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Abstract

Plants protect themselves by producing phytoalexins and pathogenesis related (PR) proteins in response to different physical
and biological stresses as well as against pathological attack. In the present study, chitinase, a PR protein, from peanut seeds
was purified to homogeneity by ammonium sulfate precipitation, gel filtration chromatography on Sephadex G-75 column and
ion exchange chromatography on Q-Sepharose column. Chitinase was identified as monomeric protein with molecular mass
of 30 kDa by SDS-PAGE. Chitinase activity was also evaluated on chitin agar plates showing distinct zones. The optimum pH
and temperature of purified chitinase activity were found to be 5.2 and 35°C, respectively. The enzyme was stable within
broad pH range of 3.6 to 7.6 and up to 55°C temperature. Amongst the various substrates, acid swollen chitin was found to be
the best substrate for chitinase when used at the concentration of 1% exhibiting its high specificity in catalyzing glycosidic
bonds between N-acetylglucosamine residues. Chitinase activity of the purified enzyme was inhibited by Hg? and Ag?* at 1
mM concentration and enhanced by Ca?*, Mg?*. The increase in the presence of 2-mercaptomethanol demonstrates the
existence of sulfhydryl groups in enzyme active site. The enzyme exhibited a strong inhibitory action towards a variety of
fungal species including Fusarium oxysporum, Trichoderma reesei, Aspergillus flavus and A. niger. Purified chitinase showed
fungicidal properties against A. flavus on white bread and therefore, could be applied in bakery products to inhibit the
formation and growth of fungal colonies. © 2016 Friends Science Publishers
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however are similar to class | chitinases. Class Il chitinases
have no similarity with class | or class Il chitinases. Class
IV chitinases are also not similar with class | chitinases but
it is smaller in size due to four deletions (Shinshi et al.,

Introduction

Plants respond to pathogenic attack, wounding, exposure to
heavy metals, salinity, cold and ultraviolet rays through

different defense mechanisms. These defense mechanisms
include: strengthening of the cell wall through lignin,
suberin and callose deposition as well as by the synthesis of
phytoalexins which are toxic to bacteria and fungi by
producing Pathogenesis-Related (PR) proteins like
chitinases, B-1,3-glucanases, and thaumatin-like proteins
(Bowles, 1990).

Chitinases (EC 3.2.1.14) belong to families 18 and 19
of the glycoside hydrolases (Henrissat, 1991). They catalyze
the hydrolysis of the f-1, 4-linkages between N-
acetylglucosamine residues of chitin. Chitin is the second
most abundant polymer in nature after cellulose
(Tharanathan and Kittur, 2003). Chitinases have seven
classes (I-VII) (Neuhaus, 1999). However, most chitinases
present in leguminous plants belong to class I-1V, because
information about other three classes is not known yet
(Wang et al., 2009). Class | chitinases are basic and consist
of N-terminal cysteine rich chitin binding domain. Class |1
chitinases are acidic and lack the chitin-binding domain but

1990).

Depending on cleavage pattern, chitinolytic enzymes
are divided into two categories that are: N-
acetylglucosaminidases and Chitinases. N-
acetylglucosaminidases (EC 3.2.1.5.2) cause the release of
terminal, non-reducing N-acetylglucosamine (GIcNAC)
residues from chitin. They have the highest affinity for the
dimer N, N-diacetylchitobiose (GICNAC), and convert it to
two monomers. Chitinases are further divided into
endochitinases and exochitinases. Endochitinases degrade
chitin from any point along the polymer chain forming
random-sized length products, while exochitinases cleave
(GIcNAC), from the non-reducing end of the chain (Seidl,
2008).

To date, different types of chitinases have been
purified and characterized from different plants like sugar
beet (EI Sayed et al., 2000), soya bean (Gijzen et al., 2001),
pineapple (Taira et al., 2005), pomegranate (Yang et al.,
2011), and persimmon (Zhang et al., 2013).
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Plant chitinases and glucanases often act together to
increase antifungal activity by inhibiting the growth of
many pathogenic fungi (Busam et al., 1997). Antifungal
effect of chitinases have been extensively studied in many
plants including mung bean (Ye and Ng, 2005), lima bean
(Wang et al., 2008), cranberry beans (Wang et al., 2009),
tea leaves (Nisha et al., 2011) and fava beans (Wang et al.,
2012). Different types of cell wall degrading chitinases and
glucanases have been successfully transferred to crops such
as silver birch (Pappinen et al., 2002) and grapevine
(Yamamoto et al., 2000). The objective of the present
investigation as the purification and characterization of a
chitinase from peanut seeds and its antifungal activity
towards some pathogenic fungi.

Materials and Methods
Protein Extraction

100 grams of peanut seeds (Arachis hypogaea L), purchased
from a local market, were ground to powder and soaked in
300 mL of 60 mM acetic acid for one hour on ice. The
mixture was centrifuged (SiIGMA® Laborzentrifugen) at
8,000 rpm for 30 min. pH of the supernatant was adjusted to
7.6 and placed at 4°C for overnight and again centrifuged at
8,000 rpm for 30 min. The supernatant was designated as
crude extract for further investigations.

