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Laccase production by the white rot fungus, Ganoderma lucidum, was investigated using submerged 
fermentation, and the laccase was purified and characterized. The effects of variations in the media 
nutrient composition or culture conditions and characteristics of purified laccase were provided for 
large scale production or industrial uses of the laccase. Low concentrations of glucose and yeast 
extract stimulated G. lucidum laccase production. The addition of lignocellulosic substrates to the 
media stimulated laccase production: pomelo peel induced the highest laccase activity of 11842.13 U/L 
and banana peel reduced laccase production, compared to control media containing wheat bran. Native 
PAGE and SDS PAGE demonstrated the presence of a single isoform with a molecular weight of 68 kDa. 
The optimum pH and temperature were 3.0 and 60°C, respectively. G. lucidum laccase is thermostable, 
with a residual activity of 46% after 80 min at 60°C. The Michaelis-Menten constant (Km) and catalytic 
constant (Kcat) values for G. lucidum laccase using ABTS (2,2'-azino-di-[3-ethyl-benzothiazolin-
sulphonate]) as a substrate were 0.114 mM and 74.63 S

-1
, respectively, with a specificity constant (Kcat / 

Km) of 654.65 S
-1

 mM
-1

. The thermostable properties of the laccase produced by fermentation of G. 
lucidum in submerged culture had potential for industrial and biotechnology applications. 
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INTRODUCTION  
 
Laccase (benzenediol:oxygen oxidoreductase, EC 
1.10.3.2) is a copper-containing enzyme which is widely 
distributed within plants, insects and fungi. Laccase 
catalyzes the removal of electrons from a variety of 
organic substrates, including phenols, methoxyphenols, 
aromatic amines, while reducing molecular oxygen to 
water as a final electron acceptor. Unlike lignin 
peroxidase and manganese peroxidase, laccase is 
capable of catalyzing the oxidation of organic compounds 
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in the absence of H2O2 or Mn
2+

 (Leonowicz et al., 2001), 
allowing laccase to be effectively applied within several 
industrial processes, including bleaching in the paper 
industry (Oudia et al., 2008), decolorization of textile dyes 
(Murugesan, 2007, 2009a; Mazmanci et al., 2009; Moturi 
and Charya, 2010), removal of herbicides from cereal 
crops (Coelho et al., 2010) and the biodegradation and 
bioconversion of food and agricultural waste (Sánchez, 
2009; Haddadin et al., 2002; Strong and Burgess, 2008). 

White-rot fungi (WRF) are laccase producing species of 
significant interest, as they secrete laccase to degrade 
the lignin component of wood to expose cellulose 
(Paterson, 2007). The WRF species Trametes versicolor 
(Lorenzo et  al.,  2002),  Pleurotus  ostreatus  (Liu  et  al.,  
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2009; Hou et al., 2004), Agaricus blazei (Ullrich et al., 
2005), Clitocybe maxima (Zhang et al., 2010), Pleurotus 
eryngii (Wang and Ng, 2006a) and Pycnoporus sanguine 
(Vite-Vallejo et al., 2009) have been studied in detail for 
many years and are candi-dates for industrial application. 
Ganoderma lucidum is an important medicinal mushroom 
in China which has recently been employed in the solid 
state fermentation of laccase.  

Laccase synthesis is known to be influenced by the 
culture conditions, including variations in the types and 
concentration of nutrients available. Investigation of the 
effects of different nutrients in the culture media on 
laccase synthesis is necessary for large scale laccase 
production processes. Some lignocellulosic substrates 
released by agricultural, food and forestry processes 
have been used in laccase fermentation (Haddadin et al., 
2002; Elissetche et al., 2007; Songulashvili et al., 2007). 
These materials can provide essential nutrients for fungal 
growth (Grohmann et al., 1995) and also contain 
components which stimulate laccase production (Lorenzo 
et al., 2002). However, the effect of altered media 
compositions in submerged laccase fermentation has not 
been determined. Additionally, the effect of lignocellulosic 
substrates on the fermentative production of laccase by 
G. lucidum has been poorly investigated. 

In this work, G. lucidum laccase production was 
investigated using submerged fermentation and the 
laccase was purified and characterized. The stimulatory 
effects of lignocellulosic substrates on laccase production 
and the thermostability of G. lucidum laccase have 
potential applications within industry and biotechnology. 
 
 
MATERIALS AND METHODS 

 
Fungal strain and culture conditions 

 
The white-rot fungus Ganoderma lucidum was maintained on 
potato dextrose agar (PDA) slants. The slants were inoculated and 
incubated at 30°C for 16 days and then stored at 4°C. For laccase 
production, G. lucidum was cultivated in 150 ml fermentation 
medium in 500 ml Erlenmeyer flasks at 30°C with shaking at 150 
rpm. Fermentation medium was composed of 20 g glucose, 10 g 
wheat bran, 2 g MgSO4·7H2O and 3 g KH2PO4 per liter. Seed 
cultures were cultivated in fermentation medium at 30°C and 150 
rpm for 14 days. 

