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Summary

In this study the ability of Trichoderma viride IMB F-100076 to synthesize cellulase and 
pectinase enzymes was investigated. Clear zones in agar medium with Na-CMC, cellobiose 
and pectin as carbon sources were identified at different pH values. It was found that the 
mentioned fungus had cleaved Na-CMC, cellobiose and pectin, forming clear zones. The 
optimal pH value for cellulase and pectinase synthesis amounted to 5.0. At this value the 
clear zone and radial growth rate of T. viride was the highest. The ability of T. viride IMB 
F-100076 to synthesize cellulase enzymes and polygalacturonase was quantitatively proven. 
The maximum cellulase activity in static culture was reported on day 15 of cultivation. The 
total cellulase activity was 0.88 U mL-1, exoglucanase – 0.76 U mL-1, endoglucanase – 1.25 U 
mL-1 and β-glucosidase – 1.27 U mL-1. The highest value of polygalacturonase activity was 
0.59 ± 0.01 U g-1 IDS reported at day 6 of cultivation.
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Introduction
A rising concern in agriculture due to usage of agrochemicals, 

including pesticides, has led to the necessity of enzyme-based 
biocontrol agents produced by microorganisms or direct 
application of live bacterial and fungal cultures (Costa et al., 2001; 
Zhihui et al., 2008).

The members of Trichoderma genus are the most promising 
biological agents for the control of a wide range of plant pathogens. 
Trichoderma strains inhibit the growth of plant pathogens by 
competing for nutrients, antibiosis and ability to synthesize cell 
wall degradation enzymes (Limon et al., 2004). Trichoderma fungi 
synthesize a number of extracellular enzymes that are important 
in the inhibition of phytopathogens: chitinase and β-glucanase, 
which can hydrolyse the cell of the fungal pathogen (Markovich 
and Kononova, 2003) and pectinase, which can induce plant 
resistance to disease (Bai et al. , 2004). In addition, Trichoderma 
metabolites could also improve plant growth and yield (Kolombet 
et al., 2001).

Trichoderma fungi seem to be one of the most promising 
bioagents of microbial preparations not only for plant protection 
but also for the degradation of plant residues (Nava-Cruz et 
al., 2016; Kaur et al., 2020). The cell wall of plants consists of 
polysaccharides such as cellulose, hemicellulose, pectin and 
lignin (Antoniak et al., 2013). As far as its main component is 
cellulose (Antoniak et al., 2013), a significant number of reasearch 
is aimed at studying cellulase (Califano et al., 2020; Toscano et 
al., 2007). Fungi of the genus Trichoderma synthesize several types 
of cellulase enzymes separately or in the form of a complex. For 
example, they include such natural cellulases as endo-1,4-β-D-
glucanase (hydrolyzes β-1,4-bonds in polymers of cellulose or 
other β-glucans), exo-1,4-β -D-glucosidase (hydrolyzes β-1,4-
bonds in 1,4-β-D-glucans with sequential cleavage of glucose 
residues) and β-glucosidase (cleaves the final residues of β-D-
glucose by hydrolytic method and can hydrolyze molecules of 
cellobiose and β-D-glucosides) (Baldrian and Valaskova, 2008; 
Bhat and Bhat, 1997).

It has been shown that T. viride synthesizes cellulases, 
ligninases and hemicellulase into complexes (Neethu et al., 
2012). The synthesis of hydrolytic enzymes was influenced by the 
substrate, being a source of carbon. Juhasz et al. (2005) studying 
cellulases and hemicellulases of T. reesei, showed that the synthesis 
of enzymes differed depending on plant residues (corn straw or 
other substrates).

