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ABSTRACT

Chitin assimilating Aspergillus funguses were isolated from infected Artemia
parthenogenetica, collected from salt pan of Puthalam, Kanyakumari district.
Chitinolytic activities of the fungus were screened on chitin-agar medium containing
0.2% colloidal chitin. Two funguses Aspergillus niger and Aspergillus fumigatus were
identified by cultural and morphological characteristics, then used for chitinase
production. The protein content of extracellular protein was estimated as 18 and
15mg/ml from enzyme respectively. Chitinolytic activities were assayed using NAGA
and the strains were showed 0.612 and 0.501 ug moles/ml/min of total activity
respectively. The fungus produced higher enzymes were observed at 20-40°C; 6-8
days of incubation; 0.50-0.75 gm of colloidal concentration; 0.15gm of sodium nitrate

and 0.02gm of magnesium sulphate.
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INTRODUCTION

Chitin is a «a-1, 4 -linked
homopolymer of N-acetylglucosamine is the
second most abundant polysaccharide in
nature. It forms the major structural
component in the shells and cuticles of
arthropods, crustaceans and insects and in
cell walls of fungi. The major contribution of
chitin to Plants produces chitinases and other
Iytic enzymes with roles in defense against
fungal pathogens, while bacteria and other
microorganisms secrete chitinases that appear
to have roles in pathogenesis and/or nutrition

(Graham & Sticklen, 1994).

Aspergillus is a ubiquitous saprophyte

and an important opportunistic fungal
pathogen of humans. It is predominately a
saprophyte and grows on dead plant and
animal tissue in the soil. For this reason it is
very important in nutrient recycling
(Scheidegger and Payne. 2003). A. fumigatus
is an interesting example of an organism that
appears to produce chitinases with both
morphogenetic and nutritional roles. A range
of intracellular chitinolytic enzymes and, in
particular, chitinases closely associated with
cell wall fractions, are thought to have roles
during morphogenesis (Hearn et al., 1998)
while A. fumigatus represents one of the most
abundant known sources of extracellular
chitinase (Monreal & Reese, 1969). This
would imply that the fungus secretes large
quantities of chitinase through a cell wall

containing chitin. Currently, the mechanism

that enables secretion of chitinase without
digestion of the fungal wall is not

understood.

Chitin is degraded by chitinase to N-
acetyl glucosamine which can be utilized as a
substrate in many industrial applications.
Moreover, chitinase induces the
bioconversion of chitineous wastes to cell
(Ferrer et al., 1996), fertilizer (Sakai et al.,
1998) and production of chitoligomers for
pharmaceutical or chemical purposes (Patil et
al., 2000). Recently, chitinases could be
exploided as a biocontrol agent for fungal
phytopathogens and as an inhibitor for food
spoiling moulds (Gad, 2003). Furthermore,
the possible use of chitinase as insecticide
was also elucidated (Ghaly, 2003). The
exploitation of chitinolytic microorganism
for the production of chitinase is value added
enzyme products. Most of the work has so
far been, produced chitinase mainly from
prokaryotes. Fungi should now also consider
as a chitinolytic organisms with potential
application in biocontrol application. In this
view, the present study was aimed for
isolation and screening for chitinolytic fungi
from environment and to produce chitinase
enzyme.
MATERIALS AND METHODS
Microorganism

Chitin

funguses were isolated from infected Artemia

assimilating  Aspergillus

parthenogenetica, collected from salt pan of

Puthalam, Kanyakumari district.
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Identification of the fungus was done mainly
on the basis of cultural and morphological
characteristics (Watanabe, 2002).

Qualitative screening for chitinolytic
activity

Chitinolytic activities of the fungus
were screened on chitin-agar medium
containing 0.2% colloidal chitin in citrate
phosphate buffer (pH 5.0). A fungal disc (6
mm) cut from the periphery of 7 days old
culture, grown on Dox,s medium / Potato
dextrose agar medium, were inoculated on
the plates. The plates were incubated for 5
days at 28°C. The diameters of clearing
zones (mm) were measured and means were
calculated and taken as an evidence for
chitinolytic activity (Eman Fathi Sharaf,

2005).

Production of chitinase enzyme

The fungal isolates were used for
production of chitinase enzyme, a basal
growth medium containing (g %) colloidal
chitin, 0.5; NaNOgs, 0.2; KH,PO,4, 0.1; Mg
SO4%x7H,0, 0.05 and KCI, 0.05 was used for
chitinase production. The pH was adjusted to
5.0. The flasks were inoculated with 1 ml
spore suspension of 7-day old cultures and
incubated at 30°C under shaking (100 rev

min™) for 7 days.

Purification of chitinase
The culture broth was centrifuged
under cooling conditions, and the clear

supernatant was used as a source for crude

chitinase. The proteins from the culture were
precipitated by ammonium sulfate (75%).
The precipitate was collected by centrifuging
at 8,000 rpm for 20 minutes and resuspended
in an acetate buffer (50 mM, pH 5.0). It was
dialyzed against the same buffer and freeze-
dried.

