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Mycelial culture of Pleurotus florida produced highest extracellular laccase in optimum growth medium. At
least two laccases (L1 and L2) were shown to be present in the culture filtrate. Low-laccase-yielding mutants
with impaired L2 activity had poor mycelial growth and could not form fruit body, whereas the revertants from
the same mutants were similar to the parent in mycelial growth and fruit body formation.

The biological function of laccase (benzenediol:oxygen oxi-
doreductase; EC 1.10.3.2), produced by many fungi, is not clear
(13, 19). However, the involvement of the enzyme in rapid cell
growth, formation of primordia (6), lignin degradation (1, 9),
pathogenesis (17, 20), and detoxification of pollutants (2) has
been suggested.

A few laccases have been identified, purified, and cloned
from Pleurotus spp. (3, 10, 15, 18, 22). However, the physio-
logical significance of laccase production by the white rot fungi
is not known. We report that mycelial culture of Pleurotus
florida produces at least two laccases, one of which appears to
be linked with the mycelial growth of the fungus.

The mycelial strain of P. florida was obtained from the So-
ciety for Rural Industrialisation, Ranchi, India. Production of
laccase was studied in PD medium, containing (wt/vol) 2%
dextrose and 20% potato extract, pH 7.0, with shaking (150
cycles/min) at 30 6 1°C. The effects on growth and enzyme
production of the replacement of dextrose in PD medium with
lactose (PL), fructose (PF), or sucrose (PS) and the addition of
0.5% yeast extract (PDY), 0.5% peptone (PDP), or 0.5% glu-

tamic acid (PDG) were studied. Enzyme activity was assayed at
30°C by using 0.3 mM o-dianisidine in 0.1 M acetate buffer, pH
5.0, or 10 mM guaiacol in the same buffer containing 10%
(vol/vol) acetone (15). The changes in absorbance of the reac-
tion mixtures containing guaiacol or o-dianisidine were moni-
tored, respectively, at 470 nm (ε 5 6,740 M21 cm21) and 460
nm (ε 5 11,300 M21 cm21), for 5 min of incubation (11, 14).
Enzyme activity was expressed in katals (1 mol of substrate
conversion/s). Activity staining of enzyme after native poly-
acrylamide gel electrophoresis (PAGE) of the concentrated
culture filtrate was done with solutions of 0.3 mM o-dianisidine
or 10 mM guaiacol in acetate buffer, pH 5.0. The laccase
activity present in the culture filtrate was partially purified by
80% (NH4)2SO4 precipitation, followed by DEAE-Sephadex
(A-50) anion exchange chromatography with a 0-to-0.6 M
NaCl gradient in 10 mM acetate buffer, pH 5.0. Induced mu-
tations of basidiospores and mycelial protoplasts were carried
out by exposing 106 cells/ml to 200 mg and 50 mg of N-methyl-
N9-nitrosoguanidine/ml for 20 and 5 min, respectively. Mutants
producing high (HLP) and low (LLP) amounts of laccase were
selected on PD agar plates containing guaiacol (10 mM), ac-
cording to the method of Fiegel et al. (8). The method for
determining fruit body production was reported previously (5).

Extracellular laccase produced by P. florida oxidized o-dia-
TABLE 1. Substrate specificity of P. florida culture

filtrate from PD medium

Substrate
(wavelength [nm])a

Relative
activityb

ABTSc (420) ..................................................................................... 303.0
Syringaldazine (530) ........................................................................ 252.0
o-Dianisidine (460) .......................................................................... 100.0
Diaminobenzidine (420) ................................................................. 65.0
Guaiacol (470).................................................................................. 33.0
o-Phenylenediamine (420) .............................................................. 15.0
Tannic acid (420) ............................................................................. 12.0
Ferulic acid (420)............................................................................. 2.0
2-Naphthol (420).............................................................................. 0.6
DOPAd (475).................................................................................... —
Veratrylalcohol (310) ...................................................................... —
Gallic acid (420)............................................................................... —
Orcinol (420) .................................................................................... —
o-Toluidine (420) ............................................................................. —

a The reaction mixtures contained 0.1 mM substrate in 100 mM acetate buffer
(pH 5.0). Activity was measured after addition of 1.6 mg of culture filtrate
protein. Color development was measured at the wavelengths indicated.

b Relative activities were obtained by comparing optical density changes to the
optical density with o-dianisidine (defined as 100%).

c ABTS, 2,29-azinobis(3-ethylbenzthiazolinesulfonic acid).
d DOPA, 3,4-dihydroxyphenylalanine.

* Corresponding author. Mailing address: Indian Institute of Chem-
ical Biology, 4, Raja S.C. Mullick Rd., Calcutta 700 032, India.