Pectic substances are heteropolysaccharides consisting of 
the main range of partially methyl esterified α-1-1-D-galacturon 
(Agrios, 2005), their biological role being limited to preserve 
the structural integrity of plant cell components (Kurchenko, 
2013). Enzymatic hydrolysis of pectin has advantages over 
chemical hydrolysis since enzymes target specific bonds of pectin 
molecules, while the chemical method is less specific (de Vries et 
al., 2002). Pectolytic enzymes of fungal origin attract the attention 
of researchers since they have significant potential for both 
industry and agriculture. Pectinases are decomposed glycosidic 
bonds containing long chains of galacturonic acid (De-Gregorio 
et al., 2002; Nazia et al., 2003; Anisa and Girish, 2014). By their 
action on substrate, they are divided into polygalacturonase, 
pectinesterase, pectin lyase (Alkorta et al., 1998; Mohamed 

et al., 2009). The sequential action of these enzymes achieves 
complete decomposition of pectin molecule. Micromycetes' 
pectolytic enzymes are widely used in industry during plant 
residues processing (for flax and vegetable fibres, depectinization 
and clarification of fruit juices, extraction of oils from vegetables 
and citrus peels, paper production and pre-treatment of pectin 
wastewater) (Moyo et al., 2003; Saito et al., 2004; Jayani et al., 
2005).

Widespread Trichoderma micromycetes usage causes an urgent 
need to find and research a new promising fungi strain with high 
cellulosolytic and antagonistic activity. The strain of T. viride IMB 
F-100076 which was isolated in this study had high antagonistic 
activity against phytopathogenic fungi - the causative agents of 
agricultural crops root diseases. 

The objective of this work was to investigate cellulase and 
polygalacturonase activity of T. viride IMB F-100076 for its further 
usage in agricultural production as a strain with multifunctional 
properties.

Material And Methods

Fungal Strain

T. viride IMB F-100076 was obtained from the collection of 
beneficial soil microorganisms of the Institute of Agricultural 
Microbiology and Agroindustrial Manufacters of the National 
Academy of Agrarian Science (Volkogon et al., 2015).

Qualitative Measurement of Cellulolytic and Pectolytic 
Activity

The linear growth rate and preliminary verification on the 
ability of T. viride IMB F-100076 to synthesize cellulases and 
pectinases were measured by a qualitative method.

The studied fungus was grown in Petri dishes at 26 ± 2ºC for 
10 days on Czapek medium containing carboxymethylcellulose 
sodium salt (Na-CMC, 0.5%) (Moroz et al., 2013), cellobiose 
(0.2%) (Osadcha et al., 2009) and pectin (0.05 %) (Kurchenko, 
2013) as sources of carbon and substrate for enzymes. Congo red 
was used as an indicator (0.5%, injected into agar medium). The 
range of the hydrogen index was 4.0 to 9.5 with a step of 0.5.

The diameter of the fungus colony and the clear zone was 
measured in three directions twice daily. Based on the obtained 
data, the radial growth rate was determined (Perth, 1978)

Cellulase and pectinase activity were assessed by the size of the 
clear zones, which was defined as the ratio between the average 
radius of the clear zone and the average radius of the fungal colony.

Inoculum Preparation

For quantitative tests, T. viride IMB F-100076 was superficially 
cultured in the test tubes on barley meal agar (BMA) for 14 days at 
26°C before conidias were isolated. To obtain a conidia suspension, 
the fungus was carefully removed from the BMA surface with 
a sterile loop and suspended in sterile water. The concentration 
of conidia was determined using a Goryaev chamber and a light 
microscope. Then spores suspension with a concentration of 
1×106 CFU was prepared and inoculated with culture medium in 
an amount of 5% by volume.
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Cultural Conditions 

To study the cellulase activity, T. viride IMB F-100076 was 
superficially cultured in the test tubes containing 5 ml of liquid 
modified Czapek medium (g L-1): 2.5 (NH4)2HPO4, 1.0 K2HPO4, 
0.5 MgSO4, 0.5 KCl, 0.01 FeSO4.Then pH of medium was reduced 
to 5.0 by 10% HCl. The only source of carbon was a 50 mg (1×6 
cm) strip of filter paper (Filtrak), which was placed in each test 
tube. The fungus was incubated in the dark at 26°C for 8 days. 
The culture fluid was obtained by filtering the fungal mycelium 
through a glass filter. The supernatant was used as extracellular 
enzyme.

