
Abstract Of 24 Trichoderma isolates, T. harzianum
Rifai (T24) showed a potential for control of the phyto-
pathogenic basidiomycete Sclerotium rolfsii. When T24
was grown on different carbon sources, growth inhibi-
tion of S. rolfsii by the T24 culture filtrate correlated
with the activity of extracellular chitinase and β-1,3-
glucanase. The 43-kilodalton (kDa) chitinase and the 
74-kDa β-1,3-glucanase were purified from the T24 cul-
ture filtrate in two and three steps, respectively, using
ammonium sulphate precipitation followed by hydropho-
bic interaction chromatography (phenyl-Sepharose) and
gel filtration (β-1,3-glucanase). Km and Kcat were 3.8 g
l–1 and 0.71 s–1 for the chitinase (chitin) and 1.1 g l–1 and
52 s–1 for the β-1,3-glucanase (laminarin). The chitinase
showed higher activity on chitin than on less-acetylated
substrate analogues (chitosan), while the β-1,3-glucanase
was specific for β-1,3-linkages in polysaccharides. Both
enzymes were stable at 30°C, while at 60°C the chitinase
and the β-1,3-glucanase were rapidly inactivated, show-
ing half-lives of 15 and 20 min, respectively. The
enzymes inhibited growth of S. rolfsii in an additive
manner showing a promising ED50 (50% effective dose)
value of 2.7 µg/ml.

Introduction

The plant pathogen basidiomycete Sclerotium rolfsii
causes stem and pod rots, which are major constraints to
peanut production in many regions. For example, in the
United States, southern blight of peanuts is a problem in
all peanut-producing states and has to be controlled pri-
marily by the use of fungicides. Furthermore, the fungus

causes disease in over 500 plant species. Recently, the
fungus has also been found in Europe on different hosts,
including juglans and sunflowers (Belisario and Corazza
1996; Infantino et al. 1997). Mycoparasitic fungi have
been shown to have a potential for the control of plant
diseases caused by S. rolfsii (Maoa et al. 2000). Lectins
of S. rolfsii were found to be the recognition signal initi-
ating the coiling process in Trichoderma harzianum
(Inbar and Chet 1995) (Fig. 1), while it has been sug-
gested that constitutive carbohydrolases of T. harzianum
release oligosaccharides from Rhizoctonia solani cell
walls, which subsequently induce production of large
amounts of cell wall-degrading enzymes by T. harzianum
(Kullnig et al. 2000).

Chitinases and β-1,3-glucanases produced by some
Trichoderma species are the key enzymes in the lysis of
cell walls during their mycoparasitic action against phy-
topathogenic fungi (Cruz et al. 1992, 1995; Shen et al.
1991). The lytic activity of several Trichoderma species
on cell walls of phytopathogenic fungi has been correlatd
with the degree of biological control of these pathogens
in vivo (Papavizas 1985), and chitinolytic and glucano-

M.H. El-Katatny · M. Gudelj · K.-H. Robra · G.M. Gübitz (✉ )
Department of Environmental Biotechnology,
Graz University of Technology, Petersgasse 12,
8010 Graz, Austria
e-mail: guebitz@ima.tu-graz.ac.at
Tel.: +43-316-8738312, Fax: +43-316-8738815

M.H. El-Katatny · M.A. Elnaghy
Department of Botany, El-Minia University, El-Minia, Egypt

Appl Microbiol Biotechnol (2001) 56:137–143
DOI 10.1007/s002530100646

O R I G I N A L  PA P E R

M.H. El-Katatny · M. Gudelj · K.-H. Robra
M.A. Elnaghy · G.M. Gübitz

Characterization of a chitinase and an endo-β-1,3-glucanase 
from Trichoderma harzianum Rifai T24 involved in control
of the phytopathogen Sclerotium rolfsii
Received: 23 November 2000 / Received revision: 26 January 2001 / Accepted: 26 January 2001 / Published online: 19 May 2001
© Springer-Verlag 2001

Fig. 1 Coiling formed by Trichoderma harzianum T24 during
mycoparasitism of Sclerotium rolfsii



lytic enzymes from T. harzianum P1 interacted synergis-
tically in the inhibition of spore germination and hyphal
elongation of Botrytis cinera (Lorito et al. 1994). Apart
from mycoparasitic fungi, chitinases are widely distrib-
uted in nature and play important roles in the degrada-
tion of chitin, a structural polysaccharide present in dif-
ferent organisms, mainly arthropods and fungi (Cabib
1987). The physiological function of chitinases depends
on their source. In plants, which lack chitin, the enzymes
are thought to be a defence system against fungal patho-
gens (Bowles 1990). In fungi, chitinases seem to play a
physiological role in cell division and differentiation, as
well as a nutritional role (Papavizas 1985).

As with chitinases, some plants have developed a 
β-1,3-glucanase defence system against fungal patho-
gens (Grenier et al. 1993; Mauch et al.1988), although
involvement of these enzymes in cell differentiation has
also been suggested (Bucciaglia and Smith 1994). In
bacteria, which usually lack β-1,3-glucan, a nutritional
role has been assigned to β-1,3-glucanases (Watanabe et
al. 1992). In fungi, β-1,3-glucanases seem to have differ-
ent functions. First, a physiological role in morphogenet-
ic/morpholytic processes during fungal development and
differentiation has been indicated. Second, β-1,3-glucan-
ases have been related to the mobilization of β-1,3-glu-
cans under conditions of carbon and energy source ex-
haustion, functioning as autolytic enzymes (Rapp 1992;
Stahmann et al. 1992). Finally, a nutritional role in sap-
rophytes and mycoparasites has been suggested (Chet
1987; Lorito et al. 1994; Sivan and Chet 1989).

