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ABSTRACT 

 

The production of ligninolytic enzymes by an indigenous strain of Neolentinus kauffmanii was studied on 

submerged fermentation. The physical parameters namely, pH, Temperature, the nutritional parameters like 

suitable carbon and nitrogen sources, metal ions and amino acids were studied for the higher ligninolytic 

enzyme production. The optimum pH for the both biomass and ligninolytic enzyme production was found to be 

pH 6.0 in laccase (56.34 U/mL) and 6.5 in peroxidase (47.77 U/mL. Of the different temperature analyzed for 

the optimal enzyme production in laccase was 25oC (57.8 U/mL) and peroxidase was 30oC showed the 

maximum activity (47.79 U/mL). Among the different carbon sources tested Xylan supported maximum (63.51 

U/mL) Laccase activity, while Peptone supported the maximum activity (64.37 U/mL and 56.97 U/mL) among 

the different nitrogen sources tested. Among the different metal and amino acids analyzed for ligninolytic 

enzyme highest enzyme activity was obtained in copper (70.51 U/mL and 53.65 U/mL) and Alanine (57.25 

U/mL and 54.98 U/mL). The above result indicates that the N. kauffmanii can be used as a biotechnological tool.  
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INTRODUCTION 

 

White rot Basidiomycetes are unique in their ability 

to degrade all components of lignocelluloses due to 

their capability to synthesize the relevant 

hydrolytic and oxidative extracellular enzymes [1]. 

These fungi secrete one or more of three 

extracellular enzymes that are essential for lignin 

degradation lignin peroxidase (E.C 1.11.1.14) 

manganese dependent peroxidase (MnP) (E.C 

1.11.1.13) and Laccase (E.C 1.10.3.2). The 

ligninolytic enzymes of Basidiomycetes are of 

fundamental importance for the efficient 

bioconversion of plant residues and they are 

prospective for the various biotechnological 

applications in pulp, paper, textile, dye industries, 

bioremediation and many others [2-7]. It is evident 

that the potential applications of these enzymes in 

industrial and environmental technologies requires 

huge amount of these enzymes at low cost. The 

main issue delaying their implementation at 

industrial scale is the low yield of ligninolytic 

enzymes in most white rot fungi [8-10]. Lignin is 

the most abundant natural aromatic polymer on 

earth and degradation of this recalcitrant aromatic 

polymer is caused in nature by white rot fungi 

through a process that was defined as an enzymatic 

combustion [11]. The ligninolytic system is an 

extracellular enzymatic complex that includes 

peroxidases, laccases and oxidases responsible for 

the production of extracellular hydrogen peroxidase 

(H2O2) [12, 13]. Those enzyme systems exhibit 

differential characteristics depending on the 

species, strains and culture conditions [11]. The 

potential application of ligninolytic enzymes in 

biotechnology has stimulated their investigation 

[14] and the understanding of physiological 

mechanisms regulating enzyme synthesis in 

lignocelluloses bioconversion could be useful for 

improving the technological process of edible and 

medicinal mushroom production. Laccase belong 

to multicopper oxidase family. Most laccases were 

reported from fungal organisms and most 

biotechnologically useful laccases are also of 

fungal origin [15]. Lignin peroxidases belong to the 

family of oxidoreductases [16]. It was first 

described in the Basidiomycetes Phanerochaete 

chrysosporium [17]. This enzyme has been 

recorded for several species of white-rot 

Basidiomycetes [18]. The test fungus Neolentinus 

kauffmanii (AH Smith) VKGJ01 (Accession No. 

JF808173) is a wood-inhabiting white rot fungus, a 
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member of family Gleophyllaceae and order 

Agaricales. These mushrooms have been isolated 

from the Western Ghats of Kanyakumari district. 

 

MATERIALS AND METHODS 

 

Organism and inoculum preparation: Fruiting 

body of the N. kauffmanii (Accession No. 

JF808173) was isolated from Keeriparai forest of 

Western Ghats, Tamil Nadu, India, and the culture 

was maintained on potato dextrose agar medium at 

4°C. Inoculum of N. kauffmanii was prepared from 

mycelia grown on the same media incubated at 

25°C for 4–6 days. From the plate 7 mm diameter 

mycelial disc were used as the inoculum. 

