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Abstract 

Manganese Peroxidase (MnP) is a glycosylated heme protein, which occurs mostly as a 
number of isozymes. Manganese peroxidase (MnP) has been implicated in lignin degradation and thus 
has potential applications in pulp and paper bleaching, enzymatic remediation and the textile industry. 
MnPs have molecular weights in the range of 45-55 kDa . This is the most frequently encountered 
peroxidase among degraders of lignin. Manganese is an absolute requirement for expression of MnP in 
several lignin-degrading fungi. In present study Penicillium oxalicum isolate -1 isolated from wood 
with lignin degrading activity tested positive for MnP activity using Sundaman & Nase method (1971) 
and Warishi and Gold (1992) Mn II method. Manganese Peroxidase isolated form Penicillium oxalicum 
isolate-1 was purified and characterized. MnP was purified using ion exchange, gel filtration 
chromatography and Con-A sepharose affinity chromatography. Homogeneity of the enzyme was 
checked by Polyacrylamide Gel Electrophoresis (SDS PAGE). The purified MnP has a Relative 
Molecular Weight (Mr) of 46 kDa. It is monomeric and glycoprotein in nature. The pH optimum is 5.0. 
It was able to oxidize Mn II to Mn III.The Vmax and Km of the MnP with respect to H2O2  and Mn II were 
determined. The MnP obtained from P.oxalicum isolate-1 was utilized for delignification of paper pulp 
and kraft liquor. The MnP can be potentially also utilized for pretreatment of agriculture wastes and 
their further use in cellulosic alcohol production. 
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Introduction 
 
 Penicillium species is a ubiquitous mould, which utilizes various aromatic compounds 
as growth substrates viz.: phenol, phloroglucinol, p-cresol, benzoic acid and benzyl alcohol     
[1,2]. Penicillium genus is also a source of various types of enzymes and many important 
biochemicals [3,4].  Penicillium oxalicum isolate-1, showed presence of ligninolytic activity. 
It produced large quantities of Manganese peroxidase. 
Penicillium oxalicum isolate-1 MnP was purified to homogeneity and characterized. The 
purified MnP was used for in situ lignin degradation in the pulp and decolorization of the 
kraft liquor, which contains lignin and its derivatives.  
Manganese Peroxidase (MnP; EC 1.11.1.13), an extra cellular glycosylated enzyme, was 
found to be produced by Phanerochaete chrysosporium and a variety of lignin degrading 
white-rot fungi. Many Mn peroxidases have been purified from extra-cellular medium of a 
wide variety of fungal species including Dichomitus squalens, Ceriporiopsis subvermispora, 
Lentinus  edodes, Trametes versicolor, Phlebia radiata, Pleurotus ostreatus, Panus tigrinus 
and Phanerochaete chrysosporium [5,6,7]. 
All the reported MnPs have molecular weights in the range of 45-55 kDa and are 
glycoproteins in nature [8].  MnP contains one heme as prosthetic group per protein molecule. 
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MnP has the same catalytic cycle as other peroxidases. It involves a 2- electron oxidation of 
the heme by H2O2 and subsequent reductions of oxyferryl, as porphyrin cation radical 
intermediate compound I via compound II in the two -1-electron steps to the negative enzyme. 
The best reducing substrates for compounds II and I is Mn II, a metal ion naturally present in 
wood. The Mn II formed by the cycle oxidizes other substrates like phenols and aromatic 
amines and get converted to MnIII [9]. 
           MnIII is stripped from the enzyme by organic acids, such as oxalate, glyoxalate, lactate, 
and malonate. These MnIII chelating organic acids increase the affinity of MnII to the enzyme 
and stabilize the extremely reactive MnIII to high redox potential [10]. MnIII - organic acid 
complex acts as a diffusible mediator in the oxidation of lignin and other aromatic and 
phenolic compounds like benzopyrenes, polycylic aromatic hydrocarbons, benzene, toluene 
and dinitrotoluene[11]. MnIII can also oxidize organic acids yielding radicals and H2O2. MnP 
isolated form Penicillium oxalicum isolate-1 was purified and characterized. The MnP 
obtained from P.oxalicum isolate-1 was utilized for delignification of paper pulp and kraft 
liquor. The MnP can be potentially also utilized for pretreatment of agriculture wastes and 
their further use in cellulosic alcohol production. 
 