Interestingly, both the spectrum of chitinases and β-
1,3-glucanases produced and the ability to antagonize
plant pathogens varies significantly within the T. harzi-
anum species (El-Katatny et al. 2000; Ghisalberti et al.
1990). In this study, a chitinase and an endo-β-1,3-glu-
canase from a newly isolated T. harzianum strain (T24)
have been characterized. Previously, this strain was se-
lected from 24 Trichoderma isolates due to its potential
in biocontrol (El-Katatny et al. 2000), which correlated
with chitinase and β-1,3-glucanase activity in the culture
filtrate. For the first time we show that a combination of
the 74-kilodalton (kDa) β-1,3-glucanase and the 43-kDa
chitinase from T. harzianum T24 can be used as a highly
efficient agent for the control of S. rolfsii. Since in the
future, chemical pesticides may be replaced by such en-
zyme preparations with similar or even lower ED50 (50%
effective dose) values (Lorito et al. 1994), we have also
determined the stability of the isolated enzymes.

Materials and methods

Microorganisms and cultivation

Trichoderma harzianum Rifai T24 (identified by CBS and depos-
ited as BT 2324 at the Graz University of Technology culture col-
lection) and Sclerotium rolfsii (ATCC 200224) were obtained from
the Botany Department, Faculty of Science, University of Minia,
Egypt. Potato dextrose agar (Biolife) was used to maintain cul-
tures of the isolates. The minimal synthetic medium used for the
cultivation of T. harzianum contained the following components

(in grams per litre): chitin, 5.0; corn steep solid, 5.0; MgSO4
7H2O, 0.2; K2HPO4, 0.9; KCl, 0.2; NH4NO3, 1.0; FeSO4 7H2O,
0.002; MnSO4, 0.002 and ZnSO4, 0.002. The pH was maintained
at 6.3 (50 mM phosphate buffer).

Preparation of dried mycelium of S. rolfsii

Dried mycelium of S. rolfsii was prepared by the method de-
scribed previously (Ridout et al. 1986). Erlenmeyer flasks (250-ml)
containing 100 ml of potato dextrose broth were incubated with 
1-cm2 discs of potato dextrose agar of actively growing mycelium
of S. rolfsii and incubated at 30°C for 7 days. The mycelium was
then collected by filtration through Whatman no.1 filter paper,
washed with distilled water, and homogenized in distilled water
using a laboratory homogenizer. The suspension was washed three
times with distilled water and the mycelium was stored in a lyo-
philized state until further use.

Enzyme activity assays

Chitinase activity was assayed using the colorimetric method de-
scribed previously (Molano et al. 1977), with minor modifications.
The assay mixture contained 1 ml of 0.5% chitin (Sigma, sus-
pended in 50 mM acetate buffer pH 5.2) and 1 ml of enzyme solu-
tion. The mixture was incubated for 7 h at 37°C with shaking, and
the reaction was stopped by centrifugation (7,000 g) for 10 min
and by addition of 1 ml of dinitrosalicylate (DNS) reagent. β-1,3-
Glucanase was assayed similarly by incubating 500 µl of 5.0%
(w/v) laminarin in 50 mM acetate buffer (pH 4.8) with 200 µl en-
zyme solution at 45°C for 30 min and determination of the reduc-
ing sugars with DNS. The amount of reducing sugars released was
calculated from standard curves recorded for N-acetylglucosamine
and glucose, and chitinase and β-1,3-glucanase activities were ex-
pressed in pkat (pmol s–1) and nkat (nmol s–1), respectively.

Enzyme purification

T. harzianum was grown for 5 days in chitin-containing medium.
The culture broth was filtered through MSI MAGNA nylon disc
filters (0.45 µm, 50 mm), centrifuged (2,500 g for 20 min), and
used for the isolation of both chitinase and β-1,3-glucanase. Un-
less otherwise indicated, all purification steps were carried out at
4°C. Proteins were precipitated from the supernatant with ammo-
nium sulphate (75% saturation) and collected by centrifugation
(2,500 g for 20 min). The pellet was dissolved in distilled water
and further purified by ultrafiltration (MACROSEP centrifugal
concentrator, MWCO 30-kDa, Pall Filtron MA, USA). Aliquots
(1-ml) of the samples containing 2 M ammonium sulphate were
loaded onto a phenyl-Sepharose column (Pharmacia, 1.6×6.5 cm)
equilibrated with 50 mM phosphate buffer (pH 6.5) containing
2 M ammonium sulphate. The column was washed with one col-
umn volume of the same buffer and proteins were eluted with a
linear gradient of 2.0–0.0 M of ammonium sulphate at a flow rate
of 3 ml min–1 (5-ml fractions). Pooled fractions showing β-1,3-
glucanase activity were concentrated by ultrafiltration (MWCO
30-kDa, Pall Filtron MA) and 500-µl aliquots were loaded onto a
Superdex gel filtration column (Pharmacia, 1×30 cm) previously
equilibrated with 50 mM phosphate buffer (pH 6) containing
0.2 M sodium chloride. Proteins were eluted with the same buffer
at a flow rate of 0.5 ml min–1. Fractions of 1 ml were collected and
monitored for β-1,3-glucanase activity. All chromatographic puri-
fication steps were performed with a Pharmacia ÄKTA (Amers-
ham Pharmacia Biotech, Uppsala, Sweden) system and proteins
were monitored with an UV detector at 280 nm.