Total protein assay

The extracellular  protein  was
determined calorimetrically by Lowry’s
methods using Bovine serum albumin as

standard (Lowry et al., 1951).

Chitinase activity assay

Chitinase activity was measured using
colloidal chitin as substrate. Enzyme solution
(approx.0.5 ml) was added to 0.5 ml of
substrate solution, which contained 10%
colloidal chitin in phosphate buffer (0.05 M,
pH 5.2) and 1 ml distilled water. The mixture
was then incubated in shaking water bath at
50°C for 10 minutes, thereafter 3 ml of
dinitrosalicylic acid reagent was added. The
mixture was placed in a boiling water bath
for 5 min, after cooling, the developed color
as indication to the quantity of released N-
acetylglucosamine (NAGA), was measured
spectro-photometrically at 575 nm. The
amount of NAGA was calculated from
standard curve of NAGA. Chitinase activity
(u/min) = the amount of enzyme releasing 1
umol NAGA per min from colloidal chitin,
under the assay conditions (Bindo et al.,
2005).
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Optimization of chitinase production
Optimization of chitinase production
was carried out keeping chitin production in
different environmental conditions and
nutritional factors such as pH (4-6.5),
temperature (10-40)  incubation time 3-8
days), carbon source, Nitrogen source and
salt concentration for their effect on chitinase

production (Eman Fathi Sharaf, 2005).

RESULTS
Identification of Fungus
The chitinolytic  funguses  were
identified by mainly on the basis of cultural
and morphological characteristics mentioned
in table 1. In this study, the two funguses
were identified as Aspergillus niger and

Aspergillus fumigatus.

Table 1 showed cultural and morphological characterization of fungus

Characteristics

Results/ Inference

Growth temperature | 25-28°C 25-28°C
Growth pH 5.6+0.2 5.6+0.2
Colony color Black Pale green

Colony appearance

Spread spores

Spread spores

Colony texture Smooth

Smooth

Surface of the colony

Smooth colony

Smooth colony

Conidial head Present Present
Vesicles shape Ovaid Ovaid
Entirely covering | Upper 2/3  covering
Appearance of Metula medulla medulla
Medulla shape Oval shape Glubose shape

Probable identity

Aspergillus niger

Aspergillus fumigatus

Chitinase enzyme

The fungal strains that showed
chitinolytic activity on chitin-agar plates
were then used for chitinase production. The
cell free suspension was concentrated by
ammonium sulfate (75%) and dialysed using
acetate buffer (50 mM, pH 5.0). It was freeze

dried and used for enzymatic assays.

Table 2 showed protein concentration and
total activity of chitinase

Protein Total activity
Fungus concentration

(mg/ml) moles/ml/min)
Aspergillus | 4 0.612
niger
Aspergillus |, 5 0.575
fumigatus
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The protein content of extracellular
protein was estimated as 18 and 15mg/ml
from enzyme produced by Aspergillus niger
and Aspergillus fumigatus respectively.
Chitinolytic activities were assayed using
NAGA as standard. In this study, the
enzymes produced by above strains were
showed 0.612 and 0.501 pg moles/ml/min of

total activity.

Optimization of chitinase production
The chitinase  production  was
optimized with different environmental

conditions and nutritional factors.

Effect of pH

The fungus exhibits good enzyme
(0.463 g moles) production at pH range of
5.0 to 5.5. At pH 4 it was 0.408 pg moles in
A. niger, 0.428 pug moles, at pH 6-7 both the
fungus showed 0.426 pg moles enzymes
(table 3).

Table 3 showed effect of pH on enzyme
production

pH Total activity (ng
(Range) | moles/ml/min)
A. niger A. fumigatus
4.0 0.408 0.426
4.5 0.408 0.463
5.0 0.463 0.463
5.5 0.463 0.463
6.0 0.426 0.426
6.5 0.426 0.426

Effect of temperature

At lower temperature 10°C the fungus
exhibits lower enzyme production (0.140 pg
moles in A.niger, 0.111 pg moles in A,
fumigatus) the optimum enzyme production
was observed at 20-30°C for A. niger (0.463
pg moles) and 25-30°C for A. fumigatus
(0.463 pg moles), at 35-40°C both the strains
were showed moderate enzyme production
(0.426 pg moles) (table 4).

Table 4 showed effect of temperature on
enzyme production

Temperature | Total activity (Mg
0 moles/ml/min)
(C)
A. niger A. fumigatus
10 0.140 0.111
20 0.426 0.408
25 0.463 0.463
30 0.463 0.482
35 0.426 0.426
40 0.426 0.426

Effect of incubation time

The enzyme production was observed
from third day of incubation time (0.408 ug
moles), the maximum enzyme production
was observed in after sixth days of
incubation. The higher enzyme productions
were observed in A. flavus at sixth day (0.556
pHg moles), A. fumigatus at seventh day

(0.538 g moles) (table 5).
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Table 5 showed effect of incubation time
on enzyme production

Inc. Total activity (ng
period moles/ml/min)
(Days) A. niger | A. fumigatus
3 0.408 0.408
0.408 0.408
5 0.482 0.463
6 0.556 0.519
7 0.538 0.538
8 0.538 0.519

Effect of chitin concentration

Colloidal concentration may influence
the production of enzyme production (table
6), at 0.25gm concentration, both the fungus
produced  good  production. Higher
productions were observed at 0.50-0.75 gm

concentration (0.82 pg moles).