Materials and methods 

 
Identification of Penicillium oxalicum isolate-1 was performed by Raper and Thom 

(1949) [12]. All the chemicals used were of analytical grade. Detection of ligninolytic activity 
was performed by the methods described by Sundman and Nase (1971) [13]. 
The basal medium used contained in 100ml double distilled water MgSO4.7H2O 0.5 g, KCl 
0.5g, KH2PO4 0.1 g, sucrose 1g, Sugarcane bagasse 5g / Kraft lignin 0.5 g, FeSO4.7H2O 
0.01g, CaCl2

 0.01g, MnSO4 0.05g and NH4NO3  0.30g and 0.1mM ferulic acid. pH of the 
medium was adjusted to 5.0 by 0.1N HCl .  
Fifty ml medium was placed in 250 ml conical flask and was sterilized by autoclaving at 15-
psi steam pressure for 20 minutes. Each flask was inoculated with 6 mm agar plug and 
incubated at 28 ± 3°C for 4 days. After 4 days, contents of the flasks were filtered through 
glass wool and the filtrate was clarified by centrifugation at 2000g for 20 min at 4oC. The 
supernatant obtained was used for further processing. 
Purification of Manganese Peroxidase: 
 To the clarified supernatants, ammonium sulphate was added to 60% saturation with 
constant stirring. Change in pH was adjusted by addition of cold NH4OH intermittently. The 
precipitated proteins were collected by centrifugation at 10,000 g for 20 min. The pellet 
obtained was solubilized in 50 mM sodium citrate buffer, pH 5.5 and dialyzed against the 
same for 24 hours and referred to as ammonium sulphate fraction.   
 Ammonium sulphate fraction was loaded on to the previously equilibrated DEAE 
cellulose column (25x 1cm) (Sigma) with 50mM sodium citrate buffer (SCB) pH 5.5. 
Enzyme was allowed to bind the column and then eluted with 0.05-0.4 M sodium chloride 
gradient in SCB. Fractions of 1 ml each were collected at the rate of 20 ml/hour with the help 
of automatic fraction collector. Eluted fractions were read at 280 nm for protein and 410 for 
MnP (heme containing protein).  The fractions showing the ratio of 410/280 more than 4 were 
pooled and selected for enzyme assay and further purification as they showed higher ratio of 
MnP.  
The pooled fractions from DEAE cellulose column were concentrated using cellulose as 
absorbent. The concentrated fractions were allowed to bind with Concanavalin A-Sepharose 
(Sigma) in 20mM sodium acetate buffer (SAB) pH 6.0 in presence of 1mM CaCl2, 1mM 
MgCl2 for 4 hours. The beads were carefully washed eight times with SAB till the reading at 
280 nm was similar to that of control SAB.  The bound proteins with ConA Sepharose 
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column were eluted by 250 mM N-acetyl glucosamine in SAB. Fractions of 1 ml each were 
collected, read at 280 nm and those with higher Optical Density (OD) were selected for MnP 
assay [14]. 
 The fractions with MnP activity were concentrated using cellulose as absorbent. 
Concentrated enzyme was loaded on Sephadex G-200 (Pharmacia). Column 30x1 cm swelled 
for 24 hours in sodium citrate buffer 50mM, pH 5.0 was used. Eluent used was 50mM sodium 
acetate buffer pH 4.0 and fractions of 1ml each were collected. Void volume of the column 
was determined by blue dextran (Sigma). Molecular weight of the enzyme was determined by 
comparing with standard proteins such as (Bovine Serum Albumin) BSA Dimer, α-
xylosidase, BSA 66 kDa, Pepsin 34.7 kDa, Trypsinogen 24 kDa and Lysozyme 14.3 kDa 
[15]. 
Test of homogeneity  

MnP purification control and molecular weight determination was performed by SDS 
polyacrylamide gel electrophoresis [16] [12.5% w/v. polyacrylamide in 0.2 M Tris/glycine 
buffer at pH 8.3. under denaturing conditions. (10 w/v SDS, 0.5 M Tris – HCl pH 8.89).  
Proteins were stained with a solution of 0.1% coomassie brilliant blue R 250 in 5:1:5 (Acetic 
acid: methanol: distilled water). The Molecular weight of enzyme was estimated with 
reference to the standard proteins, Lysozyme, 14.3 kDa, Trypsinogen 24 kDa, Ovalbumin 45 
kDa , BSA 66 kDa and Phosphorylase B 97.4 kDa.  
Estimation of enzyme activity 