 
 
Laccase activity assay  

 
Laccase (EC 1.10.3.2) activity was measured 
spectrophotometrically determined by measuring the increase in 
absorbance at 420 nm, 30°C using 1 mM ABTS (2,2'-azino-di-[3-
ethyl-benzothiazolin-sulphonate]) as the substrate (Hou et al., 
2004). The 1 ml assay mixture contained 880 µl 100 mM sodium 
acetate buffer (pH 4.5), 100 µl ABTS stock (final assay 
concentration 1 mM) and 20 µl appropriately diluted crude culture 
broth or purified enzyme. The enzyme activity was calculated using 
the molar extinction coefficient of oxidized ABTS (ε420 = 3.6× 104 M-

1cm-1) with one unit of activity defined as the amount of enzyme 
required to oxidize 1 µmol ABTS per minute. 

 
 
 
 
Carbon and nitrogen sources and lignocellulose substrate 
experiments 

 
To study the effect of different carbon sources on laccase 
production, G. lucidum was grown in fermentation media containing 
20 g/L or 80 g/L lactose, sucrose, maltose or starch, instead of 
glucose. The control media for this experiment contained no sugar. 
Fermentation media containing 20 g/L glucose was used to study 
the effect of different nitrogen sources on laccase production. Then, 
inorganic or organic nitrogen sources were added to the 
fermentation media at a final concentration of 10 g/L. The control 
media was fermentation media. 

Lignocellulosic substrates were obtained from pomelo, orange, 
mandarin orange or banana fruit by drying the peels at 60°C and 
milling each to a powder. To investigate the effects of the 
lignocellulosic substrates on laccase production, the different 
materials were added to the fermentation media at a final 
concentration of 10 g/L, instead of wheat bran. The control media 
was fermentation medium with 10 g/L yeast extract. 

Each experiment was performed in trireplicate. The results 
depicted were the averages of three replicates and the error bars 
indicated standard deviations. 

 
 
Purification of laccase 

 
The crude laccase was purified from culture broth containing 
pomelo peel as a lignocellulosic substrate using two (NH4)2SO4 

precipitation steps. 40% saturated solution of (NH4)2SO4 was used 
to remove hybrid proteins from the fermentation broth, and then 
70% saturated (NH4)2SO4 was used to precipitate laccase from the 
supernatant obtained in the first step. The protein precipitate was 
dissolved in 50 mM (pH 3.0) sodium acetate buffer, dialyzed in the 
same solution to remove (NH4)2SO4 and the desalted enzyme 
solution was applied to a DEAE FF 16/10 column pre-equilibrated 
with pH 7.0 sodium phosphate buffer solution (buffer A). The 
column was washed with buffer A and the absorbed proteins were 
eluted using a linear gradient of 0 to 1.0 mol/L NaCl in buffer A over 
40 min at flow rate of 5 ml/min. The active fractions were pooled 
and dialyzed against buffer A, concentrated to 2 ml by lyophilization 
and passed through a 2.5 × 100 cm Sephacryl S-100 HR column 
equilibrated with buffer A. The column was washed at 1 ml/min with 
buffer A and the active fractions were pooled. Finally, the active 
fractions were concentrated by lyophilization, and the purified 
laccase was used in the subsequent experiments. 

 
 
Polyacrylamide gel electrophoresis 

 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and native PAGE without SDS were performed in 
accordance with standard methods (Laemmli, 1970) using 10% 
resolving gels and 5% stacking gels. Activity staining of laccase 
was performed by incubating the native PAGE gel in 50 mM sodium 
acetate buffer solution (pH 4.0) containing 1 mM ABTS for 30 min at 
room temperature. 

 

 
Effect of pH and temperature on laccase activity 

 
To determine the optimal pH, laccase activity was measured over a 
pH range of 1.0 to 7.0 using ABTS as substrate. The pH gradient 
was obtained by sodium acetate buffer (2.0 to 7.0) and HCl – KCl 
buffer (1.0). The effect of temperature on laccase activity was 
examined over a temperature range of 20 to 80°C, by incubating 
the    assay    reactions    at    various    temperatures   for   10   min
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Figure 1. Effect of varied concentrations of different carbon sources on laccase 
production by Ganoderma lucidum in submerged fermentation conditions. The 
control media was composed of fermentation media without sugar. 

 
 
 
before the addition of enzyme and determination of laccase activity 
using ABTS as substrate.  
 
 
pH stability and thermostability of laccase 
 
To investigate the effect of pH on enzyme stability, the purified 
enzyme was incubated at room temperature for 240 min in buffers 
of various pHs, and then residual laccase activity assay was 
determined using ABTS as substrate. The thermostability of the 
enzyme was determined by measuring laccase activity every 10 
min for 80 min using ABTS as substrate at optimal pH over a 
temperature range of 30 to 80°C. 

 
 
Kinetic properties of laccase  
 
To determine the Michaelis-Menten constant (Km) and catalytic 
constants (Kcat) of laccase, varying concentrations of ABTS solution 
were mixed with purified laccase, the standard laccase enzyme 
assay was performed and the Km and Kcat values were determined 
using a Lineweaver-Burk plot. 

