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Abstract 

This work focused on the production and characterization of peroxidase enzymes (lignin peroxidase (LiP), 

manganese peroxidase (MnP) and versatile peroxidase (VP)) from Pleurotus sapidus in the submerged 

cultivation. Among four tested media, basal medium containing 1% rice straw was the best for maximum 

peroxidases secretion by P. sapidus. Wheat straw was the most suitable carbon source for the production of 

peroxidases. Concentration of 15 g/L of wheat straw was the most suitable for maximum production of LiP and 

MnP. While, VP showed maximum productivity at 20 g/L of wheat straw. Maximum specific activities of LiP 

and MnP enzymes were at 2g/L of yeast extract. While, concentration of 2.5 g/L of yeast extract gave the 

highest secretion of VP by P. sapidus. The highest specific activities of LiP and VP were obtained after 12 days 

of incubation. While, MnP reached the maximum specific activity after 3 days of incubation. The optimum 

temperature for LiP and VP specific activities was 60°C. In addition, MnP showed its optimum temperature at 

50°C. Concerning the optimum pH, LiP reached the maximum activity at pH3. Moreover, pH 5 and pH3.5 were 

the optimum for the activity of MnP and VP, respectively. 
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Introduction 

 

Lignin is a three dimensional polymer found 

abundantly in wood and plant tissue. It is composed 

of phenylpropanoid units inter connected by stable 

C-C and C-O bonds. The heterogeneity and 

complexity of its structure confers resistance to 

microbial attack. However, lignin can be degraded 

slowly in nature, mainly by white-rot fungi, and this 

has considerable impact in forestry and agriculture. 

Lignin biodegradation by white-rot fungi is an 

oxidative process in which H2O2 plays an important 

role (Bourbonnais et al., 1997). 

The removal of lignin improves hydrolysis of 

cellulosic material as it creates additional surface 

area for enzyme adsorption on the cellulosic 

substrates. Two families of lignolytic enzymes are 

widely considered to play a key role in the enzymatic 

degradation: 1- oxidation enzymes (laccase (phenol 

oxidase) & veratryl alcohol oxidase (VAO)), 2- 

peroxidase enzymes (lignin peroxidase, manganese 

peroxidase and versatile peroxidase) (Krause et al., 

2003; Malherbe and Cloete, 2003). Peroxidases are 

enzymes that catalyze the oxidation of a variety of 

organic and some inorganic compounds by hydrogen 

peroxide and other peroxides. Oxidation of an 

electron donating substrate by hydrogen peroxide 

involves the overall transfer of electrons. One 

electron oxidation of phenols results in the formation 

of phenoxy radicals, which may diffuse from the 

enzyme active site and undergo a variety of post-

enzymatic reactions in aqueous solution (Griffin, 

1991). 

Martinez et al. (2005) stated that lignin 

peroxidase (LiP) and manganese peroxidase (MnP) 

were described as true ligninases because of their 

high redox potential. LiP degrades non-phenolic 

lignin units (up to 90% of the polymer), whereas 

MnP generates Mn3+, which acts as a diffusible 

oxidizer on phenolic or non-phenolic lignin units via 

lipid peroxidation reactions. More recently, versatile 

peroxidase (VP) has been described in Pleurotus sp. 

and other fungi as a third type of ligninolytic 

peroxidase that combines the catalytic properties of 

LiP, MnP, and plant/microbial peroxidases oxidizing 

phenolic compounds (Heinfling et al., 1998) 

Versatile peroxidase is glycoproteins with hybrid 

properties capable of oxidizing typical substrates of 

MnP and the LiP. VP form an attractive ligninolytic 

enzyme group due to their dual oxidative ability to 

oxidize Mn2+ and also phenolic and nonphenolic 

aromatic compounds. Similar to the MnP 

mechanism, Mn3+ is released from VP and acts as a 

diffusible oxidizer of phenolic lignin and free phenol 

substrates (Wesenberg et al., 2003). This is a result 

of their hybrid molecular structures which provide 

multiple binding sites for the substrates. This makes 

VP superior to both LiP and MnP, which are not able 

to efficiently oxidize phenolic compounds in the 

absence of VA or oxidize phenols in the absence of 

Mn2+, respectively (Ruiz-Duenas et al., 2009). The 

aim of this work is to study the production and 

characterization of peroxidases from P. sapidus.  