Activity of MnP was measured at 270 nm by following the formation of MnIII - 
malonate complexes (sodium malonate buffer 100 mM pH 4.5 containing 100 μM of MnSO4 
was taken with 100 μM H2O2 in distilled water). Approximately 100 ng of enzyme (1-15 μl) 
was added to reaction mixture in cuvette containing 500 μl of sodium malonate with MnSO4 
and 500 μl of H2O2 (100 μM). Initial rate of MnIII malonate formation was determined 
spectrophotometrically at 270 nm [17]. 
Proteins were measured by the method of Bradford  [18] and Lowry method [19] using lipid 
free BSA as a standard protein. Carbohydrate content of protein was determined by phenol-
sulfuric acid method [20]. 
Effect of pH on MnP activity  

The effect of pH on MnP was determined by varying the pH of sodium acetate buffer 
system between3-7. The reaction mixtures were incubated for 30 minutes at 300C after which 
the MnP was tested for the activity. 
Treatment with metal ion chelator  

25μg of purified MnP was mixed with 1mM EDTA and kept at 37oC for 1 hour. 
EDTA was removed by dialysis against SAB for 10 hours at 4 oC. The residual activity was 
measured as described above. 
Absorbance spectrum of MnP 

The absorbance spectrum of MnP was observed in a UV–Visible systronics 
Spectrophotometer with 100 mg / liter MnP in presence of 50 mM sodium malonate buffer 
(pH 4.5) by scanning the absorbance of the enzyme at a wavelength range of 200 – 700 nm. 
The apparent Km and Vmax for H2O2 and MnII were calculated from linear regression analysis 
of Lineweaver-Burk plot. 
Effect of N-bromosuccinimide and sodium azide. 

The purified MnP was treated with N-bromosuccinimide and sodium azide and tested 
for the residual activity. 5mM N-bromosuccinimide or sodium azide 10 mM SAB, pH 5.0 and 
5μg of purified MnP was mixed and left at 37OC for 1 hour. Activity was measured by 
addition of other contents of reaction mixture as mentioned above. 
Effect of other coenzymes 
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NADH, NADPH and NAD+ were mixed with the purified MnP and activity was 
measured. The reaction mixture contained 2mM of coenzyme and 5μg of purified MnP. The 
activity was measured after one hour at 37OC as described above. 
RESULTS AND DISCUSSION: 
 Penicillium oxalicum isolate-1 could grow in the media containing benzoic 
acid, catechol, veratraldehyde, phloroglucinol, tannin or quinone as only carbon source. 
Penicillium species have been shown to grow on and mineralize halophenols and galate 
[21,22]. MnP was eluted out in fraction 33 of 0.1M NaCl gradient of DEAE cellulose column 
showed in figure-1. These fractions showed ratio of 410/280 above 4.0. MnP is heme 
containing enzyme and thus show a typical peak at 410nm. MnP was eluted out of sephadex 
G-200 column and when compared with standard markers, relative molecular weight (Mr) of 
Mn Peroxidase was determined as 46 kDa as depicted in figure -2 and figure -3.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure No: 1 DEAE Cellulose chromatography of 
P.oxalicum isolate-1 Manganese Peroxidase
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A = BSA Dimer, B = �-xylosidase, C = BSA monomer,  D = K.aerogenes Laccase, 
 E = Pepsin, F = P.oxalicum Mnperoxidase G=Trypsinogen, H = Lysozyme.  
 

Figure 2.  Sephadex G-200 gel filtration chromatography for purification and molecular weight determination 
 
This was supported by results of SDS-PAGE, which also substantiates that MnP is 
monomeric in nature. The details of purification scheme are provided in table – 1.  
  

1                2                                       3                    4 

 
 

Lane 1: Standard molecular weight markers (A=Lysozyme 14.3 kDa,B= Trypsinogen 24 kDa, C=Ovalbumin 45 
kDa D=BSA 66 kDa and E=Phosphorylase B 97.4 kDa)., Lane 2 and Lane 4: F: laccase, Lane 3: G=Mn 
Peroxidase) 
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Table 1. Scheme of purification of P.oxalicum isolate-1 MnP 

 
Manganese peroxidase from Phanerochaete flavido-alba MnP1 and MnP2 has an 

apparent molecular weight of 45 kDa and 55.6 Mr respectively [23], similarly MnP from B. 
adusta UAMH 8258 showed a molecular weight of 43 kDa on 15% SDS-PAGE [24]. Thus 
the Mr of most of the MnP are in the range of 45 -55 kDa. MnPs has been reported as  heme-
containing, H2O2-dependent, extracellular glycoproteins with molecular masses ranging from 
45 to 49 kDa [25,26,27]. 

