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ABSTRAK

Enzim f3-1,3-glukanase dari cecair kultur Trichoderma harzianum BIO 10671 telah berjaya ditulenkan
melalui pemendakan dengan 80% aseton, diikuti kromatografi penukaran ion menggunakan Neobar AQ dan
pemfokusan kromatografi menggunakan kolum Mono P HR 5/20. Dua f3-1,3-glucanase bersaiz 32kDa dan
66kDa telah ditulenkan dan ditunjukkan pada SDS-PAGE. pH aptimum bagi aktiviti enzim ini ialah pada pH
4.5 dan aktiviti maksimum dicerap pada 45°G. Manakala aktiviti enzim direncat 20-45% oleh 20mM Zn2+,
Ca2+, C02+, Mi+, Cu2+, Mn2+ dan Fe2+. Aktiviti hidrolisis {3-1,3-glucanase tertinggi didapati pada laminarin
disebabkan persamaan ikatan f3-glikosidik dan diikuti masing-masing pada pustulan, glukan dan selulosa.

ABSTRACT

{3-1,3-glucanase enzyme from culture filtrate ofTrichoderma harzianum BIO 10671 was successively purified
by precipitation with 80% acetonefollowed by anion-exchange chromatography on Neobar AQ and chromatofocusing
on a Mono P HR 5/20 column. Two {3-1,3-glucanases of 32kDa and 66kDa were purified to homogeneity as
judged by SDS-PAGE. The pH aptimum far the enzymes activity was pH 4-5 and maximum activity was obtained
at 4YG. Enzyme activity was slightly inhibited by 20-45% in its activity by 20mM of Zn2+, Ca2+, Co2+, Mi+,
Cu2+, Mn2+ and Fe2+. The highest f3-1,3-glucanase hydrolysis activity was obtained on laminarin due to the
similarity on f3-glucosidic bonds and followed on pustulan, glucan and cellulose, respectively.

INTRODUCTION

Trichoderma spp. has long been recognised as an
effective biocontrol agent of plant pathogens.
The antagonistic mechanisms involve are
chemotropism (Chet et al. 1981), lectin-mediated
recognition (Inbar and Chet 1994) and the
formation of trapping and penetrating structures
(Elad et al. 1983a,b). These processes are
enhanced by the secretion of extracellular
enzymes such as chitinases, f3-glucanases and
proteases (De la Cruz et al. 1992; Lorito et al.
1994; Flores et at. 1997).

Trichoderma harzianum produces f3-glucanases
which target the f3--glucan chain in fungal cell
walls. These enzymes are common in fungi and
are classified according to their cleave type of B-

glucosidic linkage and the mechanism of
substrate attack. ,B-l,6-glucan and a-l,3-glucan
represent relatively minor components of fungal
cell walls (Lora et al. 1995). Both ,B-l,3 and ,B-l,6­
glucanase activities are secreted simultaneously in
T. harzianum (De la Cruz et at. 1993).

Enzymes with B-l,3-glucanase activity have
been reported in fungi, bacteria, actinomycetes
and higher plants (Bielecki and Galas 1991). ,B­
1,3-glucanases hydrolyse the Q-glycosidic linkages
of ,B-l,3-glucan chains by two mechanisms. Exo­
f3-glucanase hydrolyses the f3-glucan chain by
sequentially cleaving the glucose residues
sequentially from the non-reducing ends, while
endo-f3-glucanase cleaves ,B-linkages at random
sites along the polysaccharide chain, thus
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releasing smaller oligosaccharides (Pitson et aL
1993). In most cases, multiple b-glucanases
have been found rather than a single enzyme
(Vazquez et aL 1998).

At least three endo-p-1,3-g1ucanases with
different molecular weights which are 17kDa,
29kDa and 78kDA have been purified from T.
harzianum (Mrsa et al. 1993; De la Cruz et al.
1995; Thrane et aL 1997). Purified endo-B-l,3­
glucanase isolated from T. harzianum inhibited
the germination of encysted zoospores and the
elongation of germ tubes of Pythium ultimum in
vitro (Thane et aL 1997).

The role of fungal P-glucanases depends on
their types and the most recognised functions of
p-1,3-g1ucanases in Trichoderma is mycoparasitism
(Pitson et at. 1993) since it can destroy the
polymer fabric of the pathogen cell wall more
effectively (Mauch et aL 1988). B-1,3-g1ucanase
also has other several functions such as (i)
physiological role in cell wall formation and
morphogenetic processes during the growth and
differentiation of fungal hyphae (Wong and
Maclachlan 1980); (ii) as autolytic enzymes to
mobilise B-glucan under conditions of carbon
and energy source exhaustion (Papavizas 1985)
and (iii) a nutritional role in saprophytes and
mycoparasites (De la Cruz et aL, 1995). In this
study, we try to purify and characterise the P-1,3­
glucanase of local T. harzianum strain.

