by the low Km
value. ABTS, catechol and guaiacol had a Km value of
7.82 × 10!5, 6.45 × 10!5 and 32.39 × 10!5 mM, respectively, and a Vmax value of 2.9 × 10!5, 1.349 × 10!5 and 12.5
× 10!5, respectively (Table 3). This high affinity of lac-

A

B

Fig. 6. PDA plates with fungal growth indicating: A) clear zone
of decolorization of Congo red dye biosorbed by the mycelia of
P. tuber-regium – Pt30 through secretion of laccase extracellularly, B) clear zone of decolorization of trypan blue dye
around the mycelia of Pt30 and a complete metabolism or
biodegradation of the trypan blue dye after 7 days via secretion
of laccase intracellularly

case for ABTS implies that ABTS is a better substrate
than catechol and guaiacol for the laccase understudy.
Decolorization experiments

The decolorization studies showed that P. tuber-regium – Pt30 was able to effectively decolourize Congo
red and trypan blue dye in solid agar media (Fig. 6) and
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C
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III

Fig. 7. Degradation of (A and B) blue textile dye (A – before degradation and B – after
degradation) and C) red textile dye by P. tuber-regium after 15 days of incubation in
a liquid medium (I – control; II and III – experimental set ups showing dye degradation)

submerged fermentation media. In the latter, P. tuber-regium – Pt30 effectively decolourized trypan blue and
Congo red dye by 65, and 28.85%, respectively. In addition, P. tuber-regium effectively decolourized 77, 63,
85 and 52% of blue, red, royal blue and brown textile
dyes, respectively. The decolorization potential of laccase was visible by the reduction in the colour intensity
of the dyes (Fig. 7).
Discussion
Laccases produced by many white rot fungi including;

Cerrena unicolor (Wang et al., 2017), Lentinula edodes
(Nagai et al., 2003), Pycnoporus sanguineus (RamírezCavazos et al., 2014), Trametes orientalis (Zheng et al.,
2017), Trichoderma harzianum (El Monssef et al., 2016;
Bagewadi et al., 2017), Pleurotus ostreatus (Othman
et al., 2014; El-Batal et al., 2015), Pleurotus sajor-caju
(Fokina et al., 2016), Pleurotus pulmonarius (Marques
de Souza and Peralta, 2003; Behrens et al., 2017), Pleurotus sapidus (Schwienheer et al., 2015), Pleurotus
eryngii (Loi et al., 2018), Pleurotus ferulae (Ding et al.,
2014; Wang et al., 2015), and Pleurotus djamor (Salmones and Mata 2015) have been purified, characterized
and studied in detail by many authors. However, laccase
produced by P. tuber-regium has never been studied in
detail, even though a previous study demonstrated the
versatility of this fungus (Isikhuemhen and Nerud,
1999). Therefore, this study attempted to bridge the gap
in the knowledge by purifying and characterizing the
laccase from the submerged culture of P. tuber-regium,

and evaluating its dye-decolorizing ability. The production of laccase by P. tuber-regium – Pt30 was confirmed
by the development of purple or reddish-brown color
when ABTS or guaiacol was included in the PDA media,
respectively (Fig. 1). The fungal strain P. tuber-regium
– Pt30 that was screened for laccase production tested
positive in PDA-ABTS and PDA-guaiacol media, but negative in PDA-tannic acid media. The reason for lack of colour development in the PDA-tannic acid media was not
clear, but a similar observation was made by Kiiskinen
et al. (2004) with a conclusion that tannic acid is less
specific in screening for laccase-producing fungi and
could give false positive or false negative results. However, the other two colour indicators (ABTS and guaiacol) have been used in several studies and found to give
consistent results (Kiiskinen et al., 2004; Jebapariya and
Gnanadoss, 2014). This suggests that it is more reliable
to use ABTS and guaiacol when screening for laccase
producers.
In this study, the enzyme laccase was purified using
ammonium sulfate precipitation, ion–exchange chromatography, and affinity chromatography. The specific activity of the purified enzyme was 8.35, and the yield of the
enzyme was 20.44% (Table 1). The purified laccase of
P. tuber-regium – Pt30 was found to have the optimum
activity at pH 4, with a sharp decrease and no activity at
pH 7 and 8, respectively. Previous studies also affirmed
that there is a decline in laccase activity as the pH tends
towards neutral and alkaline values (Forootanfar, 2011;
Xu, 2015). The optimum pH of 4 determined herein for
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laccase from P. tuber-regium – Pt30 is comparable to
that reported for laccase obtained from Fomes fomentarius (Neifar et al., 2010), P. eryngii, and another Pleurotus sp. (pH 4.5) (More et al., 2011). However, P. ferulae laccase was reported to have the optimum activity at
a more acidic pH (3) than that reported in this study
(Ding et al, 2014), and more recently, pH 2.6 was reported as optimal for laccase from Trametes sp. by Wang
et al. (2018). For laccase from Tricholoma matsutake,
Xu et al. (2015) reported a less acidic optimum pH (5)
than that indicated for laccase in this study.
The optimum temperature of the purified laccase of
P. tuber-regium – Pt30 was determined to be 60EC. In
previous studies, fungal laccases were reported to have
optimal temperatures ranging from 50EC (Hu et al., 2011;
Sharma et al., 2015) to 60EC (Neifar et al., 2010; Xu et al.,
2015) and 70EC (Kiiskinen et al., 2002; D’Souza-Ticlo
et al., 2009). Laccase from P. tuber-regium – Pt30 had
a low Km value (7.82 × 10!5 mM) and a high Vmax value (2.9
× 10!5 mM) with ABTS as a substrate. With catechol and
guaiacol, the Km values were 6.456 and 32.39 mM respectively while the Vmax values were 1.349 and 12.5 mM,
respectively. Previous observations have shown that the
lower the Km value, the higher the affinity of the enzyme
for the substrate (Razak and Annuar, 2014). Moreover,
the higher the Vmax, the smaller the quantity of enzyme
necessary to convert a substrate into a product (Noreen
et al., 2016). In comparison to other fungal laccases,
laccases from Sclerotium rolfsii and Pleurotus sp were
reported to have a Km of 0.087 and 250 mM, respectively, using ABTS as a substrate (Ryan et al., 2003; More
et al., 2011).
Like most industrial effluents, textile dye wastewater
usually contains high amounts of different metal ions (Lu
et al., 2012; Mtibaa et al., 2018), and laccases, in real
bioremediation applications, are inactivated in the presence of these metals (Xu et al., 2018). Therefore, enzymes used for biodegradation of toxic industrial effluents
are desired to function effectively in the presence of
various metal ions. In this study, P. tuber-regium laccase
was resistant to inhibition by all the tested metal ions
including, K+, Ca2+, Ba2+, Hg2+, and Mn+. Infact, it is surprising that the presence of Ca2+, Ba2+, Hg2+, Na+ and
Mn+ enhanced the performance of the laccase understudy. A similar observation was made for laccase from
P. ferulae (Ding, et al., 2014) while More et al. (2011)
reported that the activity of laccase from Pleurotus sp

