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1. Introduction 
Ligninolytic enzymes catalyze the breakdown of the complex and recalcitrant polymer lignin (a 
component of the lignocellulosic material of plants). They are also capable of degrading substances 
with structure similar to that of lignin such as phenolic and non-phenolic aromatic compounds, various 
environmental pollutants including polycyclic aromatic hydrocarbons, synthetic dyes, pesticides, 
polychlorinated biphenyls and many other xenobiotics due to their extracellular and non- specific 
nature [1]. This ability allows them to be used in various biotechnological areas such as 
bioremediation, biofuel, food, agriculture, paper and pulp, textile finishing, denim stone washing, 
cosmetics, biosensors etc. [2]. The three main ligninolytic enzymes are lignin peroxidase (LiP), 
manganese peroxidase (MnP) and laccase (Lac) [3]. Lignin peroxidases (diaryl propane: oxygen, 
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hydrogen peroxide oxidoreductase, EC 1.11.1.14) are heme-containing peroxidases that catalyze the 
hydrogen peroxide dependent oxidation of non-phenolic aromatic compounds into cation radicals 
which are further decomposed chemically. It preferentially cleaves the Cα-Cβ lignin molecule but is 
also capable of ring opening and other reactions [4]. Manganese peroxidases (Mn(II): hydrogen 
peroxide oxidoreductase, E.C. 1.11.1.13) are also heme containing peroxidases that oxidize phenolic 
compounds to phenoxy radical by oxidation of Mn(II) to Mn(III) ion in the presence of hydrogen 
peroxide (H2O2) as a cofactor [4-5]. The Mn(III) ion obtained is chelated by organic acids such as 
oxalate or malate in nature. Once chelated, it oxidizes phenolic lignin subunits to phenoxy radicals that 
degrade spontaneously [4-5]. Laccases (benzenediol: oxygen oxidoreductases, EC 1.10.3.2) are blue 
multicopper oxidases that catalyze the oxidation of an array of aromatic substrates concomitantly with 
the reduction of molecular oxygen to water [6]. 
Ligninolytic enzymes sources include bacteria, plants and fungi [7]. However, fungi, in particular 
white rot fungus, are the most potent sources of the enzymes [3]. Macrofungi just like other fungi are 
heterotrophic and obtain the nutrients necessary for their growth through three different ways: 
saprophytism, parasitism (pathosystic symbiosis) and mutualistic symbiosis [8]. Saprobe mushrooms 
(wood decomposing and litter decomposing fungi) secret these enzymes when growing in their natural 
habitat to degrade the lignin in the substrate on which they grow [9]. Also, the Termitomyces 
mushrooms species which live in a mutualistic association with termites provide the ligninolytic 
enzymes needed by their termite’s partners to breakdown lignin in wood while the termites in turn 
provide a suitable environment for the mushroom growth [10]. In addition, widespread occurrence of 
laccases and peroxidases genes have been recently demonstrated in ectomycorrhizal (ECM) 
mushrooms even though their real ligninolytic potential in symbiosis with plant roots and the impact of 
ectomycorrhizal formation on the secretion of these enzymes by the host plant and the ectomycobiont 
is almost unknown [7]. 
African mushrooms and more specifically those from Cameroon have not yet been extensively 
documented and the potentials of known species are still poorly studied [11-12-13]. The search of 
biological activity from these organisms in Cameroon in terms of nutritional, pharmacological or 
biotechnological properties is yet to be discovered. Therefore, the main objective of this study was to 
screen the three main ligninolytic enzymes in the fresh fruit body extracts of some mushroom species 
collected from the Noun Division in the West region of Cameroon.  
 
2. Materials & Methods    
2.1. Sample collection and identification 
The specimens were collected from the Noun divisions in the West region of Cameroon. Collections 
were done in March 2016 in the savannahs and forest galleries of Mamarom, the forest Reserve in 
Foumban subdivision and Mamevoue in Koutaba subdivision on different substrates (Table 1). 
Twenty-one mushroom species of different trophic group were collected and identified 
morphologically using literature on tropical African mushrooms including [14-15]. The specimens 
were cleaned with a knife and washed with tap water to discard contaminated soil. Then, they were 
packaged in plastic bags and stored at -20°C in order to preserve the ligninolytic enzyme activities.  
 