Materials and Methods 

Microorganism and lignocellulosic materials 

The fungus P. sapidus was obtained from Plant 

pathology Dept., Fac. of Agric. at Moshtohor, Benha 

Univ., Egypt. The original culture was maintained on 

potato dextrose agar (PDA) slant and stock cultures 

were kept at 5˚C. Lignocellulosic materials such as 

rice straw, wheat straw, bagas, saw dust and corn 

stalks were obtained from the Fac. of Agric. at 

Moshtohor. 
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Media used  

Four media were used for screening the highest 

production of peroxidases by P. sapidus, namely: 

M1:Czapek-Dox liquid medium containing 1% rice 

straw (Coral et al., 2002); M:Simplified minimal 

medium containing 1% rice straw (El-Shafai and 

Rezkallah, 1998); M3:Potato dextrose agar (PDA) 

containing 1% rice straw and M4:Basal medium 

containing trace elements and 1% rice straw, 

(Lelliott and Stead, 1987), each medium was 

adjusted to pH 6. 

 

Fermentation and optimization studies 

About 95 mL of the production medium were 

dispended into 250 mL Erlenmeyer flasks, sterilized 

and inoculated with 5 mL of a 3-days-old fungal 

inoculum of P. sapidus. The inoculated flasks were 

incubated at 25˚C under shaking at 150 rpm for 7 

days. The cultures were centrifuged at 4000 rpm for 

30 min at 4˚C. The supernatant was used for 

measurement of peroxidases specific activity. 

Optimization of peroxidases production by P. 

sapidus was carried out in the presence of some 

factors such as production media, different 

lignocellulosic materials as a carbon source, nitrogen 

source and its concentration and time course. 

Concentration of peroxidases 

Culture of P. sapidus was centrifuged at 4000 

rpm for 30 min at 4°C and the clear supernatant was 

used as source of crude enzymes. Peroxidases were 

concentrated by ultrafiltration technique 

(JumbosepTM Centrifugal Devices, exclusion limit 

10 kDa) at 4000 rpm and 4 °C. Following the 

ultrafiltration, protein concentration and peroxidases 

specific activity in the retentate and filtrate were 

measured. 

 

Enzymes assay and protein determination   
  For determination of lignin peroxidase activity, 

the reaction mixture contained 1mL enzyme solution 

and 5 mL substrate (1mM veratryl alcohol) in 50 mM 

Na-acetate buffer and 20 mM H2O2, pH 3.5, 40°C. 

Oxidation of the substrate was monitored by an 

absorbance increase at 310 nm due to the formation 

of veratraldehyde. One unit of the enzyme is defined 

as the amount producing 1 µ mol of veratraldehyde 

per minute under the assay conditions (Tien and 

Kirk, 1988). 

Manganese peroxidase (Mn2+-dependent) activity 

was estimated from the formation of Mn3+-tartrate 

complex from 0.1mM MnSO4 in 0.1M sodium 

tartrate buffer (pH 5) in the presence of 0.1 mM 

H2O2. One unit (U) was defined as the amount of 

enzyme that oxidizes 1 µmol Mn2+ per min at 25°C 

and pH 5 (Martinez et al.,1996). 

Versatile peroxidase activity was determined 

according to Perez-Boada et al., (2002). The 

enzyme activity was analyzed by conversion of 2,6-

dimethoxyphenol (2,6-DMP) to coerulignone at an 

absorbance of 469 nm. VP activity was measured for 

the oxidation 1 mM of 2,6-DMP in 100 mM sodium 

tartrate buffer (pH3) in the presence of 0.1 mM 

H2O2. One unit of enzymatic activity (U) was defined 

as the amount of enzyme that transforms 1 μmol of 

substrate per minute. Protein concentration was 

determined according to Lowry et al., (1951). 

Specific activity (U/mg) = Enzyme activity (U/mL) 

/ Protein concentration (mg/mL)   

The fungal culture was aseptically filtered 

through preweighed Whatman no 1 filter paper to 

separate mycelial mat and the culture filtrate. The 

filter paper along with mycelial mat was dried at 

70°C in an oven until constant weight. Difference 

between the weight of the filter paper having 

mycelial mat and weight of only filter paper 

represented biomass of fungal mat. Fungal growth 

was expressed in terms of mg/L (Praveen et al., 

2011).  