 
 
RESULTS 
 
Effect of carbon and nitrogen sources on G. lucidum 
laccase fermentation  
 
Figure 1 shows that, of the five different sugars tested, 20 
g/L glucose was the most effective sole carbon source, 

resulting in the largest increase in laccase production 
compared to the control media, containing no added 
sugar. At 20 g/L, glucose stimulated the maximal laccase 
activity of 2,564.86 U/L. When the sugar concentrations 
were increased to 80 g/L, laccase production decreased 
in all of the five carbon sources tested, with the highest 
activity of 1,351.41 U/L obtained using sucrose as a 
carbon source. 

The effect of the addition of different nitrogen sources 
to the fermentation media is shown in Figure 2. At 10 g/L, 
the different organic and inorganic nitrogen sources had 
varied effects on the production of laccase by G. lucidum. 
Inorganic nitrogen sources, including ammonium sulfate 
and urea, had an inhibitory effect on laccase production 
compared to the control media. The presence of yeast 
extract effectively improved the synthesis of laccase, 
stimulating a laccase activity of 4,904.38 U/L. 
 
 
Effect of lignocellulosic substrates on G. lucidum 
laccase fermentation  
 
The effect of four different lignocellulosic substrates on 
laccase production was investigated. Pomelo, orange 
and mandarin orange exerted a stimulatory effect on G. 
lucidum laccase production, compared to the control 
media. After 7 days culture, the highest laccase activity of 
11,842.13 U/L    was    observed   in    the    pomelo   peel  
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Figure 2. Effect of different nitrogen sources on laccase production by 
Ganoderma lucidum in submerged fermentation. The control media contained 
wheat bran; YE, yeast extract; BE, beef extract. 

 
 
 

 
 

Figure 3. Effect of different lignocellulosic substrates on laccase production 
by Ganoderma Lucidum in submerged fermentation. Control media contained 
wheat bran instead of 10 g/L lignocellulosic substrate. 

 
 
 
media, followed by the media containing orange or 
mandarin orange peel, which had laccase activities of 
approximately 9,000 U/L (Figure 3). In contrast, the 

addition of banana peel to the submerged culture had a 
negative effect on laccase production, leading to a lower 
activity than the control media. 

 

 



 
 
 
 
Purification and gel electrophoresis 
 
After purification using a Sephacryl S-100 HR column, G. 
lucidum laccase was purified 7.19-fold compared to the 
crude extract, with a 30.65% yield and specific activity of 
39.25 U/mg (Table 1). The purified laccase was analyzed 
by native-PAGE and SDS-PAGE. The purified protein 
demonstrated a single band in SDS-PAGE analysis, with 
a molecular weight of 68 kDa (Figure 4A). One major 
band was observed after incubating the native-PAGE gel 
with the laccase substrate ABTS, indicating the presence 
of a single laccase isoform in the purified enzyme extract 
(Figure 4B).  
 
 
Effect of pH and temperature on laccase activity 
 
The effects of pH values ranging from 1.0 to 7.0 on 
laccase activity were investigated (Figure 5A). Laccase 
exhibited the highest activity at pH 3.0. Enzyme activity 
decreased sharply as the pH value increased from 3.0 
towards the neutral range, and laccase was almost 
completely inactivated at pH 7.0. 

The influence of temperature on laccase activity was 
determined at temperatures ranging from 20 to 80°C, and 
the optimal temperature for laccase was determined to be 
60°C (Figure 5B). Enzyme activity declined when the 
temperature was increased from 60 to 80°C, with 40% of 
the optimal enzyme activity observed at 80°C. 
 
 
pH stability and thermo-tolerance of laccase activity 
 
The pH stability of the purified laccase was investigated, 
by assaying residual laccase activity after incubation of 
the enzyme for 240 min at pH values ranging from 2.0 to 
7.0 (Figure 6A). Laccase enzyme activity was stable at 
pH 3.0, retaining more than 80% activity after 240 min. In 
contrast, less than 10% of the laccase activity remained 
after 240 min incubation at pH 2.0, 6.0 and 7.0. 

The thermal stability of laccase was investigated by 
incubating the enzyme at different temperatures at pH 3.0 
and assaying laccase activity every 10 min, for 80 min 
(Figure 6B). No loss in laccase activity was detected over 
80 min at 30, 40 or 50°C. At 60°C, 46% of the residual 
laccase activity remained after 80 min, indicating that G. 
lucidum laccase is a thermostable enzyme. Less than 
10% of laccase activity was retained after 20 min when 
incubated at 70°C, and complete inactivation occurred 
after 10 min at 80°C. 
 
 
Kinetic properties of the laccase enzyme 
 
The kinetic parameters of purified laccase were 
characterized using the Michaelis constant Km, catalytic 
constant Kcat  and  specificity  constant   (Kcat / Km)   using  
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various concentrations of ABTS as a substrate. The 
Lineweaver-Burk plot (Figure 7) indicated that the Km and 
catalytic constant Kcat values for purified laccase were 
0.114 M and 74.63 S

-1
, respectively, and the specificity 

constant (Kcat / Km) was 654.65 S
-1

 mM
-1

. 
 
