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ABSTRACT
Use of fungi of the Trichoderma genus for the biological control of pests and diseases is based, to a large extent, on 
their secretion of hydrolytic enzymes. The latter include chitinases and glucanases, which degrade the cell wall of 
phytopathogenic fungi as well as the cuticle of insects and nematodes. The aim of this study was to assess the induc-
tion dynamics of chitinases and glucanases in ten strains of Trichoderma spp. grown in liquid media with different 
inducers: basal medium, basal medium supplemented with 0.5% chitin and basal medium supplemented with 0.2% 
gelatin. Chitinase and glucanase activity were evaluated at the first, third, fifth and seventh day of culture. The highest 
values   of chitinase activity were obtained in basal and basal media supplemented with chitin; β-1.3-glucanase, on 
the other hand, exhibited higher levels of activity in basal and basal media supplemented with gelatin.
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RESUMEN
Inducción de quitinasas y glucanasas en cepas de Trichoderma spp. promisorias como agentes para 
el control biológico. La secreción de enzimas hidrolíticas es uno de los mecanismos de los hongos del género 
Trichoderma, para ejercer el control biológico de plagas y enfermedades. Las quitinasas y glucanasas son dos de 
estas enzimas que degradan la pared celular de los hongos fitopatógenos y la cutícula de insectos y nematodos. 
Se evaluó la dinámica de inducción de esas enzimas en diez cepas de Trichoderma spp. en tres medios líquidos con 
inductores diferentes: medio basal, medio basal suplementado con quitina al 0.5% y medio basal suplementado 
con gelatina al 0.2%. Las actividades quitinasas y glucanasas se evaluaron al primer, tercer, quinto y séptimo día 
del cultivo. Los mayores valores de la actividad quitinasa se alcanzaron en los medios basal y basal suplementado 
con quitina, mientras que los medios basal y basal suplementado con gelatina resultaron mejores inductores de las 
β-1.3-glucanasas. 
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Introduction 
Fungi from the genus Trichoderma have been widely 
used as biological control agents under both green-
house and open fi eld conditions, due to their ability to 
prey on a diverse range of foliar and soil phytopatho-
gens [1-3]. These fungi employ different strategies 
against their targets: competition for space and nutri-
ents, mycoparasitism, production of inhibitory com-
pounds, inactivation of enzymes from the pathogenic 
agent, and the induction of resistances [4-6].

Trichoderma parasitizes the hyphae of phytopatho-
genic fungi using prehensile coils and hooks that pen-
etrate their cell walls, aided by the hydrolytic activity 
of chitinases and glucanases [4]. Cell walls of phyto-
pathogenic fungi such as Sclerotium rolfsii, Rhizocto-
nia solani and Pythium spp. [7] are composed mainly 
of β-1.3-glucans and chitin, including also cellulose in 
some oomycetes, such as Pythium spp. [8].

Chitinases and glucanases can also degrade the 
cuticle of insects, composed mainly of chitin [9-12]. 
Chitin is also present at the cuticle of nematode eggs, 
whose viability decreases severely when treated with 
Trichoderma species [13, 14].

Different strains of Trichoderma usually exhibit 
different levels of expression of these hydrolytic en-

zymes, leading in turn to differences in performance 
when used as biological control agents. The objective 
of the present work, therefore, was to study the induc-
tion dynamics of chitinases and glucanases in a set of 
Trichoderma strains intended for biological control, 
employing three liquid media with different induc-
tors: basal medium, basal medium supplemented with 
0.5% chitin and basal medium supplemented with 
0.2% gelatin. 

Materials and methods

Strains and induction media
This work employed strains 1, 13, 17, 25, 75, 78, 79, 
85 and 90 of Trichoderma sp. from the strain collec-
tion of the Plant Mycology laboratory of the National 
Center for Agricultural Health (CENSA), classifi ed 
through molecular biology methods as belonging to 
the species Trichoderma asperellum Samuels [15], 
and strain TS3, from the Institute for Plant Health Re-
search, INISAV; all selected based on their capacity 
for antagonizing with known phytopathogens [16]. 
The strains were stored in Malt-Agar medium (Na-
tional Center for Biopreparations, Biocen) at 4 °C. In 
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order to perform the dynamics experiment, the strains 
were subcultured in potato-dextrose-water medium 
(PDA, Biocen) using 9 mm Petri dishes and incubated 
statically for 3 days at 28 °C, after which the mycelia 
were harvested for further experimentation.