 

Results and Discussion 

 

Optimization of peroxidases production by P. 

sapidus 

 

Fermentation media 

Four different media were tested for their ability 

to support growth of P. sapidus and peroxidases 

production (Fig.1). Data indicated that Basal medium 

containing 1% rice straw was the best for maximum 

peroxidases secretion by P.sapidus. This may be 

attributed to the presence of Tween 80 within the 

constituents of the medium, which supports the 

release of the enzymes complex into the medium by 

causing an increased permeability of cell membranes 

and/or by promoting the release of cell-bound 

enzymes.  

 
M1: Czapek-Dox containing 1% rice straw 

M3: Potato dextrose agar (PDA) containing 1% rice straw 

M2: Simplified minimal medium containing 1% rice straw 

M4: Basal medium containing 1% rice straw 

Fig.1. Effect of different media on peroxidases production 

by P. sapidus. 

 

The obtained results are in accordance with those 

reported by Usha et al., (2014). They studied the 

effect of different surfactants on ligninolytic 

enzymes production. Concentration of 1mL/L of 

Tween 80 favored maximum production of 

ligninolytic enzymes by Stereum ostrea. It exhibited 

maximum MnP activity on 10th day of incubation and 

LiP on 12th day of incubation. All the surfactants that 
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are provided in the medium stimulated the 

production of MnP in the order of Tween 80, Tween 

20, and Triton X-100. But LiP activity was not 

enhanced with the addition of Tween 20 and Triton 

X-100. 

 They also added that, maximum extracellular 

protein was recovered from S. ostrea grown on 

Triton X-100 amended medium on 8th day of 

incubation followed by Tween 80 and Tween 20 on 

10th day of incubation. To evaluate optimum volume 

of Tween 80 required for maximum production of 

these enzymes different volumes, that is, 0.25, 0.5, 

0.75, 1.0, 1.5, and 2.0mL of Tween 80, were added 

to the production medium. Enhanced production of 

MnP was observed in the flasks supplemented with 

1mL/L of Tween 80. In addition, the presence of 

trace elements solution in the basal medium may 

encouraged the growth of the used fungus resulting 

in an increase of peroxidase enzymes.  

 

Carbon source   
Five different materials were tested, bagas, wheat 

straw, rice straw, saw dust and corn stalks (Fig.2). 

The highest peroxidase specific activities were 

obtained when wheat straw was used as carbon 

source. These results are in good agreement with 

those reported by Vares et al., (1995), they studied 

the production and characterization of lignin 

peroxidase (LiP), manganese peroxidase (MnP), 

glyoxal oxidase (GLOX), and laccase from Phlebia 

radiate. Low-nitrogen liquid medium containing 

wheat straw have been used during the solid-state 

fermentation. Moreover, Martinez et al., (2005) 

stated that peroxidase was described as true 

ligninases because of its high redox potential. MnP 

generates Mn3+, which acts as a diffusible oxidizer 

on phenolic or non-phenolic lignin units via lipid 

peroxidation reactions. 

 
Fig.2. Effect of different lignocellulosic materials on 

peroxidases production by P. sapidus. 

 

Wheat straw concentration  

The effect of different concentrations of wheat 

straw on peroxidases production by P. sapidus was 

investigated. Wheat straw concentrations (5, 10, 15, 

20 and 25 g/L) were added to the basal medium. The 

investigated enzymes were determined and the 

results were graphically illustrated in Fig. 3. As 

expected, peroxidases secretion increased with an 

increase of wheat straw concentration. 15 g/L of 

wheat straw was the optimum concentration for LiP 

and MnP production. While, VP showed its 

maximum specific activity at 20 g/L of wheat straw. 

A further increase in wheat straw concentration 

beyond 20 g/ L did not result in a further increase in 

enzymes specific activity. The decrease in enzymes 

productivity at higher wheat straw concentration may 

be attributed to substrate inhibition as described by 

Guedon et al., (2002).  