 
DISCUSSION  
 
The major component of the natural resources released 
by farming and agricultural activities is ligninocellulose, 
which is composed of cellulose, hemicellulose and lignin 
(Sánchez, 2009). Lignin forms a barrier to protect 
cellulose and hemicellulose from enzymatic attack. Under 
natural conditions, WRF can attack the lignin barrier to 
obtain energy from cellulose, via secretion of hydrolytic 
ligninolytic enzymes, including lignin peroxidases (LiP), 
manganese peroxidases (MnP) and laccases. In this 
study, G. lucidum laccase production and activity was 
determined using submerged culture fermentation. 

It has been reported that the carbon source is the most 
important factor in laccase production, and that the 
addition of suitable amounts of other sugars to the culture 
media has a benign influence on laccase synthesis 
(Teerapatsakul et al., 2007). In this study, we observed 
that low concentrations of glucose were the optimal 
carbon source for G. lucidum laccase production. The 
other tested sugars and high concentrations of sugars 
reduced laccase production when they were compared 
with low concentration of glucose. At high concentrations, 
sugars may satisfy the nutrient demands of G. lucidum 
for biomass growth, without the requirement to secret 
laccase to degrade lignin in order to obtain energy from 
cellulose. Trametes pubescens laccase synthesis is also 
repressed when glucose exceeds a certain concentration 
(Galhaup et al., 2002). Additionally, it has been reported 
that high concentrations of glucose can trigger the 
synthesis of extracellular polysaccharides which can 
interfere with the extraction of laccase from the culture 
broth (Eggert et al., 1996). 

The optimal nitrogen source conditions for laccase 
production observed in this work were different to 
previous reports in other fungi. In some WRF species, 
such as Pycnoporus cinnabarinus and Botryosphaeria 
sp., nitrogen limitation is required for the optimal 
production of laccase (Eggert et al., 1996; Vasconcelos et 
al., 2000), and in contrast, nitrogen-rich culture conditions 
were necessary for high levels of laccase in 
Physisporinus rivulosus (Hildén et al., 2007) and 
Trametes pubescens fermentation (Galhaup et al., 2002). 
In this study, laccase synthesis by G. lucidum was 
enhanced in nitrogen-rich culture conditions using yeast 
extract as a sole nitrogen source. Yeast extract is known 
to enhance laccase synthesis and our results were in 
agreement with the optimal culture conditions for 
Ganoderma sp. (Teerapatsakul et al., 2007). Yeast 
extract  consists   primarily   of   amino   acids,   peptides,  
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Table 1. Summary of laccase purification from Ganoderma lucidum. 
 

Purification step Total activity (U) Total protein (mg) Specific activity (U mg
-1

) Purification fold Yield (%) 

Crude culture broth 5812.35 1063.40 5.46 1.0 100 

(NH4)2SO4 precipitation 5254.35 479.40 10.96 2.0 90.39 

DEAE FF 16/10 2188.73 103.58 21.13 3.87 37.66 

Sephacryl S-100 HR 1781.40 45.38 39.25 7.19 30.65 

 
 

 
 

Figure 4. SDS-PAGE and zymogram analysis of laccase purified from 
Ganoderma lucidum. (A) SDS-PAGE gel stained with Coomassie blue R-250; 
M, low molecular mass protein marker; lane 1, purified laccase. (B) Native 
PAGE gel stained with 1 mM ABTS; lane 1, purified laccase; lane 2, laccase 
crude extract. 
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Figure 5. Effect of pH and temperature on the activity of laccase purified from Ganoderma lucidum. (A) The effect of pH on laccase activity 
at 30°C using ATBS as a substrate. (B) The effect of temperature on laccase activity at pH 3.0 using ATBS as a substrate. 

 
 
 

 
 

Figure 6. The pH and thermal stability of laccase purified from Ganoderma lucidum. (A) pH stability over 240 min using ATBS as a 
substrate: ■, pH 2.0; ●, pH 3.0; ▲, pH 4.0; ▼, pH 5.0; □, pH 6.0; ○, pH 7.0. (B) Thermal stability over 80 min using ATBS as a substrate: ■, 
30°C; ●, 40°C; ▲, 50°C; ▼, 60°C; □, 70°C; ○, 80°C. 

 
 
 
nucleotides and other soluble components of yeast cells 
(Chae et al., 2001), which may explain why yeast extract 
can stimulate laccase production more effectively than 
other organic nitrogen sources. 

It has been reported that the abundant nutrients in 
agro-industrial wastes can be used to maintain the 

growth of microorganisms in fungal enzyme fermentation 
processes (Hatvani and Mécs, 2001). Murugesan et al. 
(2007) reported that wheat bran stimulated a high level of 
laccase production in G. lucidum fermentation, which was 
attributed to the presence of phenolic acids (Hegde et al., 
2006;  Murugesan  et  al.,  2009b).  Ferulic  acid,  syringic  
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Figure 7. The Lineweaver-Burk plot of laccase purified from Ganoderma lucidum in different 
concentration of ABTS. 

 
 
 
acid and coumaric acid are natural phenolic acids which 
stimulate laccase production in WRF (Farnet et al., 
2004; Revankar and Lele, 2006). 

