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Background: High antagonistic ability of different Trichoderma species against a diverse range of plant pathogenic fungi
has led them to be used as a biological fungicide in agriculture. They can also promote plant growth, fertility, resistance to
stress, and absorption of nutrients. They are also opportunistic and symbiotic pathogens, which can lead to the activation of
plant defense mechanisms.
Objectives: The aim of this present study was to investigate possible enhancement of lytic enzymes production and biocontrol
activity of T. virens against Rhizoctonia solani through gamma radiation and to find the relationship between changes in lytic
enzyme production and antagonistic activity of T. virens.
Material and Methods: Dual culture conditions were used to evaluate the antagonistic effect of T. virens and its gamma
mutants against R. solani. Then, their chitinase and cellulase activities were measured. For more detailed investigation of
enzymes, densitometry pattern of the proteins was extracted from the T. virens wild-type and its mutants were obtained via
SDS-polyacrylamide gel electrophoresis.
Results: The mutant T.vi M8, T. virens wild-type and mutant T.vi M20 strains showed the maximum antagonistic effects
against the pathogen, respectively. Data showed that the mutant T. vi M8 reduced the growth of R. solani by 58 %. The
mutants revealed significantly different (p<0.05) protein contents, chitinase and cellulase production (mg.mL-1) and activity
(U.mL-1) compared to the wild-type strain. The highest extracellular protein production in the supernatant of chitinase and
cellulase TFM was observed for the T.vi M11 and T.vi M17 strains, respectively. The T.vi M12 and wild-type strains secreted
chitinase and cellulase significantly more than other strains did. Densitometry of SDS-PAGE gel bands indicated that both
the amount and diversity of chitinase related proteins in the selected mutant (T. vi M8) were far higher than those of the
wild-type. The diversity of molecular weight of proteins extracted from the T. virens M8 (20 proteins or bands) was very high
compared to the wild-type (10 proteins) and mutant T.vi M15 (2 proteins).
Conclusions: Overall, there was a strong link between the diversity of various chitinase proteins and the antagonistic
properties of the mutant M8.
Keywords: Biocontrol, Cellulase, Chitinase, Mutant, Rhizoctonia solani, Trichoderma virens

1. Background

Trichoderma species are known as an effective
biological control agent against different plant
pathogenic fungi, such as Rhizoctonia solani, Pythium
spp. (1), Macrophomina phaseolina (2), and Sclerotinia
rolfsii (3). Trichoderma species ability to kill plant
pathogenic fungi has led them to be used as a biological
fungicide in agriculture (4). Trichoderma species can
also enhance plant growth, fertility, resistance to stress,
and absorption of nutrients (5). In some cases, these
fungi are also known as opportunistic and symbiotic

pathogens, which can lead to the activation of plant
defense mechanisms (6). Most fungi attacked by
T. harzianum have cell walls that contain chitin as a
structural backbone and laminarin (ß-1, 3-glucan) as a
filling material (7). T. virens can penetrate into R. solani
body and grow extensively within mycelium through
destroying the cell wall. This mechanism of action
shows that the fungus produces enzymes chitinases
and ß-1, 3 glucanases. Further, some other metabolites
are produced by T. virens, thus improving enzyme
production and activity in such fungi through mutation
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breeding, may enhance their antagonistic activities
(8). Furthermore, T. viride has a high capability to
produce other enzymes involved in detoxification or
degradation of different mycotoxins synthesized by
the plant pathogens. Finding a suitable Trichoderma
strain with high biocontrol and plant growth promoting
capabilities is the first step in biological control. In
addition to isolation of native strains from different
sources, induced gamma radiation mutation is known
as one of the widely used methods to enhance the
antagonistic potential of Trichoderma fungi. The
mutation achieved through gamma rays has resulted in
enhanced growth, competition, and sporulation of the
fungus simultaneously along with higher expression of
the genes associated with increased resistance against
R. solani (9). It has been shown that the biocontrol
efficiency of gamma mutants of T. harzianum has also
increased dramatically against Sclerotium cepivorum
and Sclerotium rolfsii (10). Marzano et al. showed
that the competition between T. harzianum isolate
mutated through ultraviolet radiation vs. F. oxysporum
f. sp. lycopersici improved via enhancing the tolerance
to growth-inhibitory metabolites produced by F.
oxysporum (11). Recent studies have indicated that
γ-radiation could affect morphological characteristics
such as sporulation of fungus, mycelia colonies shape,
color and its growth rate. The mutants had higher
inhibitory capability against R. solani (12). Many studies
indicated that γ-mutagenesis could improve production
of metabolites and improved biological efficiencies in T.
virens (13; 14). Production of new mutants with greater
ability to secrete cellulolytic enzymes compared to the
wild-type strain has been achieved by both laboratory
and industrial research programs (15, 16).