Effect of sodium nitrate concentration

The sodium nitrate concentration of
the production medium may influence the
production of chitinase production in 0.1-
0.2gm, 0.463ug moles were observed in
(table 7), at 0.25-3.0 gm

concentration, the production may reduce

A.niger

(0.426pg moles). In case of A.fumigatus,
higher enzyme production was observed in

0.15-0.20gm concentration (0.463ug moles).

Table 7 showed effect of sodium nitrate on
enzyme production

NaNO3 Total activity (Mg
(9/100 ml) | moles/ml/min)
A.niger | A. fumigatus

0.1 0.463 0.519

0.15 0.463 0.463

0.2 0.463 0.463

0.25 0.426 0.408

0.3 0.426 0.408

0.35 0.463 0.426

Table 6 showed effect of chitin
concentration enzyme production
Colloidal Total activity (ng
chitin moles/ml/min)

(9/200 ml) : :

A.niger A. fumigatus

0.25 0.426 0.445

0.50 0.482 0.482

0.75 0.482 0.463

0.10 0.482 0.463

1.25 0.426 0.426

1.50 0.426 0.426

Effect of magnesium sulphate concentration

Magnesium sulphate concentration of
the production medium may also influence
the production of chitinase production at
(0.02gm) both the

strains exhibits maximum enzyme production

lower concentration,

(0.538g moles in A.niger, 0.556ug moles in
A.fumigatus). Increased concentration of
MgSo4 may reduce the enzyme production

(table 7).
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Table 8 showed effect of magnesium
sulphate on enzyme production

Mg SO, | Total activity (Hg
(9/100 ml) | moles/mi/min)

A.niger A. fumigatus
0.02 0.538 0.556
0.03 0.482 0.556
0.04 0.426 0.463
0.05 0.426 0.426
0.06 0.426 0.408
0.07 0.463 0.408
DISCUSSION

It has been reported that enzymes
produced by some fungi showed varying
responses to their cultivation condition and
the substrates used in the culture medium
(Escott et al., 1998). In this study, A.niger
and A.fumigatus were isolated form infected
Artemia parthenogenetica, collected from
salt pan of Puthalam, Kanyakumari district.
They were identified by based on the studies
of cultural and morphological characteristics.

The two strains were subjected to
screening of exo-chitinase activity on chitin
agar medium plates using colloidal chitin as a
substrate. The utilization of chitin and
production of enzyme was assayed by a zone
of clearance around the colonies. Then the
strains were used for chitinase production in
a liquid-state culture using the same colloidal

chitin as the substrate, it was prepared by

method described by Kyoung using shrimp
chitin powder (Kyoung, 2003).

The cell free crude enzyme
suspensions were preliminarily concentrated
by ammonium sulphate precipitation (75%
saturation) and dialysed with acetate buffer.
Total protein concentration and total activity
of the enzymes were assayed by standard
procedures, enzymes from A.niger showed
18mg/ml of protein and 0.612 moles/ml/min
of activity; enzymes from A.fumigatus
showed 15mg/ml of protein and 0.575
moles/ml/min of activity. These results
confirmed that the chitinase produced by
Aspergillus species are may not variable, and
suggest that the liquid culture with colloidal

chitin is suitable for producing chitinase.

It is equally important that
mechanisms regulating the induction and
secretion of chitinases from A. fumigates
should be characterized more fully. A wide
range of organisms including higher plants,
bacteria and a number of fungi produce
abundant quantities of chitinase in response
to chitinous materials in the environment.
However, it is not yet clear how these
organisms detect the presence of the
insoluble chitin polymer outside the cell. The
induction of differing profiles of A. fumigatus
chitinolytic enzymes by semisynthetic
(colloidal) and crude (crab shell) chitin
preparations is of particular interest. In this

study, chitinase production by Aspergillus
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species exhibits higher enzyme production at
the pH range 5.0 to 5.5, also it will be good at
pH >6, the reason for this, all the above
strains were isolated from salt pan with
alkaline pH’s. The fungus produced higher
enzymes were observed at 20-40°C; 6-8 days
of incubation; 0.50-0.75 gm of colloidal
concentration; 0.15gm of sodium nitrate and
0.02gm of magnesium sulphate. Our results
clearly indicate that under certain growth
conditions, the Aspergillus strains secrete
abundant quantities of chitinase. The
extensive chitinolytic system of Aspergillus
provides an interesting model for further
studies of chitinase induction and repression
and the production of bacterial and fungal
chitinases that enable biodegradation of

chitin in the environment.
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