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CHARACTERIZATION OF A NOVEL MANGANESE PEROXIDASE 
PURIFIED FROM SOLID STATE CULTURE OF Trametes 
versicolor IBL-04  

 
Muhammad Asgher * and Hafiz Muhammad Nasir Iqbal   
 

A novel manganese peroxidase (MnP) produced by an indigenous white 
rot fungal strain Trametes versicolor IBL-04 in solid state medium of 
corncobs was purified and characterized. The fungus produced 964U/mL 
MnP in the presence of additional carbon (glucose) and nitrogen (yeast 
extract) supplements added at a C:N ratio of 25:1, 1mM Tween-80 
(1mL), 1mM MnSO4 (1mL), and 1mM CuSO4 (1mL). The MnP was 
purified by ammonium sulfate fractionation (65% saturation) and dialysis, 
followed by Sephadex G-100 gel filtration chromatography. Purification 
procedures resulted in 2.4-fold purification with an overall yield and 
specific activity of 3.4% and 660 U/mg, respectively. The purified MnP 
was monomeric of molecular weight of 43 kDa, showing a single band on 
sodium dodecyl sulfate poly acrylamide gel electrophoresis (SDS-
PAGE). The enzyme was optimally active at pH 5 and 50oC and was 
stable for 1 h over a broad range of pH (4-7) and temperature (40-65oC). 
Kinetic constants KM and Vmax of purified MnP were 70 µM and 540 U/mL 
for MnSO4 substrate. The effect of possible activators and inhibitors of 
enzyme were also investigated, and it was observed that EDTA, Cystein, 
and Ag+ caused MnP inhibition and inactivation to different extents, 
whereas MnP was activated by 4 and 3 mM of Cu2+ and Fe2+, 
respectively.  High thermo-stability, low KM and high Vmax features of this 
novel MnP isolated from culture filtrate of T. versicolor IBL-04 suggests 
its suitability for various industrial and biotechnological applications.  
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INTRODUCTION 
 

Microorganisms capable of degrading lignin include the wood-rotting fungi and, 
to a lesser extent, some actinomycetes and bacteria (Coll et al. 1993). These micro-
organisms produce two major families of enzymes ligninolytic enzymes, peroxidases and 
laccases. T. versicolor is one of the most valued white-rot fungi in industrial and 
environmental biotechnology because of its ability to degrade lignin and phenolic 
compounds. Its potential simultaneously to produce extracellular (Tavares et al. 2006) 
ligninolytic and hydrogen peroxide-producing enzymes, which are essential for 
peroxidase activity, makes it an attractive candidate for a range of biotechnological 
applications (Levin et al. 2002). Lignin-modifying enzymes (LMEs) of white rot fungi 
(WRF) have numerous applications for various industries, including delignification of 
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lignocellulosic biomass for fuel ethanol production, food, brewery, animal feed, textile, 
laundry detergents, and pulp and paper (Bhat 2000; Rodríguez-Couto and Sanroman 
2006; Papinutti and Forchiassin 2007). 

Manganese-dependent peroxidases (MnP; EC 1.11.1.13) are heme-containing 30-
65kDa glycoproteins secreted either as one entity or in multiple isoforms and catalyze the 
oxidation of Mn2+ to Mn3+ (Tien and Kirk 1984; Glenn and Gold 1985; Asgher et al. 
2008). Many WRF secrete MnP as the main ligninolytic enzyme and a few even secrete it 
as the sole enzyme for lignin degradation. MnP require hydrogen peroxidase as well as 
Mn+2 for their activity (Bermek et al. 2004; Asgher et al. 2008). The natural function of 
MnP is the degradation of the complex lignin polymer of higher plants. The enzyme 
catalyzes the H2O2-dependent oxidation of Mn2+ into highly reactive Mn3+ that complexes 
with a dicarboxylic acids such as oxalate and malate produced by the fungus. The Mn3+-
organic acid complexes, in turn, oxidize phenolic structures in lignin and various lignin-
related organic compounds (Tien and Kirk 1984; Glenn and Gold 1985; Arora and Gill 
2000; Takano et al. 2010). MnP oxidizes a wide range of substrates, including several 
phenolic compounds, rendering it an interesting enzyme for potential applications in 
various industries (Bermek et al. 2004; Boer et al. 2006). 

