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INTRODUCTION 
 
Laccases (benzenediol: oxygen oxidoreductase E.C 1.10.3.2) 
are multi-copper enzymes belonging to the group of blue 
oxidases. Laccases catalyze the oxidation of a wide variety of 
organic and inorganic substrates including mono
poly phenols, amino phenols, methoxy phenols, aromatic 
amines and ascorbate with the simultaneous four electron 
reduction of oxygen to water (Galhaup et al
enzymes are widely distributed in plants, bacteria and fungi. 
However, many researchers have reported that lacc
mostly of fungal origin especially from white rot fungi 
(Kiiskinen et al., 2004a; b). Fungal laccases play an important 
role in food industry, paper and pulp, textile, synthetic 
chemistry, cosmetics, soil bioremediation and biodegradation 
of environmental pollutant (Couto and Toca, 2006; Baldrian, 
2006). These potentials of laccases in biotechnological and 
environmental applications have stimulated the need to 
discover promising laccases in huge amount and the demand 
for this enzyme requires the production process to be 
economical. Submerged fermentation is widely employed for 
laccase production and for other industrial enzyme production. 
This process of submerged fermentation involves the growth 
of microorganisms in a liquid media (Baldrian, 2006).
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ABSTRACT 

Five different white rot fungi were isolated and screened for laccase production. The white rot fungus 
LCJ262 was found to exhibit high activity of laccase and was identified as 
the morphological characteristics. The culture parameters influencing the production of laccase by 
Agaricus sp. LCJ262 were optimized using one factor at a time method. Initially, five different basal 
media were tested and one best medium was selected for laccase production. Sucrose (20 g/L) and 
yeast extract (20 g/L) were the best carbon and nitrogen source, respectively for laccase production. 
Additional supplementation of 0.6 mM of copper sulphate and 0.2 mM of ferulic acid proved to be the 
best inducers for laccase production. An improved laccase product
addition of 0.2 g/L of powdered paddy straw (natural inducer) in the medium. An initial medium pH 
of 6.0, inoculum size of 5 g/L and shaking condition also augmented laccase production in 
sp LCJ262. Isoenzyme determination of extracellular laccase from 
single laccase isoform.  
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(benzenediol: oxygen oxidoreductase E.C 1.10.3.2) 
copper enzymes belonging to the group of blue 

oxidases. Laccases catalyze the oxidation of a wide variety of 
organic and inorganic substrates including mono-, di-, and 

methoxy phenols, aromatic 
amines and ascorbate with the simultaneous four electron 

et al., 2002). Laccase 
enzymes are widely distributed in plants, bacteria and fungi. 
However, many researchers have reported that laccases are 
mostly of fungal origin especially from white rot fungi 
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role in food industry, paper and pulp, textile, synthetic 
chemistry, cosmetics, soil bioremediation and biodegradation 

onmental pollutant (Couto and Toca, 2006; Baldrian, 
2006). These potentials of laccases in biotechnological and 
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discover promising laccases in huge amount and the demand 

oduction process to be 
economical. Submerged fermentation is widely employed for 
laccase production and for other industrial enzyme production. 
This process of submerged fermentation involves the growth 
of microorganisms in a liquid media (Baldrian, 2006).  
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Maximizing laccase production can be
nutritional conditions which includes carbon, nitrogen and 
inducer sources and physical conditions such as pH, agitation 
and inoculum size (Dong et al
utilization of agro-wastes as natural inducer for la
production is an efficient way to reduce production cost and 
replace aromatic chemical inducers (
objective of the present study was to isolate laccase producing 
white rot fungi and optimization of culture conditions to 
enhance maximum laccase production under submerged 
fermentation. 
 

MATERIALS AND METHODS
 
Isolation and culture maintenance
 
The cultures used in this study were isolated from fresh 
fruiting body collected from the Loyola College Campus, 
Chennai, India. The cultures were maintained on Potato 
Dextrose Agar (PDA) plates and sub
 
Screening for lacccase producing fungi
 
Qualitative assay for laccase activity
 
The isolates were screened for selecting the best laccase 
producing strain by growing them on PDA plates containing 4 
mM guaiacol. The fungal isolates were inoculated and 
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Five different white rot fungi were isolated and screened for laccase production. The white rot fungus 
LCJ262 was found to exhibit high activity of laccase and was identified as Agaricus sp. according to 
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sp. LCJ262 were optimized using one factor at a time method. Initially, five different basal 

media were tested and one best medium was selected for laccase production. Sucrose (20 g/L) and 
ct (20 g/L) were the best carbon and nitrogen source, respectively for laccase production. 

