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Abstract The eVect of various carbon and nitrogen
sources on the production of laccase by newly isolated
deuteromycete Pestalotiopsis sp. was tested under
liquid-state fermentation. Twenty grams per liter of
glucose and 10 g l¡1 ammonium tartrate were found to
be the optimized concentrations of carbon and nitro-
gen sources, respectively. The inXuence of diVerent
inducers and inhibitors on the laccase production was
also examined. Adding the Cu up to optimum concen-
tration of 2.0 mM in medium (include 20 g l¡1 glucose
and 10 g l¡1 ammonium tartrate), the highest laccase
activity of 32.7 § 1.7 U ml¡l was achieved. Cu had to
be supplemented after 2 days of growth for its maxi-
mal eVect, an addition after 6 days of growth, during
which laccase activity was dominantly formed,
resulted in distinctly reduced laccase activity. In addi-
tion, Direct Fast Blue B2RL can be eVectively decol-
orized by crude laccase, the decolorization percentage
of which was 88.0 § 3.2% at pH 4.0 within 12 h. The
results suggest that Pestalotiopsis sp. is a high poten-
tial producer of the industrially important enzyme
laccase.

Keywords Deuteromycete · Laccase · Inducers · 
Decolorization · Azo dye

Introduction

Laccase (benzenediol:oxygen oxidoreductases; EC
1.10. 3.2) is multi-copper oxidases widely distributed
among plants, insects, and fungi [17, 33]. It has been
found in diVerent genera of ascomycetes [12], some
deuteromycetes [18, 29], and most basidiomycetes [17,
33]. Recently, laccase has also been reported to be
widespread in bacteria [2]. Fungal laccases are believed
to be involved in the degradation of lignin or in the
removal of potentially toxic phenols arising during lig-
nin degradation [33].

Laccase catalyses the oxidation of both phenolic and
non-phenolic compounds [8] and is able to mineralize a
wide range of synthetic dyes [1, 25]. It makes this bio-
catalyst suitable for application in several bioprocesses,
including biopulping, biobleaching, bioremediation,
biosensor, various food technological uses, and in the
treatment of industrial wastewater [34]. The later is a
Weld of increasing research due to a recent trend
toward stricter government legislation concerning the
release of contaminated eZuents. Therefore, rather
large amounts of crude and puriWed laccases are
required [17]. However, in several organisms, extracel-
lular laccases are constitutively produced in small
amounts [7]. Their production can be considerably
enhanced by a wide variety of substances, including
aromatic or phenolic compounds such as xylidine or
guaiacol [7, 14, 23], or aqueous plant extracts [4].
Recently, an important eVect of copper on laccase syn-
thesis in Trametes versicolor and Pleurotus ostreatus

J. Hao · F. Song · F. Huang · C. Yang · Z. Zhang · 
Y. Zheng · X. Tian (&)
School of Life Science, Nanjing University, 
Nanjing 210093, China
e-mail: tianxj@nju.edu.cn

F. Song · Z. Zhang
Key Laboratory for Modern Sylvicultural 
Technology of Zhejiang Province, 
Zhejiang Forestry College, 
311300 Zhejiang, China
123



234 J Ind Microbiol Biotechnol (2007) 34:233–240
was reported [11, 27]. Laccase production can also be
inXuenced by diVerent carbon and nitrogen sources
[20, 32].

In our previous work, we isolated a deuteromycete,
Pestalotiopsis sp., from the organic layers of the forest
Xoor in Zijin Mountain (32°5�N, 118°48�E), Nanjing,
China in November 2004. And this fungus had demon-
strated a strong laccase activity when it incubated in
solid substrate of Quercus variebilise litter without any
other inducers [19]. This is a continual study. The aim
of this work is to examine the eVect of various carbon
and nitrogen sources, and diVerent putative inducers
and inhibitors on the production of laccase of this fun-
gus under liquid conditions. Moreover, the in vitro
decolorization ability of the crude enzyme obtained in
the cultures was to be investigated.