Protein analysis

Protein concentrations were determined by the method of Lowry,
using bovine serum albumin as a standard. Sodium dodecyl sul-
phate polyacrylamide gel electrophoresis (SDS-PAGE) was car-
ried out using a mini-Protean electrophoresis cell from Bio-Rad.
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Proteins were stained with Coomassie brilliant blue R-250 and
low-molecular-mass standard proteins (Bio-Rad) were used to de-
termine the molecular mass of the enzymes. Isoelectric focusing
(IEF) was carried out using IEF Ready Gels from Bio-Rad which
were run according to the application guide, at 100 V for 1 h,
250 V for 1 h, and 500 V for 30 min. Phosphoric acid (7 mM) was
used as anode buffer and 20 mM lysine and 20 mM arginine as
cathode buffer. The IEF staining solution was 27% isopropanol,
10% acetic acid, 0.04% Coomassie blue R250, and 0.05% crocein
scarlet, and the gels were destained using 40% methanol and 10%
acetic acid.

Enzyme stability

The effect of pH on the enzyme activity was determined using the
procedures described for the standard assay and varying the pH of
the reaction mixtures in increments of 0.5 pH units using 50 mM
buffer (sodium citrate for pH 3–4, sodium acetate for pH 4.5–5.5,
and phosphate buffer for pH 6–7). The effect of temperature on
enzyme activity was determined under standard assay conditions
(50 mM acetate buffer, pH 4.5) at temperatures between 30°C and
80°C. Half-lives of the enzymes were determined by incubating 
5-ml samples (92.2 pkat ml–1 chitinase or 44.5 nkat ml–1 glucanase
of pure enzyme) at 35°C with 5 ml of 50 mM of various buffer,
adjusted to different pH values as described above (pH 3, 4.5, 6, 7)
or at various temperatures (25, 30, 40, 50, 60°C) with 5 ml of
50 mmol acetate buffer (pH 4.5). Samples were taken at various
time intervals and the remaining activity was measured using the
standard assay. To evaluate the effect of various substances on en-
zyme activity, samples were pre-incubated with a range of com-
pounds at concentrations indicated below for 5 min at 37°C for
chitinase and 45°C for β-1,3-glucanase. Thereafter the remaining
activity was assayed as described above.

Substrate specificity

To establish the specificity of the purified enzymes, pure chitin,
practical grade chitin, chitosan (deacetylated chitin), cellulose,
cellobiose, S. rolfsii (dried mycelium), laminarin, pullulan, amy-
lose, p-nitrophenyl-β-D-glucopyranoside and locust bean gum ga-
lactomannan (Sigma), ivory nut mannan (Megazyme, Sydney,
Australia), pustulan, and birch wood xylan (Roth, Karlsruhe, Ger-
many) were used as substrates. In each case, degradation was
monitored by measuring the release of reducing sugars. The hy-
drolysis products of laminarin by the endoglucanase were analy-
sed using thin-layer chromatography silica plates (Merck, Darms-
tadt, Germany) with water, 1-propanol, and nitromethane (2:7:1)
as the eluent. Different concentrations of chitin or laminarin were
used to determine the kinetic parameters of the chitinase and 
β-1,3-glucanase, respectively. Km and Vmax were calculated by
non-linear analysis using the program “Origin”, version 4.10
(Microcal, Northampton, USA).

Antifungal activity of enzyme preparations

Agar plates (potato dextrose agar, 10% v/v) were prepared with
culture filtrates, concentrated samples (ammonium sulphate or ul-
trafiltration), purified enzymes (chitinase or β-1,3-glucanase), and
with water as a control. All enzyme preparations were sterilized
by filtration (through MSI MAGNA nylon disc filters, 0.22 µm,
25 mm). The phytopathogenic fungus S. rolfsii was inoculated in
the centre of agar plates using 5-mm mycelial discs and incubated
at 30°C, for 3 days. The radial diameter of the colonies was mea-
sured at right angles every day, for six replicate plates per treat-
ment, and the percentage of inhibition was calculated.

Results

The chitinase from T. harzianum T24 grown in liquid
medium containing chitin was purified 27-fold to elec-

trophoretic homogeneity in two steps using ammonium
sulphate precipitation and hydrophobic interaction chro-
matography. SDS-PAGE showed that the enzyme mi-
grated as a single band with an estimated molecular mass
of 43 kDa (Table 1). The β-1,3-glucanase from T. harzi-
anum T24 has been purified 91-fold using ammonium
sulphate precipitation, hydrophobic interaction chroma-
tography (phenyl-Sepharose), and gel filtration (Super-
dex-75), showing a molecular mass of 74 kDa (Table 1).

The optimal pH for the T24 chitinase was pH 4.5 and
the enzyme showed 75% of its maximum activity be-
tween pH 4 and pH 5. The enzyme was quite stable in a
wide pH range between 4.5 and 7, whereas at pH 3
(30°C) the half-life was only 4 h (Fig. 2). The pH opti-
mum of the β-1,3-glucanase from T. harzianum was the
same as for the chitinase (pH 4.5); however, the activity
peak was relatively wider, and about 75% of the opti-
mum activity was measured between pH 3 and pH 6.
The β-1,3-glucanase showed a slightly higher pH stabili-
ty (half-life) than the chitinase (Fig. 2).