MATERIALS AND METHODS

Strains

T. harzianum BIO 10671 was obtained from the
laboratory collection, Department of Biology and
grown on Potato Dextrose Agar (PDA) for 4
days at 28°C.

Extracellular f3-1,3-glucanase Purification

The spore suspensions of Trichoderma harzianum
BIO 10671 in approximately 1x107 spores/ml
were added to 25 ml of Trichoderma complete
medium (pH 5.5; 0.5% w/v glucose) to produce
seed cultures. Seed cultures were shaken at
180rpm at 28°C for 24 hours before filtering
through sterile Whatman 0-1, paper then
washed three times with sterile distilled water
and transferred into 25 ml of Trichoderma
Minimal Medium (pH 5.5; 1.0% w/v Pleurotus
sajor-caju mycelium). Culture filtrates were
harvested, filtered through Whatman no.l filter
paper, centrifuged at 6000xg for 10 minutes

then dialysed against distilled water for at least
24 hours at 4°C.

The purification was carried out using anion­
exchange method as described by Lima et aL
(1997). Crude extracellular P-1,3-g1ucanase was
precipitated with ice-cold 80% acetone and
incubated at -20°C for 30 minutes. The
precipitate was recovered by centrifugation at
28000xg for 10 minutes at 4°C, re-dissolved in
distilled water and dialysed against distilled water
for another 24 hours at 4°C.

Ninety microliter (90,ul) of Buffer A (50mM
Tris-HCL, pH 7.5) and 20.ul of 1M Tris pH 7.5
were added to the dialysed crude culture sample
and the pH was adjusted to pH 7.0. The sample
was centrifuged at 12000xg for 10 min.
Meanwhile, an anion exchange Neobar AQ
column was washed with 10 times column
volumes of buffer B (50mM Tris-HCL pH 7.5;
1M NaCl) and followed by 10 times column
volumes of buffer A. The resulting supernatant
was loaded onto the column and eluted at a flow
rate of 1ml/min and bound protein was eluted
with a O-lmM aCI gradient The fractions with
high b-1,3-glucanase activity were pooled before
being dialysed against distilled water for 24 hours
at 4°C.

Chromatofocusing was performed on a
Mono P HR 5/20 column equilibrated with 25
mM Tris-CHsCOOH, pH 8. Freeze dried anion
exchange samples were dissolved in 1ml of
distilled water and adjusted to pH 8.0 by the
addition of 25 mM Tris pH 7.5. Following this,
centrifugation was done at 1200xg for 10 minutes
and then the supernatant was loaded onto the
column. Protein were eluted Iml.min· t with a
pH gradient from pH 8.0 to pH 5.5 formed by
Polybuffer PB 74/96. The fractions were collected
and assayed for f3-1,3-g1ucanase activity. The active
fractions were pooled and dialysed against
distilled water for 24 hours at 4°C.

The dialysed fraction was collected and
assayed for p-1,3-g1ucanase activity using the b­
glucanase assay method (Somogyi 1952) which
involves the estimation of reducing sugars
amount released from laminarin. Discontinuous
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was carried out on
collected fraction according to Laemmli (1970)
using 10% acrylamide gels and stained with
Coomasie R-250 brilliant blue (Sigma). Low
molecular mass standard proteins were used for
molecular mass determination.
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The Characterisation of Purified f3-l,3-glucanase

In this experiment, fJ-I,3-g1ucanase activity was
assessed under standard conditions as
recommended by Lorito et aL (1994) with three
replicates.

1. Optimal temperature and temperature stability
of fJ-I,3-g1ucanase activity
The optimal temperature for fJ-l,3-g1ucanase
activity was determined by measuring the
reducing sugars released after 30 minutes
incubation at temperatures between 25°C-75°C
at increments of 5°C. Meanwhile, the temperature
stability for fJ-I,3-g1ucanase activity was examined
by maintaining the purified fJ-I,3-g1ucanase for
Ih at temperatures between 25°C-75°C at
increments of 5°C before determining the fJ-l,3­
glucanase activity.

2. Optimal pH and pH stability of fJ-l,3-g1ucanase
activity
The effect of pH on enzyme activity was
determined by varying the pH of the reaction
mixture between pH 4-8 at increments of 1 pH
unit. The pH of the mixture was adjusted to
intended pH with 50mM sodium citrate buffer.
pH stability was determined by incubating
purified fJ-l,3-g1ucanase enzyme at pH 4-8 for 1
hours at 37°C before the pH was changed to pH
5 prior to fJ-l,3-g1ucanase activity determination.