Chitinase Activity Assay

Chitinase activity was checked by using 1% acid swollen
chitin (0.5 g chitin soaked in 50 mM sodium acetate buffer,
pH 5.2 containing 0.02% sodium azide for 2 h). The
reaction mixture was prepared by adding 0.5 mL acid
swollen chitin and 0.5 mL suitably diluted enzyme in a test
tube following incubation at 35°C for 30 min. The mixture
was centrifuged at 4,000 rpm for 10 min. The reducing
sugars released in supernatant were measured by DNS
method (Miller, 1959). Blank contained 0.5 ml of 50 mM
sodium acetate buffer (pH 5.2) instead of enzyme. One unit
of enzyme activity was defined as the amount of enzyme
that released 1 pmol N-acetyl-D-glucosamine from acid
swollen chitin per minute under the standard assay
conditions.

Zymogram for Chitinase Activity

15% polyacrylamide gel electrophoresis was carried out
under native condition by using the procedure described by
Davis (1964). 0.5% acid swollen chitin was used as
substrate for chitinase in the zymogram technique. The gel
was stained with 0.1% Congo red dye for 30 min following
destaining in 2M NaCl solution.

Total Protein Estimation

The protein concentration was estimated by using
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Bradford method with bovine serum albumin (Sigma
Chemicals Co., USA) as the standard (Bradford, 1976).

Purification of Chitinase

Ammonium sulfate precipitation: The crude chitinase
extract was adjusted to 80% saturation with ammonium
sulfate. The precipitate was harvested by centrifugation at
8,000 rpm for 20 min. Pellet was suspended in 50 mM
sodium acetate buffer (pH 5.2) and stored at 4°C. The
chitinase activity and protein concentration of the solution
was determined as described above.

Gel Filtration Chromatography

Ammonium sulfate precipitated sample was dialyzed
against 50 mM sodium acetate buffer (pH 5.2) at 4°C
overnight with four changes at three hours interval.
Dialyzed sample was lyophilized and loaded on Sephadex
G-75 (Pharmacia Fine Chemicals, Sweden) column (0.25 x
30 cm) that was pre-equilibrated with the 50 mM sodium
acetate buffer (pH 5.2). The protein elution was done with
the same buffer at a flow rate of 1 mL/min. Total 60
fractions (2 mL each) were collected. Chitinase activity and
protein concentration of each fraction was determined.

Q-Sepharose Chromatography

Fractions displaying chitinase activity were pooled and
subjected to ultrafiltration at 4°C in an Amicon
ultrafiltration cell fitted with 10,000 MW cutoff membrane
(PTGC 043 Millipore Co., USA) under 50 pounds per
square inch nitrogen pressure. The concentrated enzyme
sample was fractionated on Q-Sepharose (Sigma Chemical
Co. USA) column (1.6 x 10 cm) equilibrated with Tris-HCI
buffer (pH 8.5) at natural flow rate. The bound proteins
were eluted by a linear gradient of 0 to 1.5M NaCl in the
same buffer. 1 mL fractions were collected by using a
fraction collector Frac-100 (Pharmacia Fine Chemicals) and
assayed for protein and chitinase activity.

SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Homogeneity and molecular mass of the purified chitinase
was estimated by (SDS-PAGE) (BIO-RAD Laboratories
Inc., USA) performed by the method described by Laemmli
(1970). Samples were mixed 1:4 with sample buffer and
boiled for 10 min. Gel containing standard protein size
markers (Invitrogen) and samples after electrophoresis, was
stained in 0.1% (w/v) Coomassie brilliant blue R-250
(Sigma), 30% (v/v) methanol and 10% (v/v) glacial acetic
acid solution and destained in a solution containing 30%
(v/v) methanol and 10% glacial acetic acid in distilled water.
The molecular mass of purified antifungal protein was
determined by comparison of its electrophoretic mobility
with those of unstained protein ladder.
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Characterization of Purified Chitinase

Effect of pH on activity and stability: The effect of pH on
the activity of purified chitinase was estimated by
maintaining the pH of assay mixtures using 1% acid swollen
chitin as a substrate. Mcllvaine buffer was used for pH
range 2.8 to 7.6 and Clark and Lubs buffer for pH range 8.4
to 10.

pH stability of purified chitinase was determined by
incubating enzyme in buffers of different pH ranging 2.8 to
10 at room temperature for one hour without substrate. The
residual activity was then determined under the standard
assay conditions.

Effect of Temperature on Activity and Stability

The optimal temperature for purified chitinase was
determined at different temperatures in the range of 20°C to
80°C by incubating a known amount of chitinase activity
with 1% acid swollen chitin as a substrate in optimized
buffer.

Temperature stability profile for purified chitinase was
obtained by preincubating enzyme in the buffer of optimized
pH at various temperatures ranging 10 to 80°C for one hour
prior to the addition of substrate and determining the
residual activity under standard assay conditions.

Substrate Specificity

The substrate specificity of the purified chitinase was
investigated by incubating the enzyme with different
concentrations (0.5-1.5%) of acid swollen chitin, colloidal
chitin, chitotriose, glycol chitin, carboxymethyl cellulose
(CMC), and chitibiose as substrate in 50 mM sodium
acetate buffer (pH 5.2). Acid swollen chitin was taken as
control to measure the relative activity for each substrate.

