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ABSTRACT 
 

The aim of the present investigation was to isolate Manganese peroxidase (MnP) (EC 1.11.1.13) 
from Trichoderma harzianum. The optimal pH and temperature for the enzyme production were              
5.0 and 30°C. The best carbon and nitrogen sources wer e sucrose and yeast extract. The                    
best production of MnP was formed at the 5th day of growth using 1 and 5 mM of Mn2+. The               
enzyme was immobilized on luffa, ceramic, alginate and chitosan and the percentages of 
immobilization were 40.1%, 15.9%, 82.1% and 91.3% respectively. The immobilized enzyme was 
expressed better stability at 50°C specially that immobi lized at chitosan. Thus, the present results 
suggest that Trichoderma harzianum is a good candidate for production of manganese peroxidase 
which can be used in many biotechnological applications. 
 

 
Keywords: Trichoderma harzianum; manganese peroxidase; production; immobilization; 

thermostability. 
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1. INTRODUCTION 
 
Enzymes in all living organisms activate and 
regulate the chemical reactions that essential for 
the life of Organism [1]. Microbial enzymes 
proved economically favorable since cultivation 
of microbes was much simpler and faster than 
that of plants and animals and the producing 
organisms could be manipulated genetically to 
produce desired qualities and quantities of 
enzymes [2]. 
 
Manganese peroxidase (MnP) (EC. 1.11.1.13) is 
heme-containing glycoprotein. The molecular 
weight ranges between 35 and 65 kDa. The 
catalytic cycle of MnP requires hydrogen 
peroxidase and Mn2+ for its activity [3-4]. 
 
MnP catalyzes Mn2+ into Mn3+ that is stabilized 
by fungal chelators such as oxalic acid, lactate 
and malate. MnP oxidizes and depolymerizes a 
wide range of substrates, including natural and 
synthetic lignin as well as lignocelluloses (pulp, 
milled wood or straw) [5]. Thus, MnP is an 
important enzyme for potential applications in 
biorefinery and the wood pulp industry [6]. 
 
The use of manganese peroxidase as 
biocatalysts in the treatment of textile waste 
effluents is of great biotechnological significance 
[7-8]. Textile effluents contain several types of 
environmental polluting agents, including 
synthetic dye residues that are carcinogenic and 
toxic. Due to their ecotoxicological effects, the 
discharge of these dyes bearing wastewater in 
the environment has been widely recognized as 
a potential ecological threat [9-10].   
 
The mode of cultivation affects production of the 
enzymes by fungi [11]. In order to improve both 
production and stability of MnP from Trichoderma 
harzianum, culture conditions have been 
optimized using different substances to the 
culture media. 
 
The free enzymes are unstable to fulfill 
economical requirements for an industrial 
purpose. The immobilized enzymes are used in 
industrial bioprocesses particularly in food, 
nutritional, and technology of pharmaceuticals 
[12]. The processes of immobilization make use 
of soluble enzyme to attach onto an insoluble 
solid support to create an insoluble immobilized 
enzyme material [13-14]. 
 
The stabilization of the enzymes is an important 
concern especially during thermal processing. 

The loss of enzyme activity at high temperature 
ranges is related to changes of enzyme 
conformation [15-16].  
 
Generally, enzyme stability is important in basic 
and applied enzymology. This stability is 
important to understand the enzyme stabilization 
principles through illustrating how the enzyme 
loss their activity followed by deriving the 
structure stability relationships existing in 
enzymatic molecules [17]. Many strategies have 
been pursued to enhance enzyme stability. The 
famous known methods for obtaining soluble 
stable enzymes are: 1) use of additives and 2) 
chemical modifications of enzymes [13-18]. 
 
The present investigation aimed to determine the 
optimal conditions for producing MnP from 
Trichoderma harzianum, immobilizing the 
enzyme on various beads and studying its 
thermostability.  
 
2. MATERIALS AND METHODS  
 
2.1 Effect of Mn 2+ on Production of MnP 
 
The effect of various concentrations of MnCl2 on 
production of MnP was studied at 1 mM and 5 
mM for 1, 2, 3, 4, 5, 6 and 7 days. 
 
2.2 Nutritional Optimization of the 

Enzyme Production 
 
Maximum production of enzyme requires the 
optimization of different nutritional growth 
conditions, so an attempt was made to optimize 
various parameters to obtain the suitable 
conditions for production of the enzyme. The salt 
solution of basal medium containing 0.2% 
KH2PO4, 0.05% MgSO4.7H2O, 0.05% KCl, was 
supplemented with various carbon and nitrogen 
sources, to maximize the enzyme specific 
activity.  
 