2.2. Crude enzyme extract preparation  
The crude enzyme was extracted according to a modified method of Erden et al. and Teixeira et al. [16-
17]. The mushroom fruiting bodies were blended with 0.02 M sodium phosphate buffer pH 6.0 (10 mL 
of buffer for 1g of mushroom). The mixture obtained was centrifuged (+4°C, 4500 rpm for 15 minutes) 
after 1h of incubation in an ice bath. The resulting supernatant was stored in aliquots of 5 mL at –20°C 
and used subsequently for the determination of total protein content and ligninolytic enzymes 
activities. 
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Table1: Mushrooms species collected and used in the study 

Mushroom species and taxonomic group Substrate Ecosystem Mode of life 
Afroboletus luteolus (Heinem.) Pegler & T.W.K. Young Soil Forest ECM 
Amanita rubescens Pers. Soil  Forest ECM 
Lactifluus persicinus Delgat & De Crop, Soil Uapaca forest  ECM 
Lactifluus gymnocarpus (R. Heim ex Singer) Verbeken Soil Uapaca forest  ECM 
Lactifluus rubroviolascens (R. Heim) Verbeken Soil Uapaca forest  ECM 
Termitomyces aurantiacus (R. Heim) R. Heim Soil Savannah TA 
Termitomyces clypeatus R. Heim Soil Savannah TA 
Termitomyces letestui (Pat.) R. Heim Soil Savannah TA 
Termitomyces mboudaiena Mossebo Soil Savannah TA 
Termitomyces schimperi (Pat.) R. Heim Soil Savannah TA 
Tylopilus sp. Soil Savannah ECM 
Xerocomus sp. Soil Savannah ECM 
Coriolopsis polyzona (Mont.) Ryvarden DW Forest Saprotrophic 
Echinochaete brachypora (Mont.) Ryvarden DW Forest Saprotrophic 
Ganoderma lucidum (Curtis) P. Karst. DW Forest Saprotrophic 
Lentinus cladopus Lév. DW Forest Saprotrophic 
Lentinus squarrosulus Mont. DW Forest Saprotrophic 
Neonothopanus hygrophanus(Mont.) De Kesel & 
Degreef DW Forest Saprotrophic 

Pleurotus pulmonarius (Fr.) Quél. DW Farmland/ Savannah Saprotrophic 
Polyporus tenuiculus (P. Beauv.) Fr. (P. Beauv.) Fr. DW Forest Saprotrophic 
Schizophyllum commune Fr. ex Fr. DW Forest Saprotrophic 
DW: Dead Wood, ECM: Ecto-mycorrhizal, TA: Termite Associated 

2.3. Determination of the total crude protein content of the extracts 
Protein concentration was determined according to the Bradford method using bovine serum albumin 
(BSA) as standard [18]. For calibration, different quantities of BSA ranging from 0 to 20 µg were 
used. The test was prepared by the addition of adequate volume of 0.02 M phosphate buffer pH 6.0; 
100 µL of the fresh fruit body extract and appropriate volume of Bradford reagent. The mixture 
obtained was homogenized, incubated at room temperature for 10 minutes and the optical density was 
read at 595 nm against the blank. The linearity relationship between absorbance and amount of protein 
was plotted and the standard curve was used to determine the concentration of protein. 

 
2.4. Determination of ligninolytic enzymes activity  
Lignin peroxidase (LiP) activity was determined by the demethylation of methylene blue as substrate 
into Azure C in the presence of H2O2 (inducer). The assay solution contained 1000 µL of 50 mM 
sodium potassium tartrate buffer (pH 4.0), 100 µL of 0.1 mM H2O2, 100 µL of 32 mM methylene blue 
and 50 µL of the crude enzyme extract. The mixture was homogenized and then incubated at 37°C for 
1hour. After incubation, the decreased in absorbance was measured at 650 nm using a 
spectrophotometer. A control tube in which the crude enzyme extract was replaced with 50 µL of 
distilled water was included. One unit of LiP activity was defined as the amount of enzyme that 
decolourises 1.0 µmole of methylene blue per minute following Bholay et al. [19]. 
Manganese peroxidase (MnP) activity was determined by Mn2+-dependent oxidation of guaiacol as 
substrate. The reaction mixture contained 100 µL of 0.4 mM H2O2, 1 mL of 50 mM sodium tartarate 
(pH 4.5) buffer permanently incubated at 37°C, 100 µL of 1 mM MnSO4.H2O, 200 µL of 1 mM 
guaiacol and 100 µL of the crude extract. The mixture was homogenized and then absorbance increase 
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recorded at 465 nm every 5 minutes for 25 minutes. The control tube contained all the reagents as the 
other tubes except that the extract was replaced by 100 µL of distilled water. Also, one unit of MnP 
activity was defined as the amount of enzyme that oxidized 1.0 µmole of guaiacol per minute 
according to Shantaveera & Ramalingappa [20]. 
Laccase (Lac.) activity was assayed in a reaction mixture containing 2 mL, 50 mM phosphate buffer 
(pH 4.0; 37°C), 50 µL, 1 mM of substrate (ABTS) and 10 µL of the crude extract. The mixture was 
homogenized and the increase in absorbance recorded at 420 nm. A control tube with 10 µL of distilled 
water replacing the crude extract was included. Following Narkede [21], one unit of Lac activity was 
defined as the amount of enzyme that oxidized 1.0 µmole of ABTS per minute.  