Materials and methods

EVect of carbon and nitrogen sources 
on laccase production

The deuteromycete, Pestalotiopsis sp. was maintained,
through periodic transfer, at 4°C on potato-dextrose
agar (PDA) plates. Shaken-Xask cultures of the organ-
ism were grown at 28 § 2°C in a darkened atmosphere
with continuous agitation (150 rpm) in Erlenmeyer
Xasks. Each Xask (250 ml) was plugged with a cellulose
stopper and contained 50 ml of basal mineral medium.
The basal mineral medium used for experimental cul-
tures included KH2PO3 3.0 g l¡1, MgSO4 1.5 g l¡1, VB1
0.01 g l¡1, mineral solution 1 ml l¡1, and unless other-
wise stated, 10 �mol l¡1 CuSO4·5H2O. Individual car-
bon and nitrogen source were also added to the basal
mineral medium at the concentrations stated below.
The mineral solution used included 1.5 g CaCl2·2H2O,
0.3 g ZnSO4·7H2O, 0.25 g FeSO4·7H2O, 0.2 g
MnCl2·5H2O, 0.05 g CoCl2·6H2O, 0.01 g H3BO3, 0.01 g
NaMoO4·2H2O in a liter. The pH was adjusted to 5.6
with 0.25 M H3PO4, and the medium was then auto-
claved at 121°C for 20 min. Each Xasks was then incu-
bated with three fungal discs (3-mm diameter), which
had been incubated 7–9 days earlier on PDA plates at
27°C. Inoculated Xasks were cultivated in a time course
of 12 days.

Maltose, glucose, cellobiose, lactose, glycerol, and
(�-cellulose were tested as carbon sources to indicate
their eVects on laccase production. They were added
individually to the basal mineral medium (containing
10 g l¡1 NH4NO3 as nitrogen source) at 10 g l¡1.

The eVect of diVerent glucose concentrations on the
laccase activity was also examined. Gradient carbon-

source concentrations, 5, 10, 20, 40 g l¡1 of glucose,
were tested in the basal mineral medium (also contain-
ing 10 g l¡1 NH4NO3 as nitrogen source) to optimize
the laccase production.

Beef extract, ammonium tartrate, yeast, ammonium
nitrate, ammonium oxalate, ammonium chloride,
ammonium sulfate, meat peptone, acrylamide, and
urea were tested as nitrogen sources to examine their
eVects on laccase production. They were added indi-
vidually to the basal mineral medium (containing
20 g l¡1 glucose as carbon source) at a N-source con-
centration of 10 g l¡1.

EVect of laccase inducers and inhibitors

The laccase formation of the fungus was followed over
12 days under the incubation in a medium (including
10 g l¡1 ammonium tartrate, 20 g l¡1 glucose) with vari-
ous putative laccase inducers or inhibitors. The culture
condition was the same as described above. The puta-
tive inducers and inhibitors were well-described aro-
matic compounds (guaiacol and 2,5-xylidine), and
several other reagents (AgNO3, CdSO4, CuSO4,
HgCl2, MnSO4, ZnSO4, NaN3, KCN). Some of them
are known to impose a state of oxidative stress on the
mycelia. 2,5-Xylidine was dissolved in 50% ethanol as
stock solution, and sterilized by Wltration. The Wnal
concentration of ethanol in the growth medium was
always less than 0.5%, and an equivalent amount of
ethanol was added to control Xasks (Wnal, 0.35%) with-
out extra inducers. Stock solutions of AgNO3, CdSO4,
CuSO4·5H2O, HgCl2, MnSO4·H2O, ZnSO4·7H2O, gua-
iacol, NaN3, and KCN were prepared in water. Copper
ion was added to actively growing fungal cultures after
2 days of cultivation at a Wnal concentration of 2 mM.
The other inducers and inhibitors were also added
after 2 days of incubation, but at a Wnal concentration
of 1 mM.

Gradient concentrations of copper (Wnal 0.1, 0.5, 1.0,
1.5, 2.0 mM) were added to the basal mineral medium
(included 10 g l¡1 glucose and 10 g l¡1 ammonium tar-
trate) at diVerent time of the shaken-Xask cultivations
(day 0, day 2, day 4, day 6), respectively.

Analytical determination

Samples were harvested periodically, Wltered through
pre-weighed Whatman Wlter paper No. 1. The Wltrate
was then centrifuged at 10,000£g at 4°C, and the clear
supernatant was collected for determining enzyme
activity and carbon remaining. The residual fungal bio-
mass collected on the tared Wlter paper was washed
with distilled water and dried at 80°C to a constant
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weight. Experiments were carried out in duplicate and
samples were analyzed in triplicate. Data were
expressed as mean § standard deviation, and the
diVerence shown in Wgures was performed using with
one-way ANOVA.