Cost-effective production of ligninases is a key for successful exploitation of 
lignocellulosic resources as renewable energy source. In previous studies it has been 
reported that the production and activity of MnP is enhanced by the addition of 
manganese (MnSO4) in lower concentrations (0.1-1mM), as Mn is a specific inducer of 
MnP production and mediator in its catalytic mechanism (Rajan et al. 2010). The 
variability in ligninolytic enzyme production by different WRF has been reported due to 
genetic variations as well as variation of fermentation process conditions. The ligninases 
production process using many different strains of WRF have been optimized at 
laboratory scale by the addition of carbon and nitrogen sources, mediators, surfactants, 
and minerals to the medium. Nutritional variables including carbon, nitrogen and 
manganese significantly influence the production of ligninolytic enzymes by white rot 
fungi (Pascal et al. 1991). Different strains of Trametes spp., Trametes versicolor, T. 
cingulata, T. elegans and T. pocas have been found to produce LiP, MnP, and laccase in 
different ratios (Tekere et al. 2001). The ligninase production by Trametes versicolor is 
affected by C, N and Mn2+

 concentration in the medium (Maceiras et al. 2001). 
T. versicolor is one of the most potent lignin-degrading microorganisms that 

produce extracellular peroxidases with high catalytic potentials. Keeping in view the 
wide range of industrial applications of MnP, the present study was focused on 
purification and characterization of a novel heat-stable acidic MnP isolated from solid-
state culture filtrates of an indigenous strain T. versicolor IBL-04 grown on inexpensive 
and easily available lignocellulosic solid waste Corncobs through SSF. 
 
 
EXPERIMENTAL 
 
Chemicals and Reagents 

Sephadex G-100, 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS),  
Coomassie Brilliant Blue G-250, sodium dodecylsulphate (SDS), N,N,N΄,N΄-tetra-



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Asgher & Iqbal (2011). “Heat-stable Mn peroxidase,” BioResources 6(4), 4302-4315.  4304 

methylethylenediamine (TEMED), ß-mercaptoethanol (BME), trizma base and 
standard protein markers were purchased from Aldrich-Sigma (USA). All other 
chemicals were of analytical grade and purchased from Merck (Germany) and 
Scharlau (Spain). 
 
Lignocellulosic Substrate 

Corncobs used as growth substrate was collected from CPC-Rafhan, Faisalabad, 
Pakistan. The substrate was chopped, oven dried (60oC), ground to 40 mm mesh particle 
size, and stored in air tight plastic jars to avoid humidity. 
 
Microorganism & Inoculum Preparation 

The MnP producing culture of indigenous strain T. versicolor IBL-04 available in 
Industrial Biotechnology Laboratory, UAF, Pakistan was used. Inoculum was prepared 
by growing the fungus in Kirk’s basal nutrient medium (Tien and Kirk 1988) additionally 
supplemented with 1% Millipore filtered sterile glucose solution. The medium was 
sterilized (121oC) in a laboratory-scale autoclave (Sanyo, Japan) for 15 min. After 
cooling to room temperature, a loopful culture of T. versicolor IBL-04 from PDA slant 
was transferred into the broth in laminar air flow (Dalton, Japan). The inoculated flask 
was incubated for 5 days at 30oC in an orbital shaker (Sanyo-Gallemkemp, UK) to obtain 
a homogenous fungal spore suspension.  
 
Production of MnP 

Production of MnP from T. versicolor IBL-04 was carried out in 250 mL 
Erlenmeyer flasks under some pre-optimized growth conditions. Triplicate flasks 
containing 5 g corncobs were moistened with Kirk’s basal nutrient medium (60% w/w); 
autoclaved at 121oC for 15 min and inoculated with 5 mL of freshly prepared 
homogeneous inoculum under sterilized conditions using a sterilized pipette. The 
inoculated flasks were allowed to ferment at 30C in a temperature controlled still culture 
incubator (EYLA SLI-600ND, Japan) for five days. After five days, the MnP was 
extracted by adding distilled water (100mL) to the fermented biomass, and the flasks 
were shaken at 120 rpm for 30 min (Gomes et al. 2009). The contents were filtered 
(Whatman No.1 filter paper) and washed thrice with distilled water. The filtrates were 
centrifuged at 3,000×g for 10 min to get clear supernatant that was used as crude enzyme 
extract for MnP assay and purification purposes. 
 
Estimation of MnP Activity and Protein Contents 

MnP activity of supernatants was determined by the method of Wariishi et al. 
(1992) using a UV/Visible spectrophotometer (T60, PG Instruments, UK). The reaction 
mixture contained 1mL of 1 mM MnSO4, 1mL of 50 mM sodium malonate buffer of pH 
4.5, 0.5 mL of 0.1M H2O2, and 0.1 mL of enzyme solution. The activity of reaction 
mixture was measured against a reagent blank at 270 nm. The recorded activities were 
expressed as U/mL, while one unit activity was defined as the amount of enzyme 
required to produce a unit increase in absorbance at specific wavelength (nm) per mL of 
reaction mixture. Protein contents of the crude and purified enzyme extracts were 
determined by the method of Bradford (1976) using BSA as standard. 
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Purification of MnP 
Crude extract obtained from solid state cultures of T. versicolor IBL-04 was 

