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ABSTRACT 
 

Fungi play vital roles as decomposers. White rot fungi are an eco-physiological group that degrades 
wood by the secretion of specialized extracellular enzymes including lignin-modifying enzymes. 
There is growing interest in the use of extracellular enzymes for bioremediation. This study 
determined the Lignin Modifying Enzymes (LMEs) associated with two species of mushroom, 
Pleurotus ostreatus and Lentinus squarrosulus. The qualitative study was conducted using agar 
medium substituted with chromogenic substances to determine the production of LMEs by the 
species. The appearance of colour change and clearance due to reaction with chromogenic 
substrates were used to determine LMEs production by the fungi. The results showed that Pleurotus 
ostreatus and Lentinus squarrosulus tested positive by the appearance of light brown colouration, 
reddish-brown colouration and discolouration of media for overall polyphenol oxidase, Laccase and 
Peroxidase activity, respectively. The study showed that the species studied are candidates for 
large scale production of LMEs that can be utilized as an eco-friendly solution for bioremediation of 
contaminated sites.  
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1. INTRODUCTION 
 

Fungi exhibit great diversity and play an 
important role in balancing ecosystems. They 
serve as both decomposers and recyclers, break 
down dead organic matters and release the 
nutrients back to the soil to enrich the soil for 
another fresh growth. This is made possible by 
exoenzymes released by the species [1]. Fungal 
enzymes are used in several industries 
like pharmaceutical, agricultural, food, paper, 
detergent, textile, waste treatment, and 
petroleum industries and more recently, 
bioremediation [2].  
 

White rot fungi are a group of wood rotters that 
degrade lignin due to extracellular enzymes they 
release, which are mainly lignin peroxidase, 

manganese peroxidase and laccase [3]. They 
have the potential to be used as great 
biotechnological assets that can contribute to 
solving the problem of pollution. The enzymes 
have a broad substrate specificity hence their 
ability to mineralize a vast range of Persistent 
Organic Pollutants (POPs) such as industrial 
dyes, agrochemicals, polychlorinated biphenyl 
and Polycyclic Aromatic Hydrocarbons (PAHs) 
[4]. These enzymes have been reported to occur 
in different combinations in different white-rot 
fungi or even in the same fungus under different 
conditions [5,6] 
 

Fungal treatment of wastes and pollutants is 
cheaper than the use of chemicals [7] and it is an 
environmentally friendly approach. Their 
enzymatic and absorption abilities make fungi a 
great tool for remediation. The mycelia carry out 
natural processes capable of environmental 
remediation. In addition to their ability to produce 
extracellular enzymes, fungi are known for their 
prolific growth, good biomass production, and 
extensive hyphae reach in the environment [8]. 
Fungal bioremediation is mainly carried out by 
white-rot fungi [9].  
 

The study was conducted to determine the 
production of Lignin Modifying Enzymes by two 
species of mushrooms, Pleurotus ostreatus and 
Lentinus squarrosulus. The species used were 
screened for overall lignin modifying enzyme, 
laccase, and overall peroxidases. 
 

2. MATERIALS AND METHODS 
 

The fungi species (indigenous mushrooms) used 
for this work were obtained from Bio-resources 
Development Centre, Odi, Bayelsa State. The 
samples were labelled as samples 1 and 2 

during collection. These were transported to the 
laboratory immediately in zip lock bags. 
 

2.1 Preparation of Culture Medium 
 

Potato Dextrose Agar (PDA) was used for tissue 
culture. This was prepared following the 
manufacturer’s instruction using the PDA powder 
(Hi-Media). After autoclaving, the media was left 
to cool and Chloramphenicol 0.1% (w/v) was 
added to prevent bacterial contamination. The 
solution was properly homogenized and poured 
into the Petri dishes aseptically and allowed to 
solidify. 
 

2.2 Tissue Culture 
 

The mushrooms were surface sterilized by 
wiping with 70% ethanol followed by sterile 
distilled water. Inner tissues of fresh mushrooms 
collected were excised in an already sterilized 
inoculation chamber with a naked flame. Tissue 
culture was achieved for each species following 
the method of Chuku et al. The plates were then 
incubated for 14 days in the dark at room 
temperature 27±2�C. Several subcultures to 
obtain a pure culture were done in each case. 
 