The temperature optimum of the T24 chitinase was
40°C, while the temperature optimum of the T24 β-1,3-
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Table 1 Biochemical properties of the Trichoderma harzianum
T24 chitinase and β-1,3-glucanase (kDa kilodaltons)

Chitinase β-1,3-Glucanase

Molecular weight (kDa) 43 74
pH optimum 4.5 4.5

Temperature optimum (°C) 40 60

Temperature stability – half-life (h)
pH 4.5/40°C 18 >24
pH 4.5/50°C 42 min 38 min
pH 4.5/60°C 15 min 20 min
pI 4.0 6.2
Specific activity (nkat mg–1) 16.6 1.6
Km (g l–1) 3.8 1.1
Vmax 49.3 (pkat ml–1) 9.1 (nkat ml–1)
Kcat (s–1) 0.71 52

Fig. 2 pH stabilities of the chitinase and β-1,3-glucanase from
T. harzianum



glucanase activity was in the range from 50°C to 60°C.
Although the β-1,3-glucanase produced by T. harzianum
T24 was quite stable below 50°C, the enzyme lost 40%
of the initial activity after 30 min incubation at 50°C,
and more than 70% at 60°C after the same time. The chi-
tinase from T. harzianum T24 was strongly inhibited by
Hg2+ and slightly inhibited by Fe2+ (Table 2), while 
EDTA and SDS had no significant inhibitory effect on
the T24 β-1,3-glucanase activity. The T24 β-1,3-glucan-
ase was strongly inhibited by Hg2+, while no inhibition
was observed with 5 or 10 mM glucono-δ-lactone.

Substrate specificity and control of S. rolfsii

The chitinase from T. harzianum T24 showed the highest
activity towards chitin and to a lesser extent towards

practical grade chitin (Table 3). Obviously removal of
lipid and protein components during purification of chi-
tin enhances accessibility of the substrate to the enzyme.
There was no activity detected against any other non-chi-
tinaceous substrate, indicating that the enzyme is highly
specific for linear polymers of N-acetylglucosamine. In-
terestingly, activity on chitosan was only 30% of that
measured for chitin. The purified T24 β-1,3-glucanase
enzyme was specific for β-1,3-linkages in polysaccha-
rides, hydrolysing laminarin and dried mycelium of phy-
topathogenic fungi (Table 3). Only slight activity was
found with pustulan (linear β-1,6-glucan), which could
be related to the presence of some β-1,3-linkages in
branching points (Cruz et al. 1995). The β-1,3-glucanase
seemed to be endo-acting, as the enzyme released mainly
dimers, trimers, and higher oligomers from laminarin
and showed no reaction against p-nitrophenyl-β-D-glu-
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Table 2 Effect of various com-
pounds on chitinase and β-1,3-
glucanase from T. harzianum

Items Concentration Relative activity(%)a

Chitinase β-1,3-Glucanase

None – 100.0 100.0
CaCl2.2H2O 5 mM 100.0 97.3
CuCl2.2H2O 5 mM 123.8 100.4
FeSO4.7H2O 5 mM 52.0 79.0
KCl 5 mM 88.0 100.0
MnCl2.4H2O 5 mM 133.3 132.0
NiCl2.6H2O 5 mM 104.9 98.7
NaN3 (sodium azide) 5 mM 114.0 97.2
ZnSO4.7H2O 5 mM 98.0 98.7
EDTA 5 mM 88.8 91.7
EDTA 10 mM 82.0 91.7
HgCl2 5 mM 10.0 6.6
SDS 5 mM 76.0 86.2
HgSO4 5 mM 15.0 7.3
Urea 5 mM 133.0 86.2
Cycloheximide 5 mM 113.0 97.2
Hydrazinum sulphate 5 mM 105.0 106.4
LiCl 5 mM 79.0 95.4
Glucono-δ-lactone 5 mM 100.0 100.0
Glucono-δ-lactone 10 mM 100.0 97.2

a 100% activity corresponds to
39.1 pkat ml–1 (chitinase) and
8.5 nkat ml–1 (β-1,3-glucanase)

Table 3 Substrate specificity
of chitinase and β-1,3-glucan-
ase from T. harzianum (d.m.
dried mycelium, SDS sodium
dodecyl sulphate, GlcNA 
N-acetylglucosamine)

Substratea Linkage(s) Monomer Relative activity(%)b

Chitinase β-1,3-Glucanase

Chitin β-1,4- GlcNAc 100 0.0
Chitin (practical grade) β-1,4- GlcNAc 47 0.0
Chitosan (deacetylated chitin) β-1,4- GlcN 30 0.0
Cellulose β-1,4- Glucose 0.0 0.0
Cellobiose β-1,4- Glucose 0.0 0.0
Rhizoctonia solani (d.m.) β-1,4- GlcNAc 52 9.9
Sclerotium rolfsii (d.m.) β-1,4- GlcNAc 57 8.7
Laminarin β-1,3- Glucose 0.0 100
Pustulan β-1,6- Glucose 0.0 5.8
Xylan β-1,4- Xylose 0.0 3.0
Pullulan α-1,4– Glucose 0.0 4.1

α-1,6
Amylose α-1,4- Glucose 0.0 4.5
Mannan β-1,4- Mannose 0.0 4.7
Galactomannan β-1,4- Mannose, 0.0 5.8

Galactose

a All substrates were used at a
concentration of 0.5%
b 100% activity corresponds to
39.1 pkat ml–1 (chitinase) and
8.5 nkat ml–1 (β-1,3-glucanase)



copyranoside (data not shown). Km and Kcat of the T.
harzianum T24 chitinase and β-1,3-glucanase were
determined for the hydrolysis of chitin and laminarin,
respectively. Km and Kcat were 3.8 g l–1 and 0.71 s–1 for
chitinase and 1.1 g l–1 and 52 s–1 for β-1,3-glucanase,
respectively.