Apart from wheat bran, other agricultural wastes can 
stimulate laccase biosynthesis, and many studies have 
indicated that fruit peels can be added to culture media 
as lignocellulosic substrates to enhance the production 
of laccase (Lorenzo et al., 2002; Elisashvili et al., 2006; 
Rosales et al., 2007). Like wheat bran, fruit peels 
contain high levels of sugars, cellulose, protein and 
lignin (Grohmann et al., 1995), which can maintain the 
growth of G. lucidum. In this study, pomelo peel was the 
optimal lignocellulosic substrate for laccase production 
in submerged fermentation, compared to other fruit 
peels and wheat bran. We observed that the peels of 
the Rutaceae family can significantly induce laccase 
production by G. lucidum. Sathishkumar et al. (2010) 
reported that banana peel resulted in optimal laccase 
production; however, these observations are in 
disagreement with our results, as banana peel inhibited 
G. lucidum laccase production. 

Many fungal laccase enzymes have been purified and 
their molecular properties studied (Table 2). Fungal 
laccases have a number of different isoforms with a 
molecular mass ranging from 40 to 80 kDa (Eggert et 
al., 1996; Wang et al., 2010), and this variation could be 
attributed to the different ecological origins of each 

species or culture conditions. It has been reported that 
G. lucidum produces two isoforms of 40 and 68 kDa 
(D'Souza et al., 1999); however, the molecular weight of 
laccase was determined to be 43 kDa by other 
investigators (Murugesan et al., 2007). In this study, 
native-PAGE and SDS-PAGE analysis confirmed that 
we purified single laccase isoform of 68 kDa from G. 
lucidum fermentation. 

Laccase can oxidize a wide range of substrates 
including phenolic and non-phenolic substrates; 
however, most reports suggest that fungal laccase 
prefers ABTS as the ideal substrate (Hildén et al., 2007; 
Wang et al., 2010). Therefore, we used ABTS to obtain 
the kinetic constant values, and the Km value obtained 
for G. lucidum laccase is similar to the Km values of the 
laccases from Lentinula edodes (Nagai et al., 2002) and 
Pycnoporus sanguineus (Vite-Vallejo et al., 2009). 

Many reports have shown that the optimal pH for 
laccase varies when different substrates are used 
(Table 2); however, using ABTS as a substrate many 
laccase enzymes exhibit an optimal catalytic pH value 
in the acidic range (Halaburgi et al., 2011; Wang and 
Ng, 2006b), which is consistent with this study as the 
optimal pH was 3.0. Raising the pH value above 4.0, or 
below 3.0, rapidly decreased laccase activity, indicating 
that G. lucidum laccase is relatively stable at pH 3.0 to 
4.0 and has a narrow range of pH stability.  
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Table 2. Comparison of the partial properties of different laccase enzymes isolated from white rot fungi. 
 

Source of laccase Optimal pH 
Optimal 

temperature (C) 
t1/2(h) Km(mM) Kcat(S-1) Kcat/Km(mM-1 S-1) Reference 

Physisporinus rivulosus Lac-3.5 
3.0 (DMP)          3.0 
(Syringaldazin) 3.5 
(Guaiacol)    2.0 (ABTS) 

n.d. 70°C = 1 

DMP = 0.088 

Syringaldazin = 0.027 
Guaiacol = 2.095 ABTS = 
0.011 

DMP=347 

Syringaldazin = 282 
Guaiacol=71 

ABTS=286 

DMP =390 

Syringaldazin=1500 
Guaiacol=64 
ABTS=2700 

(Hildén et al., 2007) 

        

Physisporinus rivulosus Lac-4.8 

3.0 (DMP) 

3.0 (Syringaldazin) 

3.5 (Guaiacol) 

2.0 (ABTS) 

n.d. 70°C = 0.5 

DMP = 0.084 

Syringaldazin = 0.003 

Guaiacol = 1.406 

ABTS = 0.017 

DMP=481 

Syringaldazin=124 

Guaiacol=82 

ABTS=409 

DMP=570 

Syringaldazin=4400 

Guaiacol=5.8 

ABTS=2400 

(Hildén et al., 2007) 

        

Pycnoporus sp. SYBC-L1 Lac I 

3.5 (DMP) 

5.0 (Syringaldazin) 

4.0 (Guaiacol) 

3.0 (ABTS) 

70 (DMP) 

45 (syringaldazin) 

70 (guaiacol) 

65 (ABTS) 

50°C= 69.31 

60°C = 2.58 

70°C = 0.13 

80°C = 0.07 

DMP = 0.3410 

Syringaldazin = 0.1670 

Guaiacol = 1.1250 

ABTS = 0.0166 

DMP=188.07 

Syringaldazin=123.89 

Guaiacol=98.15 

ABTS=326.03 

DMP=551.52 

Syringaldazin=741.86 

Guaiacol=87.24 

ABTS=19640.36 

(Wang et al., 2010) 

        

Pycnoporus sp. SYBC-L1 Lac II 

3.0 (DMP) 

5.5 (Syringaldazin) 

3.5 (Guaiacol) 

2.5 (ABTS) 

75 (DMP) 

50 (syringaldazin) 
50 (guaiacol) 

70 (ABTS) 

50°C = 256.72 

60°C = 21.00 

70°C  = 2.06 

80°C = 0.17 

DMP = 0.1928 

Syringaldazin = 0.0891 

Guaiacol = 0.7452 

ABTS = 0.0435 

DMP=737.48 

Syringaldazin=357.14
Guaiacol=176.87 
MABTS=1356.01 

DMP=3825.10 

Syringaldazin=4008.31
Guaiacol=237.35 
ABTS=31172.64 

(Wang et al., 2010) 

        

UD (unidentified fungal isolate) 

6.0 (DMAB MBTH) 

4.5 (Syringic acid)   6 
(Guaiacol)                          
4 (ABTS) 

n.d. n.d. 