Activation and Inhibition Studies

The enzyme was pre incubated with a 1 mM concentration
of different metals (MgCl,, CaCl,, CuSO4, MnCl;, AgNQOs3,
HgCl, and B-mercaptoethanol) at room temperature. The
residual chitinase activity was measured under the standard
assay conditions after one hour.

Chitinase Diffusion Assay

Well plate method was used to make wells (4 mm
diameters) on chitin agar plates containing 4% agar and 1%
acid swollen chitin in 50 mM acetate buffer (pH 5.2). Each
well was loaded with different amounts of chitinase activity
(1-3 U) while control well contained only 50 mM sodium
acetate buffer (pH 5.2). The plates were incubated at 37°C
for 24 h. Zones of chitinase activity were observed after
staining and destaining with 0.1% congo red dye and 2M
NaCl, respectively.
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Antifungal Activity of Chitinase

The mycelium of A. fumigatus, A. flavus, F. oxysporum,
T. reesei were inoculated separately in the middle of the
petri plates containing 2% malt extract agar media and
incubated at 35°C. After 2 days when colony diameter
was 3-4 cm, sterile filter paper discs (0.5 cm in
diameter) soaked in chitinase solution containing
different concentrations (30, 60, 90 pg) were placed on
plates at a distance of about 0.5 cm away from the edge
of the growing colonies. The discs soaked in buffer
without chitinase served as control. The plates were
further incubated at 35°C until the mycelial growth
encircled the peripheral disc containing the control and
had produced crescents of inhibition around the discs
loaded with chitinase antifungal protein (Wong and Ng,
2005).

Chitinase as Food Preservative

Antifungal potential of chitinase against bread mold was
evaluated with fresh bread pieces according to the method
described by Hans et al. (2010). Fresh white bread obtained
from local market was sliced approximately into 30 mm
pieces. The fungal spores were spread on the bread and
chitinase solution applied on the bread samples. The
bread pieces without enzyme were used as controls. The
pieces packed in plastic bags were incubated at 25°C up to
seven days.

Results
Purification of the Chitinase

The summary of purification of chitinase is presented in
Table 1. Ammonium sulfate (80%) precipitated sample
after dialysis and lyophilization was subjected to
Sephadex G-75 column that was pre-equilibrated with
50 mM sodium acetate buffer (pH 5.2). Chitinase
activity was separated as a single peak as shown in Fig.
1. Active fractions were pooled and further purified by
Q-Sepharose column chromatography. Bound proteins
were eluted with a gradient of NaCl (0 to 1.5M) in Tris-
HCI buffer of pH 8.5 (Fig. 2). The purified enzyme
preparation had a specific activity of 101 U/mg of protein,
while the final percentage recovery was 23.8.

Chitinase catalyzes the cleavage of chitin as it
diffuses through the gel, leaving a light, unstained
circular zone around the well, because the congo red dye
binds only to undigested chitin. A plate clearing assay
for chitinases (Zarei et al., 2012) was used to evaluate
the activity of purified chitinase producing distinct zones
of chitin hydrolysis as shown in Fig. 3. This chitin plate
clearing test seems to be semi-quantitative since
diameter of the hydrolysis zone increased with
increasing enzyme concentration.
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Table 1: Purification scheme of chitinase from Arachis hypogaea L. seeds

Purification Steps Total activity (U) Total protein (mg) Specific activity (U/mg) Purification fold Yield (%)
Crude extract 380 45 8.4 1 100
Ammonium sulphate precipitation 305.6 325 94 11 80.4
After Gel Filtration Chromatography 205 6.0 34.1 4.0 53.9
After lon Exchange Chromatography 90.5 0.9 101 12.02 23.8
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Fig. 1: Gel filtration through chromatographyon Sephadex
G-75 column of chitinase from peanut
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Fig. 2: Q-Sepharose chromatography of chitinase after
concentration by ultrafiltration

Characterization of Purified Chitinase

Molecular weight determination: The molecular weight
of purified chitinase was appraised to be 30 kDa on
SDS-PAGE as shown in Fig. 4A. Chitinase activity was
further confirmed under native conditions in 15% (w/v)
polyacrylamide gel containing 0.5% acid swollen chitin
as substrate following staining with congo red.
Chitinolytically active enzyme was visualized as clear
band on red background of the gel as shown in Fig. 4B.

Effect of pH and Temperature on Activity and Stability
of Purified Chitinase

Purified chitinase was found to be the most active at pH
5.2 as shown in Fig. 5. Purified chitinase was stable in
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Fig. 3: Holes around the wells in a chitin-agar plate.
Wells were loaded with different amounts of chitinase
and incubated at 35°C for 24 hours. The plate was
stained with congo red and then destained with 1 M
Nacl. A: Control; B: 1U of chitinase; C: 2U of chitinase; D:
3U of chitinase
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Fig. 4: SDS-PAGE analysis of chitinase from peanut. Lane
K: Marker; Lane 1: Crude enzyme; Lane 2: After Gel
Filtration Chromatography; Lane 3: After Q-sepharose
chromatography. B. Zymography analysis of purified
chitinase

the broad pH range from 3.6 to 7.6 as shown in Fig. 5.
Enzyme retained 99% of its activity at pH 4.4 and about
55% at pH 9.2. The purified enzyme was optimally active at
35°C as shown in Fig. 6.
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Fig. 5: Optimum pH and pH stability of purified chitinase
from peanut. The effect of pH on enzyme activity was
determined at 37°C using 0.05 M of varing buffers. Buffers
used were: Mcllvaine (2.8-7.6), Clark and Lubs (8.4-10.0)
For pH stability, the enzyme was diluted with different
buffers and incubated at room temperature for 1 h and
determined the residual activity at 35°C. The data is
representative of the mean of three experiments
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Fig. 6: Optimum temperature and thermal stability of
purified chitinase from peanut. The optimal temperature
was determined at different temperatures by incubating
known amount of activity with 1% chitin. Temperature
stability was obtained by preincubation enzyme at various
temperatures ranging 10-80°C for 1 h prioe to the addition
of substrate and determining the residual activity. The data
is representative of the mean of two experiments