centrifuged at 3,000×g for 15 min to increase clarity using Eppendorfs centrifuge 
machine (Centrifuge 5415 C, Germany). The cell-free supernatant/filtrate was first 
brought to 35% saturation by the gradual addition of solid crystals of ammonium sulfate 
and kept for overnight at 4oC. The resulting precipitate was collected by centrifugation 
(3,000×g) for 15 min at 4oC. The pellets of precipitated proteins were discarded and in 
the supernatant, and more crystals of ammonium sulfate were added in order to achieve 
65 % saturation. It was again kept for overnight at 4oC and centrifuged as described 
previously. After centrifugation the supernatants were discarded and sediments were 
dissolved in a minimal volume of 50 mM Sodium Malonate buffer of pH 4.5. The 
solution was kept in a dialysis bag and, after sealing securely, it was dialyzed against the 
same buffer. The dialyzate was concentrated by ultrafiltration and applied to a Sephadex 
G-100 2×25 cm glass column (Sigma, USA). Phosphate buffer (100 mM) with 0.15 M 
NaCl was used as elution buffer and the flow rate was maintained at 0.5 mL min-1. Up to 
25 positive fractions were collected, pooled, and concentrated by ultrafiltration. The 
concentrate was used to determine the enzyme activity as well as the protein content as 
described earlier.  
 
Molecular Mass Estimation by Electrophoresis 

The purity of MnP was analyzed by sodium dodecyl sulphate poly-acrylamide gel 
electrophoresis (SDS-PAGE). Gel electrophoresis was performed on 5% stacking and 
12% resolving gel according to the method of Laemmli (1970) using Minigel 
electrophoresis apparatus (V-GES, Wealtec Corp. U.S.A). The molecular mass of the 
purified MnP was estimated in comparison to standard molecular weight markers 
(standard protein markers, 21-116kDa; Sigma, USA). Electrophoresis was performed at 
room temperature for 3 h with 120 volts, and the gel was placed in fixing solution 
(Methanol, 30 mL; Acetic acid, 10 mL; and H2O, 60 mL) for 20 min, followed by 
washing with distilled water. The protein bands were visualized by staining with 
Coomassie Brilliant Blue G-250 (Sigma, USA). 
 
Characterization of MnP 
Effect of pH 

The catalytic parameters of MnP were studied through characterization by 
studying the effect of  pH (3-10) on MnP activity and stability with following buffers (0.2 
M): sodium melonate buffer, pH 3.0 and 4.0; citrate phosphate, pH 5.0 and pH 6.0; 
sodium phosphate, pH 7.0 and pH 8.0; and potassium carbonate buffer, pH 9.0 and pH 
10.0.  
 
Effect of Temperature 

The effect of different temperatures (30-80ºC) on MnP activity and stability was 
also studied. The enzyme was incubated for 15 min at varying temperatures before 
running the enzyme assay. For stability studies, the enzyme was incubated at varying 
temperatures for 1 h in the absence of substrate before running the routine assay. 
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Effect of Substrate Concentration: Determination of KM and Vmax 
The Michalis-Menten kinetic constants KM and Vmax for MnP were calculated 

from Lineweaver–Burk plots using MnSO4 with varying concentrations (0.1-1.0 mM) as 
substrate.  
 
Effect of Various Modulators 

The effect of various modulators (Cu2+, Fe2+, Ag+, EDTA and Cystein) as possible 
activators and inhibitors on purified Mn-Peroxidase produced from Trametes versicolor 
IBL-04 was studied under optimum conditions. The enzyme activities for each case were 
determined under standard assay conditions as described earlier. 
 
Statistical Analysis 
 All enzyme assays were performed in triplicates, and the data were statistically 
analyzed according to Steel et al. (1997). The means and standard errors of means (Mean 
± S.E) were calculated for each treatment, and S.E values have been displayed as Y-error 
bars in figures. 
 
 
RESULTS AND DISCUSSION 
 
Production of MnP 

T. versicolor IBL-04 was cultured in solid substrate fermentation medium of 
corncobs moistened with Kirk’s medium of pH 4.0 (60% w/w) and incubated at 30oC for 
five days under pre-optimized conditions of growth (Iqbal et al. 2011). Maximum MnP 
activity of 964±12U/mL was harvested when corncobs  supplemented with glucose and 
yeast extract in 25:1 C:N ratio, 1 mL of 1 mM Tween-80 as surface active agent, 1 mL of 
1 mM MnSO4 as mediator, and CuSO4 as metal ion source was inoculated with 5 mL 
freshly prepared spore suspension of T. versicolor IBL-04. Different white rot fungi show 
different growth and enzyme activity patterns on different substrates in the presence of 
additional supplements due to genetic diversity among WRF cultures (Selvam et al. 
2006). Generally, at low C:N ratio, the WRF are carbon starved and do not show efficient 
growth and MnP formation (Xiong et al. 2008), while at a high C:N ratio (nitrogen 
limitation), WRF cultures produce large amounts of polysaccharides (Rothschild at el. 
1995). It has also been reported that the addition of MnSO4 to the culture medium of 
white-rot fungi have a regulatory affect to boost up the production of MnP in high 
amount (Have and Teunissen 2001; Khiyami et al. 2006).  