 
Fig.3. Effect of wheat straw concentration on peroxidases 

production by P. sapidus. 

 

Yeast extract concentration  

The used basal medium was supplemented with 1 

– 3 g/L yeast extract. Peroxidases specific activities 

were determined. Data illustrated in Fig. (4) 

obviously indicate that 2g/L of yeast extract gave 

maximum LiP and MnP production by P. sapidus.  

With regard to VP enzyme, the maximum specific 

activity was obtained when 2.5 g/ L of yeast extract 

was used. The obtained results are in accordance 

with those reported by Qin et al., (2014). They used 

basal liquid medium contained 2.5 g/ L of yeast 

extract to study the production and characterization 

of a novel manganese peroxidase from Irpex lacteus. 

In contrast, the growth of Trichoderma reesei on 

production medium without nitrogen source 

increased cellulase production (Turker and 

Mavituna, 1987). Moreover, Organism like 

Phanerochaete chrysosporium produced higher 

yields of lignolytic enzymes under conditions of 

starvation for nitrogen and carbon whereas in other 

cases Panus tigrinus lignolytic enzymes were 

generated under even conditions of nitrogen 

sufficiency (Kirk et al., 1986) 

 
Fig.4. Effect of yeast extract concentration on peroxidases 

production by P. sapidus. 

 

Time course   

The time course of peroxidases was studied to 

determine the point of time with maximum activity. 

Data illustrated in Fig (5) showed the effect of 
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different incubation periods on enzymes productivity 

by P. sapidus. From the recorded results, it was 

found that LiP and VP specific activities 

progressively increased with the incubation period 

from 1-15 days and reached the maximum activities 

after 12 days of incubation. After that, the enzymes 

activity began to decrease 

The highest MnP specific activity was obtained after 

3 days. These results are in good agreement with 

those reported by Zhao et al., (2014) they studied the 

growth of Irpex lacteus F17 and peroxidase enzymes 

production in a self-designed tray bioreactor, 

operating in solid-state conditions at a laboratory 

scale. During the stationary phase of fungal growth, 

maximum MnP and LiP activities were observed 

after 3 days of incubation.  

LiP activity was detected in the culture filtrate of 

Stereum ostrea and Phanerochaete chrysosporium 

throughout the incubation period. There was an 

increase in activity of LiP up to 6th day of incubation 

followed by declining trend. Maximum activities of 

LiP recorded in respect of S. ostrea and P. 

chrysosporium on 6th day of incubation were 0.516 

and 0.472 U/mL, respectively. Stereum ostrea 

displayed activity of even LiP on higher side than P. 

chrysosporium (Praveen et al., 2011) 

 
Fig.5. Effect of incubation period on peroxidases 

production by P. sapidus. 

 

Comparison between basal medium Vs. optimized 

medium composition for production of peroxidase 

enzymes by P. sapidus 

The optimum conditions for peroxidases 

production by P. sapidus were concluded in Table 

(1). P. sapidus exhibited the highest enzymes 

specific activity which increased to be about two fold 

higher as compared with enzymes yields obtained in 

basal medium. Therefore, optimized basal medium 

was chosen to be used for peroxidases production for 

the succeeding work. 

 

Table 1. Comparison of basal medium Vs. optimized medium composition 

Basal medium Constituents (g/L)  Optimized medium Constituents (g/L) 

Rice straw   10  Wheat straw   15 

Yeast extract 1.0  Yeast extract 2.0 

KH2PO4 0.2  KH2PO4 0.2 

KCl 0.2  KCl 0.2 

MgSO4.7H2O 0.2  MgSO4.7H2O 0.2 

Tween 80 1 ml  Tween 80 1 ml 

Trace element solution 1 ml  Trace element solution 1 ml 
     

Enzymes 
Specific activity 

(U/mg) 
 Enzymes 

Specific activity 

(U/mg) 

  lignin peroxidase 3.98    lignin peroxidase 12.5 

  manganese peroxidase 2.9    manganese peroxidase 7.34 

  versatile peroxidase 1.6    versatile peroxidase 3.3 
  

Biomass and extracellular protein concentration 

of P. sapidus cultivated on the optimized basal 

medium. 
Biomass culture of P. sapidus in optimized basal 

liquid medium under shaking conditions was 

determined and presented in Fig.6. Growth of P. 

sapidus was initially slow for 3 days. Maximum 

biomass was produced after 6 days of incubation. 