2.2.1 Optimization of carbon source  
 
The best carbon source for enzyme production 
was determined by substituting different carbon 
sources such as starch, fructose, dextrose, 
lactose, sucrose, carboxy methyl cellulose 
(CMC), ribose and galactose. Sucrose was 
added to the basal medium at 30 g/l. The other 
carbon sources were supplemented according to 
its equivalent molecular weights. The activity of 
MnP enzyme was determined spectrophoto-
metrically. During this process, the other 
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conditions such as temperature, pH and 
incubation periods were kept constant. The 
optimum carbon source was used subsequently 
for the further experimentation studies. 
 
2.2.2 Optimization of nitrogen source  
 
The impact of various nitrogen sources 
supplementations on the growth and enzyme 
activity by Trichoderma harzianum was 
evaluated. Various nitrogen sources including 
NaNO3, yeast extract, NaNO2, ammonium 
chloride, peptone and glycine were 
supplemented to the basal medium. NaNO3 was 
added to the medium at 3 g/l. The other nitrogen 
sources were supplemented according to its 
equivalent molecular weights.  
 
2.2.3 Optimization of incubation temperature  
 
It was determined by subjecting the inoculum to 
varying incubation temperatures such as 15, 20, 
25, 30 and 35°C, while keeping other parameters 
constant.  
 
2.2.4 Optimization of medium pH  
 
The pH of the medium was optimized by varying 
the pH of the medium (pH 3, 4, 5, 6, 7, 8, 9, and 
10) while keeping other parameters constant. 
 

2.3 Assay of MnP 
 
MnP activity was monitored with phenol red at 
30°C. Reaction mixtures contained 25 mM 
lactate, 1 mg of bovine serum albumin ml-1, 0.1 
mM MnSO4, 0.1 mg of phenol red ml-1, and 0.5 
ml of enzyme extract in 20 mM sodium succinate 
buffer (pH 4.5) in a total volume of 1 ml. The 
reaction was initiated by the addition of H2O2 to 
final concentration of 0.1 mM. The reaction was 
stopped with 50 µl of NaOH (10% w/v), and the 
absorbance was measured at 610 nm. Control 
assays were prepared by excluding MnSO4 from 
the reaction mixture. MnP activity was calculated 
as the difference between the value for the 
activity in presence of Mn2+ and the activity in the 
absence of Mn2+. Activity was expressed as the 
increase in A610 per min per milliliter [19]. 
 

2.4 Immobilization of MnP on Luffa 
 
2.4.1 Support preparation  
 
Luffa aegyptiaca fruits were manually 
decorticated, the seeds were removed, and the 
remaining fibers were soaked in tap water for       

12 h. The washed fibers were dried and stored in 
polypropylene bags, at room temperature until its 
used [20]. 
 
2.4.2 Enzyme immobilization  
 
In order to determine the retention capacity of 
Luffa aegyptiaca fibers to retain MnP, 
immobilization tests were conducted using 112.2 
and 82.2 units of enzyme. In a typical test, 1.2 
mL of MnP solution was left to react with 125 mg 
of luffa fibers, for 12 h, at 4°C. Following, the 
luffa was removed from MnP solution, 
submerged for 1min in a 0.1M phosphate buffer, 
pH 5, and then dried at room temperature. The 
pieces of luffa fibers containing adsorbed MnP 
were stored at room temperature, until its use for 
analysis. 
 

2.5 Immobilization of MnP on Ceramic  
 
MnP (30 and 32 units) in 200 mM potassium 
phosphate buffer, pH 5.0, was stirred with the 
ceramic support (1 g) for 2 h and then filtered, 
followed by washing with 10 ml distilled water, 
dried at 4ºC and then assayed [21]. 
 

2.6 Immobilization of MnP on Alginate 
Bead 

 
The pure MnP was added to 40 ml sodium 
alginate (3% w/v). The solution was placed in a 
separating funnel and suspended over a beaker 
containing 200 ml 3% (w/v) CaCl2. The alginate 
beads were then prepared by dropping gently the 
alginate solution through a 200 µl Eppendorf tip 
into CaCl2 solution at a rate of approximately 30 
drops min-1. After 3 h stirring gently to allow the 
bead to harden, the bead was filtered out of the 
CaCl2 solution and thoroughly washed by the 
same buffer. The activity of the immobilized MnP 
was assayed [22]. 
 