T. harzianum T24 was able to overgrow S. rolfsii in
dual culture and coiling was observed (Fig. 1). We found
that culture filtrates of T. harzianum T24 at a 1:10 dilu-
tion inhibited growth of S. rolfsii by 24.5±0.9 %. A com-
bination of the pure chitinase (15.3±0.7% inhibition) and
β-1,3-glucanase (5.5±0.4 % inhibition) from T. harzi-
anum T24, used in the same ratio as they are present in
the culture filtrate, inhibited growth of S. rolfsii by
20.0±0.8%. Partial inhibition of 7.0±0.6% was observed,
when chitinase or β-1,3-glucanase activities had been re-
moved from the culture filtrate by ultrafiltration (10-kDa
MWCO).

Discussion

Previously, of 24 Trichoderma isolates, a strain identi-
fied as T. harzianum Rifai (T24) showed potential for
biocontrol of various phytopathogenic fungi, including
S. rolfsii. Inhibition of S. rolfsii correlated with both chi-
tinase and β-1,3-glucanase activities in the culture fil-
trate of T. harzianum T24, suggesting the involvement of
these enzymes in the biocontrol process (El-Katatny et
al. 2000). In this study, the major chitinase and β-1,3-
glucanase from T24 were purified and characterized to
elucidate the role of these enzymes in the biocontrol pro-
cess.

The molecular mass of the T24 chitinase of 43 kDa
was similar to the molecular masses of other T. harzi-
anum strains of 46 kDa (Lima et al. 1997), 40 kDa 
(Ulhoa and Peberdy 1992), and 42 kDa (Cruz et al. 1995;
Haran et al. 1995), while other chitinases from T. harzi-
anum showed molecular masses of 37 kDa and 33 kDa
(Cruz et al. 1992) and 31, 33, and 52 kDa (Haran et al.
1995; Inbar and Chet 1995). The β-1,3-glucanase puri-
fied from T. harzianum T24 had a molecular mass of
74 kDa. Molecular masses of β-1,3-glucanases from other
T. harzianum strains were in a similar range of 78 kDa
(Lorito et al. 1994) and 66 kDa (Cruz et al. 1995), while
a smaller 36-kDa endo-β-1,3-glucanase (Noronha and
Ulhoa 1996) and a 31-kDa exo-β-1,3-glucanase have
been isolated from T. harzianum (Kitamoto et al. 1987).
The molecular masses of fungal β-1,3-glucanases appear
to vary considerably, not only between organisms, but
also within the same species (Pitson et al. 1993).

There are few data available in the literature about the
stability (half-life) of chitinases and β-1,3-glucanases,
and rather pH and temperature optima, which depend on
the assay conditions, are reported. The pH optimum of
the T24 chitinase of 4.5 was in agreement with the pH
optima of 4.0 and 4.5 for previously described chitino-
lytic enzymes of T. harzianum strain P1 (Harman et al.
1993) and strain 39.1 (Ulhoa and Peberdy 1992), respec-

tively. It was slightly higher than the pH optimum re-
ported previously (Deane et al. 1998) for another T.
harzianum strain, which was pH 3.5. Generally, most
fungal chitinolytic enzymes have pH optima between 4.0
and 7.0, with the exception of those found in the micro-
somal fractions of Candida albicans (Dickinson et al.
1989) and cytosolic chitinolytic enzymes of Saccharo-
myces cerevisiae (Kuranda and Robbins 1991), which
have pH optima of 8.0 and 2.5, respectively. The pH sta-
bility of the T24 chitinase was in agreement with data re-
ported for other chitinolytic enzymes, which were stable
between 4.0 and 8.0 pH (Cabib 1987). Another chitinase
from T. harzianum was stable over a wide range of pH,
maintaining over 80% and 50% of its activity from pH
2.0 to 5.5 and from pH 2.0 to 8.0, respectively (Deane et
al. 1998). The optimal activity of fungal β-1,3-glucan-
ases is usually measured in the range between pH 4.0
and pH 6.0, exceptions are enzymes from Phytophthora
infestans and Polyporus species, which are most active
around pH 7.0 (Pitson et al. 1993). The pH optimum of
the T24 β-1,3-glucanase was similar to that found for
endo-β-1,3-glucanases from a variety of organisms
(Manners and Wilson 1974; Takahashi et al. 1978;
Totani et al. 1983). The temperature optima of the T24
chitinase (40°C) and the T24 β-1,3-glucanase (60°C)
were in agreement with those of other chitinases from
other T. harzianum (Deane et al. 1998) and β-1,3-glucan-
ases from Bacillus circulans (Aono et al. 1995).