Cellulase Assay

Total cellulase activity was assayed by mixing 1 ml of cultural 
fluid with 50 mg filter paper in 1 mL 0.05 M citratephosphate 
buffer with diferent pH (5.5, 7.0, 8.5) and incubating it in a water 
bath at 40°C for 60 min.

Exoglucanase activity was assayed by mixing 1 mL of cultural 
fluid with 50 mg avicel “Evalar” in 1 mL 0.05 M citratephosphate 
buffer with different pH (5.5, 7.0, 8.5) and incubating it in a water 
bath at 40 °C for 60 min.

Endoglucanase activity was assayed by mixing 1 mL of cultural 
fluid with 1 ml 0.5 % Na-CMC in 0.05 M citratephosphate buffer 
with diferent pH (5.5, 7.0, 8.5) and incubating it in a water bath at 
40°C for 30 min.

β–glucosidase activity was assayed by mixing 1 ml of cultural 
fluid with 1 ml substrate 0.025% celobiose "Merck" in 0.05 M 
citratephosphate buffer with different pH (5.5, 7.0, 8.5) and 
incubating it in a water bath at 40°C for 30 min.

One unit (U) of enzyme activity was defined as the amount 
of enzyme required to liberate 1 μmol min-1 of reducing sugar 
expressed as glucose equivalents.

Reducing sugars released were assayed by the Somogyi method 
(Somogyi, 1952) modified from Nelson procedure (Nelson, 1944) 
with glucose as standard. 1 mL of Somogyi reagent was added to 
2 ml of the reaction mixture and incubated at 100°C for 15 min. 
The mixture was then rapidly cooled in an ice bath and 1 mL of 
Nelson reagent was added. The volume was adjusted to 25 mL with 
distilled water. The solution was mixed thoroughly. Determination 
of reducing sugars was performed on a photoelectrocolorimeter at 
560 nm.

One unit (U) of enzyme activity was defined as the amount of 
enzyme required to liberate 1 μmol min-1 ml-1 of reducing sugar 
expressed as glucose equivalents.

Cellulase activity was measured every 3 days. This experiment 
was repeated in triplicate.

Pectinase Assay

Determination of the activity of pectolytic enzymes was 
based on determining the rate of the enzymatic reaction of pectin 
hydrolysis, which was measured by the amount of formed products 
that were not precipitated with zinc sulphate. The total amount of 
these products was determined by colorimetric anthrone method 
equivalent to monogalacturonic acid. The activity was calculated 
by the equation of the amount of pectin converted during the 
reaction into galacturonic acid and the number of enzyme units 
introduced into this reaction (Sysoeva et al., 2010).

One unit of polygalacturonase activity was defined as the 
amount of enzyme that catalyses the conversion of 1 g of pectin 
to galacturonic acid in 1 minute at 30 ºC and pH 4.1. The enzyme 
yield was expressed as units/g of initial dry substrate (U g-1 IDS).

Polygalacturonase activity was measured every 3 days. The 
experiment was repeated in triplicate.

Statistical Methods

Data obtained were analysed using STATISTICA 12 software. 
The distribution of data was checked for normality using the 
Shapiro-Wilk’s W-test. The nonparametric Mann–Whitney U test 
was applied to compare variable between groups. Differences were 
significant from each other, considering their P-value of ≤ 0.05.

