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ARTICLE INFO ABSTRACT

Extracellular enzymes of Malbranchea chrysosporioidea grown on prawn chitin showed
chitinase, glucanase and protease activities in crude enzyme. The effect of the crude
chitinolytic enzymes was studied for antifungal activity on the growth of several fungi on
liquid and solid medium. Fifty percent growth inhibition was observed in liquid cultures by
extracelluar enzymes at a concentration of 97-99 μg of protein for Neurospora crassa,
Rhizopus chinensis and Trichoderma viridae and for Aspergillus niger at 122 μg.  The
growth inhibition was more pronounced at low concentration in liquid than in solid culture.
These results demonstrate the utilization of crude enzymes of Malbranchea
chrysosporioidea in biocontrol activity and opening new path for biotechnological
applications.

INTRODUCTION
In recent years, there has been increasing activity in the search for
antagonistic organisms, a potential non chemical method for
biocontrol. Mycolytic enzyme (chitinase, protease and glucanase)
producing microorganisms may help in biocontrol. The
microorganisms have ability to lyse the fungal cell wall and also
have the potential to manage the chitinous waste (Vipul Gohel
etal., 2006). Many biocontrol agents are reported in the last few
years. However, there is still considerable interest in finding more
efficient strains. In this article we reported In vitro antifungal
activity of Malbranchea chrysosporioidea (MTCC 7885). The
fungal cell wall degrading enzymes mostly known as chitinases,
glucanases and proteases are the major lytic enzymes secreted by
many biocontrol agents (Harman et al., 2004). The filamentous
fungus secrete chitinases, proteases and glucanases extracellularly
when grown on chitin. The antifungal potential of this strain
against both pathogenic and non pathogenic organisms was
evaluated.

MATERIALS AND METHODS
Materials: The shrimp shell waste was collected from local
market, Hyderabad, India. All other chemicals used are of
analytical grade.

Production of chitin from shrimp shells: Crude chitin was
prepared by using the method of Reynolds (1954).

Fungal strains and culture conditions: The organism used in this
study was Malbranchea chrysosporioidea (MTCC 7885). This

fungus was maintained on agar slants containing (g/L): peptone,
2.5; glucose, 5; yeast extract, 1.35; sodium chloride, 20; and agar,
20 by fortnightly sub-culturing. The cultures were grown in 250
ml conical flasks containing 50 ml of modified Sabouraud’s
medium with shaking (120 rpm) at 280C for 8 days. The medium
composition was (g/L) : Prawn chitin, 15; peptone, 5; and yeast
extract, 3. The pH of the medium was 6.0 to 6.5. The culture fluid
after 8 days growth was filtered through Whatman No.1 paper and
subjected to 80% ammonium sulfate saturation. The precipitate
was collected by centrifugation at 12,000 X g for 15 min and the
pellet was dissolved in a minimum volume of 50 mM borate
buffer (pH 9.0), dialyzed until free of ammonium sulfate against
same buffer and lyophilized and used for further studies. The
following fungi Neurospora crassa, Trichoderma viridae,
Rhizopus chinensis and Aspergillus niger were obtained from the
Plant Pathology section of Botany Department, Osmania
University, Hyderabad. The medium   composition   used   for
the   growth   of   these   organisms   is  (gm/litre) Ammonium
nitrate, 2; Potassium dihydrogen orthophosphate, 3; Ammonium
tartarate, 1; Calcium chloride, 0.1; Magnesium sulfate, 0.5;
glucose,  20;  Trace elements,  1ml; Biotin, 15 μl.

Assay of chitinase, glucanase and protease: The crude enzyme
was used to assay for different enzymes. Chitinase β-(1→4)-poly
N-acetyl D-glucosaminidase, (EC 3.2.1.14) assay was carried out
according to the method of Reissing et al., (1955) with minor
modifications.
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β- (1→3) - glucanase assay

β- (1→3) - glucanase (EC 3.2.1.6) was assayed by estimating the
glucose released from laminarin according to Miller et al., (1960).
Protein content of enzyme extracts was estimated by the method
of Lowry et al., (1951) using BSA as the standard. Azocasein
hydrolysis was used for protease assay as described by Prestidge
et al., (1971).

Inhibition of fungal growth in solid culture

The possible contribution of crude enzyme of Malbranchea
chrysosporioidea in the antagonism towards pathogenic and non
pathogenic fungi was determined in PDA medium spread with
Neurospora crassa, Trichoderma viridae, Rhizopus chinensis and
Aspergillus niger. Filter paper pieces were laid on the plates with
the crude enzyme of different concentrations of 25,
50,100,125,150,200 μg, 1mg and 5mg. To control 50 µl of
distilled water was added. Fungal growth was observed over 3
days of incubation at 28 °C and observed for zone formation.

Inhibition of fungal growth in liquid cultures

The above organisms were grown on minimal medium.  Ten ml
medium was taken in 25 ml conical flasks.  Equal number of
spores of different organisms were added to the minimal medium.
To these flasks different concentrations of crude lytic  enzyme
(filter sterilized) obtained from Malbranchea chrysosporioidea
was  added at different concentrations (25μg to 200μg). They
were allowed to grow for 3 days. At the end of the growth dry
weight of the mycelia was measured after drying them at 60 to 80̊
C overnight.