Substrate Specificity of Purified Chitinase

Polymeric substrates having glycosidic bonds were used as
substrates for determination of substrate specificity of
purified enzyme. Acid swollen chitin was found to be the
best substrate at 1% concentration but significant activity
was also obtained against colloidal chitin as shown in Fig. 7.
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Fig. 7: Effect of dirrerent substrates on purified chitinase
activity. Data are presented as mean of three replicates with
standard deviations
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Fig. 8: Effect of metal ions on the activity of purified
chitinase. The data is representative of the mean of three
experiments

However, glycol chitin and chitotriose were found to be
poor substrates demonstrating reduced approach of enzyme
to the substrate. Activity of chitinase was very low against
carboxymethyl cellulose and chitibiose even when enzyme
concentration was increased up to 1.5%.

Inhibition and Activation Studies

The effect of some potential metal ions on chitinase activity
was investigated in an assay system containing 1 mM of
each chemical. As shown in Fig. 8, the chitinase activity
was strongly inhibited by Ag* and almost completely by
Hg?*. During present studies, the presence of Mg*? and
Ca*? enhanced 30 and 15% chitinase activity,
respectively when used at a concentration of 1 mM in
the reaction mixtures.
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Antifungal Activity of Chitinase

Antifungal assays were performed using major
phytopathogenic fungi. The purified chitinase showed
antifungal activity by forming a crecent at concentrations
30, 60, and 90 ug against A. fumigatus, T. reesei, A. flavus,
and F. oxysporum as shown in Fig. 9.

Chitinase as Food Preservative

Antifungal potential of chitinase was assessed as a food
preservative by applying purified enzyme on bread
infected with A. flavus as white bread is mainly
vulnerable by fungal pathogens, particularly the species
of genus Penicillum, Aspergillus, Fusarium, and Rhizopus
(Lavermicocca et al., 2003; Guynot et al., 2005). The fungal
spores and antifungal protein when used in different
combinations at a concentration of 60 pg of purified
chitinase produced maximal inhibitory effect on the growth
of A. flavus (Fig. 10).

Discussion

Chitinases are very important enzymes that are distributed
in bacteria, fungi, plants and animals. These are produced
under normal conditions as well as a result of different
environmental and developmental factors in plants. Due to
compact structure, enzymes are stable at extreme conditions
of pH and temperature. Chitinases are also resistant to
proteolytic degradation and remain soluble and stable under
such conditions retaining their antifungal activities and
surviving ability during food processing (Gorjanovic, 2009).

Enzyme purification is essential for understanding the
mode of action and substrate specificity of an enzyme.
Product inhibition studies and calculation of Michaelis-
Menten constants can be carried out with purified. Many
other workers have reported multistep procedure for
purification of chitinase. Ye and Ng (2005) purified a
chitinase after three chromatographic steps (CM-Sephadex
C-50, POROS HS and Sephadex G-75 column
chromatography) from mung beans to 3.9 folds and Taira et
al. (2005) purified chitinase from pineapple leaf after four
steps such as chitin affinity column chromatography, Butyl-
Toyopearl 650M column chromatography, Resource Q
column chromatography, HPLC on Phenyl superpose
column.

A plate clearing assay was used to evaluate the activity
of purified chitinase producing distinct zones of chitin
hydrolysis as shown in Fig. 3. Chitinase catalyzes the
cleavage of chitin as it diffuses through the gel, leaving a
light, unstained circular zone around the well, because the
congo red dye binds only to undigested chitin. During
current trials, chitin plate clearing test seemed to be semi-
quantitative since diameter of the hydrolysis zone increased
with increasing enzyme concentration. Plate assay method
was also performed by Zarei et al. (2012) to examine the
active fungal strains producing chitinases.
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(4)

(©) D)

Fig. 9: Antifungal activity against different pathogenic
fungi. (A) A. fumigatus, (B) T. reesei, (C) A. flavus, and
(D) F. Oxysporum

3rd day

4t day

Fig. 10: Effect of antifungal activity of chitinase on growth
of A. flavus on contaminated white bread. Bread samples
were contaminated with A. flavus in the presence of
antifungal protein (B). Control samples were treated in
similar way but without enzyme (A)