Additional supplementation of 0.6 mM of copper sulphate and 0.2 mM of ferulic acid proved to be the 
best inducers for laccase production. An improved laccase production was also obtained with the 
addition of 0.2 g/L of powdered paddy straw (natural inducer) in the medium. An initial medium pH 
of 6.0, inoculum size of 5 g/L and shaking condition also augmented laccase production in Agaricus 
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Maximizing laccase production can be achieved by optimizing 
nutritional conditions which includes carbon, nitrogen and 
inducer sources and physical conditions such as pH, agitation 

et al., 2005; Baldrian, 2006). The 
wastes as natural inducer for laccase 

production is an efficient way to reduce production cost and 
replace aromatic chemical inducers (Lorenzo et al., 2002). The 
objective of the present study was to isolate laccase producing 
white rot fungi and optimization of culture conditions to 
enhance maximum laccase production under submerged 

MATERIALS AND METHODS 

Isolation and culture maintenance 

The cultures used in this study were isolated from fresh 
fruiting body collected from the Loyola College Campus, 

cultures were maintained on Potato 
Dextrose Agar (PDA) plates and sub-cultured every 2 weeks. 

Screening for lacccase producing fungi 

Qualitative assay for laccase activity 

The isolates were screened for selecting the best laccase 
producing strain by growing them on PDA plates containing 4 
mM guaiacol. The fungal isolates were inoculated and 
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incubated at 30 °C. The intense brown colour was formed 
under and around the fungal colony in guaiacol supplemented 
agar was considered as a positive reaction. The strain that 
exhibited maximum clear zone was selected for laccase 
production.  
 

Quantitative assay for laccase activity 
 
About 100 mL of Potato Dextrose Broth (PDB) was dispensed 
into 250 mL conical flask and autoclaved at 121˚C for 15 min. 
Then three fungal mycelial discs (6 mm) were inoculated into 
the conical flask under sterile condition. The flasks were then 
incubated on a rotary shaker at 120 rpm. Culture filtrate (5 
mL) was taken on every alternate day and centrifuged at 
10,000 rpm for 10 min. The clear supernatant was used as a 
crude enzyme source for determining laccase activity.  
 

Production of laccase 
 

Selection of liquid medium for laccase production 
 
Laccase production by submerged fermentation was studied in 
five different basal media: Medium 1 (Jonathan and Fasidi, 
2001) g/L: Glucose - 10, Yeast extract - 1.0, KH2PO4 - 1.0, 
MgSO4. 7H2O - 0.5, CaCl2 - 0.14, thiamine - 0.0025; Medium 
2 (Annuar, 2009) g/L: Glucose - 20, Yeast extract -2, Malt 
extrate - 2, Peptone - 2, KH2PO4 -0.46, MgSO4.- 0.5, K2HPO4 -
1; Medium 3 (Couto et al., 2006) g/L: Glucose - 20, Yeast 
extract - 15, (NH4)2 SO4 - 2, KH2PO4 -2, MgSO4 - 0.5, CaCl2 - 
0.1, KCl - 0.05;  Medium 4 (Tellez-Tellez et al., 2008) g/L: 
Glucose - 10, Yeast extract - 5, KH2PO4 - 0.6, MgSO4. - 0.5, 
K2HPO4 - 0.4, CuSO4 - 0.25, MnSO4 - 0.05, ZnSO4 -0.001; 
Medium 5 (Kalarani et al., 2011) g/L: Glucose - 20, KH2PO4 -
2, MgSO4.- 0.5, CaCl2 -0.1, CuSO4 - 0.1, Malt extract - 4, 
(NH4)2 SO4 - 2, KCl - 0.05. Each medium (100 mL) was 
dispensed into 250 mL conical flask and autoclaved at 121˚C 
for 15 min. Three fungal mycelia discs (6 mm) were 
inoculated into each of the conical flask, under sterile 
condition and they were then incubated on a rotary shaker at 
120 rpm. 5 mL of the culture filtrate was taken every alternate 
day and centrifuged at 10,000 rpm for 10 min. The clear 
supernatant was used as a crude enzyme source for 
determining laccase activity.  
 

