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Abstract 
 
White rot basidiomycetes are known as producers of several oxidative and hydrolytic enzymes that act together on the 
degradation of certain components of the plant cell wall. Among these enzymes, laccases represent a family of copper-
containing polyphenol oxidases, and can be involved in various processes such as, morphogenesis, pathogenesis, and 
lignin degradation. Because of their capability to oxidize a wide range of substrates, fungal laccases are currently 
studied for their potential agricultural, industrial, and medicinal applications. Hence, the aim of this study was to 
investigate the efficacy of culture media on laccase production by six white rot fungal species: Ganoderma applanatum, 
Flammulina velutipes, Hericium coraloides, Laetiporus sulphureus, Pleurotus ostreatus var. Florida, and Trametes 
versicolor. The white-rot fungi were inoculated in PD broth (potato dextrose) and Hwang et al (2008) medium. 
Extracellular laccase formation by these fungi was recorded by spectrophotometry using guaiacol as substrate. During 
30 days of incubation was found that laccase production reached maximum values in the filtrates of both culture media 
and declined along incubation period. PD medium was optimum for laccase producing white-rot fungi. The maximum 
laccase activity was obtained from the culture filtrates of Trametes versicolor and Hericium coraloides. The optimal 
culture medium for laccase producing fungi was PD broth. Also, pH values of the fungal culture media were changed 
during incubation period. The minimal pH values were recorded in culture filtrates of Laetiporus sulphureus (2.8 and 
2.4). The highest laccase activity was detected at pH values between 5.0 and 6.0 in PD medium. A good biomass yield 
was recorded by Pleurotus ostreatus var. Florida grown on both media tested. It was found that a high production of 
laccase did not dependent on high biomass yields. 
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INTRODUCTION  
 
Laccases (EC 1.10.2.3; benzenediol: oxygen 
oxidoreductase) are multicopper-containing 
enzymes, found widely in plants and fungi, 
especially in white rot fungi which can degrade 
natural lignin. Laccases can catalyze the 
oxidation of many aromatic compounds, 
particularly phenols. Laccase activity has been 
demonstrated in many fungal species belonging 
to ascomycetes and basidiomycetes. Among 
basidiomycetes that produce laccases can be 
mentioned Agaricus bisporus (Wood, 1980), 
Pleurotus ostreatus (Sannia et al., 1986), 
Hericium coralloides (Zou YJ et al., 2012), 
Ganoderma lucidum (Ko et al., 2001) and 
Trametes versicolor (Rogalski et al., 1991). A 
major role in enzyme activity acts the culture 
conditions and medium composition. Laccase 

production by fungi is strongly affected by 
many parameters like temperature, time of 
cultivation, stationary or submerged cultures, 
medium composition (Palmieri et al., 2000). 
Temperature plays a major role in growth and 
laccase production of the fungi. In general the 
most fungi were cultivated at temperatures 
between 25°C and 30°C for optimal laccase 
production (Minussi et al., 2007). It was found 
that the optimal temperature for fruiting body 
formation and laccase production is 25°C in the 
presence of light and 30°C for laccase 
production when the cultures are incubated in 
the dark (Thurston, 1994). When the 
temperatures are higher than 30°C, the activity 
of laccase decreased significantly (Zadrazil et 
al., 1999). In white-rot fungi laccases are 
produced as multiple isoenzymes (Solomon et 
al., 1996). Extracellular laccases production 
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can be stimulated by a variety of inducing 
substances especially phenolic compounds 
related to lignin or lignin derivatives (Hess et 
al., 2002). Ganoderma lucidum produced 
higher levels of laccases in medium reached in 
nitrogen and glucose as carbon sources 
(D’Souza et al., 1999). The aim of the present 
study was to investigate the efficacy of culture 
media on laccase production by six white rot 
fungal species: Ganoderma applanatum, 
Flammulina velutipes, Hericium coraloides, 
Laetiporus sulphureus, Pleurotus ostreatus var. 
Florida, and Trametes versicolor in submerged 
cultures. 
 