Chitinases of plant origin are generally endochitinases
and possess molecular masses in the range of 25 to 35 kDa
(Sahai and Manocha, 1993). Similar molecular weight
chitinases are reported by Patel et al. (2010), Yang and
Gong (2002), Ye and Ng (2005) from Ipomoea carnea latex
(30 kDa), Hydrangea macrophylla (30 kDa) and Phaseolus
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mungo seeds (30.8 kDa), respectively. However, low
molecular weight chitinase were also purified from Vicia
faba seeds (25.5kDa) (Wang et al., 2012) and P. limensis
seeds (28.6 kDa) (Wang et al., 2008). Many researchers
have reported higher molecular weight of chitinase contrary
to present studies i.e., Beta vulgaris (64 kDa) (El sayed et
al., 2000), leaf rachises of Cycas (40 kDa) (Taira et al.,
2009), Astragalus membranaceus seed (35 kDa)
(Kopparapu et al., 2011) and Camellia sinensis leaves (34
kDa) (Nisha et al., 2011).

pH is one of the major factors affecting tertiary and
quaternary structure of proteins and enzymes. Since
enzymes are amphoteric in nature, therefore possess both
acidic and basic amino acids. Based on dissociation
constants and pH of the environment, these varying charges
on amino acids affect the overall charge along with their
peripheral distribution thus influencing the activity, stability
and solubility of enzymes (Chaplin and Bucke, 1990).
Chitinase purified during present studies showed optimum
activity at 5.2, which is in close conformity to the findings
of Wang et al. (2008) and Santos et al. (2004) who purified
a chitinase from lima bean and Adenanthera pavonina seeds
showing maximum activity at pH 5.4 and 5.5, respectively.
While chitinase obtained from Oryza sativa possessed pH
optimum of 5.5-6.5 (Xayphakatsa et al., 2008). On the
contrary, purified chitinases, reported by Bansode and
Bjekal (2005) and Kuzu et al. (2012) exhibited maximum
activity at pH 9. Since purified chitinase showed pH optima
in the acidic range, therefore this enzyme could possibly be
exploited for control of fungal plant pathogens (Moore et
al., 2004). Some chitinases are reported displaying even
broader pH range. Patel et al. (2010) purified a chitinase
from Ipomoea carnea latex that was stable from pH 4.0
to 9.5, while chitinase purified by Kopparapu et al.
(2011) had been shown to maintain its activity in the pH
range of 3.0-9.0.

Temperature is one of the critical constraints that
regulate the enzyme activity. The resistance of enzymes
to thermal denaturation is due to the presence of
hydrophobic interactions, hydrogen bonding and ionic
stabilization in polypeptide chains (Voordouw et al.,
1976). During contemporary trials, 35°C was found to be
optimal temperature for chitinase, which is in accordance
with the results reported by Molano et al. (1979) from
wheat grains. Research papers are also present on chitinases
that possess high optimum temperatures like P. mungo seed
chitinase (40-50°C) (Ye and Ng, 2005), Oryza sativa
chitinase (35 to 40°C) (Xayphakatsa et al., 2008),
Ipomoea carnea latex (50°C) (Patel et al., 2010), Vicia
faba seed chitinase (50°C) (Wang et al., 2012) and A.
membranaceus seed chitinase (50°C) (Kopparapu et al.,
2011).

Thermostable chitinase could be useful for the chitin
industry and biotechnological applications; therefore, the
thermostability of purified chitinase was examined at
various temperatures. Such studies demonstrated that
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activity of purified chitinase was preserved up to 55°C when
incubated for one hour (Fig. 6). Earlier reports have also
revealed comparable thermal stability of chitinases i.e.,
peanut seeds below 50°C (Wang et al., 2008). However,
Patel et al. (2010) have reported even high thermally stable
peanut chitinase (up to 80°C) from Ipomoea carnea. Wide-
ranging pH and temperature stability is criterion of enzymes
for their industrial applications as many biotechnological
processes occur at high temperature and at acidic or basic
pH values (Antranikian, 2009).

Chitinase is specific in hydrolyzing the compounds
that contain glycosidic linkage. lkeda et al. (2009) have also
reported that amongst different insoluble substrates used for
substrate specificity studies, colloidal chitin was more
effectively digested by chitinase purified from Pennahia
argentatus.

Generally, the presence of various chemicals results in
inhibition or activation of enzymes. Rouvinen et al. (1990)
suggested that enzyme inhibition might be due to the
binding of metal ions to sulfhydryl groups of cysteine
residues playing a significant role in maintaining the integral
active site structure of enzymes. Xia et al. (2001) have
described the different prospects of Hg?* impact on enzyme.
The ions can bind the sulfhydryl or carboxyl groups of
amino acids or interacts with tryptophan residues as such.
Furthermore, in other cases metals can lead to the dearth or
substitution of indispensable ions in metalloproteins (Van
Assche and Clijsters, 1990). Kim et al. (2003) have reported
inhibitory effect of Ag* and Hg?" on chitinase similar to
present studies, purified from Streptomyces sp. M-20 when
used at 1 mM concentration. The mechanism by which
metal ions enhance the reaction is through their binding to
the substrates so as to orient them properly for enzymatic
reaction. Metal ions may facilitate the reaction through the
charge shielding of bound substrates (Villafrance, 1992).