was notably inhibited by metal ions. In contrast to P. tuber-regium laccase, the activity of laccase from other
species has been reported to be inhibited by Hg2+ in previous studies (Bagewadi et al., 2017; Mtibaa et al., 2018;
Xu et al., 2018) in addition to K+ and Na+ ions (Lu et al.,
2012; Atalla et al., 2013). This suggests that P. tuber-regium laccase has desirable qualities for industrial applications. Among the tested inhibitors, the activity of laccase from Pt30 mutant was strongly inhibited by sodium
azide, and only slightly by EDTA, which confirms the
previous observations made by other authors (Baldrian,
2006; Lu, et al., 2007; Forootanfar, et al., 2011).
The decolorization of trypan blue and Congo red dyes
were noted in both the solid and liquid media. This suggests that the crude laccase produced in the solid media
was as effective as the laccase purified from the liquid
media, and thus could save the cost of purification in the
bioremediation applications. On the PDA plates supplemented with 0.02% Congo red dye, it was observed that
the dye was biosorbed by the fungi mycelia with the
mycelia appearing reddish, while a colorless zone was
noticed around the mycelia (Fig. 6). On the other hand,
the trypan blue dye was not biosorbed, but was completely metabolized and biodegraded by this fungus probably through the secretion of intracellular laccase
(Fig. 6). It was also observed that the trypan blue dye
was decolourized faster and better (65%) than the Congo
red dye (28.85%) in the liquid media after 4 h of incubation. A similar percentage of decolourization of trypan
blue dye was reported for a commercial laccase (62%)
(Razak and Annuar, 2014), while 42% and 25% have been
reported for laccase from Daedalea quercina and a marine fungus respectively (Baldrian., 2004; D’Souza et al.,
2006). It has been established in a previous study that
fungal biomass system and purified laccase could be
applied in bio-decolourization processes (Razak and
Annuar, 2014). The use of the fungal biomass system
implies the removal of dyes through their adsorption to
the fungi mycelia or intracellular secretion of laccase
which then aids in dye biodegradation. However, a free
laccase system suggests the separation of laccase from
the organism producing it, followed by subsequent purification procedures. The fungus P. tuber-regium decolorizes Congo red dye through extracellular secretion
of laccase and biosorption of the dye to the biomass.
Thus, it is clear from this study that P. tuber-regium
produces both intracellular and extracellular laccase.

Purification and characterization of laccase from Pleurotus tuber-regium and its application in dye decolourization

Conclusions
In Conclusion, P. tuber-regium is a unique fungus,
the only sclerotium–forming species of the genus Pleurotus. It is edible, has medicinal value and produces
laccase that can be effectively used for decolourization
processes in textile industries, detergent-producing industries and other related industries. Since this fungus
is an edible mushroom, it can also find applications in
the food industry for color modification. A further study
should be carried out aiming at the bio-catalytic applications of laccase and other industrially relevant enzymes
obtained from this fungus.
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