2. Objectives

The aim of this study was to investigate possible
enhancement of production of lytic enzymes and
biocontrol activity of T. virens against R. solani using
gamma radiation, and to find the relationship between
changes in lytic enzyme production and antagonistic
activity of T. virens.

3. Materials and Methods

3.1. Preparation of T. virens and R. solani
The wild-type T. virens was kindly provided by Yazd
Agricultural and Natural Resources Research and
Education Centre (infected soils of cucumber). The
mutant isolates were prepared in Nuclear Agriculture
School, Alborz, Iran (14). The fungi were maintained
on potato dextrose agar (PDA) prepared according to
the manufacturer’s instructions. The pathogenic fungus
Iran J Biotech. October 2020;18(4): e2333

R. solani was obtained from the Microbial collections
of Tarbiat Modares University. The fungi were grown
at 28±2 °C on potato dextrose agar (PDA) prepared
according to the manufacturer’s instructions and
maintained at 4 °C.
3.2. Antagonistic Activity of Wild-type and Mutant
T. virens Strains Against R. solani Under In Vitro
Conditions
The antagonistic activity of T. virens strains against R.
solani was determined using dual culture technique.
Mycelia discs (5 mm diameter) were cut out from
actively growing pure cultures of all strains (T. virens
and R. solani strains) on PDA at 28 ˚C for 3 days and
placed on the opposite sides of 100 mm petri plates
containing PDA. The plates were incubated in darkness
at 28 ˚C. The growth of the pathogen was measured
after 3 days, and mycelia growth inhibition percentage
were calculated, following the formula: I % = (1-Cn/
Co) ×100. Cn refers to the average colony diameter
of pathogen in the presence of the antagonist and Co
denotes the average colony diameter of control.
3.3. Plant Pathogen Cell Wall Preparation
The R. solani cell wall powder was produced according
to the method of Elad et al. (18) with some modifications.
The R. solani strain was inoculated into 250 mL flasks
containing 50 mL of PDB and incubated at 28 ˚C for
7 days. The mycelia were filtered, washed thoroughly
with autoclaved distilled water, and homogenized
with a homogenizer, for 5 min at the highest speed.
The mycelium suspension was centrifuged at 4500 g
for 7 min at 4 ˚C and washed twice with sterile saline
solution (14). The pellet was collected and lyophilized.
The dry cell wall of the pathogen was used as substrate
for the production of degrading enzymes.
3.4. Cell Wall Degrading Enzymes Production
The wild-type and mutant strains of T. virens were
cultured in MYG (Malt extract, Yeast extract,
Glucose) agar medium at 28 ˚C for 7 days (18). The
spore suspensions were prepared from seven-day-old
cultures in a sterile saline solution (1×107 spores.mL1
). The spores were pelleted through centrifugation at
4500×g for 10 min, and washed twice with a sterile
saline solution. The seed cultures were produced in
Trichoderma complete medium (TCM) (14). The
medium pH was adjusted to 4.8 and supplemented with
0.3% w/v of glucose. The cultures were prepared in a
volume of 50 ml of TCM in 250 mL Erlenmeyer flasks
and were shaken at 180 rpm at 28 ˚C for 24 h. Specifically,
1 mL of spore suspension was inoculated in each flask.
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The grown mycelia were collected and transferred to
50 ml of Trichoderma fermentation medium (TFM)
for inducing enzyme production (14). For cellulase
production, the medium was supplemented with 0.5%
w/v of Phosphoric Acid Swollen cellulose (PASC)
and adjusted to pH 4.8. For chitinase production, the
medium was supplemented with 0.5% (w/v) of colloidal
chitin, with pH adjusted to 5.5. The growth conditions
were as described previously (19). In addition, the dry
cell wall of R. solani was used as an inducer substrate
for producing degrading enzymes against the pathogen.
Triplicate flasks were harvested after 48 h. Trichoderma
fermentation medium (TFM) was centrifuged for 7 min
at 4500 ×g at 4 ˚C and used for protein plus extracellular
enzyme activity estimation (14).
3.5. Estimation of Protein
After 48 h fermentation, the Bradford’s dye binding
method was used for estimating the protein content
in the TFM supernatant (20). Bovine serum albumin
(BSA) was considered as a standard protein.
3.6. Estimation Chitinase and Cellulase Activity
The chitinase assay was estimated by the method of
Zeilinger et al. (21). One unit chitinase activity is the
amount of enzyme producing 1 μmoL of N-acetylglucosamine from the chitin source in the reaction
mixture/mL/h under standard conditions. Overall, the
cellulase activity of the samples was determined by
the method of Shahbazi et al. (14). For the filter paper
activity (FPase) assay, the Whatman no.1 strips were
used as the substrate. Carboxymethyl cellulose (CMC)
was used to measure CMCase or endoglucanase
activity. The amount of released sugar was assayed via
the dinitrosalicylic acid (DNS) method using glucose
as the standard. The release of glucose molecules from
substrates was considered as quantitative criteria for
avicelase activity by the DNS method with glucose as
the standard. The International Unit (IU) of activity is
defined as the amount of enzyme releasing l μmoL of
glucose per hour in a standard assay (14).
3.7. Electrophoresis and Molecular Size Determination
The molecular weight of the proteins was determined
by SDS–PAGE with a 4% (stacking) and 12.5%
(separating) polyacrylamide gel based on Laemmli
(22). 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) (14, 18).The densitometry zymogram pattern of
the proteins extracted from the T. virens wild-type and
mutant strains were provided by Gel–Pro (Ver.6) and
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analyzed using one-dimensional gel analysis software:
Core Laboratory Image Quantification Software
(CLIQS).
3.8. Statistical Analysis
All experiments were performed with three replications,
based on a completely randomized design. 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 analyses.

