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RESEARCH ARTICLE

Induction of β-1,3-glucanase and chitinase in Vigna aconitifolia inoculated with Macrophomina
phaseolina
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Pathogenesis-related (PR) proteins are induced in response to pathogen attack. In the present study, the induction of PR
proteins in response to the fungal pathogen Macrophomina phaseolina was investigated in 15-day- and 1-month-old
plants of Vigna aconitifolia with resistant and susceptible cultivars. Inoculation of the fungal pathogen resulted in the
enzyme activity gradually increased throughout the experimental period of 168 h compared to control. However, the
activation of β-1,3-glucanase and chitinase was more rapid and to a greater extent in the resistant FMM-96 cultivar as
compared to susceptible RM0-40 and CZM-3 cultivars. Furthermore, the western blot analysis revealed the presence of
33- and 30-kDa bands of β-1,3-glucanase and chitinase in induced moth bean plants, respectively. The possible
implications of these findings as part of the general defense response of moth bean plants against the fungal pathogen
(M. phaseolina) have been discussed.
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1. Introduction

Plants provide long-lasting systemic immunity to sec-
ondary infection by a range of biotrophic and necro-
trophic pathogens (Grant & Lamb 2006) through the
production of antimicrobial secondary metabolic com-
pounds known as phytoalexins and by the activation and
synthesis of defense-related proteins (Castro & Fontes
2005). Antoniw et al. (1980) coined the term ‘pathogen-
esis-related (PR) proteins (PRs),’ which have been
defined as ‘proteins encoded by the host plant but
induced only in pathological or related situations.’
They are low-molecular weight proteins (6–43 kDa),
selectively extractable and stable at low pH 3 and
thermostable (Van Loon 1999). Two well-known exam-
ples of PR proteins are β-1,3-glucanase (EC 3.2.1.39)
and chitinase (EC 3.2.1.14). β-1,3-glucanase also known
as laminarinase enhances fungal resistance in crop plants
(Kirubakaran & Sakthivel 2007). These endoglucanases
catalyze the hydrolytic cleavage of the (1,3)-β-D-gluco-
sidic linkages in (1,3)-β-glucans and act primarily on
glucans present in the fungal cell wall. The main
substrate of chitinase is chitin, a natural homopolymer
of β-1,4-linked N-acetyl-D-glucosamine (NAG) residues
(Kasprzewska 2003).

Moth bean [V. aconitifolia (Jacq.) Marechal] (family
Leguminoceae) (Verdcourt 1970) is an economically
important kharif-season crop grown in arid and semiarid
regions particularly in northwestern states of India such
as Rajasthan. It is a major commercial crop of India, and
its contribution in area and production is 5.9 and 1.6%,
respectively (Kumar 2002). The plant fixes atmospheric
nitrogen into the soil, and it is known for its higher
protein content and good amino acid balance.

Macrophomina phaseolina (Tassi) Goid is one of the
most damaging seed and soil-borne fungal pathogen of
moth bean-growing areas in India (Singh & Srivastava
1988). M. phaseolina has a wide host range and is
responsible for causing losses on more than 500 culti-
vated and wild plant species (Mihail & Taylor 1995).

In our earlier work, we have demonstrated that
PR proteins (β-1,3-glucanase and chitinase) activity
increased in Eruca sativa after the fungal pathogen
(Alternaria brassicicola) inoculation (Gupta et al. 2012).
In Sorghum bicolor too, there was higher expression
of chitinase gene after the pathogen (M. phaseolina)
inoculation (Sharma et al. 2013).

In the present study, induction of PR proteins in
response to the fungal pathogen M. phaseolina was
investigated in 15-day- and 1-month-old plants of Vigna
aconitifolia in different time intervals. The biochemical
approach described in this article for the defense
mechanism in moth bean provides the basis for further
efforts concentrating on the isolation and characteriza-
tion of elements involved in perception and in the early
steps of intracellular signal transduction.

2. Materials and methods

2.1. Plant material and growth conditions

Three different cultivars of moth bean namely, var. FMM-
96 (resistant), and RMO-40 and CZM-3 (susceptible)
were procured from S.K.N. College of Agriculture,
Jobner (Rajasthan, India) and from CAZRI, Jodhpur
(Rajasthan, India). Seeds were surface sterilized using
0.1%HgCl2 and grown in pots containing steam-sterilized
garden soil in a plant growth chamber with a photoperiod
of 14-h light (photosynthetically active radiation, 35 µmol
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photons·m−2·s−1, provided by cool-white Philips fluores-
cent tubes) and 10-h dark, 28 ± 2°C temperature and 60%
relative humidity. Two age-groups of plants, i.e. 15 days
and 1 month, were taken for experiments.