Optimization of laccase production under submerged 
fermentation 
 

Effect of carbon and nitrogen sources on laccase 
production 
 

The laccase production by the selected isolate was optimized 
by supplementing different carbon sources such as glucose, 
sucrose, starch, maltose and fructose at 10 g/L concentration. 
The original medium was maintained as control. After 
screening for the suitable carbon source, its concentration 
range from 5 to 30 g/L was optimized. Similarly, the suitable 
nitrogen source for laccase production by the selected isolate 
was studied using organic nitrogen (yeast extract, peptone, and 
urea) and inorganic nitrogen (sodium nitrate, potassium 
chloride and sodium sulphate) sources. The original medium 
was maintained as control. The concentration of the optimum 
nitrogen source in the range of 5 to 30 g/L was also studied.  
 

Effect of inducers on laccase production 
 
The effect of copper concentration on laccase production was 
studied. Different concentration of copper sulphate ranging 
from 0.2 to 1.0 mM was added on the 4th day of inoculation 
and laccase activity was determined at interval of 2 days. The 
effect of inducer on laccase production was studied using a 
chemical inducer (ferulic acid) and natural inducer (paddy 
straw). Different concentration of ferulic acid (0.2 to 1 mM) 
was amended into the liquid medium on the 4th day of 
inoculation. The optimal concentration of finely powdered 
paddy straw for the production of laccase was studied by 
adding the different concentration (0.2 to 1.0 g/L) into the 
liquid medium on the day of inoculation. The basal medium 
without inducer was maintained as control and laccase activity 
was determined every alternate day of incubation. 
 

Effect of physical factors on laccase production 
 
The effect of optimum pH on laccase production was carried 
out by incubating the cultures in medium with different initial 
pH. The experiments were carried out individually at various 
pH ranging from 4 to 8. The enzyme assay was carried out 
individually every alternate day of incubation. Effect of 
inoculum size (1 to 5 g/L) on laccase production was carried 
out. The flasks after inoculation were incubated at 30 °C and 
laccase activity was determined. The influence of static and 
shaking condition on laccase production was also studied. One 
set of flask after inoculation was incubated at static condition 
and another set of flask was incubated on an orbital shaker at 
120 rpm and the laccase activity was determined on every 
alternate day.  
 

Analytical methods 
 

Laccase assay 
 

Laccase activity was assayed using 3 mL of 10 mM guaiacol 
in 100 mM acetone buffer (pH5.0) containing 10% (V/V) 
acetone and 1 mL culture filtrate was added then incubated for 
15 min. The enzymatic activity was assayed by measuring 
oxidation of guaiacol at 470 nm (Collins and Dobson, 1997).  
 

Calculation  
 

 
 

ΔA470 = rate of reaction i.e. final absorbance – initial 
absorbance ÷ time (min) 
€Guaiacol = molar extinction coefficient of the product (27.75) 
Total vol = total volume of reaction mixture (mL) 
Sample vol = volume of enzyme used (mL) 
 

Protein assay 
 

The protein content of the crude enzyme was estimated by 
using the method described by Lowry et al. (1951) with bovine 
serum albumin as the standard. 
 

Zymogram analysis for laccase activity 
 

Zymogram analysis for laccase activity was performed on 
Native-PAGE using modified SDS-PAGE technique 
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(Laemmli, 1970). Native PAGE was carried out under non-
denaturating conditions. After separation, the gel was stained 
with 10 mM guaiacol in 100 mM sodium acetate buffer at pH 
5.0. 
 

RESULTS  
 

Screening for laccase positive fungi 
 

The fungi used for this study were isolated from different 
natural habitats and the isolated fungal strains were labeled as 
LCJ260 to LCJ264. Qualitative analysis for laccase activity 
was carried out in PDA plates supplemented with guaiacol. 
After the 3rd day of incubation, all the five isolates exhibited 
intense brown colour zone under and around the fungal colony. 
All the five isolates were found to be laccase producers. The 
results of the qualitative analysis are presented in Table. 1. 
Quantitative assay for laccase activity was carried out 
spectrophotometrically using guaiacol as the substrate. Among 
all the isolates tested, high amount of laccase was secreted by 
LCJ262 (3.89 U/mL) on the 8th day (Table 1) and hence this 
fungi were selected for further studies. Based on the              
macro-morphological characters of fruiting bodies and the 
culture characteristics, the isolate LCJ262 was identified as 
Agaricus sp.  
 