DMAB MBTH = 6.90 

Syringic acid = 0.026 
Guaiacol = 0.251 ABTS = 
0.0123 

DMAB MBTH=368 
Syringic acid =10.1 
Guaiacol=42.1 
ABTS=778 

DMAB MBTH=53 
Syringic acid =388 
Guaiacol=168 
ABTS=63300 

(Jordaan et al., 2004) 

        

Clitocybe maxima 3.0 (ABTS) 60 (ABTS) n.d. ABTS = 0.0617 n.d. n.d. (Zhang et al., 2010) 

Pleurotus ostreatus strain 10969 4.0 (ABTS) 50 (ABTS) n.d. ABTS = 0.31 n.d. n.d. (Liu et al., 2009) 
        

Agaricus blazei 

5.5 (DMP) 

5.5 (Syringaldazin) 

2.3 (ABTS) 

n.d. n.d. 

ABTS=0.063 

DMP=1.026 
Syringaldazin=0.004 
Guaiacol=4.307 

ABTS=21 

DMP=15 
Syringaldazin=5 
Guaiacol=159 

ABTS=340 

DMP=14 
Syringaldazin=1228 
Guaiacol=4 

(Ullrich et al., 2005) 

        

Lentinula edodes 

4.0 (ABTS)                       
5.0 (p-phenylenediamine) 
4.0 (Pyrogallol)               
4.0 (DMP)                       
4.0 (Guaiacol)                  
5.0 (Ferulic acid) 

4.0 (Catechol) 

40 (ABTS) n.d. 

ABTS=0.108                        
p-phenylenediamine=0.256 
Pyrogallol=0.417         
DMP=0.557       
Guaiacol=0.917         
Ferulic acid=2.86     
Catechol=22.4 

n.d. n.d. (Nagai et al., 2002) 
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Table 2. Contd. 
 

Pycnoporus sanguineus CelBMD001 4.0 (ABTS) 80 (ABTS) 

30°C = 20 

40°C = 14 

50°C = 5 

60°C = 2 

ABTS=0.106 

Syringaldazin=0.102 

Guaiacol=0.25 

o-dianisidine=0.044 

ABTS=59.28 

Syringaldazin=39.86 

Guaiacol=2.05 

o-dianisidine=9.4 

ABTS=550 

Syringaldazin=383.33 

Guaiacol=8.17 

o-dianisidine=218.33 

(Vite-Vallejo et al., 2009) 

        

Ganoderma lucidum 3.0 (ABTS) 60 (ABTS) n.d. ABTS=0.114 ABTS=74.63 ABTS=654.65 This work 
 

n.d., Values not determined. 
 
 
 

Many thermostable laccase enzymes have been 
reported in other fungi (Table 2), including 
Pycnoporus sp. (Wang et al., 2010), 
Cladosporium cladosporioides (Halaburgi et al., 
2011), Pleurotus eryngii (Wang and Ng, 2006a), 
Physisporinus rivulosus (Hildén et al., 2007), 
Tricholoma giganteum (Wang and Ng, 2004) and 
Pleurotus ostreatus (Liu et al., 2009). G. lucidum 
is an important member of the WRF and laccase 
from this species of fungi are currently used to 
decolorize some reactive dyes (Murugesan et al., 
2009a); however, the production of thermostable 

laccase by G. lucidum has not received intensive 
investigation. Murugesan et al. (2007) suggested 
that submerged fermentation using wheat bran 
lead to production of thermostable laccase by G. 
lucidum; however, in this study, we produced a 
highly thermo-tolerant laccase in submerged 
fermentation using pomelo peel instead of wheat 

bran. 
In conclusion, this study demonstrates that G. 

lucidum, an important white-rot fungus, produced 
laccase as the main ligninolytic enzyme. The 
laccase production of G. lucidum was stimulated 
by lignocellulosic substrates, especially the peels 
of the Rutaceae family. The purified laccase was 
characterized and the results showed that laccase 
produced by G. lucidum was thermostable. These 
characteristics suggested that G. lucidum 
possessed great potential   applications   for   both  

industry and biotechnology.  
 
 

ACKNOWLEDGEMENTS 
 
This research was supported by the Fundamental 
Research Funds for the Central Universities 
(JUSRP21119) and the Project Funded by the 
Priority Academic Program Development of 
Jiangsu Higher Education Institutions. 
 
 
REFERENCES 

 
Chae HJ, Joo H, In MJ (2001). Utilization of brewer's yeast 

cells for the production of food-grade yeast extract. Part 1: 
effects of different enzymatic treatments on solid and protein 
recovery and flavor characteristics. Bioresour. Technol., 
76(3): 253-258. 