 
2.5. Data analysis 
The total crude protein contents were determined by means of the standard protein curve equation. 
Protein quantity in mg/g of fresh mushroom and the specific activity of each ligninolytic enzyme 
expressed in U/mg (µmole product released.min-1.mg-1 protein) were calculated using the formulae 
stated below. Mean and standard deviation (SD) of the results based on two independent experiments 
carried out in duplicates were calculated. 
 

 
       (1) 
 

Where: PQ = protein quantity (µg); TV=total volume of reaction mixture (mL);  
AV=assay volume (mL); m = mass of fresh mushroom (g) 

 

       (2) 
Where: SAenz = Specific activity of enzyme; ΔOD = Change in optical density; T = Time (min);  

PC = Protein concentration (µg/mL); AV = Assay volume (mL). 
 
3. Results and Discussion 
3.1. Crude protein contents of fresh fruit bodies  
All species involved in the study produced proteins with content varying according to species. The 
highest amount was observed in Tylopilus sp. (3.677 ± 0.128 U/mg), followed by Amanita rubescens 
(2.218 ± 0.004 U/mg), Neonothopanus hygrophanus (1.771 ± 0.016 U/mg), Lactifluus rubroviolascens 
(1.768 ± 0.007 U/mg) and Pleurotus pulmonarius (1.723 ± 0.040 U/mg). Termitomyces schimperi and 
Polyporus tenuiculus showed the lowest amount respectively 0.271 ± 0.009 U/mg and 0.434 ± 0.059 
U/mg (figure 1). 
It is well known that mushroom species produce proteins with concentration varying with species [22]. 
The present study exhibits the same trend with the majority of ECMs having the highest crude protein 
contents, followed by wood-inhabiting saprotrophic species and termites associated species. This could 
be due to the fact that some ECMs species have saprotrophic potential that allows them to produce or 
obtain proteins as ECMs or saprotrophic [23]. However, ligninolytic activities seem not to be the major 
function of the proteins contents of these fungi as their laccases and peroxidases activities are higher 
rather in wood-inhabiting saprotrophic species. 
 
3.2. Ligninolytic enzyme in fresh fruit body extracts 
Concerning the Ligninolytic enzyme activities, all the 21 mushroom species screened presented an 
activity of at least one of the three enzymes searched (table 2). LiP was absent only in Xerocomus sp. 
and found in 20 species. Its specific activities ranged from 0.0005 ± 0.0004 U/mg in Lactifluus 
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gymnocarpus to 0.0278 ± 0.0017 U/mg in Lentinus cladopus (Figure 1). Except in Termitomyces 
schimperi and Schizophyllum commune, MnP was found in all other species involved in the study with 
highest activity found in Lactifluus gymnocarpus (0.1992 ± 0.0158 U/mg) and lowest activity in 
Lentinus squarrosulus (0.0005 ± 0.0000 U/mg).  
 

