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ABSTRACT: Pectinase enzyme production (due to the many applications in different industries) from 
fungal sources (such as Trichoderma, which have the potential pathogenicity for humans and animals 
and microorganisms is considered safe for various industries) due to greater stability and diversity 
significant in eukaryotes compared to prokaryotes enzyme systems that are currently used for the 
production of an enzyme compounds have many advantages. Trichoderma reesei is one of the most 
active isolates in enzyme production that in this study with direct mutation in the genome of the fungus, 
the activity of this enzyme was investigated in a suitable temperature and pH in order to increase the 
activity of fungal pectinase. In this case, mutation induction was performed in T. reesei with optimum 
dose of 250 Gy. After substrate preparation and induction of pectinase, pectinase activity in 21 mutanted 
isolates were measured. All experiments were conducted in a completely randomized design with three 
replications. And statistically analyzed using SPSS software and ANOVA and mean comparison using 
Duncan took a 5% statistical level. Our results showed that, two most active strains were T.r M13 andT.r 
M 15 with specific activity of the enzyme 4.01U/ml and 2.65 U/ml, on the other hand, isolates T.r M7 and 
T.r M1 by 0.18 U/ml and 0.16 U/ml specific activity were weakest isolates .In 50% of isolates causing 
mutations by gamma-ray radiation lead to increased pectinase activity. 
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INTRODUCTION 
 

 Pectinases are a big group of enzymes that degrade pectins of plant tissues into simpler molecules like 
galacturonic acid (Pedrolli, 2009). This enzyme plays a vital role in foodprocessing industries, for example, in the 
production of fruit juices, soft drinks, liquors (Panda, 1999) and alcoholic beverages industries (Naidu & Panda, 
1998). Pectinase is used also for improvement of tea leaves fermentation (Angayarkanni, 2002). The importance of 
pectinase in many industries conducted of looking for the best source to produce the enzyme. Microorganisms are 
widely used as the best sources for pectinases production. Almost of the commercial preparations of pectinases 
are produced from fungal sources, mainly from Aspergillus niger (Tari, 2008). There are many microbes have been 
reported in ability of pectinase production, Bacillus sp (Ouattara, 2008), Aspergillus fumigatus (Phutella, 2005), 
Aspergillus sojae (Tari, 2008), Aspergillus clavatus, Fusarium sp, Penicillum chrysogenum, and Trichoderma sp 
(Okafor, 2010; Banu, 2010.The utilization of microorganism in producing enzyme have a number of advantages; 
through the aplication of selection methods increase of biosynthesis via the conditions of cultivation, in-depth 
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interactionon various substrate, wide spectrum of enzyme complex and their application in gene engineering via 
gene cloning (Kutateladze, 2009) Submerged fermentation has been extensively employed for the production 
enzymes and to understand physiological aspects of the enzyme synthesis (Patil & Dayanand, 2006). Strain 
improvement by mutations is an age-old as a successful method and it is a fundamental aspect of industrial 
microbiology, which is aimed at increasing enzyme yields, and reducing production costs (Khachatourians, 2001). 
Therefore, several approaches including chemical mutations, UV or gamma irradiations and their combinations 
were applied to obtain enhanced pectinase producing strains (Kotchoni, 2002). Nevertheless, strains that are 
genetically improved for high level of cellulases production have been successfully used in a number of 
applications including animal feed, pharmaceutical and textile industries (Aristidou, 2000). In this object, we 
determined optimation factor of pectinase enzyme production using submerged fermentation. In this research, the 
objective of the present sutdy was to produce pectinase enzymes by a newly isolated strain of Trichoderma reesei 
(as selected microbe) by submerged fermentation and to detemine the optimun of time incubation. In this study, 
pectinase enzyme produced from gamma irradiated Trichoderma reesei mutants and selected as a potential 
producer of pectinase and was measured via submerged fermentation system (SMF) using pectin as substrate. 
 

MATERIALS AND METHODS 
 

Isolation and identification of Trichoderma reesei mutants  
 Trichoderma reesei was obtained from the Persian Type Culture Collection (PTCC) strain number 1654. The 
fungi were maintained in the test tubes containing potato dextrose broth at 28 ˚C for 3 day. The T. reesei was 
subsequently maintained on potato dextrose agar (PDA) prepared according to manufacturer’s instructions. The T. 
reesei NRCAM 5 (The γ-irradiated novel mutant obtained from T. reesei PTCC 1654) was obtained from 
Agricultural, Medical and Industrial Research School, Nuclear Science and Technology Research, Alborz, Iran.  
 