Strong inhibition of both the T. harzianum T24 chitin-
ase and the β-1,3-glucanase by Hg2+ suggests that sulf-
hydryl groups are involved in the catalytic reaction, as
reported for chitinolytic enzymes from other sources
(Lynn 1990; Yabuki et al. 1986) and for β-1,3-glucanases
from T. harzianum (Kitamoto et al. 1987), T. longi-
brachiatum (Tangarone et al. 1989), and R. solani
(Totsuka and Usui 1986). Interestingly, no inhibition was
observed with 5 or 10 mM glucono-δ-lactone, which is
known as an inhibitor of exo-β-1,3-glucanase at low
concentration (Notario et al. 1976).

Little information is available in the literature on the
kinetic properties of fungal chitinolytic enzymes. Previ-
ously, the Km value of a T. harzianum chitinase for the
soluble substrate chitotriose was calculated to be 0.53 g
l–1 (Deane et al. 1998), while the T24 chitinase showed a
Km of 3.8 g l–1 on chitin. The Km of the T24 β-1,3-glu-
canase (1.1 g l–1) was lower than the Km values (2.1 g
l–1) of the exo-β-1,3-glucanases from another T. harzi-
anum strain (Kitamoto et al. 1987) and higher than those
found for endo-β-1,3-glucanases from Rhizopus arrizus
QM 1032 (0.31 g l–1), T. longibrachiatum (0.02 g l–1)
and Schizophyllum commune ATCC 38548 (0.28 g l–1)
(Clark et al. 1978; Prokop et al. 1994; Tangarone et al.
1989). However, it was in agreement with the Km value
of another endo-β-1,3-glucanase (1.2 g l–1) from T.
harzianum (Noronha and Ulhoa 1996).

It has been suggested that constitutive carbohydro-
lases of T. harzianum release oligosaccharides from R.
solani cell walls, which subsequently induce production
of large amounts of cell wall-degrading enzymes, such
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as the 42-kDa endochitinase ech42 by T. harzianum
(Kullnig et al. 2000). Culture filtrates of T. harzianum
T24 inhibited growth of S. rolfsii by 24.5%, which is in
agreement with results for another T. harzianum previ-
ously found to be suppressive for the white-rot pathogen
S. cepivorum (Papavizas et al. 1982) under the same ex-
perimental conditions (dilution of culture filtrate). In
contrast, other authors suggested that Trichoderma cul-
ture filtrates had only marginally curtailed pathogen
growth (Calistru et al. 1997), while metabolites of Glio-
cladium virens completely inhibited the growth of S. ce-
pivorum (Jackson et al. 1991). However, both the spec-
trum of chitinases and β-1,3-glucanases produced and
the ability to antagonize plant pathogens varies signifi-
cantly among the T. harzianum species (El-Katatny et al.
2000; Ghisalberti et al. 1990).

The pure chitinase and β-1,3-glucanase from T. harzi-
anum T24 inhibited the growth of S. rolfsii in an additive
manner. Additive and synergistic effects of β-1,3-glucan-
ases with chitinases against some phytopathogenic fungi
have been found both for fungal and plant enzymes
(Mauch et al. 1988). A synergistic inhibitory effect for
chitinases, N-acetyl-β-glucosaminidases, and β-glucano-
lytic enzymes from T. harzianum P1 has been described
(Lorito et al. 1994). These authors measured a ED50
value of 3.5 µg/ml for a combination of chitinase and 
β-1,3-glucanase from T. harzianum P1 in germ tube
elongation of Botrytis cinera. This value is comparable
to a ED50 value of 2.7 µg/ml that we measured for a com-
bination of the chitinase and β-1,3-glucanase from T.
harzianum T24 in the inhibition of S. rolfsii. With ED50
values in this range, enzyme preparations are approach-
ing values of chemical fungicides (Lorito et al. 1994).
Although biocontrol enzymes cannot compete yet with
fungicides in terms of their production costs, the en-
zyme-based alternatives could become more economic
once these systems have proven successful in field ex-
periments and are produced in larger amounts.

Inhibition of S. rolfsii by chitinase or β-1,3-glucanase
from T. harzianum T24 was lower than with the culture
filtrate, and some partial inhibition was observed when
chitinase or β-1,3-glucanase activities had been removed
from the culture filtrate by ultrafiltration, indicating that
antifungal metabolites other than enzymes also play an
important role in antagonism. Previously, it has been
shown that cell wall-degrading enzymes and peptaibol
antibiotics were co-produced in liquid cultures of T.
harzianum, indicative of the likely importance of syner-
gism between hydrolytic enzymes and toxic compounds
in the antagonistic action of T. harzianum against phyto-
pathogenic fungi (Schirmböck et al. 1994). Similarly, a
strong synergistic effect was observed on the inhibition
of Pythium cyst germination by a combination of endo-
β-1,3-glucanase and the fungicide Fongarid (Thrane et
al. 1997).

In summary, we have shown that both the 43-kDa chi-
tinase and the 74-kDa β-1,3-glucanase of the newly iso-
lated T. harzianum T24 inhibit growth of S. rolfsii. A
combination of these enzymes, which exhibited reason-

able thermostability and low ED50 values against S. rolf-
sii, seems to offer a promising means of controlling this
plant pathogen. Future investigations will focus on the
roles of mycotoxic substances secreted by T. harzianum
T24 and their role in the biocontrol process.