2.2.1 Overall screening for lignin modifying 
enzymes (Bavendamn’s test) 

 

The culture medium used for this test was Lignin 
Basal Medium (LBM) as described by Pointing, 
1999. The culturemedium was autoclaved at 
121�C for 15 minutes and supplemented with 
separately sterilized 20% (w/v) aqueous glucose 
solution and 1% (w/v) aqueous tannic acid 
solution. 1ml of both were added to each 100ml 
of culture medium prepared. The mixture was 
properly homogenized, poured aseptically and 
allowed to solidify. The plates were inoculated at 
the centre with one test fungus each using a 
7mm diameter cork borer; an uninoculated plate 
with the culture medium served as a control in 
each case. The experiment was set up in 
triplicates for the mushroom species used. The 
set up was incubated at room temperature in 
darkness and examined daily for 10 days. 
 

2.3 Screening for Laccase by Plate Assay 
 

The culture medium used for the assay was PDA 
with the preparation as described above. In this 
case, during preparation, the medium was 
supplemented with 0.01% (v/v) guaiacol [10,11]. 
The Petri dishes were inoculated with one test 
fungus each using a 7mm diameter cork borer at 
the centre and an uninoculated plate with the 
culture medium served as a control in each case. 
The experiment was set up in triplicates for the 
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mushroom species used. The set up was 
incubated at room temperature in darkness and 
examined daily for 10 days.  
 

2.4 Screening for Total Peroxidase 
Activity by Plate Assay 

 

The screening for peroxidase activity was done 
using Malt Extract Agar (MEA) supplemented 
with 0.01% (w/v) Azure B followed by 1ml of 20% 
(w/v) aqueous glucose solution per 100ml of 
medium prepared. The Petri dishes were 
inoculated with one test fungus each using a 
7mm diameter cork borer at the centre and an 
uninoculated Petri dishes with the culture 
medium served as a control in each case. The 
experiment was set up in triplicates for the 
mushroom species used. The set up was 
incubated at room temperature in darkness and 
examined daily for 10 days [12,13]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Tissue Culture of Mushrooms 
 

The tissues started growing from the excised 
inner tissues of mushroom samples after 7 days 
of inoculation in sterile PDA. White mycelia of the 
samples were seen on the subculture plates from 
the third day of incubation; the plates became 
fully ramified by the 10±2 days of incubation this 
is in line with the report of [14,15].  Mycelial 
growth of Pleurotus ostreatus and Lentinus 
squarrosulus is shown in Fig.1 (a and b). Sample 
1 showed white mycelia made of a thick network 
of hyphae, giving it a velvety look. The mycelia 
grew radially radiating from the point of 
inoculation at the centre of the Petri dish (Fig. 1). 
Sample 2 had white mycelia that grew radially 
from the point of inoculation in steps until the 
Petri dishes were fully ramified (Plate 1). 
Similarly, Rawte and Diwan [16] and Kumla et 
al., [17] in their respective studies showed that 
PDA gave the best mycelial yield. Gregory et al., 
[18] recorded maximum biomass yield using PDA 
medium as substrate for tissue culture of 
Pleurotus spp. MEA was reported to supporting 
the best mycelial growth in Pleurotus species 
studied by Nasim et al., [19], Khandakar et al., 
[20] and Stanley and Nyenke, [21]. However, 
mycelial growth of fungus is highly dependent on 
the growth media and its composition [22].  
 

3.2 Overall Lignin Modifying Enzyme 
Activity  

 

From the set-up, the control showed a clear 
medium until the end of the incubation period of 

10 days. The treatments with the different 
species showed a light brown colouration around 
the mycelial growth when viewed from the top 
and bottom of the Petri dishes. Pleurotus 
ostreatus showed a light brown colouration by 
the edge of the mycelial growth not extending so 
much (Plate 2b and c). Lentinus squarrusulus 
showed a light brown colouration that extended 
more than that of the other species (Plate 2d and 
e). The light brown to pale yellow colouration 
indicated a positive reaction to overall lignin 
modifying enzyme activity. This is in line with the 
report of Pointing [23]. Similar studies carried out 
by Kameshwar and Qin [13] they stated that the 
appearance of the brown zone around the fungal 
colony represents the overall polyphenoloxidase 
activity. Similarly, Pandey et al.,[11] found a 
brown zone colour formation around the fungal 
colony in their screening of the overall lignin 
modifying enzyme activity. Fungal isolates 
produced dark yellow to brown colouration 
around fungal growth and was positive to tannic 
acid plate assay [24,25]. However, the 
production of brown colouration around the 
colony may be similar to many other fungal 
colourations [26]. Hence, the need for other plate 
assays alongside to determine specific lignin 
modifying enzymes. The results are shown in 
Plates 2 below. 
 