Enzyme production in Trichoderma reesei mutants 
 Trichoderma reesei via gamma radiation were retained on agar media (MYG agar medium) comprised (g.l

-1
): 

malt extract, 5; yeast extract, 2.5; glucose, 10; agar, 20. Washed spore suspensions were confect from seven-day-
old slant cultures in sterile saline solution and used as an inoculum of 1×10

7
 spores/ml of medium. The spores 

were precipitated by centrifugation at 4500×g for 10 min, and washed twice in sterile saline solution. Seed cultures 
were produced in T. reesei complete medium (TCM) which comprised (g.l

-1
): bactopeptone, 1.0; urea, 0.3; KH2PO4, 

2.0; (NH4)2SO4, 1.4; MgSO4 .7H2O, 0.3; CaCl2 .6H2O, 0.3; FeSO4 .7H2O, 0.005; MnSO4, 0.002; ZnSO4, 0.002; 
CoSO4.7H2O, 0.002 and 2 ml.l

-1
, Tween 80. The medium was set to pH 4.8 and supplemented with 0.3% w/v of 

glucose. Cultures were produced in 50 ml volumes of TCM in 250ml Erlenmeyer flasks shaken at 180 rpm at 28 ˚C 
for 24 h. To induce production of extracellular enzymes washed mycelium was moved to 50ml of T. reesei 
fermentation medium (TFM) which comprised (g.l

-1
): urea, 0.3; KH2PO4, 2.0; (NH4)2SO4, 1.4; MgSO4.7H2O, 0.3; 

CaCl2 .6H2O, 0.3; FeSO4 .7H2O, 0.005; MnSO4, 0.002; ZnSO4, 0.002; CoSO4.7H2O, 0.002 and 2 ml.l
-1

, Tween 80. 
This medium was set to pH 4.8 and supplemented with 0.5% w/v of pectin growth conditions were as explained in 
previously. Triplicate flasks were taken after 48 h. Assessment of protein and extracellular enzymes activities were 
assayed in T. reesei fermentation medium after centrifugation at 4500 ×g for 7 min at 4 ˚C (shahbazi 2012).   
 
Extracellular enzymes activity assay: 
 Extracellular enzymes in the supernatant of TFM were assayed by the colori-metric method at 50

ºC
 for 60 

minutes. (Miller, 1959). Pectinase activity was determined by measuring the amount of respectively pectin assoils 
from substrates by the DNS method galacturonic acid as the standard. The reaction mixtures contained 0.5 ml of 
50 g.l

-1 
pectin in 0.05M sodium acetate buffer (pH 4.8) and 0.5ml of each supernatant of TFM medium. After 

inccubation at 50˚C for 60 min, the controls and samples were taen out of the 50˚C bath. The reactions were 
terminated by adding 3 ml of 3, 5-dinitrosalicylic acid (DNS).The mixture were also mixed well, then placed into a 
boiling-water bath for 5min, and cooled to room temperature. 30µL of samples were diluted with 2700 µL distilled 
water. The absorbance of the reaction solution was measured at 450 nm. The International unit (IU) of activity is 
defined as the amount of enzyme that liberates l µmol of galacturonic acid, per minute in a standard assay.  
 