Results
We have studied the ability of T. viride IMB F-100076 to 

synthesize cellulase and pectinase enzymes and to form clear 
zones on agar medium with the addition of Na-CMC, cellobiose 
and pectin at different pH. It was established that pH 5.0 was the 
most optimal pH for the synthesis of both cellulase and pectinase 
enzymes (Table 1). For example, the clarification zones formed by 
T. viride IMB F-100076 on the medium with the addition of CMC 
(Fig. 1) and cellobiose (Fig. 2) were 1.32 ± 0.16 and 2.53 ± 0.10, 
respectively. The radial growth rate of the fungus was 0.18 mm h-1 
and 0.05 mm h-1, respectively. The clear zones on the medium with 
the addition of pectin (Fig. 3) were 1.94 ± 0.07, the radial growths 
rate of 0.019 mm h-1.

The next step was to determine T. viride IMB F-100076 
cellulase activity. Maximum total (Fig. 4), exoglucanase (Fig. 
5), endoglucanase (Fig. 6) and β-glucosidase (Fig. 7) activities 
were recorded on day 15 of cultivation. Upon further cultivation 
of T. viride IMB F-100076, enzymatic activities were reduced. 
The highest amount of total cellulase activities was 0.88 U ml-1, 
exoglucanase – 0.76 U mL-1, endoglucanase – 1.25 U mL-1 and 
β-glucosidase – 1.27 U mL-1.

Further work has quantitatively confirmed the ability of T. 
viride IMB F-100076 to synthesize pectolytic enzymes, namely 
polygalacturonase (Fig. 8). The highest parameter of enzymatic 
activity was 0.59 ± 0.01 U g-1 IDS on day 6 of cultivation. 
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Figure 1. Na-CMC hydrolysis zones induced by T. viride IMB F-100076 under different pH (Day 3 of cultivation)

Table 1. Сlear zone and radial growth rate due to pectinase and cellulose activity of the T. viride IMB F-100076 on pectin agar, cellobiose agar 
and Na-CMC agar culture media, respectively

рН
Clear zone Radial growth rate (mm h-1)

Pectinase on pectin 
agar media

Cellulase on Na-CMC 
agar media

Cellulase on
cellobiose media

Pectinase on pectin 
agar media

Cellulase on Na-CMC 
agar media

Cellulase on 
ellobiose media

4.0 1.10 ± 0.05 1.11 ± 0.08 2.36 ± 0.04 0.16 0.14 0.03

4.5 1.90 ± 0.07 1.22 ± 0.03 2.41 ± 0.03 0.18 0.16 0.04

5.0 1.94 ± 0.07 1.32 ± 0.16 2.53 ± 0.10 0.19 0.18 0.05

5.5 1.37 ± 0.09 1.23 ± 0.10 1.47 ± 0.06 0.18 0.16 0.06

6.0 1.23 ± 0.01 1.06 ± 0.01* 1.39 ± 0.07* 0.17 0.14 0.06*

6.5 1.21 ± 0.11 0.97 ± 0.07 1.31 ± 0.02 0.16 0.15 0.08

7.0 1.16 ± 0.13 0.81 ± 0.07 1.29 ± 0.01 0.16 0.13 0.09

7.5 1.14 ± 0.09 0.77 ± 0.11 1.24 ± 0.03 0.15 0.12 0.08

8.0 1.08 ± 0.03* 0.52 ± 0.06 1.10 ± 0.05* 0.15* 0.10 0.06*

8.5 0.94 ± 0.08 0.47 ± 0.09 1.00 ± 0.03 0.14 0.08 0.06

9.0 0.86 ± 0.05* 0.31 ± 0.07 0.88 ± 0.04* 0.13* 0.06 0.05*

9.5 0.81 ± 0.07 0.20 ± 0.06 0.69 ± 0.08 0.12 0.04 0.03

* significant increase or decrease in the indicator in relation to the previous value with a significance level of P ≤ 0.05 according to Mann–Whitney U test
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Figure 2. Celobiose hydrolysis zones induced by T. viride IMB F-100076 under different pH (Day 5 of cultivation)

Figure 3. Pectin hydrolysis zones induced by T. viride IMB F-100076 under different pH (Day 5 of cultivation)
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Figure 4. Total cellulase activity of T. viride IMB F-100076