 

Selection of medium for laccase production: The 

white-rot fungus was grown in a chemically 

defined medium composed of KH2PO4 (1 g L-1), 

MgSO4.7H2O (0.5 g L-1), yeast extract (1 g l-1), 

CaCl2.2H2O (0.14 g1-1), glucose 10g and thiamine 

(0.0025 g L-1) [19]. Incubation was carried out 

statically at 25 ± 1°C in 125 ml Erlenmeyer flask 

containing 50 ml of the medium inoculated with 

7mm agar plug from 6 day old mycelia grown on 

malt-extract agar. Periodic harvesting of the 

mycelia was performed using the filter paper. An 

aliquot of supernatant was collected aseptically and 

culture filtrates were used as enzyme sources. 

 

Screening of nutritional factors for increasing 

ligninolytic enzyme activity: After the selection of 

the best medium for ligninolytic enzyme, seven 

carbon, nitrogen and metal ion compounds were 

investigate for their capacity to increase enzyme 

activity in N. kauffmanii. One control treatment 

was used without the addition of any putative 

inducer. Various carbon sources such as xylan, 

glycerol, maltose, sucrose, mannitol, lactose, 

starch; nitrogen sources such as beef extract, 

peptone, yeast, NH4NO3, ammonium chloride, 

ammonium nitrate and ammonium tartarate; metal 

ions such as manganous sulphate, Fe2SO4 

aluminium oxide, sodium sulphate, Calcium 

chloride, zinc sulphate and copper sulphate; and 

amino acids such as Alanine, glycine, asparagine, 

tryptophan, tyrosine, phenylalanine and Methionine  

were used. Optimization of physiological 

parameters such as pH (4.0–8.0) and temperature 

(20–40°C) were carried out. All chemicals used in 

this research were of analytical grade and were 

used without further purification. The compounds 

were sterilized by filtration using a Millipore 

membrane (0.45 μm) and added aseptically into the 

flasks.  

 

Enzyme Activity: The laccase (Lac) activity was 

determined by measuring the oxidation of 2,2’-

azino-bis 3- ethylbenzothiazoline-6-sulphoric acid 

(ABTS) as increase in absorbance in 3minutes was 

measured spectrophotometrically at 420nm 

(ε=36000cm1 M1) [19]. The Manganese 

peroxidase (MnP) activity by monitoring the 

oxidation of 20 mM solution of 2,6-

dimethoxyphenol (DMP) as the increase in 

absorbance at 469 nm  [20]. One unit of enzyme 

activity was defined as the amount of enzyme that 

oxidized 1μM of corresponding substrate per min. 

The substrate for the Lac and MnP activity assays 

were both purchased from sigma. One unit of 

enzyme is the amount of enzyme required for 

oxidising 1 mmol ABTS and DMP per minute. The 

experiments were performed at least two times 

using three replicates. The data presented in the 

figures correspond to mean values with four 

replicates. 

 

RESULT AND DISCUSSION 

 

In this study the simultaneously optimize the 

production of two lignin-modifying enzymes 

(Laccase and Peroxidase) produced by N. 

kauffmanii. For each enzyme, the optimization was 

performed using the same methodology for both 

the enzyme activity and its corresponding 

production rate. In many Basidiomycetes fungus 

cultivation in the presence of some lignocellulosic 

residues significantly stimulated ligninolytic 

enzyme without supplementation of the culture 

medium with specific inducers [21, 22]. The 

ligninolytic machinery in most fungus is highly 

regulated by nutrients such as carbon, nitrogen, 

copper and manganese. Their production is also 

affected by fermentation factors, such as medium 

composition, nature of carbon source, pH of 

fermentation broth, temperature, amount and nature 

of nitrogen source as well as the presence of 

inducers [23-25]. 