Interestingly, in contrast to our studies, Ca®* and Mg2*
partially inhibited Serratia marcescens chitinase while Mn?*
enhanced enzyme activity at 1 mM concentration (Zarei et
al, 2011). Five chitinases purified from different
microorganisms, Bansode and Bjekal (2005) reported that
Ca?* remarkably increased the chitinase activity as
compared to other metal ions used. This study also reported
that enzyme activity of purified chitinase was enhanced
(21%) in the presence of 2-mercaptomethanol in the assay
mixture suggesting the presence of SH- groups in active
site of the enzyme. These findings were further
established when purified enzyme was found to be
inhibited in the presence of divalent ions such as HgCl,
and such metal cations enzyme inhibition revealed the
presence of at least one Cys residue in the enzyme active
site (Rouvinen et al., (1990). Present results also agree with
earlier findings reported previously by Kim et al. (2003) and
Ueno et al. (1990).

Fungi are widely distributed in every ecological unit.
They have ability to inhabit plants, human and animals as
their substrates. The previous studies revealed that fungi are
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the major threat to immune-compromised patients and their
infection lead to the death of the patient. However, these
infections can be suppressed by the development of
antifungal that have the ability to prevent such infections
(Shoham and Levitz, 2005). Chitinases occupy a distinct
place in agricultural biotechnology because their lytic
activity inhibit fungal development by degrading chitin and
glucan components of cell wall and have proven their
potential as antifungal agents (Punja and Zhang, 1993; Jung
et al., 2005). Antifungal effect of different plant chitinases
has been studied. Kirubakaran and Sakthivel (2007) purified
a 35 kDa chitinase exhibiting antifungal activity against B.
cinerea, P. theae, B. oryzae, Alternaria sp., C. lunata and R.
solani. A 28 kDa chitinase purified from maize seeds had
the potential to inhibit the growth of T. reesei, A. solani and
F. oxysporum (Huynh et al., 1992). Ye and Ng (2005)
isolated chitinase from mung beans with antifungal activity
against F. oxysporum, M. arachidicola, P. aphanidermatum
and S. rolfsii.

Besides the advancement in scientific knowledge, food
industry is still facing unsolved food spoilage problems due
to incursion of molds and spores. The use of conventional
chemical preservatives or other physical procedures in food
items have their own inherent disadvantages. Hence to
evade chemical preservation methods, natural plant extracts
could be promising alternative; therefore, to explore new
plants materials with antifungal properties have become an
interesting research area in food industry (Irkin and
Korukluoglu, 2007). The cell wall of the fungi contains
mostly chitin along with other polysaccharides and chitinase
enzymes break down chitin of fungal cell wall by
hydrolyzing its R-(1, 4) glycosidic linkages, therefore
directly prevent germination and growth of molds and fungi.
Hans et al. (2010) recounted that antifungal activity of oat
(Avena sativa) seed extracts exhibited its great potential to
prevent and repress the spore germination of P. roqueforti,
when applied on rye bread. Moreover Fig leaves extracts
exhibiting both antifungal and antibacterial activities against
detrimental microbes in foods have been reported
previously (Hu et al., 2007; Balestra et al., 2009; Oliveira et
al., 2009; Aref et al., 2010).

References

Antranikian, G., 2009. Extremophiles and Biotechnology. In: Encyclopedia
of Life Sciences (ELS). John Wiley & Sons, Ltd: Chichester. doi:
10.1002/9780470015902.20000391.pub2

Aref, H.L., K.B. Salah, J.P. Chaumont, A. Fekih, M. Aouni and k. Said,
2010. In vitro antimicrobial activity of four Ficus carica latex
fractions against resistant human pathogens (antimicrobial activity of
Ficus carica latex). Pak. J. Pharm. Sci., 23: 53-58

Balestra, G.M., A. Heydari, D. Ceccarelli, E. Ovidi and A. Quattrucci, 2009.
Antibacterial effect of Allium sativum and Ficus carica extracts on
tomato bacterial pathogens. Crop Protection, 28: 807-811

Bansode, V.B. and S.S. Bajekal, 2005. Characterization of chitinases from
microorganisms isolated from Lonar lake. Ind. J. Biotech., 5: 357—
363

Bowles, D.J., 1990. Defense-related proteins in higher plants. Annu. Rev.
Biochem., 59: 873-907

787

Bradford, M.M., 1976. A rapid and sensitive method for the
quantification of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem., 72: 248-254

Busam, G., H.H. Kassemeyer and U. Matern, 1997. Differential expression
of chitinases in Vitis vinifera L. responding to systemic acquired
resistance activators or fungal challenge. Plant Physiol., 115: 1029
1038

Chaplin, M.F. and C. Bucke, 1990. Enzyme Technology. Cambridge
University Press, New York, USA

Davis, B.J., 1964. Disc electrophoresis. 1l. Method and application to
human serum proteins. Ann. New York Academy Sci., 121: 404-427

El Sayed, S.T., AM. Salem, ANN. Shehata and E.W. Jwanny, 2000.
Chitinase from leaves of Beta vulgaris and other higher plants. Pak.
J. Biol. Sci., 3: 250-256

Gijzen, M., K. Kuflu, D. Qutob D and J.T. Chernys, 2001. A class 1
chitinase from soya bean seed coat. J. Exp. Bot., 52: 2283-228

Gorjanovic, S., 2009. A Review: Biological and technological functions of
Barley seed Pathogenesis-related-proteins (PRs). J. Inst. Brew., 115:
334-360