The locally isolated indigenous strain used in this study had an extraordinary 
capability to produce higher amounts of novel MnP (964 U/mL) than those described in 
the literature: 0.229 U/mL from P. radiata 79 (Vares et al. 1995), 30 U/mL from P. 
ostreatus (Palmieri et al. 2000), 1.28 U/mL from Trametes trogii (Levin et al. 2002), 
214.5 U/mL from Trametes trogii (Levin et al. 2005), 0.148 U/mL from T. versicolor 
(Mikiashvili et al. 2005), 0.2 U/mL from Schizophyllum sp. F17 (Xiaobin et al. 2007), 25 
U/mL from Flavodon flavus (Mtui and Nakamura 2008), and 4.48 U/mL from M. 
racemosus CBMAI 847 (Bonugli-Santos et al. 2010). 
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Purification MnP 
The cell-free supernatant with MnP activity of 192800 U/200mL and specific 

activity of 276 U/mg was used as crude enzyme solution and subjected to partial 
purification by ammonium sulfate precipitation. The crude enzyme extract was 
maximally precipitated at 65% saturation with specific activity of 375 U/mg and 1.4-fold 
purification.  

The best yielded fraction was loaded on Sephadex G-100 column, and after gel 
filtration the enzyme was purified up to 2.4-fold with specific activity of 660U/mg (Table 
1). A-el-Gammal et al. (2001) and Mtui and Nakamura (2008) achieved 50 to 80% 
(NH4)2SO4 saturation followed by chromatographic purification techniques for the 
recovery of pure ligninolytic enzymes.  
 
 
Table 1. Purification Summary of MnP Produced by T. versicolor IBL-04 Grown 
on Corncobs under Optimum Conditions 
 

Sr. 
No. 

Purification 
Steps 

Total 
Volume 

(mL) 

Total 
Enzyme 
Activity 

(IU) 

Total 
Protein 
Content 

(mg) 

Specific 
Activity 
(U/mg) 

Purification 
fold 

% 
Yield

1 
Crude 

Enzyme 
200 192800 698 276 1 100 

2 
(NH4)2SO4 

Precipitation
30 27360 73 375 1.4 14.2 

3 Dialysis 25 22200 51 435 1.6 11.5 

4 
Sephadex-

G-100 
12 6600 10 660 2.4 3.4 

 
SDS-PAGE 

To confirm its purity, the purified MnP was resolved on 5% stacking and 12% 
running gel and found to be a homogenous monomeric protein, as evident by a single 
band corresponding to 43kDa on SDS-PAGE (Fig. 1). The narrow range of molecular 
masses of MnP family varies between 37 and 60 kDa (Glenn and Gold 1985; Forrester et 
al. 1990; Martinez et al. 1996; Boer et al. 2006). The T. versicolor IBL-04 MnP was 
evidently different in molecular mass from other reported WRF MnPs like from Irpex 
lacteus (37kDa) (Baborova et al. 2006), Schizophyllum sp. F17 (48.7 kDa) (Cheng et al. 
2007) Irpex lacteus (53 kDa) (Shin et al. 2005; Sklenar et al. 2010); and Rhizoctonia sp. 
SYBC-M3 (40.4kDa) (Cai et al. 2010). 
 
Characterization of Purified Mn-Peroxidase 
Effect of pH on MnP activity & stability 

The pH-activity profile showed that MnP from T. versicolor IBL-04 was very 
active in a broad pH range of 3 to 8, and it displayed optimum activity at a pH 5 (Fig. 2). 
A further pH hike showed a sharp decreasing trend. The purified MnP was absolutely 
stable in a large pH range (4.0 to 7.0) for 1 h, but was inactivated at higher pH values.  
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Fig. 1. SDS-PAGE of MnP isolated from T. versicolor IBL-04 
 
[Lane MW, Molecular weights in kDa of standard marker; lane 1, standard protein markers (β-
Galactosidase, 116kDa; Phosphorylase B, 97kDa; albumin, 66kDa; ovalbumin, 45kDa; carbonic 
anhydrase, 30kDa and trypsin inhibitor, 21kDa); lane 2, Crude extract; lane 3, Purified MnP] 
 
 The purified enzyme was reasonably stable over a wide pH range. Earlier studies 
reported optimum activities of MnPs from different WRF in the pH range 5.5 to 6.5 (Shin 
et al. 2005; Baborova et al. 2006; Boer et al. 2006). Chefetz et al. (1998) reported that the 
enzyme retained 65 % of its optimum activity at pH 8, while according to Shin et al. 
(2005) MnP from Irpex lacteus was optimally active at pH 6. 
 