MATERIALS AND METHODS 
 
Biological material and culture conditions 
Six mushroom species, namely Ganoderma 
applanatum, Flammulina velutipes, Hericium 
coraloides, Laetiporus sulphureus, Pleurotus 
ostreatus var. Florida and Trametes versicolor 
were used in this study. The biological 
material, from the indigenous macromycetes 
species collection of the Faculty of 
Biotechnology, was maintained on PDA slants 
at 40C until use. For the experiments the fungal 
inoculums consisted of 5 mm agar plugs of one 
week old culture grown on PDA at 250C were 
placed on two variants of liquid media: a PD 
(potato-dextrose), pH 5.2, and a medium 
described by Hwang et al. (2008): 20g/l 
glucose, 2g/l peptone, 2g/l yeast extract, 0,46g/l 
KH2PO4, 1g/l K2HPO4, 0.5 g/l MgSO4, pH 6.7. 
Cultures were incubated at 250C in 250 ml 
Erlenmeyer flasks containing 50 ml of culture 
medium and agitated at 140 rpm. After 15 and 
30 days respectively the samples were analysed 
for the biomass production, pH and laccase 
activities in the fungal filtrates. The fungal 
culture was filtered with Whatman No. 1 filter 
paper and used as enzyme source. Mycelium, 
collected and dried at 70°C for 48 h, was used 
for determination of biomass.  
Determination of laccase activity  
Laccase activity was determined according 
Savitha et al. (2011) protocol using the 
guaiacol as substrate. The reaction mixture 
contained 3 ml sodium acetate buffer (10 mM, 
pH 5.0), 1ml guaiacol (2 mM) and 1 ml enzyme 
source. The mixture was incubated at 300C for 
15 min. The changes in absorbance due the 

oxidation of guaiacol in the reaction mixture 
were recorded by spectrophotometer at 450 nm. 
One unit of enzyme activity is defined as the 
amount of enzyme that oxidized 1 μmol of 
guaiacol per minute. The laccase activity 
(U/ml) is calculated by the formula: U/ml = (A 
x Vt x dilution factor) / (t x € x Vs) where A = 
absorbance at 450nm, Vt = total volume of 
reaction mixture (ml), Vs = enzyme volume 
(ml), t = incubation time (min) and € = 
extinction coefficient of guaiacol at 450nm 
(12,100 M-1cm-1) (Savitha et al., 2011). 
 
RESULTS AND DISCUSSIONS  
 
Basidiomycete isolates of Ganoderma 
applanatum, Flammulina velutipes, Hericium 
coraloides, Laetiporus sulphureus, Pleurotus 
ostreatus var. Florida and Trametes versicolor, 
were investigated for the maximum biomass 
achieving and laccase production in submerged 
conditions. The experiments were performed 
using two different culture media: PD and 
Hwang liquid medium. After 30 days of 
incubation, the highest fungal biomass quantity 
was recorded by Pleurotus ostreatus var. 
Florida in the Hwang medium (0.50 g), 
followed by PD medium (0.48 g) (Figure 1).  

 
Figure1. Fungal biomass grown on different media after 

30 days of incubation 
 

Moreover, Hwang medium offered the 
optimum chemical composition for mycelium 
development in all the white-rot fungi tested 
excepting Hericium coralloides: in this case the 
best biomass production was obtained in PD 
medium (0.30 g).  
During fungal mycelium development in the 
culture broths (Hwang and PD), pH changes 
occurred (Figures 2 and 3). Very low pH values 
were detected in Laetiporus sulphurous culture 
filtrate: pH 2.4 in PD filtrate and pH 2.5 in 
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Hwang filtrate. These values were closely 
maintained during the entire period of incu-
bation. Low pH values were also recorded in 
Ganoderma applanatum culture filtrate (pH 4.1 
in PD, and pH 3.8 in Hwang medium) and in 
Trametes versicolor culture filtrate (pH 4.2 in 
Hwang medium) after 15 days of cultivation. 
Higher pH values were observed in culture 
filtrated of F.velutipes and P.ostreatus (Figure 
2). 

After 30 days of cultivation the pH values were 
comparable with those after 15 day for  
H. coraloides, T. versicolor, P. ostreatus,  
L. sulfureus but only in Hwang mediu. For PD 
medium, the pH values of culture filtrates were 
generally higher (Figures 3). The highest pH 
were detected in F.velutipes in both media, and 
in T.versicolor cultivated in PD. 
 