2.1.1. Activation of fungal culture and mode of
inoculation

The fungal strain of M. phaseolina (Microbial Type
Culture Collection and Gene Bank No. 2165) was
obtained from IMTECH, Chandigarh. The lyophilized
fungal strain was activated on potato dextrose broth. The
flasks were incubated in an incubator shaker (28 ± 2°C)
for 120 h at 120 rpm. Activated fungal strain was then
streaked on potato dextrose agar slants. Fungal spore
suspension was prepared in sterilized water at a concen-
tration of 105 spores/ml under aseptic conditions and
kept in the incubator shaker (28 ± 2°C, 120 rpm) for 1 h
to obtain a uniformly distributed spore suspension. For
inoculation, the leaf and stem surfaces of the plants were
injured mildly with abrasive (saw dust paper) to facilitate
the entry of spores. The fungal spores on plant surfaces
were sprayed with a sprayer. The plants were sprayed
with autoclaved distilled water without fungal spores but
injured mildly with abrasive served as control.

2.2. Determination of PR proteins

The activities of two PR proteins namely, β-1,3-gluca-
nase and chitinase were determined using the method of
Abeles et al. (1970).

2.2.1. Extraction of β-1,3-glucanase and chitinase

One gram leaf and stem portion were taken from control
and inoculated moth bean plants of all the three cultivars
namely, RMO-40 and CZM-3 (susceptible), and FMM-
96 (resistant) at different time intervals (0, 2, 4, 24, 48,
72, 96, 120, 144, and 168 h) of fungal spore inoculation.
The tissue was homogenized in a prechilled mortar
pestle in 4 ml of 0.05 M of potassium acetate buffer
(pH 5) for β-1,3-glucanase and 0.1 M sodium citrate
buffer (pH 5) for chitinase. The homogenate of β-1,3-
glucanase and chitinase was filtered through two layers
of cheese cloth premoistened in 0.05 M of potassium
acetate buffer (pH 5) and 0.1 M sodium citrate buffer
(pH 5), respectively. Then filtrate was centrifuged at
10,000 g in a cooling centrifuge for 10 min at 4°C. The
supernatant was collected and used for the assay.

2.2.2. Assay of β-1,3-glucanase
The extract from both control and inoculated plants were
taken for the assay. The reaction mixture (1 ml)
consisted of 50-µl sample, 450-µl buffer (0.05 M
potassium acetate, pH 5), and 500 µl of 2% laminarin
as a substrate. The mixture was incubated for 1 h at 40°
C. After incubation, the released glucose was assayed
using the method of Nelson (1944) and Somogyi (1952).

The β-1,3-glucanase activity (µkat·mg−1protein) was
calculated using the standard curve of glucose.

In a centrifuge tube, 0.1 ml of reaction mixture was
taken and 1.9 ml of double deionized water was added.
Then 1 ml of alkaline copper tartrate reagent was added.
Mixture was incubated in boiling water for 10 min at
100°C and then cooled at room temperature. Then 2 ml
of arsenomolybdate reagent was added, and the mixture
was incubated for 10 min and optical density was
recorded at 620 nm.

2.2.3. Assay of chitinase

Colloidal chitin was prepared according to Berger and
Reynolds (1958). Chitinase activity was measured by the
release of NAG using colloidal chitin as a substrate
according to the method of Reissig et al. (1955). The
chitinase activity (µkat·mg−1 protein) was calculated
using the standard curve of NAG.