Coelho JS, Souza CGM, Oliveira AL, Bracht A, Costa MAF, 
Peralta RM (2010). Comparative Removal of Bentazon by 
Ganoderma lucidum in Liquid and Solid State Cultures. 
Curr. Microbiol., 60(5): 350-355. 

D'Souza TM, Merritt CS, Reddy CA (1999). Lignin-Modifying 
enzymes of the white rot basidiomycete Ganoderma 
lucidum. Appl. Environ. Microbiol., 65(12): 5307-5313. 

Eggert C, Temp U, Eriksson KE (1996). The ligninolytic system 
of the white rot fungus Pycnoporus cinnabarinus: purification 
and characterization of the laccase. Appl. Environ. 
Microbiol., 62(4): 1151-1158. 

Elisashvili V, Penninckx M, Kachlishvili E, Asatiani M, 
Kvesitadze G (2006). Use of Pleurotus dryinus for 
lignocellulolytic enzymes production in submerged 
fermentation of mandarin peels and tree leaves. Enzyme 
Microb. Technol., 38(7): 998-1004. 

Elissetche JP, Ferraz A, Freer J, Rodríguez J (2007). Enzymes 
produced by Ganoderma australe growing on wood and in 
submerged cultures. World J. Microbiol. Biotechnol., 23(3): 
429-434. 

Farnet AM, Criquet S, Cigna M, Gil G, Ferré E (2004). 
Purification of a laccase from Marasmius quercophilus 
induced with ferulic acid: reactivity towards natural and 
xenobiotic aromatic compounds. Enzyme Microb. Technol., 
34(6): 549-554. 

Galhaup C, Wagner H, Hinterstoisser B, Haltrich D (2002). 
Increased production of laccase by the wood-degrading 
basidiomycete Trametes pubescens. Enzyme Microb. 
Technol., 30(4): 529-536. 

Grohmann K, Cameron RG, Buslig BS (1995). Fractionation 
and pretreatment of orange peel by dilute acid hydrolysis. 
Bioresour. Technol., 54(2): 129-141.  

Haddadin MS, Al-Natour R, Al-Qsous S, Robinson RK (2002). 
Bio-degradation of lignin in olive pomace by freshly-isolated 
species of Basidiomycete. Bioresour. Technol., 82(2): 131-
137. 

Halaburgi VM, Sharma S, Sinha M, Singh TP, Karegoudar TB 
(2011). Purification and characterization of a thermostable 
laccase from the ascomycetes Cladosporium 
cladosporioides and its applications. Proc. Biochem., 46(5): 
1146-1152. 

Hatvani N, Mécs I (2001). Production of laccase and 
manganese peroxidase by Lentinus edodes on malt-
containing by-product of the brewing process. Proc. 
Biochem., 37(5): 491-496. 

Hegde S, Kavitha S, Varadaraj MC, Muralikrishna G (2006). 
Degradation of cereal bran polysaccharide-phenolic acid 
complexes by Aspergillus niger CFR 1105. Food Chem., 
96(1): 14-19. 

Hildén K, Hakala T, Maijala P, Lundell T, Hatakka A (2007). 
Novel thermotolerant laccases produced by the white-rot 
fungus Physisporinus rivulosus. Appl. Microbiol. Biotechnol., 
77(2): 301-309. 

Hou H, Zhou J, Wang J, Du C, Yan B (2004). Enhancement  of  



 
 
 
 
laccase production by Pleurotus ostreatus and its use for the 

decolorization of anthraquinone dye. Proc. Biochem., 39(11): 1415-
1419. 

Jordaan J, Pletschke BI, Leukes WD (2004). Purification and partial 
characterization of a thermostable laccase from an unidentified 
basidiomycete. Enzyme Microb. Technol., 34(7): 635-641. 

Laemmli UK (1970). Cleavage of Structural Proteins during the 
Assembly of the Head of Bacteriophage T4. Nature, 227(5259): 
680-685. 

Leonowicz A, Cho NS, Luterek J, Wilkolazka A, Wojtas-Wasilewska 
M, Matuszewska A, Hofrichter M, Wesenberg D, Rogalski J (2001). 
Fungal laccase: properties and activity on lignin. J. Basic Microbiol., 
41(3-4): 185-227. 

Liu L, Lin Z, Zheng T, Lin L, Zheng CQ, Lin ZX, Wang SH, Wang ZH 
(2009). Fermentation optimization and characterization of the 
laccase from Pleurotus ostreatus strain 10969. Enzyme Microb. 
Technol., 44(6-7): 426-433. 

Lorenzo M, Moldes D, Rodríguez Couto S, Sanromán A (2002). 
Improving laccase production by employing different lignocellulosic 
wastes in submerged cultures of Trametes versicolor. Bioresour. 
Technol., 82(2): 109-113. 

Mazmanci MA, Unyayar A, Erkurt EA (2009). Colour removal of textile 
dyes by culture extracts obtained from white rot fungi. Afr. J. 
Microbiol. Res., 3(10): 585-589. 

Moturi B, Charya MAS (2010). Influence of physical and chemical 
mutagens on dye decolourising Mucor mucedo. Afr. J. Microbiol. 
Res., 4(17): 1808-1813. 