Laccase activity was determined spectrophotometri-
cally using the method of Niku-Paavola et al. [24], with
ABTS as the substrate. The laccase reaction mixture
(in a total volume of 3 ml) contained 0.5 ml crude
enzyme and 1.8 ml succinic acid buVer (41.67 mM, pH
3.0) and 0.7 ml 20 mM ABTS. The reaction was moni-
tored at room temperature (25°C) by measuring the
change in A436 (� = 29.3 mM¡1 cm¡1) for 2 min. One
unit of activity was deWned as the amount of enzyme
that oxidized 1 �mol of ABTS per minute. Enzyme
activity was expressed in U ml¡1.

Glucose concentration in the fermentation samples
was determined enzymatically using a commercially
available assay (InWnity Glucose Reagent, Sigma). Cel-
lobiose and lactose concentrations were measured by
employing puriWed cellobiose dehydrogenase using the
method described by Baminger et al. [6]. Glycerol and
maltose levels were determined using commercially
available test kits (Boehringer Mannheim, Germany).

Azo dye (Direct Fast Blue B2RL) decolorization

Culture broth was collected at the maximum laccase
activity, Wltered, and centrifuged as above. The reac-
tion mixture (Wnal volume 10 ml) consisted of an aque-
ous solution of dye (Wnal, 50 mg l¡1) and crude enzyme
(Wnal, 30 U ml¡1) in 20 mM sodium acetate buVer at
pHs 3.0–5.0. The gradient pHs were prepared accord-
ing to the book of “Experimental methods and tech-
nology of biochemistry” [35]. Since the dyes are
photodegradable, the reaction was carried out in test
tubes at room temperature in static dark condition.

The absorbance values (A) of the reaction mixtures
were measured spectrophotometrically at the maxi-
mum wavelength of 550 nm. The residual dye concen-
trations were calculated by the equation Cx = AxC0/
A0 £ 100% (C0 the initial dye concentration; Cx the
residual dye concentration; A0 the absorbance value of
the initial reaction mixture; Ax the absorbance value of
the residual reaction mixture), and the dye decoloriza-
tion was expressed as a percentage. A parallel control
test containing the same amount of a heat-denatured
laccase (heated in microwave for 15 min) was also per-
formed.

In an attempt to investigate the role of laccase in dye
decolorization by Pestalotiopsis sp., sodium azide
(Wnal, 0.01 mM) was added to each shaken-Xask of
50 ml basal mineral medium (containing 10 g l¡1 glu-

cose and 10 g l¡1 ammonium tartrate) after 2 days of
incubation, when laccase activity was Wrst detected.
Flasks were cultivated in a time course of 12 days at
28 § 2°C. Culture broth was collected at the maximum
laccase activity, Wltered, and centrifuged. Then the
supernatant was tested to enzyme assay and dye decol-
orization. The procedures were done as described
above.

The assays were done twice, and samples were ana-
lyzed in triplicate. Values shown are means § standard
deviation.

Chemicals

All solvents and chemicals were of analytical grade,
unless otherwise stated. All enzyme activities, sub-
strate content, and decolorization tests were assayed
with a U-3000 spectrophotometer (Hitachi Ltd, Tokyo,
Japan) in the Laboratory of Botanical Science, Nanjing
University, China.

Results and discussion

EVect of carbon and nitrogen sources 
on laccase production

The strain of Pestalotiopsis sp. has recently been iso-
lated [19]. In order to improve laccase production, a
range of carbon sources added in the medium was
examined. The results show that the laccase formation
was strongly aVected by the substrates (Fig. 1). In gen-
eral, substrates that were utilized eYciently and rapidly
by the organism usually stimulated a comparatively high
level of laccase activity. Maltose and glucose caused the
similar laccase activities. Maltose gave the highest activ-
ities of 1.8 § 0.2 U ml¡1 among the carbon sources
tested (Fig. 1). Cellobiose and lactose showed lower
activities than maltose and glucose. They were con-
sumed more slowly than glucose and maltose (Fig. 1b).
And when using these two as substrates, respectively,
the maximum activity levels were obtained after a
longer cultivation time (Fig. 1a). Both (�-cellulose and
glycerol, which are poorly utilized for growth by the
fungus, resulted in the lowest laccase levels.