Figure 1. β-1,3-glucanase activity in control and pathogen
(Macrophomina phaseolina) inoculated 15 days (A) and 1
month (B) old moth bean (Vigna aconitifolia) plants namely,
FMM-96, RMO-40, and CZM-3. — • —RMO-40 control; — ○
— RMO-40 inoculated;—▾— CZM-3 control;— ∇ — CZM-3
inoculated; — ▪ — FMM-96 control; and — □ — FMM-96
control. Each value represents the mean of three replicates with
SE determined. Mean differences were highly significant at p =
2.2 × 10−170 and at p = 1.1 × 10−159, level for 15-day- and 1-
month-old plants, respectively.
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In a 1.5-ml eppendorf tube, 0.4-ml enzyme solution
was taken and 10 µl of 0.01 M sodium acetate buffer
(pH 5) was added. The reaction was carried out for 1.5 h
at 37°C in a shaking water bath by adding 0.1 ml of (10
mg/ml) colloidal chitin. Reaction was stopped by cent-
rifugation at 10,000 g for 3 min. Then 0.3 ml of
supernatant was taken in a glass tube containing 30 µl
of 1 M potassium phosphate buffer (pH 7.1) and
incubated with 89.5 µl of snail gut enzyme for 1 h, so
that pH of buffer mixture became pH 6.8. The pH of the
reaction mixture was increased to 8.9 by the addition of
70 µl of 1 M sodium borate buffer (pH 9.8). Mixture was
incubated in a boiling water bath for exactly 3 min and
then rapidly cooled in an ice water bath. Then 2 ml of p-
dimethylaminobenzaldehyde reagent was added and the
mixture was incubated for 20 min at 37°C. The
absorbance was read at 585 nm against enzyme blank
in an ultraviolet–visible spectrophotometer.

2.3. Determination of protein

The protein content of different extracts that were used
for the assay of β-1,3-glucanase and chitinase specific
activity was determined using the method of Lowry
et al. (1951).

2.4. Western blot

For western blot samples of 0, 4, 24, and 96 h of 15-day-
old plants were taken for experiment after pathogen
inoculation. Protein extract was prepared by grinding 1-
g leaves with 4 ml of 0.02 M Tris–HCl buffer (pH 8.0) for
1–2 min at 4°C. The homogenate was centrifuged at

Figure 2. Chitinase activity in control and pathogen (Macro-
phomina phaseolina) inoculated 15 days (A) and 1 month (B)
old moth bean (Vigna aconitifolia) plants namely, FMM-96,
RMO-40, and CZM-3. — • — RMO-40 control; — ○ —
RMO-40 inoculated; —▾— CZM-3 control; — ∇ — CZM-3
inoculated; — ▪ — FMM-96 control; and — □ — FMM-96
control. Each value represents the mean of three replicates with
SE determined. Mean differences were highly significant at p =
5.4 × 10−153 and at p = 1.64 × 10−124, level for 15-day- and 1-
month-old plants.

Figure 3. Western blot of PR proteins showing the detection of
33-kDa bands of β-1,3-glucanase activity from moth bean after
pathogen (Macrophomina phaseolina) inoculation in cultivars,
FMM-96 (A), CZM-3 (B), and RMO-40 (C); lane 1: marker,
lane 2: 0-h control, lane 3: 4-h inoculated, lane 4: 4-h control,
lane 5: 96-h inoculated, lane 6: 96-h control, lane 7: 24-h
inoculated, and lane 8: 24-h control.
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10,000 g for 20 min at 4°C, and supernatant was used for
sodium dodecyl sulfate polyacrylamide gel electrophor-
esis (SDS–PAGE) (Gupta et al. 2012). Protein extract was
separated on 10% SDS–PAGE (Laemmli 1970). After
electrophoresis, the proteins were electroblotted onto
0.45-mm nitrocellulose membrane (Whatman). The elec-
trophoretic transfer of proteins from gel to membrane was
carried out in a Blueflash-L Serva semi-dry transblot
apparatus (96 mA, 60 min) using Tris–glycine buffer
containing methanol (0.048 M Tris–HCl, pH 9.4, 0.039M
glycine, 0.037% [w/v] SDS, and 20% [v/v] methanol).
The nitrocellulose membrane was taken out and incubated
for 1 h with continuous shaking at room temperature in
5% Tris-buffered saline and Tween 20 (TBST; 0.01 M
Tris (pH 7.5) and 0.15 M NaCl) and defatted milk to

block the nonspecific binding sites. The membrane was
then incubated overnight in primary antibodies (anti-
rabbit class I β-1,3-glucanase and anti-tobacco class I
chitinase antibody) (Agrisera, Sweden) in the concentra-
tion of 1:1000 stock in TBST. After incubation, mem-
brane was washed with TBST two times for 10 min each.
The membranes were then incubated in secondary anti-
body for 2 h. Alkaline phosphatase-conjugate goat anti-
rabbit (IgG-ALP) (Genei, India) was used as a secondary
antibody at a dilution of 1:8000. After washing, mem-
brane was incubated with alkaline phosphatase color
development reagent containing 5-bromo-4-chloro-3-
indolyl phosphate and nitroblue tetrazolium. Immediately
after color development, the membrane was washed in
distilled water and air-dried.