References

Aono R, Hammura M, Yamamoto M, Asano T (1995) Isolation of
extracellular 28- and 42-kilodalton beta-1,3-glucanases and
comparison of three beta-1,3-glucanases produced by Bacillus
circulans IAM1165. Appl Environ Microbiol 61:122–129

Belisario A, Corazza L (1996) First report of Sclerotium rolfsii on
juglans in Europe. Plant Dis 80:824–824

Bowles DL(1990) Defense-related proteins in higher plants. Annu
Rev Biochem 59:873–907

Bucciaglia PA, Smith AG (1994) Cloning and characterization of
Tagl, a tobacco anther beta-1,3-glucanase expressed during
tetrad dissolution. Plant Mol Biol 24:903–914

Cabib E (1987) The synthesis and degradation of the chitin. Adv
Enzymol 59:59–101

Calistru C, McLean M, Berjak P (1997) In vitro studies on the
potential for biological control of Aspergillus flavus and Fu-
sarium moniliforme by Trichoderma harzianum species. Myc-
opathologia 137:115–124

Chet I (1987) Trichoderma: application, mode of action, and po-
tential as a biocontrol agent of soilborne plant pathogenic fun-
gi. In: Chet I (ed) Trichoderma: application, mode of action,
and potential as a biocontrol agent of soilborne plant patho-
genic fungi. Wiley, New York, pp137–160

Clark DR, Johnson J, Chung KH, Kirkwood S (1978) Purification,
characterization and action-pattern studies on the endo-beta-
1,3-glucanase from Rhizopus arrhizus QM 1032. Carbohydr
Res 61:457–477

Cruz J, Hidalgo-Gallego A, Lora JM, Benitez T, Pintor-Toro JA,
Llobell A (1992) Isolation and characterization of three chitin-
ases from Trichoderma harzianum. Eur J Biochem 206:859–
867

Cruz J, Pintor-Toro JA, Benitez T, Llobell A, Romero LC (1995)
A novel endo-beta-1,3-glucanase, BGN13.1, involved in the
mycoparasitism of Trichoderma harzianum. J Bacteriol 177:
6937–6945

Deane EE, Whipps JM, Lynch JM, Peberdy JF (1998) The purifi-
cation and characterization of Trichoderma harzianum exochi-
tinase. Biochem Biophys Acta 1383:101–110

Dickinson K, Keer V, Hitchcock CA, Adams DJ (1989) Chitinase
activity from Candida albicans and its inhibition by allosami-
din. J Gen Microbiol 135:1417–1421

El-Katatny MH, Somitsch W, Robra KH, El-Katatny MS, Gübitz
GM (2000) Production of chitinase and beta-1,3-glucanase by
Trichoderma harzianum for control of the phytopathogenic
fungus Sclerotium rolfsii. J Food Technol Biotechnol 38:
173–180

Ghisalberti EL, Narbey MJ, Dewan MM, Sivasithamparam K
(1990) Variability among strains of Trichoderma harzianum in
their ability to reduce take-all and to produce pyrones. Plant
Soil 121:287–291

Grenier J, Potvin C, Asselin A (1993) Barley pathogenesis-re-
leased proteins with fungal cell wall lytic activity inhibit the
growth of yeast. Plant Physiol 103:1277–1283

Haran S, Schickler H, Oppenheim A, Chet I (1995) New compo-
nents of the chitinolytic system of Trichoderma harzianum.
Mycol Res 99:441–446

Harman GE, Hayes CK, Lorito M, Broadway RM, Di Pietro A,
Peterbauer C, Tronsmo A (1993) Chitinolytic enzymes of Tri-
choderma harzianum: purification of chitobiosidase and endo-
chitinase. Phytopathology 83:313–318

Inbar J, Chet I (1995) The role of recognition in the induction of
specific chitinases during mycoparasitism by Trichoderma
harzianum. Microbiology 141:2823–2829

142



Infantino A, Digiambattista G, Socciarelli S (1997) First report of
Sclerotium rolfsii on sunflower in Italy. Plant Dis 81:960–960

Jackson AM, Whipps JM, Lynch JM, Bazin MJ (1991) Effects of
some carbon and nitrogen sources on spore germination, pro-
duction of biomass and antifungal metabolites by species of
Trichoderma and Gliocladium virens antagonistic to Sclero-
tium cepivorum. Biocontrol Sci Technol 1:43–51

Kitamoto Y, Kono R, Shimotori Y, Mori N, Ichikawa Y (1987) Pu-
rification and some properties of an exo-beta-1,3-glucanase
from Trichoderma harzianum. Agric Biol Chem 51:3385–
3386

Kullnig C, Mach R, Lorito M, Kubicek C (2000) Enzyme diffu-
sion from Trichoderma atrovidride (=T. harzianum P1) to
Rhizoctonia solani is a prerequisite for triggering of Tricho-
derma ech42 gene expression before mycoparasitic contact.
Appl Environ Microbiol 66:2232–2234

Kuranda MJ, Robbins PW (1991) Chitinase is required for cell
separation during growth of Saccharomyces cerevisiae. J Biol
Chem 266:19758–19767

Lima LH, Ulhoa CJ, Fernandes AP, Felix CR (1997) Purification
of a chitinase from Trichoderma sp. and its action on Sclero-
tium rolfsii and Rhizoctonia solani cell walls. J Gen Appl
Microbiol 43:31–37

Lorito M, Hayes CK, Di Pietro A, Woo SL, Harman GE (1994)
Purification, characterization, and synergistic activity of a glu-
can 1,3-beta-glucosidase and an N-acetyl-beta-glucosaminid-
ase from Trichoderma harzianum. Phytopathology 84:398–
405