Effect of temperature on MnP activity and stability 

The temperature optimum for purified MnP was 50oC. The MnP from T. 
versicolor IBL-04 was heat-stable at temperatures up to 65oC without loosing much of its 
activity (Fig. 3). For a variety of industrial applications relatively high thermostability is 
an attractive and desirable characteristic of an enzyme (Beg, and Gupta 2003; Joo et al. 
2003; Haddar et al. 2009). Most of the earlier reported MnPs were found to lose their 
activities at temperatures around 60oC. In this regard, the MnP of T. versicolor IBL-04 
was more thermo-stable, as it retained almost 90% of its activity at 65oC for 1 h. MnP 
from Irpex lacteus was stable in the 30 to 40oC range (Shin et al. 2005), whereas MnP 
from another Irpex lacteus strain showed better thermo-stability at 50 to 60oC (Baborova 
et al. 2006) and the from Rhizoctonia sp. SYBC-M3 was stable at 55°C (Cai et al. 2010). 
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Fig. 2. Effect of pH on activity and stability of MnP from T. versicolor IBL-04 
 

 
 
Fig. 3 Effect of temperature on activity and stability of MnP from T. versicolor IBL-04 
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Fig. 4. Lineweaver-Burk reciprocal plot: Determination of KM and Vmax for purified MnP from T. 
versicolor IBL-04 
 
 

 
 
Fig. 5. Effect of varying concentrations of different activators/inhibitors on       MnP from T. 
versicolor IBL-04 
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Effect of substrate concentration: Determination of KM and Vmax 
Using MnSO4 as substrate, the KM and Vmax values of purified MnP from T. 

versicolor IBL-04 were 70 µM and 540 U/mL, respectively (Fig. 4), reflecting high 
substrate affinity and catalytic efficiency of MnP at pH 5.0 and 50oC temperature. The 
KM value for MnP was slightly higher than reported for MnP proteins from 
Phanerochaete flavidoalba (53.7 µM) (Matsubara et al. 1996), Bjerkandera sp. (51.0µM) 
(Mester and Field 1998), Phanerochaete chrysosporium (45-51.9µM) (Palma et al. 2000; 
De la Rubia et al. 2002), Rhizoctonia sp. SYBC-M3 (25.3 and 53.9 µM) (Cai et al. 2010), 
and Irpex lacteus (46.7 µM) (Sklenar et al. 2010). The difference in KM values of MnPs 
from T. versicolor IBL-04 and other reported fungal species can be explained on the basis 
of genetic variability and substrate specificities among different species. 
 
Effect of various modulators 
 The effect of various organic compounds and metal ions (Cu2+, Fe2+, Ag+, EDTA 
and Cystein) as possible activators / inhibitors on MnP was investigated. The purified 
MnP was incubated for 10 min at 50°C in 0.2 M citrate phosphate buffer of pH 5.0 and 
100 µL of varying concentrations solutions of each activator/inhibitor. Partial inhibition 
of MnP was observed with EDTA, while the enzyme was strongly inhibited by cystein. 
Among the metal ions used, only Ag+ caused complete enzyme inhibition, whereas MnP 
was activated by 4 and 3 mM Cu2+ and Fe2+, respectively. Higher concentrations of all 
metal ions were inhibitory (Fig. 5). EDTA is a metal chelating agent that has the ability to 
complex with inorganic cofactors and prosthetic groups of enzymes and therefore, was 
found inhibitory to the purified MnP when applied in high concentrations. The Mn-
binding site of MnP is more flexible and allows a broad range of metal ions to bind to its 
active site (Sundaramoorthy et al. 2005). Metal ions like Hg2+ and Ag+ have also 
previously been reported as stronger inhibitors of WRF MnPs, while Fe3+, Ca2+ and Ni2+ 
do not cause any alteration in the activity (Boer et al. 2006; Cheng et al. 2007). 
 
 
CONCLUSIONS 
 
 T. versicolor IBL-04 produces high titers of MnP in solid state cultures of 
corncobs. The pH and temperature optima, thermo-stability features, and kinetic 
characteristics of this novel MnP suggest that this MnP is valuable enzyme for various 
industrial and biotechnological applications.  
 