MnP oxidizes Mn2+ to Mn3+ and the latter, chelated with oxalate or another 
dicarboxylic acid, acts as a diffusible mediator to oxidize polymeric lignin, lignin model 
compounds, and aromatic pollutants thereby suggesting the correlation of its small molecular 
weight with its diffusion function [28]. In P. chrysosporium, MnPs are secreted as a series of 
isozymes, encoded by a family of related genes [26].  

MnP is also known to be a glycosylated heme protein [26,29].  Penicillium oxalicum 
isolate-1 MnP gave positive phenol sulphuric reaction. The protein is also recognized and 
bound by concanavalin A, a lectin specific for N-acetylglucosamine, there by indicating the 
presence of oligosaccharide chains in the protein. Carbon, nitrogen, and manganese are all 
crucial nutritional variable in triggering secondary metabolism and the production of 
ligninolytic enzymes including LIP and MnP by P.  chrysosporium and other white rot fungi 
[30,31].  

The activity of MnP showed a decline in presence of EDTA a metal ion chelator. 
However, this activity could be restored by addition of Mn2+. The regulation mechanism for 
MnP2 by the basidiomycete fungus Pleurotus ostreatus was down-regulated at the 
transcription level by nutrient nitrogen, e.g., NH4

+, arginine or urea. Active MnP2 was not 
detected when Mn2+ was omitted from the culture [32]. Addition of EDTA a metal ion 
chelator did not bring decrease in activity of at Penicillium oxalicum isolate-1 MnP at 10 mM. 
Increasing concentration to 20 mM and further to 30 mM brought decrease in activity. This 
suggests important role of metal ions in the ligninolytic activity [33]. 

The pH dependence of enzyme was tested between pH 3-7 MnP showed maximum 
activity at 4.5 as showed in figure-4. MnP was also thermostable and retained 82% activity at 
37° C for 24 hours in sodium citrate buffer pH 4.5, however increasing the incubation time to 
48 hours and 72 hours, brought a decrease in activity to 43% and 12 % respectively as shown 
in figure- 5. 

Step 
no. 

Purification 
step 

Volume 
(ml) 

Enzyme 
activity 

(Units/ml) 

Total 
activity 

(units/ml X 
Vol) 

Total 
protein 
content 

(mg) 

Specific 
activity 

(Units/mg 
protein) 

Fold 
purification 
(Sp activity/ 

Initial sp. 
activity) 

Yield 
(% of 

original 
total 

activity)
1 Initial 

preparation 
100 1.44 144.00 180 

0.80 
1 

100 

2 (NH4)2SO4  
fraction 10 3.60 36.00 15.00 2.40 3 25 

3 DEAE cellulose 
fraction 5 6.31 31.55 6.00 5.25 6.57 21.90 

4 Con-A 
Sepharose 

fraction 
1 4.46 4.46 0.05 89.20 111.50 3.09 
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Figure 4. Effect of pH on the activity of MnP of Penicillium 

 
 
Figure 5. Effect of incubation time on stability of P.oxalicum MnP 
 
 
  The absorbance spectrum of MnP was observed in a UV – Visible systronics 
Spectrophotometer with 100 mg / liter MnP in presence of 50 mM sodium malonate buffer 
(pH 4.5) by scanning the absorbance of the enzyme at a wavelength range of 200 – 700 nm. 
The spectrum showed a typical peak for native enzyme at 410 nm and addition of excess 
H2O2 shifted peak to 419 nm as shown in the figure- 6. 
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The apparent Km and Vmax for H2O2 and MnII  were calculated from linear regression 

analysis of Lineweaver-Burk plot. Km of MnP for H2O2 in presence of (0.1 mM MnII) was 
found to be 52 μM and km for MnII in presence of 0.1 mM H2O2 was 80 μM, turnover 
number for H2O2 and MnII was 94/sec and 48/sec respectively (Table 2).  