Guynot, M.E., S. Marin, V. Sanchis and A.J. Ramos, 2005. An attempt to
optimize potassium sorbate use to preserve low pH (4.5-5.5)
intermediate moisture bakery products by modeling Eurotium spp.,
Aspergillus spp. and Penicillium corilophilum growth. Int. J. Food
Microbiol., 101: 169-177

Hans, P.S., L.S. Madsen, J. Petersen, J.A. Tapdrup, A.M. Hansen and B.H.
Christian, 2010. Oat (Avena sativa) Seed Extract as an Antifungal
Food Preservative Through the Catalytic Activity of a Highly
Abundant Class | Chitinase. Appl. Biochem. Biotechnol., 160: 1573—
1584

Hu, L.L.,, Y.Q. Li, Y.L. Jin and Z.L. Meng, 2007. Studies on fungicidal
constituents in Ficus carica L. Leaves. J. Qingdao. Agric. Univ. (Nat
Sci)., 24: 264-266

Henrissat, B., 1991. A classification of glycosyl hydrolases based on amino
acid sequence similarities. Biochem. J., 280: 309-316

Huynh, Q., C. Hironaka, E. Levine, C. Smith, J. Borgmeyer and D. Shah,
1992. Antifungal proteins from plants: Purification, molecular
cloning and antifungal properties of chitinases from maize seed. J.
Biol. Chem., 267: 6635-6640

Ikeda, M., K. Miyauchi, A. Mochizuki and M. Matsumiya, 2009. Purification
and characterization of chitinase from the stomach of silver croaker
Pennahia argentatus. Protein Epr. Purifi., 65: 214222

Irkin, R. and M. Korukluoglu, 2007. Control of Aspergillus niger with
garlic, onion and leek extracts. Afr. J. Biotechnol., 6: 384-387

Jung, W.J,, JH. Kuk, KY. Kim, T.H. Kim and R.D. Park, 2005.
Purification and characterization ~of chitinase  from
Paenibacillus illinoisensis KJA-424. J. Microbiol. Biotechnol.,
15: 274-280

Kirubakaran, S.I. and N. Sakthivel, 2007. Cloning and overexpression of
antifungal barley Chitinase gene in Escherichia coli. Protein Extrac.
Puri., 52: 159-166

Kopparapu, N.K., Z. Liu, F. Fei, Q. Yan and Z. Jiang, 2011. Purification
and characterization of a chitinase (SAMC) with antifungal activity
from seeds of Astragalus membranaceus. Process Biochem., 46:
1370-1374

Kuzu, S.B., H.K. Givenmez and A.A. Denizci, 2012. Production of a
Thermostable and Alkaline Chitinase by Bacillus thuringiensis
subsp. kurstaki Strain HBK-51. Biotechnol. Res. Int., 2012: Article
ID 135498

Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly
of the heads of Bacteriophage T4. Nature, 227: 680-685

Lavermicocca, P., F. Valerio and A. Visconti, 2003. Antifungal activity of
phenyllactic acid against molds isolated from bakery products. Appl.
Environ. Microbiol., 69: 634-640

Miller, G.L., 1959. Use of dinitrosalicylic acid reagent for determination of
reducing sugars. Anal. Chem., 31: 426-428

Molano, J., 1. Polacheck, A. Duran and E. Cabib, 1979. An endochitinase
from wheat germ. J. Biol. Chem., 254: 49014907

Moore, K.G., M.S. Price, R.S. Boston, A.K. Weissinger and G.A. Payne,
2004. A chitinase from Tex 6 maize kernels inhibits growth of
Aspergillus flavus. Phytopathology, 94: 82-87



Younas et al. / Int. J. Agric. Biol., Vol. 18, No. 4, 2016

Neuhaus, J.M., 1999. Plant chitinases (PR-3, PR-4, PR-8, PR-11). In:
Pathogenesis-related Proteins in Plants, pp: 77-105. Datta, S.K. and
S. Muthukrishnan (eds.). CRC Press, Boca Raton, Florida, USA

Nisha, S.N., G.R. Prabu, A.K.A Manda and S. Arvinth, 2011. Purification
and molecular characterization of chitinase from tea leaves [Camellia
sinensis (L.) O. Kuntze]. Two and a Bud, 58: 44-47

Oliveira, A.P., P. Valentdo, J.A. Pereira, B.M. Silva, F. Tavares and P.B.
Andrade, 2009. Ficus carica L: Metabolic and biological screening.
Food. Chem. Toxicol., 47: 2841-2846

Pappinen. A., Y. Degefu, L. Syrjala and K. Kinomen, 2002. Transgenic
silver birch expressing sugar beet chitinase 4 shows enhanced
resistance to Pyrenopeziza betulicola. Plant Cell Rep., 20: 1046
1051

Patel, A K., V.K. Singh, R.P. Yadav, AJ.G. Moir and M.V. Jagannadha,
2010. Purification and characterization of a new chitinase from latex
of Ipomoea carnea. Proc. Biochem., 45: 675-681

Punja, ZK. and Y.Y. Zhang, 1993. Plant Chitinases and Their Roles in
Resistance to FungalDiseases. J. Nematol., 25: 526-540

Rouvinen, J., T. Bergfors, T. Teeri, J.K. Knowles and T.A. Jones, 1990.
Three-dimensional ~ structure of cellobiohydrolase Il from
Trichoderma reesei. Science, 249: 380-386