3. Effect of metal ions on fJ-l,3-g1ucanase activity
The effect of several metal ions on the activity of
b-l,3-g1ucanase was investigated. The metal ions
used for this study were Zn2+, C0 2+, Ca2+, Mn2+,

Mg2+, Fe2+ and Cu2+. Twenty millimolar (20mM)
of metal ion solution in sodium acetate buffer
pH 5.5 was prepared and added into purified fJ­
1,3-g1ucanase enzyme prior to activity
determination.

4. fJ-l,3-g1ucanase activity on different substrates
fJ-l,3-g1ucanase activity on several substrates was
determined. These included pustulan (1.0% wi
v), laminarin (1.0% w/v), cellulose (1.0% w/v)
and glucan (1.0% w/v). Each substrate was
prepared in 0.05M sodium acetate buffer pH
5.5.

RESULTS AND DISCUSSIONS

The mixture of fJ-l,3-g1ucanase was purified from
T. harzianum using acetone precipitation. The
crude enzyme from T. harzianum BIO 10671

containing 23.87mmoles/ml of fJ-l,3-g1ucanase
activity was used at the beginning of the anion
exchange. The elution pattern of anion exchange
chromatography of this crude enzyme fraction is
shown in Fig. lea) with two peaks for protein and
fJ-l,3-g1ucanase activity arbitrarily BIO (Gl) and
BIO (G2) for fraction 4-10 and 28-36, respectively
were obtained. In total, only 69.4%
(l6.57mmoles.ml-J

) of fJ-l,3-g1ucanase activity
was recovered after anion exchange, which
consist of 9.03mmoles/ml in BIO (Gl) and
7.54mmoles/ml in BIO (G2). Since the BIO
(G2) appeared to be bound at the middle of
anion exchange that may contain contaminated
proteins it was decided not to use it in further
steps. SDS--PAGE (Fig. l(b)) showed several major
protein bands in BIO (Gl) and (G2).

Three peaks of chromatofocusing containing
fJ-l,3-g1ucanase activity were detected (Fig. 2(a))
and fractions 11-15 which comprised 60% of the
total activity with 30.21,umoles/ml had been
chosen for SDS--PAGE. Analysis of this pool
fraction using SDS--PAGE revealed two clear
protein bands at molecular mass around 66kDa
and 32kDa (Fig. 2b) suggesting the presence of
two isoforms of fJ-l,3-g1ucanase. The existence
of purified fJ-l,3-g1ucanase around 33kDa to
66kDa with isoform has been reported previously.
Lorito et al. (1994) and oronha and Ulhoa
(1996) described the characterisation of purified
32kDa fJ-l,3-g1ucanase, while De la Cruz et al.
(1995) reported that fJ-l,3-g1ucanase from T.
harzianum with a molecular weight of 66kDa was
due to at least 4 sub-unit proteins. Meanwhile
Vazquez et aL (1998) obtained a 39kDa b-l,3­
glucanas with at least six sub unit proteins.

Several other isoform or subunit of fJ-l,3­
glucanase with different catalytic activities,
molecular weights and substrate specificities have
been found in supernatants from T. harzianum
culture and the differences in number of isoform
or protein subunit for purified fJ-l,3-g1ucanase is
not new because the molecular mass of fJ-l,3­
glucanase appears to vary between species and
also within species (Pitson et al. 1993). It is not
known whether the existence of isoform for
same fJ-l,3-g1ucanase molecular weight is the
product of the same or separate fJ-l,3-g1ucanase
gene. According to Mrsa et aL (1993), one of the
reasons for the differences is the anomalous
migration of protein in the gels rather than to
the post-translation processing of the polypeptide
chain; sometimes the type of growth substrate
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(10%) of protein from pooled peaks and stained with Coomassie blue

used can also influence the number of bands on
SDS-PAGE (Vazquez et al. 1998). Species, type
of reaction (exo- or endo-) and method of
purification may have an effect on
characterisation even for the same type of
purified f3-g1ucanase (Matsuzawa et al. 1996).

Optimal activity for short term incubation is
often seen at temperatures in the range of 30°C
to SO°C and many fungal b-glucanases appear
stable at temperatures up to SO°C to 60°C (Pitson

et al. 1993). The effect of temperature on ~1,3­

glucanase is shown in Fig. 3 an optimum
operation temperature at 4SoC. ~l,3-glucanase

activities are not affected by the temperature of
incubation up to SO-SsoC. In general the
temperature optimum and stability for ~1,3­

glucanase in this work were lower than those
reported previously by Tangarone et al. (1989)
and Matsuzawa et al. (1996) which had optimal
temperatures of SsoC and 60°C, respectively.
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Very low activity was observed after the
temperature exceeded 60°C and this can be
concluded that even though T. harzianum was
categorised as warm climate fungi, some of the
enzymes was unable to sustain their function at
the maximum level in hot condition (Danielson
and Davey 1973). Many of the enzymes have
optimum temperature higher than their thermal
stability which indicates that they may be
stabilised by their substrate (Bodenmann et al.
1985).

