In vivo and in vitro effect of Acacia nilotica seed proteinase inhibitors
on Helicoverpa armigera (Hübner) larvae
S RAMESH BABU1,* , B SUBRAHMANYAM1 , SRINIVASAN2 and IM SANTHA3
1

Division of Entomology, Indian Agricultural Research Institute, New Delhi 110 012, India
National Research Centre on Plant Biotechnology, Pusa Campus, New Delhi 110 012, India
3
Division of Biochemistry, Indian Agricultural Research Institute, New Delhi 110 012, India

2

*Corresponding author (Fax, 02962-260013; Email, babuento@yahoo.co.in)
Acacia nilotica proteinase inhibitor (AnPI) was isolated by ammonium sulphate precipitation followed by chromatography on DEAE-Sephadex A-25 and resulted in a purification of 10.68-fold with a 19.5% yield. Electrophoretic analysis
of purified AnPI protein resolved into a single band with molecular weight of approximately 18.6+1.00 kDa. AnPI had
high stability at different pH values (2.0 to 10.0) except at pH 5.0 and are thermolabile beyond 80°C for 10 min. AnPI
exhibited effective against total proteolytic activity and trypsin-like activity, but did not show any inhibitory effect on
chymotrypsin activity of midgut of Helicoverpa armigera. The inhibition kinetics studies against H. armigera gut
trypsin are of non-competitive type. AnPI had low affinity for H. armigera gut trypsin when compared to SBTI. The
partially purified and purified PI proteins-incorporated test diets showed significant reduction in mean larval and pupal
weight of H. armigera. The results provide important clues in designing strategies by using the proteinase inhibitors
(PIs) from the A. nilotica that can be expressed in genetically engineered plants to confer resistance to H. armigera.
[Babu SR, Subrahmanyam B, Srinivasan and Santha IM 2012 In vivo and in vitro effect of Acacia nilotica seed proteinase inhibitors on Helicoverpa
armigera (Hübner) larvae. J. Biosci. 37 269–276] DOI 10.1007/s12038-012-9204-8

1.

Introduction

The cotton bollworm, Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae), is a devastating pests in China, Australia and India (Liu et al. 2009), and it is able to adapt to
various cropping systems because of its high fecundity and
wide geographical range. Development of resistance in H.
armigera due to the use of several synthetic chemicals used
for its management was reported (Kranthi et al. 2002).
Therefore, it is important to develop alternative methods of
controlling this pest, includes novel biotechnological
approaches like use of transgenics with Bacillus thuringiensis
(Bt) toxin and/or proteinase inhibitors (PI) genes, vegetative
insecticidal proteins (VIPs) and small RNA viruses (SRVs)
(Arora et al. 2005). So, there is a need to explore the use of
plant proteins like lectins, PIs and amylase inhibitors in the
current scenario of pest control.
In general, PIs are low-molecular-weight proteins, stable
and abundant, showing specificity for serine, cysteine, aspartic
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and metallo-proteinases. Serine proteinase inhibitors are the
most studied class of PIs (Haq and Khan 2003), and they are
mostly present in storage organs such as seeds (Leguminosae
and Graminae) and tubers (Solanaceae) or even in leaves
and fruits, which contain 1% to 10% of their total protein as
PIs, which inhibit different types of enzymes (Ryan 1990).
Most Lepidopteran pests like Helicoverpa armigera and
Spodoptera litura largely depend on serine proteinases for
digestion of food proteins (Telang et al. 2003). The direct
evidence for the involvement of PIs in the plant defense
system has come from studies on transgenic plants. A cowpea protease inhibitor (CpTI) was shown, for the first time,
to confer resistance to feeding by the tobacco budworm
(Heliothis virescens) when the CpTI gene was expressed in
transgenic tobacco (Hilder et al. 1987).
We demonstrated the effectiveness of non-host plant PIs
from Acacia, an important genus from Mimosoideae subfamily, against H. armigera. The isolation and characterization of PIs were only described in a small number of its
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species, e.g. Acacia elata (Kortt and Jermyn 1981),
A. sieberana (Joubert 1983), A. confusa (Lin et al. 1991)
and A. plumosa (Lopes et al. 2009). In the present work, we
studied the presence of serine proteinase inhibitors from A.
nilotica and their biological functions against gut proteinases
of H. armigera and their inhibitory effects on growth and
development of H. armigera, which is the devastating pest of
several economically important crops.
2.