FIG. 1. Activity staining of P. florida culture filtrate with o-dianisidine (lane
1) and guaiacol (lane 2) after native PAGE.
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nisidine, guaiacol, and other phenols, phenol analogs, and ani-
lines in the absence of H2O2 (Table 1), similar to other laccases
(4, 7, 19, 21). Activity staining after native PAGE of the culture
filtrate showed the presence of two laccase bands, L1 and L2.
L2 had more guaiacol-oxidizing activity than L1 (Fig. 1). Lac-
case present in the culture filtrate of P. florida was fractionated
by anion exchange chromatography into two fractions, also
designated L1 and L2 (Fig. 2). Native PAGE of the fractions
showed that the L1 and L2 fractions obtained by chromatog-
raphy corresponded to the L1 and L2 bands in PAGE. The
apparent Km and Vmax values for L1 and L2 were determined
(Lineweaver-Burk plot) with guaiacol and o-dianisidine as sub-
strates. With guaiacol, L1 had a Km value of 28.5 mM (Vmax 5
0.175 mkat/mg) and L2 had a Km value of 3.13 mM (Vmax 5
1.353 mkat/mg). On the other hand, with o-dianisidine, L1 had
a Km value of 0.33 mM (Vmax 5 1.47 mkat/mg) while L2 had a
Km value of 0.29 mM (Vmax 5 2.4 mkat/mg). The Vmax/Km of L1
and L2 on o-dianisidine were not significantly different, but
that of L2 on guaiacol was 70 times higher than that of L1.
Thus, L2 was catalytically more active on guaiacol than L1.

It was noted that highest laccase production by P. florida
occurred in optimum growth medium (Fig. 3). The changes of
medium composition were also found to influence both laccase
and biomass production simultaneously (Fig. 3). The increase
of laccase activity was largely due to higher L2 production (Fig.
4). The possible relation of laccase production to mycelial
growth was also reported previously (12, 16). The linkage be-
tween biomass yield and laccase production by P. florida was
also further supported by the observation that laccase produc-

tion per milligram of mycelium was significantly lower for
different monokaryotic and dikaryotic putative LLP mutants
than for the parent strain (Table 2). HLP mutants, however,
showed about 20% higher laccase production, but not higher
biomass production, than the parent.

All the culture filtrates of LLP strains showed a low guaiacol
oxidizing (GX)/o-dianisidine oxidizing (ODX) activity ratio,
with lowest being 1:20, whereas the ratio was 1:2 both in the
parent strain and in HLP mutants. The ODX and GX activities
of LLP strains were 29 to 65% and 2 to 16% lower, respec-
tively, than those of the parent strain. Since L2 was catalytically
more active than these of L1 on guaiacol, as indicated by higher
Vmax/Km values and by activity staining after PAGE (Fig. 1), it
was suggested that low biomass production might be related to
low L2 production by the LLP strains. Activity staining of LLP
mutant Z1 culture filtrate (Fig. 5) and separation of laccase
activities of the same strain by ion exchange chromatography

FIG. 2. DEAE-Sephadex A-50 elution profile of laccases secreted by P. flor-
ida and an LLP mutant (Z1). ---, NaCl gradient; —, A280 of P. florida; . . ., A280
of Z1; E, enzyme elution of P. florida; F, enzyme elution of Z1.

FIG. 3. Extracellular GX activity (A) and biomass production (B) of P. flor-
ida in different media. E, PDY; F, PDP; ‚, PDG; Œ, PL; ■, PF; 3, PS; h, PD.

FIG. 4. Activity staining of gel containing culture filtrate of PDY (lane A)
and PD (lane B) media after PAGE.

TABLE 2. Laccase production and mycelial growth
of mutant strains of P. florida

Strain Naturea Sourceb Dry wt
6 SD (g)

Laccase
production
(nkat/mg of
mycelium)c

Sp act
(nkat/mg of

protein)d

ODX
activity

GX
activity

P. florida D C 0.750 6 0.008 1.8 0.98 16.20
Z1 D P 0.282 6 0.012 1.17 0.16 2.13
Z6 M P 0.385 6 0.022 1.14 0.15 2.09
Ng D P 0.288 6 0.010 1.05 0.12 1.05
N2 M B 0.298 6 0.016 1.05 0.13 0.42
Z16 M B 0.225 6 0.021 1.05 0.12 0.84
Ne1 M B 0.223 6 0.029 1.01 0.10 0.43
N7 D P 0.204 6 0.018 0.77 0.07 0.85
N5 M P 0.210 6 0.006 0.64 0.05 0.64
Z10 D P 0.219 6 0.011 0.54 0.03 0.42
Z5 M B 0.210 6 0.013 0.54 0.03 0.43
Ne7 D P 0.210 6 0.038 0.44 0.02 0.35

a D, dikaryotic; M, monokaryotic.
b C, control parent strain; B, strains isolated from basidiospores; P, strains

isolated from protoplasts.
c ODX and GX activity was measured with 0.3 mM o-dianisidine and 10 mM

guaiacol, respectively.
d Activity was measured with guaiacol.
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(Fig. 2) supported the association of L2 production with bio-
mass yield. However, no significant changes in band patterns or
intensity of bands were noted for HLP mutants (Fig. 5).

Among the 500 colonies of the mutagenized Z1 population,
35 revertants were screened. Five of the revertants studied
were found to regain both laccase-producing capacity (70 to
88% of the parent) and biomass production with an increase in
the intensity of L2 bands (data not shown).

Laccase was reported to determine the fruiting efficiency of
Schizophyllum commune (6). With P. florida it was observed
that the dikaryotic LLP strain Z1 did not produce fruit bodies
due to inefficient colonization on the substrate. Normal myce-
lial growth on the substrate and fruit body production were
found to be regained by the revertants of strain Z1 (data not
shown).

All of the evidence tentatively suggests that the L2 enzyme of
P. florida is involved in the regulation of mycelial growth of the
mushroom.

This work was supported by a grant from the Department of Science
and Technology, West Bengal, India.
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FIG. 5. Activity staining of culture filtrate of LLP and HLP strains. The
electrophorized gels were stained with o-dianisidine. Lanes: A, control; B, HLP;
C, LLP.
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