2.7 Immobilization of MnP on Chitosan 
Bead 

 
2.7.1 Preparation of chitosan beads  
 
Chitosan powder (3 g) was suspended in 99 ml 
of distilled water followed by stirring for 20 min 
and one ml of glacial acetic acid was then added 
and stirring was allowed for 4 h at room 
temperature. The solution was filtered and dried. 
Drops of 2% (w/v) NaOH were added to 
neutralize the acetic acid in the chitosan film. The 
films were washed twice with distilled water and 
finally dried again [23]. 
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2.7.2 Reinforcement of chitosan beads with 
glutaraldehyde  

 
The cross-linking was carried out by adding the 
dried chitosan to 1% (w/v) glutaraldehyde 
solution in 150 mM cold potassium phosphate 
buffer (pH 8.0) for 2 h. The brownish reinforced 
beads were washed three times by 150 mM cold 
potassium phosphate buffer (pH 8.0) to remove 
the excess of glutaraldehyde. 
 
2.7.3 Immobilization of MnP on chitosan 

beads  
 
Chitosan beads were mixed with                                
2 mg/ml peroxidase solution in 150 mM 
potassium phosphate buffer (pH 8.0) for 3 h               
with slight stirring and washed at 4°C.                 
Then, the beads dried at room temperature               
and stored at 4°C. The activity of immobilized 
enzyme was estimated by subtracting the  
activity recorded in the supernatant after 
immobilization from the activity added to chitosan 
bead. 
    
2.8 Assay of the Immobilized MnP 
 
Approximately 0.1 g of the immobilized enzyme 
was used for enzyme assay as described earlier 
for the free enzyme.  
 
2.9 Determination of Immobilization 

Yield for MnP 
 
The immobilization yield of the enzyme was 
defined as the yield of the enzyme immobilized in 
chitosan and expressed as:  
 

Immobilization yield �%� = 
 

 
Activity of immobilized enzyme

Activity of free enzyme used
× 100 

 
2.10 Thermostability of Immobilized MnP 
 
Denaturation of the MnP was studied by 
measuring enzyme activity of free and 
immobilized MnP on luffa, ceramic, alginate and 
chitosan at 50oC at different time intervals (20, 
40, 60, 80, 100 and 120 min). The enzyme 
activity was measured at each interval time 
followed by measuring the enzyme activity. 
 
All the data in the present study are expressed 
as mean ± SE obtained from three 
measurements.  

3. RESULTS AND DISCUSSION 
 
3.1 Effect of Mn 2+ on Production of MnP 

from T. harzianum 
 
The results in Fig. 1 show that there was 
continuous increase in the production of MnP 
with the increase in MnCl2 in growth medium up 
to 5th day then declined. This phenomenon was 
observed for the enzyme at 1 and 5 mM. 
 
MnP activity increased steadily with increasing 
Mn2+ concentration. Mn2+ is implicated in MnP 
production and has a triple role: (i) an essential 
cofactor for functioning of MnP protein [24]; (ii) 
activates transcription of the mnp gene [25] and 
(iii) inhibits the production of veratryl alcohol, 
which is highly correlated with LiP titers [26]. A 
regulatory role in biosynthesis of MnP is ascribed 
to manganese ions [27].  
 
3.2 Effect of Various Carbon and 

Nitrogen Sources on Production of 
MnP from T. harzianum 

 
The results in Fig. 2 show that sucrose induced 
the highest productivity of the enzyme compared 
with the other carbon sources.  The results in 
and Fig. 3 show that yeast extract was the best 
inducer. It was found that a mixture of peptone + 
glycine and a mixture of sodium nitrate + yeast 
extract expressed comparable activity of MnP. 
 
In the present results, the best carbon source for 
the production of MnP by T. harzianum was 
sucrose and the best nitrogen source was yeast 
extract. However, combination of peptone + 
glycine and NaNO3 + yeast extract expressed 
higher production of MnP. The effect of nitrogen 
concentration on MnP activity could be related 
with the C/N ratio [28]. 
 
3.3 Effect of Various Incubation 

Temperatures on Production of MnP 
from T. harzianum 

 
The results in Fig. 4 indicate continuous increase 
in enzyme production until it reaches the 
optimum at 30°C after which there was a decline 
in the production of the enzyme at 35°C.  
 
The optimal temperature for the enzyme 
production was 30°C. The change in temperature 
may affect fatty acid synthesis and membrane 
fluidity [29]. The action of temperature on 
secondary metabolism occurs at some point in 
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the transitional period between the cessation of 
vegetative growth and the formation of 
secondary end products [30]. 
 