Murugesan K, Kim YM, Jeon JR, Chang YS (2009). Effect of metal 
ions on reactive dye decolorization by laccase from Ganoderma 
lucidum. J. Hazard. Mater., 168(1): 523-529. 

Murugesan K, Nam IH, Kim YM, Chang YS (2007). Decolorization of 
reactive dyes by a thermostable laccase produced by Ganoderma 
lucidum in solid state culture. Enzyme Microb. Technol., 40(7): 
1662-1672. 

Murugesan K, Yang IH, Kim YM, Jeon JR, Chang YS (2009b). 
Enhanced transformation of malachite green by laccase of 
Ganoderma lucidum in the presence of natural phenolic 
compounds. Appl. Microbiol. Biotechnol., 82(2): 341-350. 

Nagai M, Sato T, Watanabe H, Saito K, Kawata M, Enei H (2002). 
Purification and characterization of an extracellular laccase from 
the edible mushroom Lentinula edodes and decolorization of 
chemically different dyes. Appl. Microbiol. Biotechnol., 60(3): 327-
335. 

Oudia A, Queiroz J, Simões R (2008). Potential and limitation of 
Trametes versicolor laccase on biodegradation of Eucalyptus 
globulus and Pinus pinaster kraft pulp. Enzyme Microb. Technol., 
43(2): 144-148. 

Paterson RRM (2007). Ganoderma disease of oil palm--A white rot 
perspective necessary for integrated control. Crop. Prot., 26(9): 
1369-1376. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ding et al.         1157 
 
 
 
Revankar MS, Lele SS (2006). Enhanced production of laccase using 

a new isolate of white rot fungus WR-1. Proc. Biochem., 41(3): 581-
588. 

Rosales E, Rodríguez Couto S, Sanromán MA (2007). Increased 
laccase production by Trametes hirsuta grown on ground orange 
peelings. Enzyme Microb. Technol., 40(5): 1286-1290. 

Sánchez C (2009). Lignocellulosic residues: Biodegradation and 
bioconversion by fungi. Biotechnol. Adv., 27(2): 185-194. 

Sathishkumar P, Murugesan K, Palvannan T (2010). Production of 
laccase from Pleurotus florida using agro-wastes and efficient 
decolorization of Reactive blue 198. J. Basic Microbiol., 50(4): 360-
367. 

Songulashvili G, Elisashvili V, Wasser SP, Nevo E, Hadar Y (2007). 
Basidiomycetes laccase and manganese peroxidase activity in 
submerged fermentation of food industry wastes. Enzyme Microb. 
Technol., 41(1-2): 57-61. 

Strong PJ, Burgess JE (2008). Fungal and enzymatic remediation of a 
wine lees and five wine-related distillery wastewaters. Bioresour. 
Technol., 99(14): 6134-6142. 

Teerapatsakul C, Parra R, Bucke C, Chitradon L (2007). Improvement 
of laccase production from Ganoderma sp. KU-Alk4 by medium 
engineering. World J. Microbiol. Biotechnol., 23(11): 1519-1527. 

Ullrich R, Huong LM, Dung NL, Hofrichter M (2005). Laccase from the 
medicinal mushroom Agaricus blazei: production, purification and 
characterization. Appl. Microbiol. Biotechnol., 67(3): 357-363. 

Vasconcelos AFD, Barbosa AM, Dekker RFH, Scarminio IS, Rezende 
MI (2000). Optimization of laccase production by Botryosphaeria 
sp. in the presence of veratryl alcohol by the response-surface 
method. Proc. Biochem., 35(10): 1131-1138. 

Vite-Vallejo O, Palomares LA, Dantán-González E, Ayala-Castro HG, 
Martínez-Anaya C, Valderrama B, Folch-Mallol J (2009). The role of 
N-glycosylation on the enzymatic activity of a Pycnoporus 
sanguineus laccase. Enzyme Microb. Technol., 45(3): 233-239. 

Wang HX, Ng TB (2004). Purification of a novel low-molecular-mass 
laccase with HIV-1 reverse transcriptase inhibitory activity from the 
mushroom Tricholoma giganteum. Biochem. Bioph. Res. Co., 
315(2): 450-454. 

Wang HX, Ng TB (2006a). Purification of a laccase from fruiting 
bodies of the mushroom Pleurotus eryngii. Appl. Microbiol. 
Biotechnol., 69(5): 521-525. 

Wang HX, Ng TB (2006b). A laccase from the medicinal mushroom 
Ganoderma lucidum. Appl. Microbiol. Biotechnol., 72(3): 508-513. 

Wang ZX, Cai YJ, Liao XR, Tao GJ, Li YY, Zhang F, Zhang DB (2010). 
Purification and characterization of two thermostable laccases with 
high cold adapted characteristics from Pycnoporus sp. SYBC-L1. 
Proc. Biochem., 45(10): 1720-1729. 

Zhang GQ, Wang YF, Zhang XQ, Ng TB, Wang HX (2010). 
Purification and characterization of a novel laccase from the edible 
mushroom Clitocybe maxima. Proc. Biochem., 45(5): 627-633. 