 
Figure 1: Fresh fruit body soluble crude protein content of mushroom species 

 
Laccase activity found in all species was highest among the three enzymes in the extracts. The specific 
activity of this enzyme ranged from 0.0220 ± 0.0000 U/mg in Xerocomus sp. to 17.5994 ± 0.1406 
U/mg in Coriolopsis polyzona. Its activity was followed by that of MnP that varied from 0.0005 ± 
0.0000 U/mg to 0.1992 ± 0.0158 U/mg respectively in Lentinus squarrosulus and Lactifluus 
gymnocarpus. Finally, LiP presented the lowest activities from 0.0005 ± 0.0001 U/mg in Lactifluus 
gymnocarpus to 0.0278 ± 0.0017 U/mg in Lentinus cladopus (Table 2). 
Globally, among the studied species, 18 species including termite associated mushrooms 
(Termitomyces letestui, Termitomyces mboudaiena, Termitomyces clypeatus, Termitomyces 
aurantiacus), wood inhabiting saprobe species (Pleurotus pulmonarius, Lentinus squarrosulus, 
Lentinus cladopus, Echinochaete brachypora, Neonothopanus hygrophanus, Coriolopsis polyzona, 
Polyporus tenuiculus and Ganoderma lucidum) and ectomycorrhizal species (Afroboletus luteolus, 
Amanita rubescens, Lactifluus gymnocarpus, Lactifluus persicinus, gymnocarpus rubroviolascens, 
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Tylopilus sp. and Xerocomus sp.) presented all the three ligninolytic enzymes activities in their fresh 
fruiting bodies. Termitomyces schimperi and Schizophyllum commune presented only laccase and LiP 
activities, while Xerocomus sp. showed the activities of both laccase and MnP. The highest ligninolytic 
enzyme content was obtained in Coriolopsis polyzona.  
 
Table 2: Overall ligninolytic enzymes specific activities of species 

Species LiP (U/mg) MnP (U/mg) Laccase (U/mg) 
Afroboletus luteolus 0.0007 ± 0.0000 0.1389 ± 0.0097 0.1719 ± 0.0000 
Amanita rubescens 0.0007 ± 0.0000 0.0802 ± 0.0000 0.2006 ± 0.0000 
Coriolopsis polyzona 0.0053 ± 0.0025 0.1336 ± 0.0001 17.5994± 0.1406 
Echinochaete brachypora 0.0049 ± 0.0008 0.0295 ± 0.0139 2.3026 ± 0.2170 
Ganoderma lucidum 0.0034 ± 0.0016 0.0011 ± 0.0001 0.4339 ± 0.3068 
Lactifluus persicinus 0.0012 ± 0.0001 0.0925 ± 0.0037 12.3124 ± 0.1169 
Lactifluus gymnocarpus 0.0005 ± 0.0001 0.1992 ± 0.0158 7.7630 ± 0.0989 
Lactifluus rubroviolascens 0.0006 ± 0.0003 0.0038 ± 0.0000 0.1211 ± 0.0054 
Lentinus cladopus 0.0278 ± 0.0017 0.0272 ± 0.0077 1.6972 ± 0.4800 
Lentinus squarrosulus 0.0072 ± 0.0023 0.0005 ± 0.0000 0.3944 ± 0.1859 
Neonothopanus hygrophanus 0.0036 ± 0.0001 0.0108 ± 0.0000 1.3548 ± 0.4790 
Pleurotus pulmonarius 0.0021 ± 0.0004 0.0577 ± 0.0000 1.9752 ± 0.1214 
Polyporus tenuiculus 0.0047 ± 0.0029 0.0457 ± 0.0043 6.2771 ± 0.8070 
Schizophyllum commune 0.0007 ± 0.0004 -0.0023 ± 0.0033 0.1442 ± 0.0000 
Termitomyces aurantiacus 0.0030 ± 0.0027 0.1275 ± 0.0193 14.3111 ± 2.8444 
Termitomyces clypeatus 0.0024 ± 0.0003 0.0015 ± 0.0007 1.9669 ± 0.2140 
Termitomyces letestui 0.0014 ± 0.0001 0.0027 ± 0.0002 2.2349 ± 0.0000 
Termitomyces mboudaiena 0.0014 ± 0.0003 0.0010 ± 0.0001 1.0299 ± 0.1120 
Termitomyces schimperi 0.0029 ± 0.0013 -0.0531 ± 0.0500 0.0737 ± 0.0001 
Tylopilus sp. 0.0020 ± 0.0003 0.0008 ± 0.0006 0.1251 ± 0.0000 
Xerocomus sp. - 0.0068 ±0.0037 0.0529 ± 0.0075 0.0220 ± 0.0000 
The negative sign signifies the absence of a ligninolytic enzyme activity in the fruit body extracts of the species. 