 
ACKNOWLEDGMENT 
 
 The present study work was a part of a research project focused on development 
of ligninolytic enzymes for industrial applications. The project studies have been funded 
by Higher Education Commission, Islamabad, Pakistan. 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Asgher & Iqbal (2011). “Heat-stable Mn peroxidase,” BioResources 6(4), 4302-4315.  4312 

REFERENCES CITED 
 
A-el-Gammal, A., Ali, A. M., and Kansoh, A. L. (2001). “Xylanolytic activities of 

Streptomyces sp. 1. Taxonomy, production, partial purification and utilization of 
agricultural wastes,” Acta Microbiol. Immunol. Hung. 48, 39-52. 

Arora, D. S., and Gill, P. K. (2000). “Laccase production by some white rot fungi under 
different nutritional conditions,” Biores. Technol. 73, 283-285. 

Asgher, M., Bhatti, H. N., Ashraf, M., and Legge, R. L. (2008). “Recent developments in 
biodegradation of industrial pollutants by white rot fungi and their enzyme system,” 
Biodegradation. 19, 771-783. 

Baborova, P., Möder, M., Baldrian, P., Cajthamlová, K., and Cajthaml, T. (2006). 
“Purification of a new manganese peroxidase of the white-rot fungus Irpex lacteus, 
and degradation of polycyclic aromatic hydrocarbons by the enzyme,” Research 
Microbiol. 157, 248-253. 

Beg, Q. K., and Gupta, R. (2003). “Purification and characterization of an oxidation-
stable, thiol-dependent serine alkaline protease from Bacillus mojavensis,” Enz. 
Microb. Technol. 32, 294-304. 

Bermek, H., Yazici, H., Oztürk, H., Tamerler, C., Jung, H., Li, K., Brown, K. M., Ding, 
H., and Xu, F. (2004). “Purification and characterization of manganese peroxidase 
from wood degrading fungus Trichophyton rubrum LSK-27,” Enz. Microb. Technol. 
35, 87-92. 

Bhat, M. K. (2000). “Cellulases and related enzymes in biotechnology,” Biotechnol. Adv. 
18, 355-383. 

Boer, C. G., Obici, L., Marques de Souza, C. G., and Peralta, R. M. (2006). “Purification 
and some properties of Mn peroxidase from Lentinula edodes,” Proc. Biochem. 41, 
1203-1207. 

Bonugli-Santos, R. C., Durrant, L. R., Da Silva, M., and Sette, L. D. (2010). “Production 
of laccase, manganese peroxidase and lignin peroxidase by Brazilian marine-derived 
fungi,” Enz. Microb. Technol. 46, 32-37. 

Bradford, M. M. (1976). “A rapid and sensitive method for quantification of microgram 
quantities of protein utilizing the principle of protein dye binding,” Anal. Biochem. 
72, 248-254. 

Cai, Y., Wu, H., Liao, X., Ding, Y., Sun, J., and Zhang, D. (2010). “Purification and 
characterization of novel manganese peroxidase from Rhizoctonia sp. SYBC-M3,” 
Biotechnol. Bioproc. Eng. 15, 1016-1021. 

Chefetz, B., Chen, Y., and Hadar, Y. (1998). “Purification and characterization of laccase 
from Chaetomium thermophilium and its role in humification,” Appl. Environ. 
Microbiol. 64, 3175-3179. 

Cheng, X. B., Jia, R., Li, P. S., Tu, S. Q., Zhu, Q., Tang, W. Z., and Li, X. D. (2007). 
“Purification of a new manganese peroxidase of the white-rot fungus Schizophyllum 
sp F17, and decolorization of azo dyes by the enzyme,” Enz. Microb. Technol. 41, 
258-264. 

Coll, P. M., Fernandez-Abalos, J. M., Villanueva, J. R., Santamaria, R., and Perez, P. 
(1993). “Purification and characterization of a phenoloxidase (laccase) from the 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Asgher & Iqbal (2011). “Heat-stable Mn peroxidase,” BioResources 6(4), 4302-4315.  4313 

lignin-egrading basidiomycete PM1 (CECT 2971),” Appl. Environ. Microbiol. 59, 
2607-2613. 

De la Rubia, T., Linares, A., Perez, J., Munoz-Dorado, J., Romera, J., and Martínez, J. 
(2002). “Characterization of manganese-dependent peroxidase isoenzymes from the 
ligninolytic fungus Phanerochaete flavidoalba,” Research Microbiol. 153, 547-254. 

Forrester, I. T., Grabski, A. C., Mishra, C., Kelly, B. D., Strickland, W. N., Leatham, G. 
F., and Burqess, R. R. (1990). “Characteristics and N-terminal amino acid sequence 
of a manganese peroxidase purified from Lentinula edodes culture grown on a 
commercial wood substrate,” Appl. Microbiol. Biotechnol. 33, 359-365. 

Glenn, J. K., and Gold, M. H. (1985). “Purification and characterization of an 
extracellular Mn(II)-dependant peroxidase from the lignin-degrading basidiomycete 
Phanerochaete chrysosporium,” Arch. Biochem. Biophys. 242, 329-341. 