2.5. Statistical analysis

The data (mean values) were statistically compared by
the method of analysis of variance (Gomez & Gomez
1984) under a completely randomized design. The data
were analyzed statistically with SPSS-17 statistical
software (SPSS Inc.).

3. Results

PR proteins accumulate rapidly at the intracellular and
extracellular level under various biotic and abiotic
treatments (Graham et al. 2003). The PR proteins such
as β-1,3-glucanases and chitinases play multiple roles in
plant self-defense (Ham et al. 1991).

Our results show that in general β-1,3-glucanase and
chitinase activities were higher in the inoculated-resistant
plants as compared to the inoculated-susceptible and
uninoculated control plants. In 15-days- and 1-month-old
plants, maximum increase in the activity of β-1,3-
glucanase was observed at 24 h after pathogen inocula-
tion in all the three cultivars beyond which a gradual
decrease in activity was observed. The β-1,3-glucanase
activity of 15-day-old plants was 2.24-, 2.40-, and 3.45-
fold higher in RMO-40, CZM-3, and FMM-96, respect-
ively, than their corresponding control (Figure 1A). In
one-month-old plants, the β-1,3-glucanase activity was
2.65-, 2.56-, and 2.94-fold higher in RMO-40, CZM-3,
and FMM-96, respectively, than the control (Figure 1B).

A significant increase in chitinase activity in all the
three cultivars of 15-day- and 1-month-old plants of
moth bean was observed at 24 h after pathogen
inoculation. Thereafter a gradual decrease in activity
was observed. The chitinase activity of 15-day-old plants
was 4.94-, 4.76-, and 11.76-fold higher in RMO-40,
CZM-3, and FMM-96, respectively, than their control
(Figure 2A). The activation of chitinase was more rapid
and higher in plants of resistant cultivar than in
susceptible cultivar. In one-month-old plants, the chit-
inase activity was 14.11-, 14.35-, and 17.31-fold higher
in RMO-40, CZM-3, and FMM-96, respectively, than
the control (Figure 2B).

Figure 4. Western blot of PR proteins showing the detection of
30-kDa bands of chitinase activity from moth bean after
pathogen (Macrophomina phaseolina) inoculation in cultivars,
FMM-96 (A), CZM-3 (B), and RMO-40 (C); lane 1: marker,
lane 2: 0-h control, lane 3: 4-h inoculated, lane 4: 4-h control,
lane 5: 96-h inoculated, lane 6: 96-h control, lane 7: 24-h
inoculated, and lane 8: 24-h control.
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Western blot analysis revealed 33- and 30-kDa bands
of β-1,3-glucanase and chitinase proteins, respectively,
which were induced in pathogen-inoculated plants of
moth bean, confirming the role of β-1,3-glucanase and
chitinase in the disease reaction. The intensity of β-1,3-
glucanase protein increased with time, and highly intense
bands (33 kDa) were observed at 24 h after inoculation
in all the three cultivars, FMM-96, RMO-40, and CZM-3
(Figure 3). In the case of chitinase activity, induction of a
30-kDa band of chitinase protein was observed, and its
intensity was also higher at 24 h in all the three cultivars,
FMM-96, RMO-40, and CZM-3, after pathogen inocu-
lation (Figure 4). Control plants of both resistant and
susceptible varieties showed that these PR proteins are in
low amount as compared to pathogen-inoculated plants.

Although, faint β-1,3-glucanase and chitinase bands
were observed in uninoculated control plants but the
intensity of bands remarkably increased after pathogen
inoculation. These observations suggest that the activity
of PR proteins such as β-1,3-glucanase and chitinase in
moth bean was induced after pathogen inoculation and
further the increased levels of PR proteins may contrib-
ute to the resistance of these cultivars to charcoal root rot
disease.

The β-1,3-glucanase and chitinase activities were deter-
mined in two age-groups of plants, that is 15 days and 1
month. The enzyme activities were found to be higher in 15-
day-old plants as compared to 1-month-old plants.

The results were highly significant for β-1,3-gluca-
nase activity in both 15-day- (p = 2.2 × 10−170) and 1-
month-old (p = 1.1 × 10−159) plants as well as for
chitinase activity in both 15-day- (p = 5.4 × 10−153) and
1-month-old (p = 1.64 × 10−124) plants.