 

 
Figure 2. pH changes in the fungal filtrates 15 days after 

 
 

 
Figure 3. pH changes in the fungal filtrates 30 days after 

 
 

 
Regarding the laccase activity, differences 
among the fungal species cultivated in PD and 
Hwang liquid media were registered. After 15 
days of cultivation, laccase activities were 
detected in both types of culture filtrates (PD 
and Hwang medium), with different values 
depending on fungal strains.  

However, PD medium was optimum for laccase 
producing white-rot fungi. After 15 days of 
incubation in this medium, Hericium 
coraloides and Trametes versicolor presented 
the highest laccase activities (29.48 U/ml and 
17.99 U/ml respectively) (Figures 4). 
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Figure 4. Laccase activity in the fungal filtrates  

after 15 days of incubation 
 
After 30 days of cultivation the laccase activity 
decreased, but the best producers remain 
H.coraloides and T.versicolor: 12.54 U/ml and 
11.07 U/ml, respectively (figure 5). The 
reduction of the activities was with 27% for 
H.coraloides and more than 60% for 
T.versicolor and could be due to inhibitory 
compounds released by aged mycelium. 
 

 
Figure 5. Laccase activity in the fungal filtrates  

after 30 days of incubation 
 
It was reported that a high production of 
laccase is not dependent on high biomass yields 
(Praveen et al., 2011), but the medium formula 
could influence the enzymatic level (Palmieri et 
al., 2000; Xavier et al., 2001). Moreover, it was 
found that laccase production is closely related 
to the cultivation conditions of the fungi 
(Praveen et al., 2011; Heinzkill et al., 1998). 
Among the factors that influence the laccase 
activity, pH value seem to be very important. 
Some authors indicated initial pH levels set 
between 4 and 6 before inoculation, but the pH 
was not controlled during cultivation period 
(Vasconcelos et al., 2000; Arora and Gill, 

2000). The normal range of pH for typical 
laccase activity is between 3 and 5, at least for 
some fungal species (Savitha et al., 2011). 
The results obtained in our experiments 
indicated a correlation between pH value and 
laccase production: laccase production from the 
Trametes versicolor and Hericium coraloides 
had highest values when the culture filtrate had 
pH values between 5 and 6 (in PD medium). 
Similar aspects were observed for P.ostreatus 
cultivated in PD medium. When Hwang 
medium was used for cultivation, pH had 
lowest values, and the level of enzymatic 
activity was also reduced. These results 
suggested that the medium composition is 
another factor that influenced the enzymatic 
activity. However, no correlation between the 
biomass weight and laccase activity was 
established.   
It is obvious that enhancement of laccase 
production through optimization of nutritional 
and physiological conditions during cultivation 
of white-rot fungi is very important for their 
utilization at industrial scale (Dhakar and 
Pandey, 2013). In this order, besides nutritional 
supplements, some inducers such as organic 
solvents and metal ions also play important role 
in production of laccases (Shraddha et al., 
2011, Brijwani et al., 2010).  
 
CONCLUSIONS  
 
Indigenous macromycetes isolates  of 
Ganoderma applanatum, Flammulina 
velutipes, Hericium coraloides, Laetiporus 
sulphureus, Pleurotus ostreatus var. Florida 
and Trametes versicolor were tested for fungal 
biomass production, pH and laccase production 
under submerged conditions. The effect of 
media composition on mycelium growth and 
laccase activity was also investigated.  
During the incubation period was found that 
laccase production reached maximum values in 
the filtrates of both culture media after 15 days 
and significantly decreased after 30 days of 
incubation. PD medium offered the best 
nutritional condition for laccase production in 
almost all the white-rot fungi tested.  
Among all mushroom species tested, Trametes 
versicolor and Hericium coraloides presented 
the highest level of laccase activity (29.48 U/ml 
and 17.99 U/ml).  
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The influence of pH variation during cultiva-
tion on laccase activity was also evaluated.  In 
was shown that the laccase production from the 
Trametes versicolor and Hericium coraloides 
was optimum when the culture media had pH 
5-6. No correlation between high production of 
laccase and high biomass yields was 
established. Due to the potential biotechno-
logical applications of laccases in various 
industrial processes and in remediation of soil 
and contaminated effluents, further studies will 
be focused on optimization the conditions for 
enzyme production and recovery.  
 

This work was made through the “Partnerships 
in priority areas - PN II” research program, 
project no. 174/2014, developed with the 
support of MEN - UEFISCDI. 
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