4. Results

4.1. Antagonistic Activity of T. virens Strains Against R.
solani in Dual Culture
The macroscopic observations during dual culture of
T. virens against R. solani showed that the antagonistic
mechanisms of the fungus included parasitism and
antibiosis. The results revealed a significant difference
in growth inhibition percentage of R. solani colonies.
On the other hand, the isolates T.vi M8, T.vi wild-type
and T.vi M20 showed maximum antagonistic activity
against R. solani, respectively (Fig.1A). T.vi M8 reduced
the growth of R. solani by 58 %.
4.2. Estimating the Chitinase and Cellulase Protein
Production
The concentration of extracellular protein produced
by different T. virens strains enzyme complexes was
determined via the dye binding method of Bradford.
The results are shown in Figure 1B. The highest
extracellular protein production in the supernatant of
chitinase TFM belonged to the strains T.vi M11, T.vi M12,
T.vi M15 and T.vi M20, respectively. The supernatant of
cellulase TFM of T.vi M17, T.vi M19 and T.vi M15, had the
highest extracellular protein production, respectively.
The results showed that protein production in both
chitinase and cellulase TFM (µg.mL-1) for all mutants
had a significant difference at the level of p<0.05
compared to the with wild-type strain.
The results of chitinase activity assay of the wild-type
and mutant strains are shown in Figure 2A. These results
indicate variations in the activity of 20 selected mutants.
The chitinase activity in the mutants was significantly
different ( p<0.05) compared to the wild-type T. virens
strains. The enzyme activity of some mutants was
higher than that of the wild strain, while other isolates
revealed lower activity. Generally, the chitinase activity
of the studied T. virens isolates was affected by gamma
radiation. T.vi M12 secreted significantly more chitinase
than the wild-type and other mutant strains did. In
addition, T.vi M8 showed no high difference with wildIran J Biotech. October 2020;18(4): e2333
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Figure 1. A) The efficiency of the wild-type and mutant T. virens strains in growth inhibition of R. solani after 3 days’ incubation in dual
culture assay
B) Extracellular
protein production
of T. virens
48 T.
hours
fermentation
TFM inhibition
medium. of R. solani after 3
Figure
1. A) The efficiency
of the wild-type
and after
mutant
virens
strains in in
growth

days' incubation in dual culture assay B) Extracellular protein production of T. virens after 48 hours fermentation