3.4 Influence of Different pH on 

Production of MnP from                    
T. harzianum 

 
The results in Fig. 5 show that the optimum pH 
for MnP production was 5.0 after which the 
enzyme production decreased continuously with 
increasing of pH value. 
 
The pH of the growth medium as physical 
parameters plays an important role by inducing 
morphological changes in the organism and in 
enzyme secretion. The pH is a significant factor 
that influences the physiology of a 
microorganism by affecting nutrient solubility and 
uptake, enzyme activity, cell membrane 
morphology, by product formation and oxidative 
reductive reactions [31]. 

The availability of high activity of enzymes is the 
basis for a successful economical process for 
enzymatic bioconversion of waste materials. This 
depends on one ligand, the selection and 
improvement of suitable strains for enzyme 
production and development of suitable methods 
of extraction and media for the production of 
such enzyme. On the other hand, improvement 
and development of the suitable conditions of the 
enzyme reaction mixture is necessary for a cost-
effective process. 
 
The differences in the enzyme activity might be 
due to the differences in metabolic activities that 
reflected in differences in the capacity of enzyme 
production and/or differences in the activity of 
enzymes produced and their physiochemical 
properties, indicating that the high-yielding 
strains might either contain additional structural 
genes and/or altered regulator or operator genes 
[32]. 

 

 
 

Fig. 1. Effect of Mn 2+ on production of MnP from T. harzianum 
 

 
 

Fig. 2. Effect of different carbon sources on produ ction of MnP from T. harzianum 
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Fig. 3. Effect of different nitrogen sources on pro duction of MnP from T. harzianum  
 

 
 

Fig. 4. Effect of different incubation temperatures  on production of MnP from T. harzianum 
 

 
 

Fig. 5. Effect of different pH on production of MnP  from T. harzianum 
 

3.5 Immobilization of MnP from               
T. harzianum 

 
One of the main reasons for enzyme 
immobilization is the anticipated increase in               
its stability to different deactivating force due              

to restricted conformational mobility of                       
the molecules following immobilization. 
Therefore, the immobilized enzyme could work in 
the harsh environmental conditions with less 
activity loss compared to the free counterpart 
[33-34].  
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The MnP was immobilized on luffa, ceramic, Ca-
alginate and chitosan (Fig. 6). The immobilization 
percentages were 40.1%, 15.9%, 82.1% and 
91.3%, respectively.  
 
Other enzymes were successfully immobilized on 
luffa such as �-Amylase [20]. The immobilization 
of MnP by alginate was successful process. 
Immobilization yield of MnP on alginate was 
increased by increasing the immobilization              
time. In solution, intermolecular bonds between 
protein molecules could result in inactive 
aggregates. MnP from Schizophyllum sp. was 
immobilized on Ca-alginate with activity recovery 
about 47% [35]. In addition, MnP from Phlebia 
radiata was successfully immobilized on silica 
beads, however the enzyme activity was 
decreased [36]. 
 
The immobilization of MnP improved the stability 
at 50°C compared to the free enzyme. The 
support of the immobilization generally has a 
protecting effect at high temperature at which 
deactivating occurs. The conformational flexibility 
of the enzyme is affected by immobilization. 
 
The immobilization of enzyme causes an 
increase in enzyme rigidity, which is commonly 
reflected by an increase in stability toward 
denaturation by raising the temperature [37]. It 
should be noted that the biocompatibility of the 
support could also play an important role on 
stabilization of enzyme confirmation.  
 
After immobilization, the formation of            
aggregates could be lost likely because            
the enzyme molecules are evenly dispersed               

within the bead of immobilization. In this case, it 
is likely that glutaraldehyde forms intramolecular 
bonds that results in a more stable enzyme 
preparation [18]. The amount of enzyme 
adsorbed onto the support increased 
proportionally with time, leading to higher            
activity of preparations immobilized for longer 
durations. 
 
Enzyme immobilization has been a popular 
strategy for most large-scale applications due to 
the ease in recycling, storage, continuous 
operation and product purification [12]. Poor 
biocatalytic efficiency of immobilized enzymes, 
however, often limits the development of large 
scale bioprocessing to complete with traditional 
chemical processes. 
 
3.6 Thermostability of Immobilized MnP 

at 50°C 
 
The thermostability of the free enzyme, 
immobilized MnP on luffa, immobilized MnP on 
ceramic, immobilized MnP on Ca-alginate and 
immobilized MnP on chitosan were studied at 
50°C (Figs. 7, 8 and 9). T 0.5 for the free enzyme 
was 72.1 min whereas T0.5 values of 
immobilized-MnP on luffa, ceramic, Ca-alginate 
and chitosan were 77.5, 73.1, 84.5 and 100.9 
min, respectively (Fig. 10). 
 