Laccase activities obtained with glucose were com-
parable to those obtained with maltose. However, glu-
cose is cheaper than maltose. Therefore, glucose was
chosen to be the carbon resource in this work. The
eVect of diVerent glucose concentrations on the laccase
activity is shown in Fig. 2. The laccase activities
increased with glucose concentrations (Fig. 2). Increas-
ing the glucose concentration from 5 to 20 g l¡1
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resulted in a more than Wvefold increase (0.9 § 0.1 to
5.2 § 0.2 U ml¡1) of laccase activity. A further increase
to 40 g l¡1 did not further enhance the laccase activity,
but lower activities (3.9 § 0.2 U ml¡1) were obtained.
Glucose is often found to repress genes that are used in
the metabolization of alternative carbon sources, and
this was the case in the present study. This glucose

repression is well known in fungi, and is thought to be
an energy-saving response [30].

Another factor essential to eYcient laccase produc-
tion by fungi is the nitrogen source used for cultivation.
Both its nature and the concentration employed have
been reported to be of considerable importance [14, 17,
32]. The eVect of diVerent nitrogen sources on laccase
production by Pestalotiopsis sp. when grown on 20 g l¡1

glucose in basal medium was assayed (Fig. 3).
The highest enzyme production (14.2 § 0.4 U ml¡1)

was achieved when using ammonium tartrate (10 g l¡1)
as the N-source. A further increase in the concentra-
tion of this nutrient (15 g l¡1) did not result in an
increase in laccase formation. While decreasing the
concentration of this nitrogen source led to reduced
laccase activities (data not shown). The distinct eVects
of the diVerent type of N-source on laccase formation
are also noted in Fig. 3. The N-source could not be
replaced by acrylamide. When using it as the sole nitro-
gen source, laccase activity was almost negligible.

Laccase production was found to be high in a
medium containing ammonium tartrate (10 g l¡1) as
the nitrogen source and glucose (20 g l¡1) as the carbon
source in basal mineral medium. This conWrms the
reports about high N levels helpful to laccase forma-
tion of fungi [17]. In contrast, some authors [15, 28]
reported that laccase activity increased under N limit-
ing conditions.

EVect of putative laccase inducers and inhibitors

Results of these shaken-Xask experiments are summa-
rized in Fig. 4. Supplementing guaiacol and 2,5-xylidine

Fig. 1 EVect of various carbon sources (a) on laccase formation
by Pestalotiopsis sp. and substrate consumption (b) when grown
in basal mineral medium (containing 10 g l¡1 single carbon source
and 10 g l¡1 NH4NO3). Bars represent standard deviation
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to the growth medium did not increase the laccase for-
mation signiWcantly compared to the controls (Fig. 4).
This result appears to be quite diVerent to the reports
for other fungi [17, 34], in which the addition of aro-
matic compounds was routinely shown to boost laccase
formation.

Interestingly, the addition of some of the metal ions
resulted in markedly enhanced formation of extracellu-
lar laccase activity. The stimulatory eVects of copper,
which was much more pronounced (P < 0.001) than
that of the aromatic inducers, and manganese
(P < 0.01) were especially remarkable, achieving high
levels of laccase activity with 32.7 § 1.7 and
20.1 § 1.1 U ml¡1, respectively. This is contrasted the
other reagents which led to a signiWcant decrease
(P < 0.001) in laccase formation compared to the refer-
ence experiment. Ag+, Cd2+, Hg2+, NaN3, and KCN
were highly toxic for the fungus in the concentration
selected, as is evident from both the distinct decrease
in laccase activity (Fig. 4) and the complete inhibition
of its growth after their addition (Table 1).

As we know, most studies dealing with the produc-
tion of laccase focused on the type, concentration, and
the feeding time of inducers stimulating laccase forma-
tion [5, 20]. Since the addition of Cu to the growth
medium stimulated laccase production by Pestalotiop-
sis sp. to the greatest extent, its eVect on laccase forma-
tion was studied in more detail.