type regarding to the chitinase activity.
in TFM medium.
The cellulase enzyme activity (Endo- and Exoglucanase) of the mutant and wild-type strains TFM
supplemented with colloidal cellulose as a substrate
were investigated. Figure. 2B depicts the production
of endo- and exo-glucanase by mutant strain T. viM8
compared to T.vi M17 and the wild-type strains. In the
case of exo-glucanase (U.mL-1), the results showed
that T.vi M8 and wild-type strain were not different
from each other. On the other hand, T.vi M17 had
the lowest activity of exo-glucanase. The highest
avicelase activity was obtained 2.3 U.mL-1 for the
wild-type strain. The CMCase activity did not show
any significant difference between the mutant and
wild-type strains (2.2 U.mL-1).
Iran J Biotech. October 2020;18(4): e2333

4.4. Electrophoresis and Molecular Size Determination
Figure 3 displays the electrophoresis patterns obtained
by SDS- PAGE analysis of precipitated cell-free TFM
supernatants and densitometry pattern of proteins
extracted from the wild-type and mutant strains T.vi M8
as powerful antagonists and T.vi M15 as a weak one .
The SDS-PAGE analysis of the crude proteins indicated
the presence of different protein bands within the
range of 10.5-245 KDa. Both the amount and diversity
of chitinase related proteins in the cell free TFM
supernatant of mutant T.vi M8 were higher as compared
to the wild-type and mutant T.vi M15. The densitometry
of protein bands showed that the diversity of molecular
weight of proteins extracted from the T. viM8 (20 bands
of proteins) was very high compared to the wild-type
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Figure 2. A) The chitinase activity (U.ml-1) of wiled-type (T. virens) and mutant (Tvi M1-M20) strains in TFM
-1
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Figure 3. The profile of chitinase enzyme proteins (A) and densitometry zymogram pattern of proteins extracted (B) from the T. virens wildTM of proteins extracted
Figure 3.
The profile
of chitinase
enzyme
proteins
(A) and densitometry
zymogram
pattern
type and two mutant
strains
by Gel–Pro
(Ver.6):
marker
(M) Prestain
Protein Ladder
(CinnaGen
PR901641); (1) (T. virens wild-type);
(2) (T. virens M8) and (3) (T. virens M15).
(B) from the T. virens wild-type and two mutant strains by Gel–Pro (Ver.6): marker (M) Prestain Protein Ladder
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(10 bands) and mutant T.vi M15 strains (2bands).
Extracellular cellulase protein profiles of mutant strains
in the supernatant of TFM were assessed using SDSPAGE with the results shown in Figure 4. Two sharp
bands at molecular weights 64 and 58KDa in the protein
profiles of T. virens wild-type were related to enzymes
Cel 7A (CBH I) and Cel 6A (CBH II), respectively. The
densitometry pattern of proteins showed a sharp band
(38.1%) with a molecular weight of 58 KDa in T. virens
M8 which is very heavier than that of the wild-type
strain (14.3%).
4.5. Production of Cell Wall Degrading Enzymes
Against R. solani
The selected antagonist mutant (T.vi M8) and the wildtype strain produced and secreted various cell wall

A

degrading enzymes when grown in the TFM media
containing R. solani cell wall as the carbon source. There
were differing patterns in the cell wall degrading enzyme
production by various strains during mycoparasitism
at 48 h incubation with pathogen cell wall (Fig. 5).
The results showed that there is a difference between
some enzymes or proteins produced by the mutant and
wild-type strains, when fermented in the presence of
the cell wall of the pathogen R. solani (Table 1). The
extracellular protein in the T. vi M8 (537.46 µg.mL-1)
was significantly higher than that in the wild-type strain
(478.5 µg.mL-1). In addition, T. vi M8 produced more
active hyphal wall degradation enzymes (10.63 U.mL-1)
compared to the wild-type strain (9.14U.mL1) when the
enzyme production was induced by R. solani cell wall
in the fermentation broth.