Gomes, E., Aguiar, A. P., Carvalho, C. C., Bonfá, M. R. B., da Silva, R., and Boscolo, M. 
(2009). “Ligninases production by basidiomycetes strains on lignocellulosic 
agricultural residues and their application in the decolorization of synthetic dyes,” 
Braz. J. Microbiol. 40, 31-39. 

Haddar, A., Agrebi, R., Bougatef, A., Hmidet, N., Sellami-Kamoun, A., and Nasri, M. 
(2009). “Two detergent stable alkaline serine-proteases from Bacillus mojavensis 
A21: Purification, characterization and potential application as a laundry detergent 
additive,” Biores. Technol. 100, 3366-3373. 

Have, R., and Teunissen, J. M. (2001). “Oxidative mechanisms involved in lignin 
degradation by white-rot fungi,” Chem Rev. 101, 3397-3413. 

Iqbal, H. M. N., Asgher M., and Bhatti, H. N. (2011). “Optimization of physical and 
nutritional factors for synthesis of lignin degrading enzymes by a novel strain of 
Trametes versicolor,” BioResources. 6, 1273-1278. 

Joo, H. S., Kumar, G. G., Park, G. C., Paik, S. R., and Chang, C. S. (2003). “Oxidant and 
SDS-stable alkaline protease from Bacillus clausii I-52: Production and some 
properties,” J. Appl. Microbiol. 95, 267-272. 

Khiyami, M. A., Pometto, A. L., and Kenedy, W. J. (2006). “Ligninolytic enzyme 
production by Phanerochaete chrysosporium in plastic composite support biofilm 
stirred tank bioreactors,” J. Agric. Food Chem. 54, 1693-1698. 

Laemmli, U. K. (1970). “Cleavage of structural proteins during assembly of head of 
bacteriophage T4,” Nature. 227, 680-685. 

Levin, L., Forchiassin, F., and Ramos, A. M. (2002). “Copper induction of lignin-
modifying enzymes in the white-rot fungus Trametes trogii,” Mycologia. 94, 377-
383. 

Levin, L., Forchiassin, F., and Viale, A. (2005). “Ligninolytic enzyme production and 
dye decolorization by Trametes trogii: Application of the Plackett–Burman 
experimental design to evaluate nutritional requirements,” Proc. Biochem. 40, 1381-
1387. 

Maceiras, R., Rodriguez-Couto, S., and Sanroman, A. (2001). “Influence of several 
activators on the extracellular laccase activity and in vivo decolourization of poly R-
478 by semi-solid-state cultures of Trametes versicolor,” Acta Biotechnol. 21, 255-
264. 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Asgher & Iqbal (2011). “Heat-stable Mn peroxidase,” BioResources 6(4), 4302-4315.  4314 

Martinez, M. J., Ruiz-Duenas, F. J., Guillen, F., and Martinez, A. T. (1996). “Purification 
and catalytic properties of two manganese peroxidase isoenzymes from Pleurotus 
eryngii,” Eur. J. Biochem. 237, 424-432. 

Matsubara, M., Suzuki, J., Deguchi, T., Miura, M., and Kitaoka, Y. (1996). 
“Characterization of manganese peroxidases fromthe hyperlignolytic fungus IZU-
154,” Appl. Environ. Microbiol. 62, 4066-4072. 

Mester, T., and Field, J. A. (1998). “Characterization of a novel manganese peroxidase 
lignin peroxidase hybrid isozyme produced by Bjerkandera species strain BOS55 in 
the absence of manganese,” J. Biol. Chem. 273, 15412-15417. 

Mikiashvili, N., Elisashvili, V., Wasser, S., and Nevo, E. (2005). “Carbon and nitrogen 
sources influence the ligninolytic enzyme activity of Trametes versicolor,” 
Biotechnol. Lett. 27, 955-959. 

Mtui, G., and Nakamura, Y. (2008). “Lignocellulosic enzymes from Flavodon flavus, a 
fungus isolated from Western Indian Ocean off the Coast of Dar es Salaam, 
Tanzania,” Afr. J. Biotechnol. 7, 3066-3072. 

Palma, C., Martínez, A. T., Lema, J. M., and Martínez, M. J. (2000). “Different fungal 
manganese oxidizing peroxidases: A comparison between Bjerkandera sp. and 
Phanerochaete chrysosporium,” J. Biotechnol. 77, 235-245. 

Palmieri, G., Giardina, P., Bianco, C., Fontanella, B., and Sannia, G. (2000). “Copper 
induction of laccase isoenzymes in the ligninolytic fungus Pleurotus ostreatus,” Appl. 
Environ. Microbiol. 66, 920-924. 