 

Effect of pH on Ligninolytic enzyme production: 

The culture condition had significant influence on 

ligninolytic enzyme production. Mishra et al., [26] 

reported that a pH in the range of 5.0 to 7.0 and 

temperature in the range of 30 to 35oC had a 

significant effect on ligninolytic enzyme 

production. The most appropriate conditions for the 

production of LiP and MnP are 4.5 pH and 

optimum activities of both enzymes are produced 

under this condition [27]. Wen et al., [23] reported 

the optimum pH of 4.8 for manganese peroxidase 

production from P. chrysosporium. The highest 

level of enzyme activity was observed pH6.0 in 

laccase and 6.5 in peroxidase after 17th day of 

incubation (56.34 U/mL and 47.77 U/mL). The 

lowest level of enzyme activity was observed in 

both pH 4.5 and 5.0 when compared to pH6.0 and 

6.5. Stajic et al. [28] Pleurotus sp. which produce 

maximum peroxidase and laccase activity was 
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detected at the pH of 6.0 while in Bjerkandara sp. 

the maximum enzyme activity was reported at 

pH5.2 [29]. 

 

Effect of Temperature on ligninolytic enzyme 

production: Temperature was much significant in 

the liquid state even through the impact of 

temperatures was more prominent in the scale up 

processes, it remains an inevitable factor in all 

systems due to its impact an microbial growth and 

enzyme production. The ligninolytic enzyme 

activity was detected at five different temperatures 

(20-40oC) in Glucose malt extract medium. The 

highest level of peroxidase enzyme activity was 

obtained at 25oC and the laccase activity was 

obtained in 30oC after the 17th day of harvest (57.8 

U/mL and 47.79 U/mL). Similarly, according to 

Gill et al., [30] in Coriolus vesicolor and P. 

chrysosporium the optimal activity of the enzyme 

was expressed at 25- 30oC, where no activity was 

observed above 30oC. The temperature ranging 

from 25 to 37oC have to be found to be optimum 

for ligninolytic enzyme production by different 

white rot fungus [31]. Higher temperatures 

denature the metabolic enzymes of microorganisms 

leading to inhibition of growth and enzyme 

formation [31]. 

 

Effect of Carbon sources on ligninolytic enzyme 

production: The ligninolytic enzyme production 

was found to vary with the different carbon 

sources. Many previous studies have proved that 

both the nature and concentration of nitrogen 

sources are powerful nutrition factors regulating 

ligninolytic enzyme production by wood-rotting 

Basidiomycetes [32]. Among the different carbon 

sources that were tested for biomass production and 

ligninolytic enzyme production, Xylan stimulated 

the highest (63.51 U/ml) laccase production and 

sucrose supported highest peroxidase enzyme 

production (50.3 U/mL). Mansure et al., [33]
 

showed that the use of fructose instead of glucose 

resulted in a 100 fold increase in the specific 

ligninolytic enzyme activity of basidiomycetes. 

Increased enzyme activity in media containing 

these simple sugars can be explained by the high 

production rate of secondary metabolites when 

their producing organisms grow in complex media 

[34]. Leifa et al. [35]
 

reported that monosaccharide 

in general were better than sugar alcohol and 

complex sugar (cellulose) for biomass production. 

This was probably due to ease in polymerization 

and their simple nature. Stajic et al., [28] observed 

the highest laccase activity in the presence of 

mannitol, glucose and sodium gluconate in two 

strains of P. ostreatus. Off all carbon sources xylan 

followed by sucrose and starch ensured high 

laccase activity where as sucrose and starch which 

provide excellent peroxidase activity. More over 

the use of these compounds resulted in higher 

enzyme activity than both lignocellulosic substrates 

used for submerged fermentation. It was interesting 

that lactose a poor growth substrate for ligninolytic 

enzyme production in the test organism (32.65 

U/mL). 

 

Effect of Nitrogen sources on ligninolytic 

enzyme production: In this study, all nitrogen 

sources tested stimulated growth of N. kauffmanii 

increasing the enzyme activity by 2-3 times when 

compared to the control medium. In general 

maximal laccase and peroxidase activities were 

revealed after 17 days of the test fungus cultivation 

in media with different nitrogen sources beef 

extract followed by peptone appeared to be best 

nitrogen source for ligninolytic enzyme 

accumulation by the test fungus. However, in the 

test fungus specific laccase and peroxidase 

activities prove that the positive effect of additional 

nitrogen on enzyme accumulation may be 

attributed simply to a higher enzyme activity. The 

higher level of enzyme production was observed in 

organic nitrogen sources when compared to 

inorganic nitrogen. The highest level of ligninolytic 

enzyme activity was observed in Peptone after 17th 

day (64.37 U/mL and 56.97 U/mL) which was 

followed by beef extract and yeast. Wagner et al. 