The immobilization of MnP on the various beads 
improved MnP stability at 50°C. The support of 
the immobilization generally has a protective 
effect at high temperature at which deactivation 
occurs. The conformational flexibility of the 
enzyme is affected by immobilization. 

 

 
 

Fig. 6. Immobilization of MnP from T. harzianum  on different beads  
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Fig. 7. Thermostability of free MnP at 50°C 
 

 
 

Fig. 8. Thermostability of immobilized MnP on luffa  and ceramic at 50°C 
 

 
 

Fig. 9. Thermostability of immobilized MnP on algina te and chitosan at 50°C 
 

y = -0.5614x + 90.491 

T0.5 = 72.1

0

20

40

60

80

100

0 20 40 60 80 100 120 140

R
e

la
ti

v
e

 a
ct

iv
it

y
 (

%
)

Time (min)

y = -0.5398x + 91.854

luffa T0.5 = 77.5 min

y = -0.6107x + 94.643

ceramic T0.5 = 73.1 min

0

20

40

60

80

100

120

0 20 40 60 80 100 120 140

R
e

la
ti

v
e

 a
ct

iv
it

y
 (

%
)

Time (min)

Luffa Ceramic Linear (Luffa) Linear (Ceramic)

y = -0.5829x + 99.229

Alginate T0.5 = 84.5 min

y = -0.5554x + 106.06

Chitosan T0.5 = 100.9 min

0

20

40

60

80

100

120

0 20 40 60 80 100 120 140

R
e

la
ti

v
e

 a
ct

iv
it

y
 (

%
)

Time (min)

Alginate Chitosan Linear (Alginate) Linear (Chitosan)



 
Fig. 10. Comparison of T 0.5 values of free and immobilized MnP on the various b eads

The activity loss of immobilized enzyme was less 
than the free enzyme for higher temperature. 
Calcium alginate support might have a protecting 
effect at the higher temperatures at 
which enzymes deactivation takes place. 
Immobilization of peroxidase on these beads can 
cause an increase in the enzyme rigidity which is 
commonly reflected by increase in stability 
towards denaturation by raising the temperature
[38]. 
 
The thermostability depends on the micro
environment of the enzyme and its subunit 
recognition. Also, large repulsions contribute to 
the confirmation and stability of the proteins. This 
repulsion between charged groups present in the 
protein is the main driving force for protein to be 
stabilized in open conformation [39-
 
The results have significant importance for 
industrial use of enzyme, it is important to 
consider the enzyme stability with respect to 
various parameters like temperature, reusability, 
etc. The soluble enzyme cannot be recovered 
from the reaction mixtures and therefore cannot 
be used to catalyze more reactions, but the 
process of immobilization can make it feasible 
[41]. 
 
4. CONCLUSION 
 
This research reveals that 
harzianum could be used as a good source for 
MnP after optimization the productivity of the 
enzyme. Chitosan was the best bead among 
those others tested. The immobilized enzyme 
showed appreciable thermostability at 50
particularly on chitosan. Thus, the immobiliz
enzyme could be used in various 
biotechnological applications. 
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values of free and immobilized MnP on the various be ads
 

The activity loss of immobilized enzyme was less 
than the free enzyme for higher temperature. 
Calcium alginate support might have a protecting 
effect at the higher temperatures at              
which enzymes deactivation takes place. 
Immobilization of peroxidase on these beads can 
cause an increase in the enzyme rigidity which is 
commonly reflected by increase in stability 
towards denaturation by raising the temperature 

thermostability depends on the micro-
environment of the enzyme and its subunit 
recognition. Also, large repulsions contribute to 
the confirmation and stability of the proteins. This 
repulsion between charged groups present in the 

g force for protein to be 
-40]. 

The results have significant importance for 
industrial use of enzyme, it is important to 
consider the enzyme stability with respect to 
various parameters like temperature, reusability, 

. The soluble enzyme cannot be recovered 
from the reaction mixtures and therefore cannot 
be used to catalyze more reactions, but the 

bilization can make it feasible 

 
This research reveals that Trichoderma 

could be used as a good source for 
MnP after optimization the productivity of the 
enzyme. Chitosan was the best bead among 
those others tested. The immobilized enzyme 
showed appreciable thermostability at 50°C 
particularly on chitosan. Thus, the immobilized 
enzyme could be used in various 
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