Papinutti, V.L., and Forchiassin, F. (2007). “Lignocellulolytic enzymes from Fomes 
sclerodermeus growing in solid-state fermentation,” J. Food Eng. 8, 54-59. 

Pascal, B., Perez, J., and Jeffries, T. W. (1991). “Regulation of ligninase production in 
white-rot fungi,” In: Enzymes in Biomass Conversion, Proceedings of a symposium. 
Boston, MA. ACS symposium series 460. American Chemical Society. Chap16. 

Rajan, A., Kurup, J. G., and Abraham, T. E. (2010). “Solid state production of 
manganese peroxidases using arecanut husk as substrate,” Braz. Arch. Biol. Technol. 
53, 555-562. 

Rodríguez-Couto, S., and Sanroman, M. A. (2006). “Application of solid-state 
fermentation to food industry - A review,” J. Food Eng. 76, 291-302. 

Rothschild, N., Hadar, Y., and Dosoretz, C. (1995). “Ligninolytic system formation by 
Phanerochaete chrysosporium in air,” Appl Environ Microbiol. 61, 1833-1838. 

Selvam, K., Swaminathan, K., Rasappan, K., Rajendran, R., and Pattabhim S. (2006). 
“Decolorization and dechlorination of a pulp and paper industry effluent by 
Thelephora sp,” Ecology, Environ. Conserv. 12, 223-226. 

Shin, K. S., Kim, Y. H., and Lim, J. S. (2005). “Purification and characterization of 
manganese peroxidase of the white-rot fungus Irpex lacteus,” J. Microbiol. 43, 503-
509. 

Sklenar, J., Niku-Paavola, M.-L., Santos, S., Man, P., Kruus, K., and Novotny, C. (2010). 
“Isolation and characterization of novel pI 4.8 MnP isoenzyme from white-rot fungus 
Irpex lacteus,” Enz. Microb. Technol. 46, 550-556. 

Steel, R., Torrie, J., and Dickey, D. (1997). Principles and Procedure of Statistics, A 
Biometrical Approach, WCB McGraw Hill Book Co Inc., New York. 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Asgher & Iqbal (2011). “Heat-stable Mn peroxidase,” BioResources 6(4), 4302-4315.  4315 

Sundaramoorthy, M., Youngs, H. L., Gold, M. H., and Poulos, T. L. (2005). “High-
resolution crystal structure of manganese peroxidase: Substrate and inhibitor 
complexes,” Biochemistry 44, 6463-6470. 

Takano, M., Nakamura, M., and Yamaguchi, M. (2010). “Glyoxal oxidase supplies 
hydrogen peroxide at hyphal tips and on hyphal wall to manganese peroxidase of 
white-rot fungus Phanerochaete crassa WD1694,” J. Wood Sci. 56, 307-313. 

Tavares, A. P. M., Coelho, M. A. Z., Agapito, M. S. M., Coutinho, J. A. P., and Xavier, 
A. M. R. B. (2006). “Optimization and modeling of laccase production by Trametes 
Versicolor in a bioreactor using statistical experimental design,” Appl. Biochem. 
Biotechnol. 234, 233-248. 

Tekere, M., Mswaka, A. Y., Zvauya, R., and Read, J. S. (2001). “Growth, dye 
degradation and ligninolytic activity studies on Zimbabwean white rot fungi,” Enz 
Microb Technol. 28, 420-426. 

Tien, M., and Kirk, T. K. (1984). “Lignin-degrading enzyme from Phanerochaete 
chtysosporium:  Purification, characterization, and catalytic properties of a unique 
H2O2 requiring oxygenase,” Proc. Natl. Acad.  Sci. USA. 81, 2280-2284. 

Tien, M., and Kirk, T. K. (1988). “Lignin peroxidase of Phanerochaete chrysosporium,” 
Methods Enzymol. 33, 569-575. 

Vares, T., Kalsi, M., and Hatakka, A. (1995). “Lignin peroxidases, manganese 
peroxidases, and other ligninolytic enzymes produced by Phlebia radiate during solid 
state fermentation of wheat straw,” Appl. Environ. Microbiol. 61, 3515-3520. 

Wariishi, H., Valli, K., and Gold, M. H. (1992). “Manganese (II) oxidation by manganese 
peroxidase from the basidiomycete Phanerochaete chrysosporium, kinetic 
mechanism and role of chelators,” J. Biol. Chem. 267, 23688-23695. 

Xiong, X., Wen, X., Bai, Y., and Qian, Y. (2008). “Effects of culture conditions on 
ligninolytic enzymes and protease production by Phanerochaete chrysosporium in 
air,” J. Environ. Sci. 20, 94-100. 

 
Article submitted: July 1, 2011; Peer review completed: August 18, 2011; Revised 
version received and accepted: Sept. 6, 2011; Published: Sept. 8, 2011. 
 
 
 
 
 
 
 
 
 