[36] showed that the presence of glucose during G. 

lucidum cultivation stimulates growth in the 

medium with peptone and yeast extract as nitrogen 

sources.  Stajic et al. [28] showed the best nitrogen 

sources for peroxidases production were peptone in 

a concentration of 0.5% and NH4NO3 with a 

nitrogen concentration of 3mM respectively in P. 

ostreatus. 

 

Effect of Minerals on ligninolytic enzyme 

production: Different metal ions can enhance or 

inhibit the growth cause morphological and 

physiological changes and may affect the 

reproduction of white rot fungus [37]. Different 

strains and species of Basidiomycetes differ in their 

sensitivity towards metals during their growth on 

lignocellulosic substrates [38]. Among the seven 

metal ions tested copper sulphate showed 

maximum laccase (70.51 U/mL) and peroxidase 

(53.65 U/mL) production on 17
th 

day of incubation. 

The MnP production by the white rot fungus strain 

L-25 was enhanced by the addition of Mn2+ [39]. 

Galhaup et al [40] and Stajic et al., [28]
 

reported 

that the addition of copper sulphate in various 

concentrations stimulates laccase production in T. 

pubuscens, P. eryngii and P. ostreatus. Ligninase 

production by Lentinus squarrosulus and 

Psathyrella atroumbonata was enhanced by 2 to 12 

fold addition of Mn2+ and Ca2+ to the 

lignocellulosic waste medium [32]. Copper as 

micronutrient has a key role as a metal activator, 
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induces both laccase transcription and plays an 

important role in laccase production [41]. Our 

results are comparable to those described by other 

authors, who have reported increase of laccase 

production with copper ions [32, 42]. Mäkalä et al. 

[43] observed that laccase activity producing 

Phlebia radiata was increased in media with 1.5 

mmol/L of Cu2+ while Levin et al. [44] found that 

optimal concentration of copper ions for laccase 

production by Trametes trogii is 11 mmol/L. 

 

Effect of Amino acids on ligninolytic enzyme 

production: Addition of various amino acids in the 

medium stimulates the ligninolytic enzyme 

production. The higher laccase and peroxidase 

activity (57.25 U/mL and 54.98 U/mL) was 

recorded on 17th day of incubation with alanine at 

the concentration of 0.01% in the medium (Table 

6). Moderate to good level of enzyme activities 

were obtained with glycine, asparagine, tryptophan 

and phenylalanine (Table 6). Amino acids such as 

glycine, tryptophan and methionine increased 

lignolytic enzyme production by Ganoderma 

sp.kk-02 up to 3.5- fold. Dhawan and kuhad [45] 

reported maximum lignolytic enzyme production 

by Cyathus bulleri in the presence of methionine. 

The addition of various amino acids showed 

stimulating effects on laccase production by C. 

buller 36 and Ganoderma sp. kk-0237 [45]. Levin 

et al. [44] found that growth of white-rot fungus T. 

trogii, T. villosa and C. versicolor F. antarcticus 

was considerably inhibited in media with 

tryptophan as only nitrogen source in comparison 

with complex nitrogen sources as peptone or yeast 

extract. Therefore, the addition of aromatic amino 

acids in cultivation medium on ligninolytic enzyme 

production was studied. In Table 6 is shown 

ligninolytic enzyme activities measured during 17 

days of cultivation of white-rot fungus N. 

kauffmanii. The addition of aromatic amino acids 

(Tyrosine and phenylalanine) did not cause the 

higher laccase and peroxidase production. Collins 

et al. [46] reported a large increase in LiP 

production when adding tryptophan to the culture 

of Trametes versicolor, Phanerochaete 

chrysosporium and Chrysosporium lignorum.  