Lynn KR (1990) Chitinases and chitobiases from the American
lobster (Homarus americanus). Comp Biochem Physiol 96B:
761–766

Manners DJ, Wilson G (1974) Purification and properties of an
endo-(1,3)-beta-D-glucanase from malted barley. Carbohydr
Res 37:9–22

Maoa W, Lewisa JA, Lumsdena RD, Hebbara KP (2000) Biocon-
trol of selected soilborne diseases of tomato and pepper plants.
Crop Protect 17:535–542

Mauch F, Mauch-Mai B, Boller T (1988) Antifungal hydrolases in
pea tissue. II. Inhibition of fungal growth by combinations of
chitinase and beta-1,3-glucanase. Plant Physiol 88:936–942

Molano J, Duram A, Cabib E (1977) A rapid and sensitive assay
for chitinase using tritiated chitin. Anal Biochem 83:648–656

Noronha EF, Ulhoa CJ (1996) Purification and characterization of
an endo-b-1,3-glucanase from Trichoderma harzianum. Can J
Microbiol 42:1039–1044

Notario V, Villa TG, Villanueva JR (1976) Purification of an exo-
b-glucanase from cell-free extracts of Candida utilis. Biochem
J 159:555–562

Papavizas GC (1985) Trichoderma and Gliocladium biology, ecol-
ogy and potential for biocontrol. Annu Rev Phytopathol 23:
23–54

Papavizas GC, Lewis JA, Abd El-Moity TH (1982) Evaluation of
new biotypes of Trichoderma harzianum for tolerance to ben-
omyl and enhanced biocontrol capabilities. Phytopathology
72:126–132

Pitson SM, Seviour RJ, McDougall BM (1993) Noncellulolytic
fungal beta-glucanases: their physiology and regulation. En-
zyme Microbiol Technol 15:178–192

Prokop A, Rapp P, Wagner F (1994) Production, purification and
characterization of an extracellular endo-beta-1,3-glucanase
from a monocaryon of Schizophyllum commune ATCC 38548
defective in exo-beta-1,3-glucanase formation. Can J Micro-
biol 40:18–23

Rapp P(1992) Formation separation and characterization of three
beta-1,3-glucanases from Sclerotium glucanicum. Biochem
Biophys Acta 1117:7–14

Ridout CJ, Coley-Smith JR, Lynch JM (1986) Enzyme activity
and electrophoretic profile of extracellular protein induced in
Trichoderma spp. by cell walls of Rhizoctonia solani. J Gen
Microbiol 132:2345–2352

Schirmböck M, Lorito M, Wang Y, Hayes CK, Arisan-Atac I, Scala
F, Harman GE, Kubicek CP (1994) Parallel formation and syn-
ergism of hydrolytic enzymes and peptaibol antibiotics,
molecular mechanisms involved in the antagonistic action of
Trichoderma harzianum against phytopathogenic fungi. Appl
Environ Microbiol 60:4364–4370

Shen S, Chretien P, Bastien L, Slilaty SN (1991) Primary structure
of the glucanase gene from Oerskovia xanthineolytica. Expres-
sion and purification of the enzyme from Escherichia coli.
J Biol Chem 266:1058–1063

Sivan A, Chet I (1989) Degradation of fungal cell walls by lytic
enzymes from Trichoderma harzianum. J Gen Microbiol
135:675–682

Stahmann KP, Pielken P, Schmiz L, Sahm H (1992) Degradation
of extracellular beta-(1,3)-(1,6)-D-glucan by Botrytis cinerea.
Appl Environ Microbiol 58:3347–3354

Takahashi MJ, Komuro M, Souatome S (1978) Purification and
properties of beta-1,3-glucanase from Lentinus lepideus. J Fer-
ment Technol 56:499–505

Tangarone B, Royer JC, Nakas JP (1989) Purification and charac-
terization of an endo-beta-1,3-glucanase from Trichoderma
longibrachiatum. Appl Environ Microbiol 55:177–184

Thrane C, Tronsmo A, Jensen DF (1997) Endo-1,3-beta-glucanase
and cellulase from Trichoderma harzianum: purification and
partial characterization, induction of and biological activity
against plant pathogenic Pythium spp. Eur J Plant Pathol 103:
331–344

Totani K, Harumiya S, Nanjo F, Usui T (1983) Substrate affinity
chromatography of beta-1,3-glucanase from Basidiomycetes
species. Agric Biol Chem 47:1159–1162

Totsuka A, Usui T (1986) Separation and characterization of the
endo-b-1,3-D-glucanase from Rhizoctonia solani. Agric Biol
Chem 50:543–550

Ulhoa CJ, Peberdy JF (1992) Purification and some properties of
the extracellular chitinase produced by Trichoderma harzi-
anum. Enzyme Microb Technol 14:236–240

Watanabe T, Kasakara N, Aida K, Tanaka H (1992) Three N-ter-
minal domains of beta-1,3-glucanase A1 are involved in bind-
ing. Biochem J 282:423–428

Yabuki M, Mizushina K, Amatatsu T, Ando A, Fujii T, Shimada
M, Yamashida M (1986) Purification and characterization of
chitinase and chitobiase produced by Aeromonas hydrophila
subsp. Anaerogenes A52. J Gen Appl Microbiol 32:25–38

143