RESULTS AND DISCUSSION
Malbranchea chrysosporioidea was reported as keratinophilic
fungus by Sigler and Carmichael JW.  This fungus was isolated
from the feathers of Indian poultry birds ( Sanjana Kaul & Geeta
Sumbhali,2000).In the present study this fungus was grown in
Sabouraud’s medium with chitin as carbon source. Malbranchea
chrysosporioidea utilizes chitin much more rapidly under shaking
than static cultures due to poor availability of chitin particles
because of their settlement at the bottom of the conical flask
(visual observation) and producing cell wall degrading enzymes
like chitinases, proteases and glucanases  in culture filtrate.

After seven days of growth  chitinase, protease and glucanase
enzyme activities were estimated (Table.1). Chitinase activity is
expressed in terms of specific activity, defined as mols of N-
acetylglucosamine /mg protein/min. One unit of chitinase activity
is defined as the amount of enzyme required to release 1 mol of
N-acetylglucosamine /min. Specific activity of protease is
expressed as units/mg protein. One unit of protease is equivalent
to the amount of protein that produced an increase of 1.0 at A440 in
60 min. Specific activity of β- (1→3) – glucanase is expressed as
mols of glucose/mg protein/min.

In this study we have demonstrated that crude enzyme of
Malbranchea chrysosporioidea, containing lytic enzymes is
antifungal towards Neurospora crassa, Trichoderma viridae,
Rhizopus chinensis and Aspergillus niger.The above mentioned
microorganisms were grown on a  minimal  medium
supplemented with different concentrations of a lytic enzyme
system of Malbranchea chrysosporioidea and allowed to grow for
3 days. Dry weight of the mycelia was obtained after drying them
at 60 to 80̊  C overnight. The results are shown in Fig. 1 (A, B, C,
D). To each flask different volumes of filter sterilized lytic
enzyme of Malbranchea chrysosporioidea (as described in the
text) per 10ml medium was added. A) Control (without enzyme)
B) 25 μg; C) 50 μg; D) 75 μg; E) 100 μg; F) 125 μg; G)150 μg. In
case of Neurospora crassa 50% of inhibition in growth was
observed at  a  concentration of 98.5 μg of protein in 10ml of
medium. In case of Rhizopus chinensis and Trichoderma viridae
50% inhibition was observed at a protein concentration of 97.5
μg. In Aspergillus niger 50% of inhibition occurred at 122 μg of
protein. Although the inhibitory values for N. crassa, R. chinensis
and T. viridae are close to each other, the value for A. niger is
slightly high (about 20% higher) (Fig. 2).

Table 1 Enzyme activities of Malbranchea
chrysosporioidea

Specific activity of
chitinase
(µmole of

GlcNAc/mg/min)

Specific
activity of
protease

(units/mg)

Specific activity of
glucanase

(µmoles of glucose/mg
protein/min)

1.97 14.86 0.46

Fig.1A

Fig.1B

Fig.1C

Fig.1.D
Fig.1A Neurospora crassa 1 B Rhizopus chinensis 1C Aspergillus

niger 1D Trichoderma viridae treated with different concentrations of
lytic enzyme of Malbranchea chrysosporioidea.
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The fungal growth inhibition was not observed at above
mentioned concentrations in solid culture. A high concentration
(5mg protein/ml ) of crude enzyme is required to  inhibit the
growth in solid cultures. The antifungal mechanism of
Trichoderma, extensively studied and widely used biocontrol
fungus relies on the production of cell wall degrading enzymes
such as chitinases, proteases and glucanases (Lorito et al., 1993 &
1998). These enzymes are strong inhibitors of many plant
pathogens. Trichoderma hamatum and Phycomyces blakesleeanus
were found to be sensitive at concentrations as low as 8 g ml-1

and 32 g ml-1, respectively. Similarly an endochitinase isolated
from Arabidopsis thaliana was an efficient inhibitor of
Trichoderma reesi but was inactive against several other chitin
containing fungi (Verburg et al., 1991). ß -1,3-glucanases are
enzymes that are also involved in biocontrol activity of several
microorganisms (Vásquez-Garcidueñas et al., 1998). In this study
the enzymes present in lytic enzyme system at a concentration of
9.7g ml-1 to 12.2 g ml-1 is highly potent growth inhibitors of
Neurospora crassa, Trichoderma viridae, Rhizopus chinensis and
Aspergillus niger in liquid media. The inhibition of growth was
also observed on solid agar plates at high concentration. The
results in this study may indicate the ability of chitinolytic
enzymes of Malbranchea chrysosporioidea on inhibition of spore
germination and growth of different fungi in liquid cultures,
although the relation between these events requires further
investigation. The chitinolytic enzymes produced by
Malbranchea chrysosporioidea appeared to be biologically active
and inhibiting different fungi including Trichoderma viridae. The
results might have the potential to be exploited for use the
organism as a biocontrol agent against pathogenic fungi.
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Fig.2 Growth inhibition of different microorganisms incubated with lytic
enzyme system of Malbranchea chrysosporioidea.To each flask different

volumes of lytic enzyme per 10 ml  basal medium was added. After 3
days dry weight was measured.
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