Figure 5 shows the results of diVerent concentra-
tions of Cu addition at diVerent time of the shaken-
Xask cultivations. Increasing Cu in the basal mineral
medium (contained 10 g l¡1 glucose and 10 g l¡1

ammonium tartrate) up to a critical concentration led
to a considerable increase in laccase activity. And also,
the start time of CuSO4 addition distinctly inXuenced
laccase formation (Fig. 5). When CuSO4 was supple-
mented to the basal medium at the time of inoculation,
no growth inhibition was observed in the low concen-
trations of Cu (<0.5 mM), while higher concentrations
(1.0–2.0 mM) partially inhibited fungal growth
(Table 2). Nevertheless, the highest enzyme activities
were found in the cultures supplemented with high
copper concentrations (Fig. 5). When CuSO4 with the
glucose in the medium of approximately 7.5 g l¡1, was
added to the fungal cultures after 2 days of growth,
high laccase activity occurred. Enzyme formation was
found to be lower when CuSO4 was added after 4 days

Fig. 4 EVect of diVerent inducers and inhibitors (Cu, Wnal 2 mM;
others each Wnal 1 mM added after 2 days of incubation) on lac-
case formation by Pestalotiopsis sp. when grown in basal mineral
medium (included 20 g l¡1 glucose, 10 g l¡1 ammonium tartrate).
Controls were done with the addition of 0.35% ethanol in above
described basal mineral medium. Cultivation period was 12 days.
Bars represent standard deviation. SigniWcantly higher activities
than controls for +++P < 0.001, ++P < 0.01. SigniWcantly lower
activities than controls for ***P < 0.001
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Table 1 Fungal biomass remaining after 12 days incubation in
basal mineral medium (included 20 g l¡1 glucose, 10 g l¡1 ammo-
nium tartrate) with diVerent inducers and inhibitors (Cu, 2 mM
Wnal; others each 1 mM Wnal added after 2 days of incubation)

Control was 0.35% ethanol

Putative inducers 
and inhibitors

Mycelial dry 
weight (mg ml¡1)

Control 3.3 § 0.1
Guaiacol 2.9 § 0.0
Xylidine 3.5 § 0.2
Ag+ 0.4 § 0.1
Cd2+ 0.5 § 0.0
Cu2+ 2.3 § 0.2
Hg2+ 0.3 § 0.1
Mn2+ 3.6 § 0.0
NaN3 0.1 § 0.1
KCN 0.1 § 0.1

Fig. 5 EVect of various concentrations of CuSO4 and varying
times of its addition on laccase formation by Pestalotiopsis sp. in
basal mineral medium (contained 10 g l¡1 glucose and 10 g l¡1

ammonium tartrate). Day 0 addition of Cu before incubation, day
2 addition after 2 days of incubation, day 4 addition after 4 days
of incubation, day 6 addition after 6 days of incubation. Cultiva-
tion period was 12 days. Bars represent standard deviation. Sig-
niWcantly lower activities than others for *P < 0.05, **P < 0.01,
***P < 0.001. SigniWcantly higher activities than others for
+P < 0.05
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of growth under the glucose concentration in the
medium with approximately 2.5 g l¡1. These results are
in contrast to those observed when fungal cultures
were amended with CuSO4 after nearly complete con-
sumption of glucose (6 days of growth). In this case,
laccase production by Pestalotiopsis sp. decreased sig-
niWcantly for all concentrations of Cu tested (Fig. 5). It
should be noted, however, that distinct laccase produc-
tion only started when glucose was almost completely
consumed from the culture medium, regardless of the
time of Cu supplementation.

Copper is an essential micronutrient for most of liv-
ing organisms [10], and copper requirements by micro-
organisms are usually satisWed in very low
concentrations, ranging between 1 and 10 �M. Copper
present in higher concentrations in its free, cupric
form, is extremely toxic to microbial cells [21]. In this
paper, the optimal copper concentration for the laccase
formation was found to be 2.0 mM. This is much higher
than the concentrations typically used in cultivation
media (2–600 �M) for the production of laccase in
wild-type or recombinant strains [11, 13, 27]. The rea-
son that copper eVectively stimulates laccase formation
has not been clearly understood. In the cases of T. ver-
sicolor, Ceriporiopsis subvermispora, and P. ostreatus,
the expression of laccase was regulated at the level of
gene transcription by copper [27]. In the case of asco-
mycete Podospora anserina, in which laccase mRNA
increased in response to copper and aromatic com-
pounds, it was postulated that laccase acts as a defense
mechanism against oxidative stress [16]. This protec-
tive function was partly attributed to the chelation of
copper ions during synthesis of the laccase enzyme.
Based on our studies, this putative protective mecha-
nism seems not to aVect Pestalotiopsis sp., since the for-
mation of 32.7 § 1.7 U laccase activity per milliliter,
corresponding to a laccase concentration of approxi-
mately 0.65 �M, is only responsible for chelating
2.6 �M Cu. This is only about 0.2% of the 2.0 mM
added during the cultivation. Furthermore, fungi pos-