 

CONCLUSION 

 

In the present study stimulation of ligninolytic 

enzyme production of Neolentinus kauffmanii was 

investigated. By proper selection of the initial pH, 

temperature, different carbon, nitrogen, metal and 

amino acids for the test fungus growth and target 

enzyme synthesis may play an important role in the 

development of an efficient technology. This study 

emphasizes the need to explore more organisms to 

evaluate the real potential of fungi producing 

ligninolytic enzymes. Target enzyme synthesis may 

play an important role in the development of an 

efficient technology. The results of the present 

study allow us to conclude that wild edible N. 

kauffmanii are good candidates for scale-up 

ligninolytic enzyme production. 

 

Table 1: Effect of pH on ligninolytic enzyme production 

Diff. pH Laccase (U/ml) Peroxidase (U/ml) 

4.5 17.05±1.22 19.52±0.09 

5.0 30.7±0.29 28.28±0.98 

5.5 46.7±2.32 33.40±4.19 

6.0 56.34±0.88 42.37±3.15 

6.5 48.32±4.38 47.77±2.33 

7.0 22.01±2.12 32.25±3.14 

7.5 21.38±1.28 20.5±1.64 

8.0 20.56±2.32 16.5±1.64 

Data are expressed as mean ±SD (n=4) 

 

Table 2: Effect of Temperature on Ligninolytic enzyme production 

Temperature Laccase (U/mL) Peroxidase (U/mL) 

20oC 32.1±1.25 29.77±1.61 

25oC 48.4±0.32 47.79±0.67 

30oC 57.8±1.57 34.24±0.82 

35oC 26.5±0.66 28.24±4.12 

40oC 19.6±0.23 12.50±0.80 

Data are expressed as mean ±SD (n=4) 
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Table 3: Effect of carbon sources on ligninolytic enzyme production 

Carbon sources Laccase (U/mL) Peroxidase (U/mL) 

Control 27.79±0.66 22.63±3.30 

Xylan 63.51±2.93 39.31±2.39 

Sucrose 57.31±0.32 50.35±2.24 

Mannitol 41.82±2.68 42.10±3.81 

Starch 53.21±1.95 49.75±5.04 

Glycerol 36.65±1.41 28.43±2.71 

Maltose 50.6±1.25 43.12±2.89 

Lactose 32.65±1.42 41.32±2.68 

Data are expressed as mean ±SD (n=4) 

 

Table 4: Effect of Nitrogen sources on ligninolytic enzyme production 

Nitrogen sources Laccase (U/mL) Peroxidase 

(U/mL) 

Control 24.06±1.90 23.35±2.18 

Beef extract 55.6±0.88 51.14±4.28 

Peptone 64.37±0.32 56.97±1.82 

NH4NO3 52.34±0.95 31.98±2.99 

Amm. Chloride 49.62±0.89 27.53±1.51 

Amm. Nitrate 35.2±2.99 20.01±2.32 

Yeast 43.76±1.60 47.87±1.73 

Amm. Tartarate 38.4±1.28 35.27±1.04 

Data are expressed as mean ±SD (n=4) 

  

Table 5: Effect of Minerals on ligninolytic enzyme production 

Metal Ions Laccase (U/mL) Peroxidase (U/mL) 

Control 34.56±1.11 30.56±1.16 

Manganous sulphate 53.21±0.53 56.73±2.11 

Fe2So4 34.56±1.85 43.32±2.12 

Copper sulphate 70.51±1.27 53.65±2.34 

Sodium Sulphate 45.63±2.42 45.53±1.82 

Aluminium Oxide 34.86±1.41 27.40±2.11 

Zinc Sulphate 24.76±1.38 36.63±1.41 

Calcium chloride 27.40±2.11 21.76±1.28 

Data are expressed as mean ±SD (n=4) 

 

Table 6: Effect of Amino acids on ligninolytic enzyme production 

Amino acids Laccase (U/mL) Peroxidase (U/mL) 

Control 34.78±3.31 30.36±2.96 

Alanine 57.25±1.83 54.98±0.77 

Glycine 33.84±2.99 46.85±0.58 

Asparagine 40.32±2.32 39.39±1.04 

Tryptophan 38.27±3.05 25.29±2.34 

Tyrosine 21.49±1.28 47.25±1.83 

Phenylalanine 16.32±0.23 24.19±4.47 

Methionine 23.04±2.89 16.32±0.23 

Data are expressed as mean ±SD (n=4) 
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