B

Figure 4. The profile of cellulase (A) and densitometry of protein pattern (B) extracted from the T. virens wild-type and two mutant strains
TM
Figure
4. The
profile
cellulase (A)
and densitometry
of protein
pattern (B)(c)
extracted
from
the T. virens
wildby Gel–Pro
(Ver.6):
marker
(M)ofPre-stained
Protein
Ladder (CinnaGen
PR901641);
(T. virens
wild-type);
(2) (T.
virens M8) and (3)
(T. virens M17).
type and two mutant strains by Gel–Pro (Ver.6): marker (M) Pre-stained Protein Ladder (CinnaGenTM

PR901641); (c) (T. virens wild-type); (2) (T. virens M8) and (3) (T. virens M17).
A
B

Figure 5. The profile of proteins (A) and densitometry of protein pattern (B) secreted into the culture supernatants of T. virens: Number of 1,
Figure
5. The profile
of proteins
(A)
and densitometry
of protein
pattern
(B) secreted intoculture
the culture
supernatants
2 and 3 for culture
supernatants
fermented
with
wild-type
strain, mutant
strain
and non-inoculated
supernatants
fermentation media,
respectively. “M” indicates a molecular weight marker.
of T. virens: Number of 1, 2 and 3 for culture supernatants fermented with wild-type strain, mutant strain and non-
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Table 1. Comparison of extracellular protein production,
Ghasemi STotal
et al. chitinase, N-acethyl glucose aminidase, exoglucanase,
-1) of T. virens mutants in TFM supernatant supplemented with R.
β-glucosidase
total cellulase
activity
Table 1.endoglucanase,
Comparison of
extracellularand
protein
production,
Total (U.ml
chitinase,
N-acethyl glucose aminidase, exoglucanase, endoglucanase,
β-glucosidase and total cellulase activity (U.ml-1) of T. virens mutants in TFM supernatant supplemented with R. solani hyphal wall powder
hyphal at
wall
after
after 48solani
h incubation
180powder
rpm and
28 48
˚C.h incubation at 180 rpm and 28 ˚C.

T. virens
478.50 ± 33.21

T. vi M8
537.46 ± 33.33

Total chitinase (U.ml-1)

5.86 ± 1.15

6.13 ± 1.03

N-acethyl glucose aminidase (U.ml-1)

0.08 ± 0.02

0.09 ± 0.02

Exo-glucanase (U.ml-1)

2.39 ± 0.33

2.06 ± 0.14

(U.ml-1)

3.92 ± 0.36

3.92 ± 0.82

0.06 ±0.01

0.07 ± 0.01

1.81 ± 0.11

1.79 ±0.23

9.14 ± 0.42

10.63 ± 0.41

Extracellular protein (µg.ml-1)

Endoglucanase
ß-glucanase

(U.ml-1)

Total cellulase

(U.ml-1)

Hyphal wall degradation enzymes activity

5. Discussion

(U.ml-1)