sess other, more eVective mechanisms of resistance
against increased copper concentrations, such as intra-
cellular complexing by metallothioneins and trapping
of the metal by cell-wall components [10]. Apparently,
the further investigation in such Weld associated with
Pestalotiopsis sp. is necessary and would probably add
to our understanding of the degradation process of the
fungi.

Dye decolorization

Figure 6 shows the color remaining during the reaction
of culture liquid of Pestalotiopsis sp. on Direct Fast
Blue B2RL at various pHs over 16 h. As can be
observed, the highest decolorization rate was obtained
at pH 4.0. within 12 h, the decolorizaition percentage
was as high as 88.0 § 3.2%, followed by 85.4 § 2.5% at
pH 4.5. As in the case of the control, with heat-dena-
tured laccase, they did not show any change in the
maximum wavelength over the incubation time. This
indicates that such dye decolorization is biological.
Furthermore, the above results suggest that Pestaloti-
opsis sp. employed secreted acid-stable enzymes, which
are useful in decolorizing dyes from acidic textile eZu-
ents, such as those resulting from wool and polyester
processing.

In order to determine the role of laccase in dye
decolorization, 0.01 mM NaN3 (Wnal concentration)
was added to inhibit the laccase activity, followed the
work of Anthony et al. [3]. Over a 12-day incubation,
almost no laccase activity was demonstrated in the
inhibitor-presented Xasks, while biomass production
was almost identical to control Xasks (without the addi-
tion of sodium azide). The degradation of the former
samplings was only 30.1 § 1.0%, compared to 88.0 §
3.2% of the latter samples within 12 h of reaction. The

Table 2 Fungal biomass remaining after 12 days incubation in
basal mineral medium (contained 10 g l¡1 glucose and 10 g l¡1

ammonium tartrate) with diVerent concentrations of copper add-
ed on day 0

Treatment 
(mM)

Mycelial dry 
weight (mg ml¡1)

0.1 3.3 § 0.3
0.5 3.2 § 0.4
1.0 2.5 § 0.1
1.5 2.1 § 0.3
2.0 1.8 § 0.1

Fig. 6 Color remaining during the decolorization of Direct Fast
Blue B2RL by culture liquid of Pestalotiopsis sp. at various pHs
within a time course of 16 h. Bars represent standard deviation
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Wndings suggest that laccase secreted by Pestalotiopsis
sp. is mainly involved in the decolorization of textile
dye Direct Fast Blue B2RL. However, given the
absence of detectable levels of laccase enzyme, another
process must account for the remaining color removal
observed in samplings.

Conclusions

In conclusion, this study has explored how to increase
the laccase formation of the newly isolated deuter-
omycete, Pestalotiopsis sp. We can obtain a high lac-
case yield on the basal mineral medium containing
glucose (20 g l¡1), ammonium tartrate (10 g l¡1), and
stimulating enzyme formation by the addition of Cu up
to 2 mM. The maximum laccase production in our
experiment was 32.7 § 1.7 U ml¡1, which was much
higher than or quite comparable to those activities
obtained from many white-rot fungi such as T. versi-
color [22], Lentinula edodes [31], Trametes modesta
[26], P. ostreatus [27], C. subvermispora [9], and so on.
Furthermore, it is easier to culture and propagate than
white-rot fungi. In addition, It has been shown that the
crude laccase from the Pestalotiopsis sp. can be used
for the decolorization of azo dye Direct Fast Blue
B2RL, achieving decolorization as high as 88.0 § 3.2%
at pH 4.0 in 12 h. The use of the enzyme may conceiv-
ably be extended to other type textile dyes, suggesting
its high potential to the removal of dyes from industrial
eZuents.
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