Statistical analysis 
 The treatments were performed using a completely randomized design and all experiments were carried out at 
least in triplicate. The experimental data were subjected to analysis of variance (ANOVA) followed by a Duncan’s 
test. Significance was defined at P < 0.05. The SPSS (developer, 13) program was used for all statistical analysis. 
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Electrophoresis and molecular size determination of the protein 
 The protein amounts in the TFM supernatant after 48 h fermentation were calculated by the dye binding 
method of Bradford (1976). The amount of protein was calculated using bovine serum albumin (BSA) as a 
standard. A standard curve was prepared using 0, 2, 8, 12, 20 and 25 μl protein per ml in supernatant of TFM 
medium pH 4.8. The test was performed using 250 μl of TFM or standard and 3 ml of Bradford reagent. The 
standards and tests were replicate three fold. The absorbance was read at 595 nm on a spectrophotometer 
(Jenway, USA). Protein samples (50 ml) from TFM supernatants were deposited with acetone (50 ml) and kept at -
70˚C for frozen until they were used. The molecular weight of the extra cellular enzymes were identified by sodium 
dodecyl sulfate-poly-acrylamid gel electrophoresis (SDS-PAGE) with a 5% (stacking) and 12% (separating) 
polyacrylamid gel by the method of Laemmli (1970). Before electrophoresis, equal volume of sample buffer (100 µl) 
that comprised 65 mM Tris-Hcl, Ph 6.8, 10%(v.v) glycerol, 2% (v.v) SDS, 5% (v.v) 2-mercaptoethanol, and 0.2% 
(w.v) bromophenol blue was added to the protein sample (100 µl)  and boiled for 5 min and applied to loading on 
the gels. The proteins were separated at constant voltage of 250V using the running buffer contained 25 Mm Tris, 
192 mM glycine,  and 0.1% (w.v) SDS, pH 8.3.The gels were stained with Coomassie Brilliant Blue R-250 in 
methanol-acetic  acid-water (5:1:4, v/v), and decolorized in methanol-acetic acid-water (1:1:8,v/v) (Laemmli 1997). 
 

RESULTS AND DISCUSSION 
 

Isolation and identification of Trichoderma reesei mutants 
 Trichoderma reesei was obtained from the Persian Type Culture Collection (PTCC) strain number 1654. The 
fungi were maintained in the test tubes containing potato dextrose broth at 28 ˚C for 3 day. The T. reesei was 
subsequently maintained on potato dextrose agar (PDA) prepared according to manufacturer’s instructions and 
irradiated at different dose (0-450 Gy) of the γ- radiation. Then, spore suspensions were cultured on PDA medium. 
The effects of γ-radiation on spore germination of T. reesei are given in Table 1. Determination of optimum dose of 
γ-radiation for induced mutation was selected based of approximately 40-50 % inhibition of spore germination on 
PDA medium. A decrease in spore germination was observed with increasing dose of γ- radiation, indicating 
mutation and changes in biological activity of T. reesei. The treatment of γ-radiation on spore germination of T. 
reesei was shown that dose of above 450 Gy completely killed, whereas the dose of 250 Gy could not completely 
killed T. reesei and approximately result in 40-50% inhibition of spore germination on PDA medium. This dose of γ-
radiation was applied for induced mutation. Complete inhibition of fungal growth has been reported that it results by 
γ- ray destroy DNA structure of cells and cells cannot continue their function (Karlsson, 2001), while incomplete 
inhibition may result from a little injury of cells (Haigler,1991). 
 

Table1. Effect of different doses of γ-radiation on spore germination (%) of T. reesei cultured in PDA at 28 ˚C and 12 h 
incubation time 

 

 
 
 
 
 
 
 
 
a-h: Different superscript small letters within a row denote significant differences (p<0.05, p<0.05, Duncan's 
multiple range test Duncan’s test) in each irradiation dose. 
 Tauxe (Palma, 2000) reported that the high energy rays of irradiation directly damage the DNA of living 
organisms, inducing cross-linkages and other changes that make an organism unable to grow or reproduce. When 
these rays interact with water molecules in an organism, they generate transient free radicals that can cause 
additional indirect damage to DNA. Moreover, other factors may involve to the sensitivity or tolerance of fungi on γ- 
ray (Wood, 1988) mentioned that multi cellular spore or bicellular spores are more tolerant to γ-radiation than the 
unicellular spore. Thus, this may be one reason that unicellular spore of T. reesei showed more the sensitive to γ- 
radiation. Moreover, the number or density of spore in the inoculum exposed to radiation may affect the radiation 
dose (Shoda, 2005) required for the inactivation of microorganism. Increased the spore density in the inoculum 
generally need to elevate radiation dose Changes or non-changes of biocontrol activity of T. reesei after irradiated 
treatment may depend on level of tolerance and the doses of ray. For example, the study of Gherbawy (Zhang, 

Dose of radiation (Gy) Spore germination (%) 
0 84.5

a
 

50 81.1
b
 

150 73.9
c
 

200 59.7
d
 

250 43.4
e
 

300 15.5
f
 

350 11.9
g
 

400 9.7
g 

450 0.0
h 
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2004) showed that the lowest dose of γ-radiation (1 MCi for 10 min) enhanced virulence of Aspergillus niger by 
producing more polygalacturonase, cellulose and protease, while the higher doses (1 MCi for 20 min and 30 min) 
were inhibitory to the growth of fungi. A significant different at level of p<0.05 in mycelia growth was observed 
between 20 selected isolates. These results suggested that chitinolytic enzymes may be secreted by the strains 
into culture medium. The selected colonies were re-subcultured on a PDA medium and examined after 1-3 days of 
incubation at 28 ˚C for mycelia growth and morphological differences.  
 