Enzymes such as chitinases, cellulases and glucanases
are considered as the most important enzymes against
plant pathogens (23). In this regard, chitinolytic enzymes
of T. harzianum have been puriﬁed and characterized
(24). Additionally, the chitinase activity of T. viride
strains has been studied under in vitro conditions (25).
It was previously reported that T. harzianum produce
different cellulolytic enzymes (26). The lytic enzymes,
such as chitinases and cellulases, may take part
simultaneously in antibiosis and parasitism process.
In this regard, Elad et al. (18) demonstrated hyphal
penetration by Trichoderma spp., mediated by enzyme
activity. In addition, T. harzianum was able to parasitize
R. solani hyphae by producing chitinase (27). According
to the antagonistic results in dual culture, it could be
concluded that an increase in the amount of degrading
enzymes such as chitinase and cellulase enzymes
alone cannot result in higher antagonistic activity of T.
virens mutants against pathogenic fungi. Since various
factors may interfere with the result, determining the
extracellular protein concentration is not always simple
(28). Trichoderma spp. are known for their ability
to produce extracellular proteins and enzymes that
degrade cellulose and chitin. Different strains of them
also produce more than 100 different metabolites with
antibiotic activities (29). Specifically, three main factors
affect these measurements. Initially, the presence of
non-protein components in the enzymatic solution and/
or reaction medium can be a source of error if they
interfere with the results of the quantitative method.
Secondly, each protein dosage method is based on a
different quantification and identification principle.
Finally, other non-chitinase proteins in the enzyme
mixture may affect the interpretation of the specific
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activity results. Such differences are also because
different enzymes have different primary structures,
alongside different degrees of glycosylation. Thus,
these factors are reflected in the response of the proteins
from wild-type and mutant strains of T. virens.
Since fungal cell walls are composed mainly of chitin
and β-1, 3-glucans embedded in a matrix of amorphous
material (23), successful wall degradation requires the
activity of more than one enzyme. Sivan and Chet (28)
mentioned that a coordinated action of polysaccharides,
lipases, and proteases is necessary in antibiosis. The
present investigation demonstrated that T. virens mutant
M8 had highest antagonistic activity against R. solani.
The data revealed that γ-radiation altered the genetic
makeup of T. virens and greatly enhanced its biocontrol
capability as reflected by increasing the inhibition zone
and reducing R. solani growth after treatment with T.vi
M8 compared to the parental strain of T. virens. These
results may conﬁrm that the mutation can increase
antagonistic traits of the selected mutants against R.
solani. In summary, the results showed that antibiosis by
producing volatile compounds, antibiotic metabolites,
and/or extracellular enzymes might contribute to the
inhibitory effects of T. virens or its selected mutants
against R. solani. As noted, one of the antibiosis
components is the production of degrading enzymes
in antagonistic fungi, including T. virens. Detection
of changes in the production profile of these enzymes
in a mutant form with the best inhibitory potential for
pathogen growth is significant, which we continued to
address.
According to densitometry pattern of proteins, there was
a strong link between the diversity of various chitinase
proteins and the antagonistic properties of the mutant
M8, not merely the amount or activity of proteins. This
Iran J Biotech. October 2020;18(4): e2333
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study confirms that, although chitinase is generally
considered as a critical enzyme for mycoparasitism since
chitin is the most abundant component in many fungal
cell walls, other lytic enzymes and metabolites may also
be involved in the complete degradation of fungal cell
walls (7). Di Pietro et al. (32) showed that the antifungal
activity of the chitinase was synergistically enhanced
when combined with gliotoxin produced by T. virens.
Cellulase complexes secreted by Trichoderma species
trigger ISR in plants such as tobacco, lima bean and
corn, by promoting the up-regulation of ethylene (ET)
or jasmonate (JA) pathways, through a concentrationdependent pattern resulting in the response (33).
Trichoderma concentration in the roots and their
interactions affect this response (34). However, the
mechanism through which the Trichoderma cellulaselike macromolecules were produced and induced ISR
in plants has still remained unclear. Interestingly,
induced systemic resistance initiated by both pathogens
and plant growth-promoting microbes (PGPR) such as
Trichoderma (35). The results of the study showed that
there is a difference between some enzymes or proteins
produced by the strains, when fermented in the presence
of the cell wall of the pathogen. Most of the biological
control agents are known to produce chitinase and β-1,
3-glucanase enzymes which could degrade the cell wall
leading to the lysis of hyphae of the pathogen (36). The
pathogen cell wall and chitin induce nag1 gene, but it is
only triggered when there is contact with the pathogen
(6; 37). The mutant M8 showed greater enzyme
production and activity compared to the wild-type
strain when incubated with R. solani cell wall substrate.
This could be due to the fact that gamma mutation
modifies some genes thus particularly affecting cell
wall decomposition (38). The protein banding pattern
of T. viM8 (Figure 5, lane 1 & 2) contained several major
proteins within the molecular weight of 25-100 KDa.
It was previously reported that Trichoderma produce
different β-1, 3-glucanases with molecular weights of
17, 31, 36, 67, 74, 75, 78, and 110 KDa (37). A sharp
band was observed in the molecular weight of 31 and
67 KDa for T. vi M8 which were probably were related
to β-1, 3-glucanases enzyme (37, 39). The difference
in the molecular weight of β-1, 3 glucanases was not
new as the molecular mass of β-glucanase appears to
vary between species (40) as well as within species
(41). The difference between catalytic activities of
isozymes or subunits of β-glucanase of Trichoderma
spp. has been reported previously. Several factors may
cause the isozymes to have been listed as anomalous
migration of protein on SDS-PAGE gels (42), type
of growth substrate, type of reaction, and method of
Iran J Biotech. October 2020;18(4): e2333