Optimal pH was determined by varying the
pH of the reaction mixture at 37°C. The optimal

activity of fungal fJ1,3 glucanase usually appears
in acidic conditions, often between pH 4.0 to
6.0. Most fungal fJglucanases have a broad pH
optima, retaining their activity over 2 to 3 pH
units while some have a wider range (Pitson et
al. 1993). As shown in Fig. 4, there is not much
difference in activities related to pH with the
enzymes being stable over a pH range of
approximately 4-6 and most being active at a pH
of between 4-5. Theodore and Panda (1995)
found that the optimum pH for fJ1,3-glucanase
production in T. harzianum in both surface and
submerged culture processes was at an initial pH
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of 4.7. However, it is considered low optimum
compared to that has been observed for T.
hanianum BIO 10671 in this work. The maximum
activity for {3-1,3-glucanase observed in the acidic
conditions for this work was correlated with the
observation on Trichoderma growth, where
Trichoderma spp. appeared to be more prevalent
in acidic soils (Gochenaur 1970). The
concentration of H+ may have a strong impact
on the nutrient transport mechanism and also
on the purified enzyme activity (Vazquez et al.
1998).

Enzyme activity was slightly inhibited (20­
35%) by 1mM of C02+, H g2+, Cu2+, Fe2+ and Fe!\<

(Hiura et at. 1987) but significantly inhibited in
the presence of 1mM HgCl

2
, MnCl

2
, Kmn0

4
.

(Tangarone et al. 1989); 1% (w/v) SDS and 1%
(wIv) {3-mercaptoethanol (Thrane et al. 1997).
The effect of several known metal ion inhibitors
on the activity of the purified enzymes is shown
in Table 1. {3-1,3-glucanase activity was inhibited
by these metal ions with Cu2+ ion in the assay
mixture resulting in the highest relative
inhibition for {3-1,3-glucanase (47.5%). A similar
inhibition by Mg2+ and Cu2+ ions on b-1,3­
glucanase activity was also obtained in this work.
Metal ions affected the level of {3-1,3-glucanase
activity by binding to the recognition site in
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TABLE 1
Effect of metal ions (20mM) and 1% (w/v) of different substrate on

,B-l,3-glucanase activity in T. harzianum BIO 10671

Metal ions (20mM)

Substrate (l % w/v)

one
Zn2+

Ca2+

C0 2+

Mg2+

Cu2+

Mn2+

Fe2+

Pustulan
Laminarin
Cellulose
Gluean

B-l,3-glucanase activity
(U.ml-t ) ± s.d*

30.70 ± 0.016
25.26 ± 0.610
25.45 ± 0.03
21.61 ± 0.280
21.02 ± 0.950
16.67 ± 0.010
21.76 ± 0.630
23.66 ± 0.97
26.52 ± 0.722
30.70 ± 0.610
0.33 ± 0.015
9.67 ± 0.775

Relative activity
(%)**

100
82.3
82.9
70.4
68.5
54.3
70.9
77.1
86.4
100
2.5

31.5

*The results are mean values of triplicate tests ± standard error.
**Relative activity (%) is expressed as a percentage compared to control which is taken as 100%.

enzyme for substrate hydrolysis and prevented
the activity from reaching the maximum level
(Watanabe et al. 1988). Therefore, it disturbed
the environmental condition, which caused the
slowing down of the activity (Widden and
Scattolin 1988).

Table 1 also showed the activity detected
when different substrates with different linkage
bonds were used. Purified p-l,3-glucanase had
an ability to hydrolyse all the substrates especially
on laminarin because most of the linkages in
laminarin are p-l,3-linked glucan and produced
a large amounts of glucose (De la Cruz et aL
1995). p-l,3-glucanase still can split the linkage
for non specific substrates such as pustulan (P­
1,6-glucan bonds) and cellulose (P-l,4-glucan
bonds) but at a very low level of activity. T.
harzianum EP-l appeared to be a typical exo-p­
1,3-glucanase but was still able to hydrolyse b­
glucans containing p-l,3- and P-l,4-lingkages such
as in barley glucan, or p-l,3- and p-l,6-linkage
such as yeast glucan (Matsuzawa et al. 1996).
The highest activity was obtained when the
enzyme hydrolysed substrate containing the same
P-gluCQsidic bonds specific for the enzymes and
the type of linkage in the substrate influenced
the determination of activity. This may due to
the fact that the Cys-rich domain of bgn13.1 (P­
1,3-glucanase) may function by interacting with
other components of fungal cell walls that are
normally not a substrate for P-l,3-glucanase (De
la Cruz et al. 1995). However, not all purified b-

glucanase have this ability as Vazquez et al. (1998)
found that the purified P-l,3-glucanase can only
hydrolyse laminarin.
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