Estimation of protein and enzymes activity 
 The extracellular protein concentration of gamma irradiated Trichoderma reesei mutants were calculated by 
the dye binding method of Bradford. The amount of protein was calculated using bovine serum albumin (BSA) as a 
standard and results were showed in Diagram1. Protein concentration was 179.898 and 122.044 for T.r M18 and 
T.r M20 respectively. The highest protein content was 179.898 µg/ml in supernatant T.r M18 and the lowest protein 
content of only 28.956 µg/ml was measured in the culture supernatant of T.r M6. Determining the extracellular 
protein concentration is not always a simple tas, since various factors may interfere with the final result (Adney, 
1995; Zaia, 1998). There are three main factors that influence these measurements: (a) each protein dosage 
method is based on a different identification and quantification principle; (b) the presence of non-protein 
components in the enzymatic solution and/ or reaction medim can be a source of error if they interfere with the 
results of the guanyitative method; and (c) other non-cellulase proteins present in the enzyme preparation may 
compromise the interpretation of the specific activity data. Such differences are also due to the fact that different 
enzyme isolates have different primary structure, besides different degrees of glycosilatin. Therefore, these factors 
are reflected in the response of the proteins from gamma irradiated Trichoderma reesei mutants. Finally, the results 
showed that protein content production in TFM (µg/ml) for all studied fungi have a different significantly at level of 
p<0.05.  
 

 
 
 
 
 
 
 
 
 
 

Diagram 1. T. reesei pectinase enzyme activity of the mutant strains compared with control strains 

 
 The results of pectinase activity of gamma irradiated Trichoderma reesei mutants in TFM supernatant after 48 
h incubation at 180 rpm and 28 ˚C with pectin as substrate are shown in Diagram 2. The activities of the enzymes 
are shown as international unites (9U), in which, one unit of activity is defined as the amount of enzyme required to 
liberate 1 µmol of product per hour. The amount of reducing sugar released was estimated by dinitrosalicylic 
acidmethod using galactronic acid as the standard. This values have a different significantly at level of p<0.05. The 
activities of the enzymes are shown as international unites (U), in which, one unit of activity is defined as the 
amount of enzyme required to liberate 1 µmol of product per hour. The highest pectinase enzyme activity values 
were observed for T. r M13 with 4.01 (U/ml) and the lowest enzyme activity content of only 0.16(U/ml) for T. r M7. 
Results show that 50% of the isolates caused by mutations of the gamma-irradiation lead to an increase in 
pectinase activity them. And 50% of isolates produced no significant change in strength is observed for the 
enzyme. The resulting mutant pectinase activity decreased only 50% of the population that is considered 
undesirable mutations. 
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Diagram 2. Protein concentration of T. reesei mutant strains compared with control strains 

 