purification (43). However, activation of the specific
gene was a major factor influencing the number of
protein bands on SDS-PAGE. Haran and other (44)
showed that, depending on the strain, the chitinolytic
system of T. harzianum may have five to seven
enzymes. In the strain T. harzianum TM, this system
includes four endochitinases (52, 42, 33, and 31 kDa),
two β‑ (1, 4)-N-acetylglucosaminidases (102 and 73
kDa), and one exochitinase (40 kDa). Two 1, 4-β-Nacetylglucoaminidase have been reported to be excreted
by T. harzianum. Ulhoa and Peberdy (45) described the
purification of these from T. harzianum, whose native
molecular mass was estimated to be 118 KDa through
gel filtration, while this value was 66 KDa through
SDS-PAGE. Thus, it is suggested that the active form
was a homodimer. Haran and others (44) reported a 102
KDa N-acetylglucoaminidase (CHIT 102) which was
expressed by T. harzianum strain TM grown on chitin as
the sole carbon source. It was assumed that it is essentially
the same enzyme described by Ulhoa and Peberdy (45)
with different estimates of its molecular mass suggested
to be the result of the different procedures used. The
other 1, 4-β-N-acetylglucosaminidase, purified from T.
harzianum strain Pl, was estimated to be 72 kDa and
had a pI of 4.6 (20). Haran and other (44) reported
a 73 KD aglucosaminidase (CHIT 73) which was
expressed and excreted when T. harzianum strain TM
was grown on chitin as the sole carbon source, but was
not detected when the fungus was grown on glucose.
The activity of CHIT 73 was found to be heat-stable.
N-acetyl glucoaminidase enzymes were observed with
the molecular weight 69 KDa for T. virens wild-type
and T. vi M8 in SDS-PAGE profiles. In addition, the
enzyme bands with molecular weights of 52 and 42
kDa were found in both profiles of T. vi M8 and wildtype of T. virens belonging to the chitinase enzyme.
Based on densitometry results, in terms of frequency
of chitinase with the molecular weight of 42 kDa, there
was no significant difference between the parent and
mutant samples. However, in the mutant isolate, the
frequency of enzyme 1, 4-β-N-acetylglucosaminidase
with the molecular weight of 69 kDa was almost twice
as large as that of the parent.

6. Conclusion

Mutation and screening of Trichoderma species can
increase amounts of antagonistic factors such as some
lytic enzymes and their antagonistic traits (46, 47 and
48). These extracellular enzymes are induced during
interactions between Trichoderma spp. and cell-wall
materials of phytopathogenic fungi. Recently, some
studies have been well carried out to explore the role of
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proteolytic enzymes (49) β-1, 3-glucanolytic enzymes
(50) and chitinase (51). However, although there are
many factors that determine the behavior of a biocontrol
agent such as T. virens (30), it is undeniably important
and crucial that all these factors should ultimately lead to
an increase in its efficacy against pathogenic pathogens.
In other words, the antagonistic and inhibitory activity
of these fungi against plant pathogenic microorganism
of R. solani is more important. As a result, the
antagonistic function of the T. virens isolates against
R. solani was considered as the main criterion in the
screening of the mutants and the data interpretation.
In this study, the antagonistic activity in dual culture,
amount and activity of cell wall degrading enzymes
such as chitinase and cellulases were evaluated and
attempts were made to determine the relationship
between antagonism and enzymatic properties
especially chitinase amount and its activity. The results
revealed that mutant T. vi M8 had the highest inhibitory
against R. solani in dual culture. T. virens mutated
through gamma rays resulted in enhanced growth,
competition, and sporulation of the fungus concurrent
with the elevated expression of genes associated with
increased resistance to R.solani (9). Contrary to the
assumption that the increase in antagonistic activity
should be accompanied by an increase in the amount
and activity of enzymes such as chitinase and cellulose
(52), this study found that this assumption is not always
correct. Nevertheless, note that other morphological and
physiological traits and metabolites may be involved
in the complete degradation of fungal cell walls (7).
Chitinase is generally considered as a critical enzyme
for mycoparasitism as chitin is the most abundant
component in many fungal cell walls. On the other
hand, in this study, the densitometry zymogram pattern
showed that both the amount and diversity of chitinase
related proteins in the selected mutant were far higher
than those of the wild type. The diversity of molecular
weight of proteins extracted from the T. virensM8 (20
proteins or bands) was very high as compared to that
of the wild-type (10 proteins) and mutant T.vi M15 (2
proteins). In other words, according to these data, there
is a strong link between the diversity of various chitinase
proteins and the antagonistic properties of the mutant
M8, not merely the amount or activity of proteins.
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