Protein induction in liquid media
The protein induction experiment used liquid media 
containing different compounds, selected on the basis 
of their ability to induce the synthesis of hydrolytic 
enzymes: liquid basal medium containing yeast ex-
tract at 1 g/L and peptone at 4 g/L, liquid basal me-
dium supplemented with chitin at 5 g/L, and liquid 
basal medium supplemented with gelatin at 0.2% 
(w/v) [17]. The fi rst two were sterilized at 120 °C for 
20 min, whereas the medium containing gelatin was 
sterilized at 115 °C for 15 min.

The media were aliquoted in portions of 20 mL 
into 100 mL bottles, and were then inoculated with 
four mycelial disks with a diameter of 5 mm, taken 
from the periphery of a pure colony from each strain, 
and incubated statically at 28 °C, protected from light. 
Each treatment was repeated three times, using three 
replicates in each occasion. Bottles were withdrawn 
from the incubator at day 1, 3, 5 and 7 after inocula-
tion. Culture supernatants were fi ltered on Whatman 
paper (3 mm CHR), and the fi nal extracts were stored 
at -20 °C until used in enzyme assays. 

Protein quantification
Total protein concentration was determined with the 
method described by Bradford [18], reading the ab-
sorbance of the protein-Coomassie Blue G-250 com-
plex at 595 nm in a spectrophotometer (Lasso Spec 
III, Lasso Biotech LTDA) and interpolating the ob-
tained values into the absorbances of a standard curve 
prepared from a 1 mg/mL stock solution of Bovine 
Serum Albumin (BSA).

Enzyme assays
Chitinase activity was determined by mixing 0.5 mL 
of the culture supernatant to be assayed with 0.2 mL 
of colloidal chitin at 10 mg/mL, prepared according to 
Boller et al. [19], incubating the mixture at 37 °C for 
1 h and then adding 0.1 mL of 0.8 M sodium tetrabo-
rate, pH 8.8. The resulting mixture was centrifuged 
at 6708 x g for 5 min, transferring then 500 μL of the 
supernatant to a glass tube and heating it to 100 °C for 
3 min. Afterward, 1 mL of p-dimethyl amino benzal-
dehyde was added, incubating the solution at 38 °C 
for 20 min. A standard curve was prepared from an N-
acetyl glucosamine stock at 1 mg/mL and processed 
as described above for the samples. Optical density 
was measured at 585 nm. Enzyme activity was calcu-
lated using the following expression:

employing 96-well microtiter plates, developed by 
Zheng and Wozniak [20]. 

Specifi c activity was determined using the expres-
sion:

Enzyme activity = DO x cot x Vass x Dil
Tincub x Venz

Where OD: optical density; cot: cotangent of the 
angle of the standard curve; Vass: assay volume; Dil: 
dilution; Tincub: incubation time and Venz: enzyme 
volume. Activity is expressed in μmol of formed 
product/min·mL of enzyme. 

Determinations of enzyme activity for β-1.3-
glucanases from culture supernatants used a method 

Specific activity = Enzyme activity / protein concentration 
(mg/mL).

A one-way ANOVA was used to determine the ex-
istence of statistically signifi cant differences between 
strains regarding the specifi c activity of chitinases 
and glucanases in each culture medium. Means were 
compared with Duncan’s multiple ranks test in cases 
where there were differences (p < 0.05). In order to 
identify culture media and culture times favoring the 
induction of chitinase and glucanase activities, a main 
components analysis was performed with the InfoStat 
version 2009 statistical software package [21].

Results and discussion
Species of the Trichoderma genus are frequently 
used as biological control agents due to their ability 
to parasitize a wide variety of phytopathogenic fungi 
[14]. Both chitinases and glucanases are involved in 
the development of this parasitic association [22]. Al-
though T. asperellum is one of the less studied species
of the genus [23], it has served however as the source 
from which a number of endochitinases and β-1.3-
glucanases have been purifi ed; in addition, the patterns 
of expression of these enzymes, depending on the 
carbon source of the culture medium, have also been 
studied [23-25]. This research has demonstrated that 
enzyme expression is infl uenced by the type of strain, 
culture conditions and the substrate employed in the 
production of cell wall-degrading enzymes [26, 27].

The strains studied in the present work were as-
signed, based on the level of expression of their 
chitinases, to fi ve different groups: I (75), II (78), 
III (1, 79, 85), IV (13, 17, 25, 90) and V (TS3) (Fig-
ure 1). Strain 75 exhibited the highest chitinase ac-
tivity. Liquid media maximizing this expression were 
basal medium, at days 5 and 7 post-inoculation, and 
basal medium supplemented with chitin, at day 1 
post-inoculation. 