3.3 Screening for Laccase Enzyme on 
Agar Plate 

 
The colour change indicating the presence of 
laccase was observed by the third day of 
incubation and became wider and more intense 
by the day until the end of the incubation period 
when compared to the controls which gave a 
clear medium to the end of the experiment. 
Pleurotus ostreatus showed a thick reddish-
brown colouration when viewed from the top of 
the Petri dish. When viewed from the bottom of 
the Petri dish, it showed a very dark red to black 
colouration in the middle, at the point of 
inoculation that got thinner towards the edges 
forming an orange coloured halo at the edge 
(Plate 3b and c). The same pattern was also 
observed for Lentinus squarrusulus (Plate 3d and 
e).  All test fungi showed a positive indication of 
laccase production Viswanath et al., [27]. The 
colour change observed i.e orange halo, red to 
reddish-brown and black in the middle of the 
Petri dishes this is in line with the reports of 
Kiiskinen et al., [10]; Viswanath et al., [27]; Atalla 
et al., [28]; Sharma et al., [25]; Thiribhuvanamala 
et al., (2017). The colour change orange, red to 
reddish- brown and black in the middle is usually 
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as a result of the oxidation of guaiacol by the 
laccase enzyme [29,30,26]. Kiiskinen et al., [10] 
in their investigation using different media types 
found MEA to be an excellent media for isolating 
laccase producing fungi also reported an 
excellent correlation of the presence of laccase 
activity with guaiacol and polymeric dyes (RBBR 
and Poly R-478), unlike Tannic acid which 
showed low specificity. 
 

3.4 Screening for Total Peroxidase 
Activity on Agar Plate 

 

The clearance zone was first observed about the 
seventh day of incubation and was more visible 
by the tenth day. The control gave a dark blue 
colouration till the end of the incubation period 
and gave a basis to compare. Pleurotus 
ostreatus showed a vigorous growth on the 
growth medium and as the day progressed from 
the seventh to tenth day, the growth medium 
became decolourized away from the point of 
inoculation (Plate 4b and c).  Lentinus 
squarrusulus showed a considerable good 
growth on the culture medium used with 

subsequent decolourization of the medium on the 
seventh day which became more visible by the 
tenth day (Plate 4d and e). This reported 
decolourization or clearance indicates a positive 
reaction to total peroxidase production without 
the addition of hydrogen peroxide. The fungi 
cultures used decolourized the culture medium 
giving a positive result for peroxidase production. 
This is similar to results obtained by 
Reanprayoon and Pathyomsiriwong [31], 
Chaudhary et al. (2015), Kameshwar and Qin 
[13], and Sharma et al., [25]. The use of Azure B 
for peroxidase screening has an advantage over 
the use of other chromogenic substance (like 
guaiacol) as it does not require the addition of 
Hydrogen peroxide to the culture medium used 
for the assay [23] (Nayanashree and 
Thippeswamy, 2015).  The medium used, MEA 
supplemented with Azure B supported the growth 
of mycelia of the species tested. The indication of 
peroxidase production which could be lignin 
peroxidase, manganese peroxidase, or both was 
determined by the appearance of a clearance 
zone in the test medium. 

 

 
 

Fig. 1. Pure cultures of Pleurotus ostreatus (a)and Lentinus squarrosulus (b). 
 

 
 

Fig. 2. Overall lignin modifying enzyme test: Control; (a) P. ostreatus front view; (b) P. 
ostreatus back view; (c) L. squarrosullus (front view); (d) L. squarrosullus (back view)(e) 
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Fig. 3. Laccase test: Control (a), P. ostreatus (front view) (b), P. ostreatus (back view); (c), L. 
squarrosullus(front view) (d), L. squarrosullus (back view) (e) 

 

 
 

Fig. 4. Total Peroxidase Activity test: Control (a), P. ostreatus(front view) (b), P. ostreatus(back 
view) (c), L. squarrosullus(front view) (d),L. squarrosullus(back view) (e) 

 
4. CONCLUSION 
 
The test mushrooms gave positive results for all 
enzymes tested. The study showed that the 
species are candidates for large scale production 
of LMEs that can be utilized as an eco-friendly 
alternative for cleanup of polluted sites.  
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