 
Fig.6. Biomass of P. sapidus as affected by incubation 

period. 

The secretion of extracellular protein into liquid 

medium under shaking conditions for 15 days was 

measured (Fig.7). Protein secretion by P. sapidus 

increased with increase in incubation time and 

reached to maximum value after 6 day of incubation 

and there onwards dropped.  

These results are in good harmony with those 

reported by Praveen et al., (2011), they studied the 

secretion of protein and peroxidases production from 

Stereum ostrea and Phanerochaete chrysosporium 

upon growth in liquid medium under shaking 

conditions. Maximum secretion of protein in both 

cultures was found after 6 days of incubation. 
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Fig.7. Extracellular protein concentration of P. sapidus as 

affected by incubation period. 

Concentration of peroxidases produced by P. 

sapidus. 

The culture supernatant of P. sapidus was 

concentrated by ultrafiltration (Table 2). After 

concentration, the obtained specific activities were 

172.7, 80.9 and 72.9 U/mg for LiP, MnP and VP 

activities, respectively.   

 

 Table 2. Concentration of peroxidases produced by P. sapidus. 

 Initial supernatant Retentate 

Volume (mL) 1000 35 

Protein (mg/mL) 0.631 3.53 

Specific activity (U/mg)   

lignin peroxidase 15.7 172.7 

manganese peroxidase 6.22 80.9 

versatile peroxidase 5.61 72.9 

 

Characterization of peroxidases  

The concentrated enzymes produced by P. 

sapidus were biochemically characterized. Optimum 

temperature, optimum pH and temperature stability 

were investigated. 

 

Optimum temperature 
Optimum temperature was studied for 

peroxidases produced by P.sapidus. For estimation 

of the temperature optima, the specific activity was 

determined by carrying out standard assays at several 

temperatures degrees (30-65°C). Under the assay 

conditions used, crude preparations of peroxidases 

showed high activity over a wide range of 

temperature between 30 and 65°C. Data illustrated in 

Fig.8. Shows that, the optimum temperature for LiP 

and VP was 60°C.  

 
Fig.8. Effect of temperature on peroxidases activity. 

 

Moreover, 50°C was found to be optimal for the 

activity of MnP. These results are in good agreement 

with those reported by Qin et al., (2014). They 

studied the purification and characterization of a 

novel manganese peroxidase from Irpex lacteus. The 

optimal temperature of peroxidases was determined 

to be 70°C. The enzyme could respectively retain 

72.0%, 68.4% and 53.1% of its original activity after 

5 h incubation at 40°C, 50°C and 60°C. When the 

temperature increased to above 70°C, the enzyme 

thermostability significantly decreased. 

 

 

-Thermal stability 
To estimate the temperature stability of 

peroxidases, the residual activity after incubation for 

12h. at the enzymes temperature optima was 

determined under standard conditions. The obtained 

data was illustrated and recorded in Fig.9 and 

Table3. 

Results clearly showed that VP retained 79.53 

and 52.74% of the initial activity after 2 and 12h 

incubation at its optimal temperature, respectively. 

This indicates high thermostability of VP enzyme. 

On the other hand, LiP was rapidly inactivated and 

retained about 57.74 and 7.42% of the initial activity 

after 2 and 12 h, respectively.  

MnP retained about 42.56 and 12.96% of the 

initial activity after 2 and 12 hours, respectively. 

These results are in line with those reported by Zhao 

et al., (2014), they studied the characterization of 

manganese peroxidase which produced from Irpex 

lacteus F17. MnP enzyme exhibited significantly 

stability within a broad pH range of 4-7 and at 

temperature up to 55 °C.  

 
Fig.9. Thermal stability of peroxidases activity. 

 

Furthermore, the enzyme was stable at low and 

moderate temperatures, maintaining more than 90% 

of its maximal activity after incubation at 

temperature ranging from 25 to 45 °C for 24 h. The 

loss of enzyme activity can be attributed to protein 

denaturation.  
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The aforementioned results are in accordance 

with those obtained by, Reis et al., (2003), Whiteley 

et al., (2003) and Wang et al., (2008) who stated that 

the loss of enzyme activity at elevated temperatures 

is a consequence of thermal denaturation of protein. 