By day 7 post-inoculation, the basal medium sup-
plemented with chitin induced high levels of chitinase 
in strain 78. Strain TS3 exhibited only low levels of 
chitinase activity, which peaked at day 1 post-inocula-
tion in basal medium supplemented with gelatin. The 
strains from groups III and IV exhibited intermediate 
levels of chitinase activity. Chitinase activity was fa-
vored, in the fi rst group, by basal medium (at day 1) 
and basal medium supplemented with gelatin (at day 
7). In the second group, the expression of this enzyme 
was favored by basal medium (at day 3) and basal 
medium supplemented either with chitin or gelatin (at 
day 5). 

Based on observed glucanase levels, the analyzed 
strains cluster into four groups (Figure 2). In this oc-
casion group I was comprised of strains 1, 13, 17 and 
25; group II was comprised of strain 75; group III was 
comprised of strains 79, 85, 90 and TS3, and group IV 
included only strain 78. 

Basal medium alone (at days 1 and 5) or supple-
mented with gelatin (at day 1) induced the highest 
levels of enzyme activity in group I, whereas group II
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was favored by basal medium (at day 7) and basal 
medium supplemented with gelatin (at day 3). The 
remaining strains exhibited low enzyme activities 
throughout the experimental period. 

The medium with gelatin induced the highest 
β-1.3-glucanase activity in strains 1, 13, 17, 25 and 
75 of T. asperellum. Marcello et al. demonstrated that 

T. asperellum produces high levels of β-1.3-glucanase 
when grown in media containing starch and cell walls 
from R. solani [23]. 

The characterization of both enzymes (chitinases 
and glucanases) is a useful tool for the selection, to-
gether with other parameters, of the best isolates for 
biological pest control purposes. 
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Figure 1. Main component (CP) analysis of the behavior of chitinase activity in different induction media. MB: basal medium 
(1; 3; 5 and 7: days post-inoculation); MB+Q: basal medium supplemented with chitin; MB+G: basal medium supplemented 
with gelatin. Isolate: blue; induction media: yellow.
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Figure 2. Main component (CP) analysis of the behavior of β-1,3-glucanase activity in different induction media. MB: basal 
medium (1; 3; 5 and 7: days post-inoculation); MB+Q: basal medium supplemented with chitin; MB+G: basal medium supple-
mented with gelatin. Isolate: blue; induction medium: yellow.
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Strain 75 of T. asperellum exhibited the highest 
levels of chitinase and glucanase activity (Figure 3), 
followed by strain 78 and the group formed by strains 
1, 13, 17 and 25. In all cases, strain TS3 had the lowest 
levels of enzyme activity. 

Strains 17, 75 and 78 have previously been used 
with success for the biological control of S. rolfsii and 
R. solani [15]. This result is consistent with the high 
levels of chitinase and glucanase secretion exhibited 
by these strains during the present study.

The levels of chitinase and β-1.3-glucanase in cul-
ture supernatants of strain TS3, a strain used for the con-
trol of phytoparasitic nematodes of the Meloidogyne
genus [28], were low under all culture conditions. It 
should be borne in mind, however, that mycoparasitism 
involves not only chitinases and β-1.3-glucanases, 
but also β-1.6-glucanases, α-1.3-glucanases and pro-
teases, which have not been evaluated in the present 
study and might play an important role in the antago-
nism of this strain towards phytopathogens [5, 29]. An 
example of the latter possibility has been the devel-
opment of Beauveria bassiana (Balsamo) Vuillemin 

transformants expressing a protease-chitinase fusion 
(CDEP1:Bbchit1), which exhibit much faster pen-
etration kinetics towards insect cuticles [30]. Strain 
TS3 might also be simply outcompeting pathogens 
for physical space and nutrients, secreting inhibitor 
compounds [4] or inducing resistance [6]; these are all 
well-documented mechanisms by which Trichoderma 
antagonizes phytopathogens. Dennis and Webster [31], 
as well as Elad and Henis [32], have demonstrated 
the production of antibiotic and lytic intracellular en-
zymes in a number of Trichoderma spp. strains, which 
were shown to participate and be responsible for the 
antagonizing activity of the fungus. Trichoderma har-
zianum antagonized with Meloidogyne incognita eggs 
through the production of anti-nematode compounds 
that limited the penetration of this pathogen through 
the roots, either affecting directly the nematodes, or 
simply making the roots less attractive. 

The basal medium was a very effective inducer of 
the enzyme activities assayed in the present work. 
Strains 75 and 78 showed the greatest potential for 
future application as biofungicidal products.

Figure 3. Main component (CP) analysis of the behavior of the simultaneous induction of chitinase and β-1,3-glucanase activities 
in different induction media. MB: basal medium (1; 3; 5 and 7: days post-inoculation); MB+Q: basal medium supplemented 
with chitin; MB+G: basal medium supplemented with gelatin. Isolate: blue; induction medium: yellow.
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