Electrophoresis and molecular size determination 
 The electrophoresis patterns obtained by SDS-polyacrylamide gel electrophoresis (PAGE) analysis of the 
extracellular proteins of TFM supernatants T. r M 1-21 (lane 1-21) are shown in Figure 1. There are observable 
differences in the protein banding pattern ranged from 11 to 245KDa and 11 to 180KDa. The protein banding 
pattern of T. reesei contained six major proteins with molecular weight of 100, 75, 62, 48, 25 and 17 KDa. 
Molecular weight pectinase is 32 KDa (tirirA, 2013), pectin lyase 12KDa (makui ramuk, 2013), polygalacturonase 
72 and 130 KDa (hukusAV, 2012) that show in line (1-20) In this electrophoresis showed that T.r M3, T.rM4, T.rM5, 
T.rM6, T.rM7, T.rM8, T.rM9 and T.rM11 could produce pectinase enzyme more than another of mutation. The 
purity and composition of enzyme-rich protein samples were evaluated under denaturing conditions by SDS-PAGE, 
as described by (Laemmli 1970). Protein bands were visualized using Coomassie Brilliant blue R250. The 
molecular weights of the proteins were calculated by comparing the relative mobilities of standard and sample 
proteins (Mw range of standard proteins used was 11–245 kDa). The electrophoresis patterns obtained by SDS-
polyacrylamide gel electrophoresis (PAGE) analysis of precipitated cell free TFM supernatants are shown in Figure 
1. SDS-PAGE analysis of the crud proteins on a 12.5% polyacrylamide gel (Fig. 1) indicated the presence of 
different protein bands in ranged from 11 to 180 KDa. Also, Cel 3A (BGL I) was observed in molecular weight of 75 
KDa. Cel5A is an EG that belongs to GH family5. The enzyme has an estimated molecular weight of 42 kilo Dalton 
(kDa), but has an apparent molecular weight of 48 kDa on a SDS-PAGE gel due to glycosylation. It has a pI of 5.5-
5.6 (Shoemaker, 1978). Cel5A hydrolyzes the β-1, 4-glycosidic bonds in cellulose using the retaining mechanism 
(Henrissat, 1985). There have been reports that Cel6A possesses some endoglucanase activity (Nutt et al., 1998). 
Cel7B has an estimated molecular weight of 48 kDa, 50-55 kDa on a SDS-PAGE, and it has a pI of 4.5 
(Shoemaker, 1983). Cel7B is homologous to Cel7A, with about 45 % sequence identity. The main difference 
between the two GH family 7 structures is that the substrate-binding cleft is less covered by extended loops in the 
endoglucanase (Cel7B) than in the exoglucanase (Cel7A). Cel7B hydrolyzes the glycosidic bonds in cellulose 
using the retaining mechanism. Cel12A is a GH family 12 EG. The enzyme has a molecular weight of 25 kDa, has 
a neutral pI of 7.5 (Hayn, 1993). Cel12A hydrolyzes the glycosidic bonds in cellulose using the retaining 
mechanism. The two catalytic residues in Cel12A are the two carboxylates E116 and E200. Some biochemical 
data on Cel12A can be found in the literature, including studies of activity on soluble substrates, and insoluble 
cellulase. There have been reports that Cel12A, besides cellulose activity, has activity against β-glucan and xylan. 
Band with a molecular weight of 75KDa is for BGlI and band with a molecular weight of 48KDa is for BGII and Band 
with a molecular weight of 25KDa is for BGIII. 
 

 
Figure1. Profiles of proteins secreted into the culture supernatants of (C) T. reesei, (1) T. r M1-T. r M 21. “M” indicates a 

molecular weight marker 
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CONCLUSION 
 

 Microbial Pectinase will form 25% of the total world production of enzymes and can say that about most 
commercial pectinase prepared from fungal sources are obtained. This study represents the activity of pectinase 
using DNS (1) in terms of the amount of reducing sugars released during enzymatic were used activity using 
mutant strains of Trichoderma.

 
According to studies Kutateladze, (2009) with 2.3 U/ml activities by Aspergillus and 

Andriani, (2011) with 1.5 U/ml by Aspergillus has been made. In this experiment, pectin was as a substrate and 
pectinase activity among 0.16 U/ml to 4.01 U /ml that T.r M 13 the highest efficiency rate of pectin degradation 2.97 
U/ml relative to the control sample indicated. enzyme activity pectinase of mutant isolates of T.reesei measuring , 
T.r M13 and  T.r M15  were 4.01 U / ml and 2.65 most active isolates and isolates of  T.r M7 and T.r M1 activities 
were 0.18 U/ml and 0.16 U/ml isolates were weakest. In 50% of isolates causing mutations lead to increased 
activity of gamma-ray irradiation pectinase them. Two mutant strains (T.r M13 and T.r M15) have a higher potential 
for the production of pectinase. Due to the extensive application of pectinase in the country and since imports of 
industrial enzymes (pectinase enzymes include %25) of the country in 2012, is $ 20,140,033,

 
and because of the 

great difficulty of mass production of this enzyme has not been implemented in the country, in an attempt to induce 
pectinase production by mutant strains of Trichoderma reesei irradiated with gamma rays takers. The results of this 
study showed that the mutants of two strains T.r M13 and  T.r M 15 is proposed to optimize the production of 
pectinase in pilot-scale production of these enzymes are able to improve the efficiency and competitiveness 
domestic production with imports pectinolytic enzymes have been involved. Diversity of genetic resources and the 
achievement of the fungus Trichoderma reesei strains using a new gamma-ray mutagenesis were performed for 
the first time in the country and also measurement the first for the optimization of pectinase by Trichoderma. 
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