4. Discussion

β-1,3-glucanase and chitinase are well-studied PR pro-
teins which are produced by plants in response to
pathogen attack (Theis & Stahl 2004). These enzymes
are important determinants of the resistance of plants to
fungal diseases (Funnell et al. 2004). It has been
demonstrated that genetically engineered overexpression
of PR proteins can increase resistance in plants (Velaz-
hahan & Muthukrishnan 2004). The activation of
defense mechanisms in plants is considered to be
consequent upon an initial recognition event in which
the host plant detects molecular components of the
pathogen, known as elicitors (Van’t Slot & Knogge
2002). In this study, we present evidence that in V.
aconitifolia inoculated with M. phaseolina, the activities
of chitinase and β-1,3-glucanase increase significantly in
the resistant genotype in contrast with the susceptible
genotype. This is in accordance with the results of
Ramesh Sundar et al. (2008) who investigated the
induction of PR) proteins in sugarcane (Saccharum
officinarum L.) leaves and suspension-cultured cells in
response to treatment with a glycoprotein elicitor
isolated from Colletotrichum falcatum (the red rot
pathogen). Treatment of leaves and cells with the elicitor

resulted in a marked increase in the activities of chitinase
and β-1,3-glucanase in a red rot resistant (BO 91) than a
susceptible (CoC 671) sugarcane cultivar. Similar results
were obtained in wheat plants after the inoculation of
leaf rust pathogen (Puccinia recondita f. sp. tritici).
Resistance was associated with high constitutively
expressed chitinase activity and induced β-1,3-glucanase
activity (Anguelova-Merhar et al. 2001).

The results from our study imply that the application
of fungal pathogen induces signaling process that begins
upstream activation of PR proteins. Our results are also
in agreement with Nazeem et al. (2008) who reported an
increasing trend in the β-1,3-glucanase activity over a
period of 3–5 days after infection by fungus (Phy-
tophthora capsici) with relatively higher levels in
tolerant Kalluvally variety than the susceptible Pan-
niyur-1 in Piper nigrum plants. Potato leaves infected
with Phytophthora infestans also showed high glucanase
activity (McDowell & Dangl 2000).

In an earlier study by us, Gupta et al. (2012) reported the
activity of β-1,3 glucanase and chitinase higher in 10-day-
old plants than in the 1-month-old plants of E. sativa after
pathogen inoculation. This may be due to the higher
metabolic rate and growing cells of young plants as
compared to the mature plants. They also showed the strong
evidence of systemic resistance for airborne communica-
tion, and young plants were more effective emitters of cues
as well as more responsive receivers of volatile cues.

Western blot analysis revealed the presence of a 33-
kDa band of β-1,3-glucanase and 30-kDa band of chitinase
in induced moth bean plants. This is similar to the results
observed by Shrestha et al. (2008) that healthy plants had
low to undetectable levels of 28- and 35-kDa chitinases.
However, after infection with Rhizoctonia solani, the level
of 28- and 35-kDa chitinases increased substantially in all
cultivars tested indicating that these were induced after
infection. Pepper plants inoculated with P. capsici showed
the accumulation of β-1,3-glucanases and chitinases in
stem tissues. The 34-kDa β-1,3-glucanase isolated from a
pepper stem inhibited the hyphal growth of P. capsici
in vitro (Kim & Hwang 1997). Furthermore, it has been
concluded that plants with elevated levels of chitinase and
β-1,3-glucanase expression are more resistant to fungal
pathogens (Datta et al. 2001).

Our findings showed that plants with elevated levels of
chitinase and β-1,3-glucanase expression are more resistant
to fungal pathogens. The results, therefore, suggest a
possible role of PR proteins in defense mechanism of
V. aconitifolia against the charcoal root rot disease.

5. Conclusion

This study revealed the role of PR proteins (β-1,3-
glucanase and chitinase) in the defense response of moth
bean with respect to charcoal root rot infection. The high
native activity of β-1,3-glucanase and chitinase in the
resistant cultivar, the increased higher activity upon
inoculation in the resistant than susceptible cultivar,
and the positive reaction in the western blot analysis
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confirmed the positive role of these enzymes in impart-
ing disease resistance. Chitinases and β-1,3-glucanases
have been purified and characterized from several of
plant sources. Genes encoding these enzymes have also
been cloned from a variety of plants. Currently, there is
an immense interest in delineating the molecular events
from pathogen recognition to the expression of these
genes. In an effort to enhance the disease resistance, PR
genes have been used to transform a variety of plant
sources. Based on the results obtained through our study,
it can be concluded that both chitinase and β-1,3-
glucanase have a distinct role in imparting disease
resistance in moth bean against M. phaseolina.
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