* significant increase or decrease in the indicator in relation to the previous value 
with a significance level of P ≤ 0.05 according to Mann–Whitney U test

Figure 5. Exoglucanase activity of T. viride IMB F-100076

* significant increase or decrease in the indicator in relation to the previous value 
with a significance level of P ≤ 0.05 according to Mann–Whitney U test

Figure 6. Endoglucanase activity of T. viride IMB F-100076

* significant increase or decrease in the indicator in relation to the previous value 
with a significance level of P ≤ 0.05 according to Mann–Whitney U test

Figure 7. β-glucosidase activity of T. viride IMB F-100076

* significant increase or decrease in the indicator in relation to the previous value 
with a significance level of P ≤ 0.05 according to Mann–Whitney U test
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Figure 8. Polygalacturonase activity of T. viride IMB F-100076

* significant increase or decrease in the indicator in relation to the previous value 
with a significance level of P ≤ 0.05 according to Mann–Whitney U test

Discussion
The fungi Trichoderma and Chaetomium are known as active 

antagonists of phytopathogenic fungi, producers of cellulase 
enzymes and often used as protective agents in microbiological 
preparations (Kolombet et al., 2001; Kopilov at al. 2020). However, 
pH is an important factor which regulates not only the growth 
and development of microorganisms, but also their synthesis of 
enzymes. Studying fungal cellulase and polygalacturonase activity 
with qualitative method, we noticed that colonies’ clear zones 
diameter and radial growth rate had been different depending 
on pH level. The optimal level of pH for T. viride IMB F-100076 
was 5.0. Neethu et al. (2012), examining the cellulase activity of 
T. viride, showed that the pH optimum of the medium was 4.0. 
Sinha et al. (2018) had found that the optimal pH for T. harzianum 
and T. viride were 6.0 and 5.0, respectively, consistent with data 
in this study (pH optimum for T. viride IMB F-100076 was 5.0). 
According to data from the study by Cherkupally et al. (2017), the 
isolates of T. harzianum, T. reesei, T. atroviride formed larger clear 
zones than isolates of T. viride and T. virens. In another study of 
the cellulase activity of T. harzianum and T. viride, the clear zone 
was independent of species, with the optimal pH for the MUSH 
strain with the largest clear zone being 7.0 (Gauchan et al., 2020).

Baer and Gudmestad (1995) grew the cellulosolytic fungus 
C. olivacerum on a medium with Na-CMC and cellobiose (as a 
carbon source), They showed that the clear zone was the highest 
at pH 7.0. For the phytopathogenic fungus Fusarium oxysporum, 
cellulase activity was the highest at the optimum pH for the 
microorganism - 6.0 (Ramanathan, 2010).

Analyzing the literature data we can conclude that fungi can 
be characterized by variability in the optimal pH value for the 
synthesis of cellulase and pectinase enzymes.

Gautam et al., (2012) studying the biodegradation of cellulose, 
showed that the maximum cellulosolytic activity of T. viride, 
Penicillium digitatum, Aspergillus niger and Chaetomium sp., had 
been noted on day 6 of cultivation. The maximum exoglucanase 
activity for T. viride was 2.22 U mL-1, for P. digitatum - 1.19 U mL-1, 
for A. niger - 2.05 U mL-1 and for Chaetomium sp. - 1.54 U mL-1. 
The maximum endoglucanase activity of T. viride was recorded 
and was 2.03 U mL-1, for P. digitatum - 1.37 U mL-1, for A. niger - 
1.76 U mL-1 and for Chaetomium sp. - 1.19 U mL-1. β-glucosidase 
was also characterized by high activity in strains: T. viride, P. 
digitatum, A. niger, Chaetomium sp., and was - 1.98 U mL-1, 1.53 U 
mL-1, 1.96 U mL-1 and 1.34 U mL-1, respectively.