 

Table 3. Thermal stability of peroxidases 

 

Optimum pH  
The ionization state of amino-acid residues of an 

enzyme depends on the pH value. Since catalytic 

activity is dependent on the state of ionization of 

these residues, enzyme activity is consequently pH 

dependent. Enzymes are often active over a narrow 

pH range with a specific pH optimum at which their 

catalytic activity is maximal (Wilson, 2000).  

 

 
Fig.10. Effect of pH on peroxidases activity. 

 

Therefore, it was of interest to determine the pH 

optima of peroxidases under investigation (Fig.10). 

The favorable pH for the activity of the LiP enzyme 

was   pH 3.0. MnP and VP exhibited the maximum 

specific activities at pH 5 and pH 3.5, respectively. 

These results are in agreement with those obtained 

by Wang et al., (2002) they studied the production of 

manganese peroxidase from Bjerkandera adusta. 

After purification the enzyme showed the optimum 

pH at pH5. Moreover, Zhao et al., (2014) studied the 

characterization of manganese peroxidase which 

produced from Irpex lacteus F17. The purified MnP 

was stable in the pH range of 3-7, with an optimum 

pH of 7 at 25 °C. While most of the MnP reported 

previously exhibited maximum activity at an acidic 

pH ranging from 4.5 to 5.0 (Sklenara et al., 2010). 
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 الملخص العربي

 
 إنزيمات البيروكسيديز المنتجة من فطر بليوروتس سابيدوس، اإلنتاج و دراسة الخصائص

 
 عبد الخالق سالم احمد

 قسم النبات الزراعي، كلية الزراعة بمشتهر، جامعة بنها، مصر
نزيمات البيروكسيديز )اللجنين بيروكسيديز، المنجنيز بيروكسيديز و الفيرساتيل إنتاج و دراسة خصائص إيركز هذا العمل علي 

نتاجية من إرز أعلي أقش  %1ساسية المحتوية علي بيئة الغذائية األبيروكسيديز( من فطر بليوروتس سابيدوس اثناء الزراعة المغمورة. أظهرت ال
نزيمات إنتاجية من إكثر أفضلية كمصدر للكربون ألعلي انزيمات البيروكسيديز من فطر بليوروتس سابيدوس. يعتبر قش القمح هو األ

مات اللجنين بيروكسيديز و المنجنيز بيروكسيديز. بينما نزيإنتاجية من إلي فضل ألعجم/لتر من قش القمح هو األ 11البيروكسيديز. كان تركيز 
نزيمات اللجنين بيروكسيديز و إجم/لتر. تم الحصول علي أعلي نشاط من 02نزيم الفيرساتيل بيروكسيديز عند استخدام إنتاجية من إكانت أعلي 

نزيم إنتاجية من إعلي أعطي أجم/لتر من مستخلص الخميرة 0.1جم/لتر من مستخلص الخميرة. بينما تركيز 0ستخدام إعند المنجنيز بيروكسيديز 
نزيمات اللجنين بيروكسيديز و الفيرساتيل بيروكسيديز تم الحصول إنتاجية من إالفيرساتيل بيروكسيديز بواسطة الفطر بليوروتس سابيدوس. أعلي 

ايام من التحضين. درجة الحرارة المثلي لنشاط  3قصي نشاط له بعد أنزيم المنجنيز بيروكسيديز اظهر إين. بينما يوم من التحض 10عليها بعد 
 ألقصي نشاط نزيم المنجنيز بيروكسيديز فكانت درجة الحرارة المثليإما أ°. م02نزيمات اللجنين بيروكسيديز و الفيرساتيل بيروكسيديز كانت عند إ

هي الدرجات  3.1و  1نزيم اللجنين بيروكسيديز. كدلك كانت درجات إهي المثلي لنشاط  3المثلي فقد كانت  pHالـ  بخصوص درجة°. م12عند 
  نزيمات المنجنيز بيروكسيديز و الفيرساتيل بيروكسيديز علي التوالي.إلمثلي لنشاط أ

 