Table 1. Qualitative and quantitative screening for laccase activity 
 

Fungal isolates 

Laccase activity 

Qualitative 
screening 

Quantitative screening 
Laccase activity (U/mL) 

LCJ260 ++ 2.66 
LCJ261 +++ 3.04 
LCJ262 +++ 3.89 
LCJ263 ++ 0.69 
LCJ264 ++ 0.98 

   (Oxidation scale: 1-2 cm - +, 2-3 cm - + +, 3-4 cm - + + +) 
 

Production of laccase 
 
The production of laccase by Agaricus sp. LCJ262 was tested 
using five different culture media. Among all the culture media 
tested, Agaricus sp. LCJ262 produced maximum laccase (25.1 
U/mL) in Medium 3 on the 8th day (Fig. 1).  
 

 
 

Fig. 1. Effect of different culture media on laccase production by 
Agaricus sp. LCJ262 on different days 

 

(M1- Medium 1, M2- Medium 2, M3- Medium 3, M4- Medium 4, M5- Medium 5) 

Therefore, Medium 3 was selected for further studies. The 
growth of Agaricus sp. LCJ262 and its laccase production in 
Medium 3 was also studied on different days after inoculation. 
The results showed that the laccase activity was the maximum 
on the 8th day of incubation (16.5 U/mL) and thereafter 
declined.  
 
Optimization of laccase production 
 
Effect of carbon and nitrogen sources on laccase 
production 
 
Effect of different carbon sources on the laccase production by 
Agaricus sp. LCJ262 was studied using carbon sources such as 
glucose, sucrose, fructose, maltose and starch. The results 
showed that Agaricus sp. LCJ262 produced more laccase in 
the liquid medium containing sucrose (23.2 U/mL) when 
compared to the other carbon sources (Table 2).  
 

Table 2. Effect of carbon and nitrogen sources on the laccase 
production by Agaricus sp. LCJ262 on the 8th day of incubation 

 

Factors Laccase activity (U/mL) 

Carbon sources   
Glucose 14.9 
Fructose 12.3 
Sucrose 23.2 
Starch 20.3 
Maltose 15.1 
Nitrogen sources  
Control 19.8 
Potassium nitrate 15.3 
Sodium sulphate 0.16 
Sodium nitrate 1.82 
Peptone 18.2 
Urea 0.20 
Yeast extract 25.4 

 
This was closely followed by starch (20.3 U/mL). The 
influence of different concentrations of sucrose was tested and 
it was observed that the addition of 20 g/L sucrose enhanced 
maximum laccase production (26.1 U/mL). It was initially 
observed that the production of laccase increased with 
increasing concentration of sucrose but declined when the 
concentration increased above 20g/L (Table 3).  
 
Table 3. Effect of sucrose and and yeast extract concentration on 
the laccase production by Agaricus sp. LCJ262 on the 8th day of 

incubation 
 

Factors Laccase activity (U/mL) 

Sucrose concentration (g/L)  
Control 15.3 
5 11.3 
10 23.4 
15 19.7 
20 26.1 
25 18.7 
30 9.11 
Yeast Extract concentration (g/L)  
Control 19.8 
5 16.9 
10 18.1 
15 19.0 
20 20.3 
25 20.2 
30 20.2 
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The influence of different nitrogen sources on the laccase 
production by Agaricus sp. LCJ262 was studied using organic 
(yeast extract, peptone, and urea) and inorganic nitrogen 
sources (sodium nitrate, potassium chloride and sodium 
sulphate). Results showed that the cultures grew better and 
also secreted high laccase when they were grown in medium 
containing organic nitrogen sources. A maximum laccase 
production of 25.4 U/mL on the 8th day was recorded in the 
medium amended with yeast extract. In medium 
peptone, the laccase activity of 18.2 U/mL was recorded 
(Table 2). The effect of varying concentration of yeast extract 
showed that in Agaricus sp. LCJ262, the maximum laccase 
activity of 20.3 U/mL was observed when the yeast extract 
concentration was 20 to 30 g/L. However due to cost 
consideration 20 g/L of yeast extract was chosen for the 
production of laccase (Table 3).  
 
Effect of inducers on laccase production 
 
The effect of different concentrations of copper sulphate on 
laccase activity was studied. The addition of 0.6 mM of copper 
sulphate induced a maximum laccase activity of 23.6 U/mL 
(Table 4). The effect of chemical inducer on laccase 
production by Agaricus sp. LCJ262 showed that the addition 
of 0.2 mM of ferulic acid enhanced the production of laccase
(23.9 U/mL) (Table 3). The effect of addition of natural 
inducer to the medium on laccase production by 
LCJ262, showed that addition of 0.2 g/L of paddy straw was 
the best for the production of laccase (21.4 U/mL) as shown in 
Table 4.  
 