Gautam et al., (2012) show that Trichoderma sp. has much 
higher exoglucanase (0.76 U mL-1) and endoglucanase (0.78 U mL-

1), but low β-glucosidase (0.69 U mL-1) activities in comparison 
with the data received in this study.

Gomes et al., (1992) showed that when growing T. viride on a 
substrate with an optimally selected carbon source for maximum 
production of cellulosolytic enzymes, the total cellulosolytic 
activity was low and was 0.56 U/ml, and high β-glucosidase 
activity - 2.92 U mL-1.

Gomes et al., (1989) in order to obtain the strain with high 
cellulosolytic activity, conducted a screening among micromycetes 
T. reesei, T. viride, T. harzianum and others. Maximum 
endoglucanase activity was detected on day 6 in the following 
micromycetes: T. reesei - 4.20 U mL-1, T. viride - 2.85 U mL-1 and T. 
harzianum - 2.47 U mL-1. The maximum activity of β-glucosidase 
was also detected on day 6 and was for T. reesei - 0.94 U mL-1, for 
T. viride - 0.81 U mL-1, T. harzianum - 0.58 U mL-1 and was slightly 
lower in comparison with the data received in this study.

Improving the efficiency of enzymatic hydrolysis can be 
achieved in various ways, one of which is the use of drugs (based 
on fungi-antagonists Trichoderma) with a mixture of cellulases of 
two or more bioagents that will act synergistically and can give 
a better result compared to their separate use (Kshirsagar et al., 
2020).

Khokhar et al., (2012) studying the cellulase activity of fungi 
of the genera Trichoderma, Aspergillus and Penicillium on nutrient 
medium with the addition of CMC showed that the fungi T. 
harzianum, T. viride, T. koningii were characterized by a high index 
of relative enzymatic activity.

Previous investigation of cellulolytic activity of C. cochliodes 
(which is a bioagent of the biological fungicide Hetomic) showed 
that the fungus antagonist synthesized a complex of cellulases, 
with the highest exoglucanase activity of 0.67 ± 0.03 U mL-1, 
endoglucanase - 0.52 ± 0.02 U mL-1 and β-glucosidase activity - 
1.02 ± 0.03 U mL-1 in the culture fluid (Kopilov at al. 2020), which 
is significantly lower than data in this study.

Yurieva et al., (2017) determined the maximum endoglucanase, 
exoglucanase activity of P. funiculosum, which was 0.35 ± 0.07 U/
ml and 0.063 ± 0.02 U mL-1, respectively.

The analysis of the results indicates that T. viride IMB F-100076 
produces pectolytic enzymes. A high amount of galacturonic acid 
was observed in the pectin solution after the introduction of the 
fungus culture filtrate, which indicates the ability of T. viride IMB 
F-100076 to synthesize the enzyme polygalacturonase. The data 
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obtained is similar to the results of other researchers (Nasia et 
al., 2003; Zhihui et al., 2007; Mohamed et al., 2009; Nayebyazdi, 
Ghanbary, 2012; Anisa, Girish, 2014).

According to data from this study, the strain T. viride IMB 
F-100076 can be described by its high cellulosolytic activity. 
Exoglucanase activity was 0.70 ± 0.01 U/ml, endoglucanase - 1.16 
± 0.02 U mL-1 and β-glucosidase activity - 1.18 ± 0.04 U/ml, which 
in combination with high antagonistic interaction on a wide range 
of phytopathogenic fungi of pathogens shows its viability for use 
in agricultural production.

Conclusion
The cellulase and polygalacturonase activity of T. viride IMB 

F-100076 were determined. The radial growth rate of T. viride 
IMB F-100076 was the highest on mediums with both Na-CMC, 
cellobiose and pectin (optimum pH 5.0). Trichoderma viride IMB 
F-100076 synthesizes exoglucanase, endoglucanase, β-glucosidase 
and polygalacturonase, indicates the ability of the fungus to 
decompose cellobiose to glucose and pectin to galacturonic acid.
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