In this study, and for the first time, the fresh fruit body extracts of 21 mushroom species from the Noun 
Division in the western Region of Cameroon were screened to determine the activities of laccases, 
manganese peroxidase and lignin peroxidase which are the three principal ligninolytic enzymes 
involve in lignocellulose degradation produced by Basidiomycetes. The result shows that all species 
including saprotrophic and symbiotic species present the activities of at least two of the above 
mentioned enzymes with specific variation in the intensity of their activities. However, the intensity of 
activities obtained may not represent the real enzymatic capacity of the species as it has been 
demonstrated that the ligninolytic activity of some enzyme varies with the age of fruit bodies [24]. 
Laccases, MnP and LiP activities were also detected in ectomycorrhizal and saprotrophic fruiting 
bodies of other mushroom species from Andhra Pradesh in India [4] and from Bornova Izmir in 
Turkey [16]. The detection of ligninolytic enzymes in the fruit bodies of all the studied species can be 
explained by the fact that, in addition to breaking down lignocellulose, these enzymes especially 
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laccases are also involved in other physiological activities of mushroom such as growth and 
morphogenesis [25-26-27]; thus these enzymes could be found in the large majority of fungi with 
intensity of their activities varying according to their specific mode of life.  
Using spot tests on mycelia growing on MEA media of some Cameroonian wood rotten fungi, [11-28] 
noticed high enzymatic activities of laccases and peroxidases in Pleurotus pulmonarius, Lentinus 
squarrosulus, Lentinus cladopus, Echinochaete brachypora, Nothopanus hygrophanus and Coriolopsis 
polyzona. They considered these species as white rotten fungi as well as Schizophyllum commune 
where only the presence of laccases was noticed. The present work using their fruit bodies support the 
results of the above authors. Also, the highest ligninolytic enzyme specific activities were showed by 
C. polyzona which was also found among species having high enzymatic activities by the above 
authors. C. polyzona is a well known saprotrophic species that grows on dead wood, exhibiting 
activities of the three ligninolytic enzymes for their used in the breakdown of lignin and other wood 
constituencies into simpler substances necessary for its growth and metabolic need. Its bioremediation 
capacity has been effectively demonstrated on some waste like olive oil mill waste waters using 
mycelia culture [29]. 
Concerning the termite associated species, apart from Termitomyces schimperi, this is the one of the 
first time that ligninolytic enzyme activities are screened from the fresh fruit bodies of species 
involved in the present work. This demonstrates that species of this genus produce the studied enzymes 
especially laccases and can be classified in white rot group of fungi. Working on T. schimperi, Haileka 
[30] also detected laccases in its crude extract. The laccase activities in Termitomyces spp. are 
explained by the fact that species of this genus form a mutualistic symbiosis with termites. The latter 
mashes and swallow different parts of plants and then, rejects them without digesting in the form of a 
nest where Termitomyces spores find suitable conditions for their optimum growth and development 
into fruiting bodies producing ligninolytic enzymes to digest the plant constituents nest. This is later 
consumed again by termites to obtain energy in return [10]. 
This study demonstrated the production of ligninolytic enzymes in ectomycorrhizal species. These 
enzymes, mainly laccases have already been reported in ectomycorrhizal taxa [31-32] and there is 
increasing evidence that these enzymes contribute not only to the functioning of the symbiosis but also 
to the mobilization of nutrients [23]. In addition, widespread occurrence of laccases and peroxidases 
genes has been demonstrated in ectomycorrhizal mushroom species [8]. 
 
Conclusion 
According to this study, ligninolytic enzymes are produced by both saprotrophic and ectomycorrhizal 
mushroom species with each species having different levels of lignin peroxidase, manganese 
peroxidase and laccase activities. Laccase seems to be the dominant enzymes in the studied species 
with Coriolopsis polyzona the species with the highest ligninolytic enzyme activities. It is interesting 
to extend the screening of these enzymatic activities to other species of the area, characterized the 
enzymes especially those that presented the best activities like C. polyzona and applied them in various 
biotechnological fields. Therefore, they could be potential sources of commercial enzymes for 
industrial use in bio-bleaching of pulp, decolourization of textile dyes and bioremediation of polluted 
environment among other uses.  
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