Table 4. Effect of inducer on the laccase production by 

sp. LCJ262 on 8th day of incubation

 
Factors Laccase activity (U/mL)

Copper sulphate  
concentration (mM)  

 

Control 
0.2 
0.4 
0.6 
0.8 
1.0 
Chemical inducer (ferulic acid)  
concentration (mM) 
Control 
0.2 
0.4 
0.6 
0.8 
1.0 
Natural inducer (paddy straw)  
concentration (g/L) 
Control 
0.2 
0.4 
0.6 
0.8 
1.0 

 
Effect of physical factors on laccase production
 
The effect of initial medium pH ranging from 4 to 8 on laccase 
production by Agaricus sp. LCJ262 demonstrated that the 
initial pH of 6 was the best pH for the production of laccase 
(24.9 U/mL). Considerable laccase activity was observed at all 
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(yeast extract, peptone, and urea) and inorganic nitrogen 
sources (sodium nitrate, potassium chloride and sodium 

tures grew better and 
also secreted high laccase when they were grown in medium 
containing organic nitrogen sources. A maximum laccase 

day was recorded in the 
medium amended with yeast extract. In medium containing 

, the laccase activity of 18.2 U/mL was recorded 
(Table 2). The effect of varying concentration of yeast extract 

sp. LCJ262, the maximum laccase 
activity of 20.3 U/mL was observed when the yeast extract 

/L. However due to cost 
consideration 20 g/L of yeast extract was chosen for the 

The effect of different concentrations of copper sulphate on 
dition of 0.6 mM of copper 

sulphate induced a maximum laccase activity of 23.6 U/mL 
(Table 4). The effect of chemical inducer on laccase 

sp. LCJ262 showed that the addition 
of 0.2 mM of ferulic acid enhanced the production of laccase 
(23.9 U/mL) (Table 3). The effect of addition of natural 
inducer to the medium on laccase production by Agaricus sp. 
LCJ262, showed that addition of 0.2 g/L of paddy straw was 
the best for the production of laccase (21.4 U/mL) as shown in 

4. Effect of inducer on the laccase production by Agaricus 
day of incubation 

Laccase activity (U/mL) 

17.8 
13.7 
21.6 
23.6 
22.2 
13.3 

 

9.76 
23.9 
21.5 
20.7 
16.5 
14.8 

 

10.8 
21.4 
14.8 
20.8 
20.3 
14.0 

factors on laccase production 

The effect of initial medium pH ranging from 4 to 8 on laccase 
sp. LCJ262 demonstrated that the 

initial pH of 6 was the best pH for the production of laccase 
(24.9 U/mL). Considerable laccase activity was observed at all 

pH evaluated in this study, however pH
for maximizing laccase production (Ta
different inoculum size on laccase production by
LCJ262 was studied. Results showed that the laccase 
production increased with increase in inoculum size (Table 5). 
The maximum laccase production of 23.1 U/
when the inoculum size was 5 g/L. It was also found in that 
shaking condition favoured maximum laccase production of 
13.6 U/mL on the 8th day of incubation when compared to 
static condition (Table 5). 
 

Table 5. Effect of physical factors on the laccase pro
Agaricus sp. LCJ262 on the 8

 
Factors 

pH 
4 
5 
6 
7 
8 
Inoculum size 
1 
2 
3 
4 
5 
Static and shaking 
Static 
Shaking 

 
Zymogram analysis for laccase activity
 
Zymogram analysis for laccase activity using extracellular 
laccase from Agaricus sp. LCJ262 produced in the optimized 
medium was carried out. Staining of the polyacrilamide 
gel with 10 mM guaiacol resulted 
Fig. 2.  
 

Fig. 2. Zymogram analysis of laccase from 
produced in optimized culture medium by native PAGE stained 

by a 10 mM guaiacol
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pH evaluated in this study, however pH 6 was the optimum pH 
for maximizing laccase production (Table 5). The effect of 
different inoculum size on laccase production by Agaricus sp. 
LCJ262 was studied. Results showed that the laccase 
production increased with increase in inoculum size (Table 5). 
The maximum laccase production of 23.1 U/mL was observed 
when the inoculum size was 5 g/L. It was also found in that 
shaking condition favoured maximum laccase production of 

day of incubation when compared to 

Table 5. Effect of physical factors on the laccase production by 
sp. LCJ262 on the 8th day of incubation 

Laccase activity (U/mL) 