Sahai, A.S. and M.S. Manocha, 1993. Chitinases of fungi and plants: their
involvement in morphogenesis and host-parasite interaction. FEMS
Micrabiol. Rev., 11: 317-338

Santos, I.S., M.D. Cunha, O.L.T. Machado O.L.T. and V.M. Gomesa, 2004.
A chitinase from Adenanthera pavonina L. seeds: purification,
characterization and immunolocalisation. Plant Sci., 167: 1203-1210

Seidl, V., 2008. Chitinases of filamentous fungi: a large group of diverse
proteins with multiple physiological functions. Fungal Biol. Rev., 22:
36-42

Shinshi, H., J.M. Neuhas, J. Ryals and F.J. Meins, 1990. Structure of a
tobacco endochitinase gene: evidence that different chitinase genes
can arise by transposition of sequence encoding a cysteine-rich
domain. Plant Mol. Biol., 14: 357-368

Shoham, S. and S.M. Levitz, 2005. The Immune Response to Fungal
Infections. Braz. J. Haematol., 129: 569-582

Taira, T., N. Toma and M. Ishihara, 2005. Purification, Charaterization and
Anifungal activity of Chitinases from Pineapple (Anana camosus)
leaf. Biosci. Biotechnol. Biochem., 69: 189-196

Tharanathan, R.N. and F.S. Kittu, 2003. Chitin-the undisputed biomolecule
of great potential. Crit. Rev. Food Sci. Nutr., 43: 61-87

Ueno, H., K. Miyashita, Y. Swada and Y. Oba, 1990. Purification and some
properties of extracellular chitinase from Streptomyces sp. S-84. J.
Gen. Appl. Miciobiol., 36: 377-392

Van Assche, F. and H. Clijsters, 1990. Effects of metals on enzyme activity
in plants. Plant Cell Environ., 13: 195-206

788

Voordouw, G., C. Miol and R.S. Roche, 1976. Further thermal
characterization of an aspartate aminotransferase from a halophilic
organism. Biochemistry, 15: 3716-3723

Wang, S., B. Shao, X. Ye and P. Rao, 2008. Purification and charerization
of a chitinase from peanut (Arachis Hypogaea L.) seeds. J. Food
Biochem., 32: 32-45

Wang, S., B. Shao, H. Fu and P. Rao, 2009. Isolation of a thermostable
legume chitinase and study on the antifungal activity. Appl.
Microbiol. Biotechnol., 85: 313-321

Wang, S., X. Ye, J. Chen and P. Rao, 2012. A novel chitinase isolated from
Viciafaba and its antifungal activity. Food Res. Internat., 45: 116-122

Wong, J.H. and T.B. Ng, 2005. Vulgarinin, a broad-spectrum antifungal
peptide from haricot beans (Phaseolus vulgaris). Int. J. Biochem.
Cell Biol., 37: 1626-1632

Xayphakatsa, K., T. Tsukiyama, K. Inouye, Y. Okumoto and T. Tanisaka,
2008. Gene cloning, expression, purification and characterization of
rice (Oryza sativa L.) class Il chitinase CHT1. Enzyme Microbial
Technol., 43: 19-24

Xia, G., C. Jin, J. Zhou, S. Yang, S. Zhang and C. Jin, 2001. A novel
chitinase having a unique mode of action from Aspergillus fumigatus
YJ-407. Eur. J. Biochem., 268: 4079-4085

Yamamoto, T., H. lketani, H. leki, Y. Nishizawa, K. Notsuka, T. Hibi, T.
Hayashi and N. Matsuta, 2000. Transgenic grapevine plants
expressing a rice chitinase with enhanced resistance to fungal
pathogens. Plant Cell Rep., 19: 639-646

Yang, H., T. Zhang, T. Masuda, C. Lv, L. Sun, G. Qu and G. Zhao, 2011.
Chitinase 111 in pomegranate seeds (Punica granatum Linn.): a high-
capacity calcium-binding protein in amyloplasts. Plant J., 68: 765—
776

Yang, Q. and Z.Z. Gong, 2002. Purification and characterization of an
ethylene-induced Antifungal Protein from Leaves of Guilder Rose
(Hydrangea macrophylla). Protein Exp. Purif., 40: 230-236

Ye, X. and T.B. Ng, 2005. A chitinase with antifungal activity from the
mung bean. Protein Expr. Purif., 40: 230-236

Zarei, M., A. Saeed, Z. Hossein, S. Alireza, D. Morteza, N.A. Kambiz, G.
Ahmad and M. Abbasi, 2011. Characterization of a chitinase with
antifungal activity from a native Serratia marcescens B4A. Braz. J.
Microbiol., 42: 1017-1029

Zarei, M., S. Aminzadeh, A. Ghoroghi, A.A. Motalebi, J. Alikhajeh and M.
Dalir, 2012. Chitinase Isolated from Water and Soil Bacteria in
Shrimp farming Ponds. Iran. J. Fish. Sci., 11: 911-925

Zhang, N.K., Q. Kopparapu, S. Yan and Z. Jiang, 2013. Purification and
characterization of a novel chitinase from persimmon (Diospyros
kaki) with antifungal activity. Food Chem., 138: 1225-12232

(Received 18 January 2016; Accepted 11 March 2016)