 

Table: 2 Kinetic constants of the MnP from P.oxalicum isolate-1 
 

Substrate pH Km Vmax Turnover 
 Number 

H2O2 [0.1 mM MnII] 4.5 52 μM 830 94 

MnII [0.1 mM H2O2] 4.5 80 μM 164 48 

 
MnP lost its activity on incubation with β-mercaptoethanol there by suggesting role of 

cystine disulfide linkages in maintenance of its structure and activity. MnP activity on 
incubation with N-bromosuccinimide was significantly reduced from 53 units to 5 unit, which 
may be due to important role of tryptophan residues, which react with n-bromosuccinimide 
(Figure-6).  

Absorption spectra of the native and H2 O2  

oxidized MnP of P.oxalicum
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Figure -7 Effect of additives on activity of MnP of Penicillium 
oxalicum isolate-1
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A putative exposed tryptophan residue (W170) was found in MnP-GY Mn peroxidase 

of white-rot fungus Pleurotus ostreatus  [32] and was involved in its activity. Ceriporiopsis 
subvermispora manganese-dependent peroxidase (MnP-2) (Accesion No. AF036254) also 
showed presence of Tryptophan residues in N terminal regions [34] have demonstrated that in 
the presence of NADH, the MnP of Fungus Panus tigrinus 8/18  was transformed into a 
catalytically inactive oxidized form (compound III), and the later was inactivated with 
bleaching of the heme. The substrate of the hybrid Mn-peroxidase (Mn (II)) reduced 
compound III to yield the native form of the enzyme and prevented its inactivation. Presence 
of NAD+ and NADP+ could not bring any significant change in the production or activity of 
Penicillium oxalicum MnP activity. However, NADPH brought increase in the enzyme 
activity as also reported by Paszczynski et al (1986)[35]. The MnP from Penicillium oxalicum 
is thus useful for biopulping and biobleaching application. 

Manganese Peroxidase (MnP) is thought to play a crucial role during the primary 
attack on lignin. MnIII with chelator like oxalate, malate, and malonate is small enough to 
diffuse into the compact lignocellulose complex, where it preferentially reacts with phenolic 
lignin structures [9]. P.oxalicum isolate-1 MnP showed in situ degradation of lignin in pulp, 
in presence of sodium malonate buffer, externally supplemented 0.1 mM H2O2 and 0.1 mM 
MnII , this is supported by observed reduction in kappa number of pulp treated with by 
P.oxalicum isolate-. MnP  as shown in  figure-8. 
Figure 8. P. oxalicum isolate –1 MnP treatment for delignification of pulp 
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In absence of external supplementation of MnII lignin degradation was less. The 

removal of this residual lignin by MnP marginally improved the brightness properties of the 
paper without affecting its strength as depicted in Table-3 and Table-4.  
 

Table 3. Delignification of bagasse by Phanerochaete chrysosporium and Klebsiella aerogenes 
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Samples Kappa no. before 
treatment 

Kappa no. after 
treatment 

Kappa no. after 
digestion. 

Untreated bagasse 35 35 20 
Phanerochaete chrysosporium treated 
bagasse 35 29 18.5 

 
Table 4. Hand sheet Evaluation. 

Particulars Kappa 
No. 

Thickness 
GSM 

Tear 
index 

mN.m2/g 

Burst 
index 
Kpa-
m2/g 

Brightness 
% Yield 

Untreated  
Bagasse. 

35 60 20 3.0 49.2 45 

P.  chrysosporium 
treated bagasse 

29 60 22 1.0 64.0 40 

 
BioPulping International, Inc. discovered that a low molecular weight chemical (oxalic 

acid), produced by the fungus on the wood chips during a 2-week storage, turned out to be 
partly responsible for some biopulping effects (i.e. energy savings and strength improvement) 
so this phenomenon may be partially involved in biopulping effects of P.oxalicum isolate-
1(BioPulping International, Inc, http://www.biopulping.com/3.html, 2007). 

The slight decrease in yield vindicates decrease in lignin content during pulping process. 
Thus, P. oxalicum isolate-1 and K. aerogenes and their enzymes could be employed for 
biopulping in large-scale industries and they could be instrumental in saving precious energy 
and chemicals. P. chrysosporium , P. oxalicum isolate-1 MnP can also be useful for composting 
under low sugar supplementation as it can degrade cellulose and lignin and can improve C:N 
ratio of agricultural residues, making them useful for farming sector as fertilizers. 
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