 
11.3 
10.2 
24.9 
10.5 
10.4 

 
3.65 
6.62 
18.6 
21.2 
23.1 

 
11.5 
13.6 

analysis for laccase activity 

Zymogram analysis for laccase activity using extracellular 
sp. LCJ262 produced in the optimized 

medium was carried out. Staining of the polyacrilamide                   
gel with 10 mM guaiacol resulted in a single band as seen in 

 
 

Fig. 2. Zymogram analysis of laccase from Agaricus sp. LCJ262 
produced in optimized culture medium by native PAGE stained 

by a 10 mM guaiacol 
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DISCUSSION 
 
Laccase producing fungi are generally selected based on the 
primary screening in agar plate containing a suitable substrate. 
Laccase producing organism showed a brown coloured zone 
on the PDA plate amended with guaiacol. Alfarra et al. (2013) 
and Gnanasalomi and Gnanadoss (2013) also used guaiacol as 
an indicator for identification of laccase positive isolates. 
Among the five white rot fungi tested LCJ262 was found to be 
the most potent laccase producer and was identified as 
Agaricus sp. The production of laccases under submerged 
fermentation was evaluated using five different basal media 
and enzyme activity was observed to be different in each of the 
media used indicating the importance of the nutrient 
composition in enhancing the enzyme production by specific 
organisms. Similarly, Elshafei et al. (2012) evaluated eight 
different media for the production of laccase by fungal 
isolates. Radhika et al. (2013) also studied laccase production 
using five different liquid media. Each fungi has its own 
requirements for production of laccase under submerged 
fermentation and hence have to be standardized.  
In this study using Agaricus sp. LCJ262, the carbon source 
sucrose enhanced maximum laccase production. Similarly, 
Bettin et al. (2009) demonstrated that sucrose is relatively a 
cheaper and most suitable carbon source for the growth and 
laccase production by P. sajor-caju PS-2001.  
 
In the present study, inorganic and organic nitrogen substances 
were incorporated in the basal medium and their effect on the 
production of the enzyme was studied. Yeast extract enhanced 
maximum laccase production by Agaricus sp. LCJ262. 
Manimozhi and Kaviyarasan (2012) earlier reported that the 
addition of yeast extract enhanced laccase production in 
Agaricus heterocystis. The study also showed that the addition 
of copper sulphate (0.6 mM) favoured maximum laccase 
production by Agaricus sp. LCJ262. Palmieri et al. (2000) 
showed that the addition of 150 µM copper sulphate to the 
culture medium resulted in a fifty-fold increase in laccase 
production compared to the original medium. Addition of 
ferulic acid (synthetic inducer) also enhanced laccase 
production. Previous reports demonstrated that ferulic acid 
induced synthesis of laccase in white rot fungi (Herpoel et al., 
2000). In the present study, finely powered paddy straw 
(natural inducer) enhanced maximum laccase production by 
Agaricus sp. LCJ262.  Lorenzo et al. (2002) reported that 
agro-wastes which are rich in lignin can replace the aromatic 
compounds to enhance laccase production. They can be 
preferred due to their availability and low cost. 
 
The present study showed that an initial pH of 6 favoured 
maximum laccase production by Agaricus sp. LCJ262. Most 
fungal cultures prefer a slight acidic pH in the medium for 
growth and enzyme production (Haltrich et al., 1996). 
Sivakumar et al. (2010) reported that Ganoderma sp. exhibited 
optimum laccase production at a pH of 6.0. The influence of 
inoculum size on laccase production by Agaricus sp. LCJ262 
showed that 5 g/L inoculum of Agaricus sp. LCJ262 favoured 
maximum laccase production. Earlier, Sabu et al. (2005) stated 
that lower level of inoculum may not be sufficient to initiate 
growth and enzyme production. Hence the selection of a 
suitable inoculum size is considered important in augmenting 

the enzyme production. The present study showed that the 
production of laccase was higher in shaking condition than the 
static conditions. This is because shaking increases the oxygen 
transfer from the culture medium to cells. This facilitates 
optimum fungal growth and also the enzyme production 
(Swamy and Ramsay, 1999). The findings of the present study 
clearly indicate that Agaricus sp. LCJ262 is an efficient 
producer of laccase under submerged fermentation condition. 
The conventional one factor at a time method of optimization 
of various parameters for the production of laccase are 
governed by parameters such as carbon source, nitrogen 
source, copper and inducer concentration, pH, inoculum size 
and other parameters. A two fold increase in laccase 
production was obtained after optimization of culture 
conditions when compared to the original medium. The 
optimized medium components under submerged fermentation 
will help in maximizing laccase production by Agaricus sp. 
LCJ262 under large scale processes. 
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