Materials and methods
2.1

Materials

Bovine trypsin and chymotrypsin were purchased from SRL
(India). Standard substrates, viz N-α-benzoyl-DL-arginine-pnitroanilide (BApNA), N-α-benzoyl-DL-tyrosine-p-nitroanilide (BTpNA) and succinyl-alanyl-alanyl-prolyl-phenylalanyl-p-nitroanilide (SAAPFpNA), protein molecular
weight markers and acrylamide were procured from Sigma
Chemical Co. (St. Louis, Mo, USA). DEAE-Sephadex A-25
was obtained from Pharmacia Biotech, Sweden.
2.2

Inhibitor isolation and purification

Crude extract was obtained according to Hajela et al. (1999)
with some modifications. Finely ground Acacia nilotica seed
meal was extracted with 0.01 M sodium-phosphate buffer
(1:10 w/v), pH 7.0, containing 0.15 M NaCl for 10–15 min
and then stirred for 2 h at room temperature. The homogenized juice was centrifuged for 30 min at 8000–10,000 rpm
at 4°C and to the supernatant (crude extract) solid ammonium sulphate was added to 30–60% saturation. The pellet was
dissolved in minimal volume of extraction buffer and dialysed overnight with the same extraction buffer at 4°C and
lyophilized, and then subjected to ion exchange chromatography on DEAE-Sephadex A-25 column (50 cm×2 cm column; flow rate of 15 mL h−1), equilibrated with several bed
volumes of 20 mM Tris–HCl buffer, pH 8.0. The column
was first eluted with same buffer to wash out the unbound
proteins. After washing, the bound proteins were eluted with
a linear salt gradient of 0.1 to 0.4 M NaCl in 20 mM Tris–
HCl pH 8.0. Fractions were collected and monitored for
protein content at 280 nm and also analysed for trypsin
inhibitory activity at 410 nm. A single peak with trypsin
inhibitory activities was obtained. These fractions were separately pooled, dialysed and lyophilized.
2.3

Inhibitory assay against serine proteinases

Inhibitory activities of A. nilotica seeds towards two closely
related serine proteinases were tested. The trypsin inhibitory
assay was performed using BApNA as substrate. Different
J. Biosci. 37(2), June 2012

volumes of PI were added to 20 μg of bovine trypsin in
200 μL of 0.01 M Tris–HCl (pH 8.0) containing 0.02 M
CaCl2 and incubated at 37°C in a water bath for 5–10 min.
Residual trypsin activity was measured by adding 1 mL of 1 mM
BApNA in pre-warmed (37°C) buffer 0.01 M Tris–HCl (pH
8.0) containing 0.02 M CaCl2 and incubated at 37°C for
10 min (Erlanger et al. 1961). Reactions were stopped by
adding 200 μL of 30% glacial acetic acid. After centrifugation, the liberated p-nitroaniline in the clear solution was
measured at 410 nm. All assays were performed in triplicate.
The chymotrypsin inhibitor activity was also measured with
the substrate BTpNA. Protein was determined according by
the method of Lowry et al. (1951) where bovine serum
albumin was used as a standard.
2.4

Polyacrylamide gel electrophoresis

A discontinuous buffer system of sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE), using a
4% stacking gel and a 10% resolving gel, was done by the
method of Laemmli (1970) at room temperature.
2.5

Thermal and pH stability of AnPI

Thermal stability of purified AnPI was determined by using
0.1 M Tris–HCl, pH 8.0, incubated at various temperatures
ranging from 20 to 100°C (+0.1°C) in a water bath for 30 min.
After incubation at various temperatures, samples were cooled
at 4°C for 10 min and centrifuged. The remaining proteinase
inhibitor activity was measured. The effect of pH on inhibitory
activities of AnPI was investigated at different pHs ranging
from 2 to 10 using the following buffers at final concentrations
of 0.1 M: Glycine-HCl for pH 2 and 3; Na-acetate-acetic acid
for pH 4 and 5; phosphate buffer for pH 6 and 7; Tris–HCl for
pH 8 and Glycine-NaOH for pH 9 and 10. After 24 h incubation at each pH at room temperature, residual trypsin inhibitory activities were measured as mentioned earlier.
2.6

Preparation of insect gut proteinases
and enzyme assays

Gut enzyme extracts from final instar of H. armigera larvae
was prepared according to the method of Johnston et al.
(1991) with some modifications. Trypsin, chymotrypsin
and total proteolytic activities in H. armigera larvae were
estimated using the chromogenic substrates BApNA and
BTpNA and sodium caseinate according to modified protocol of Erlanger et al. (1961) and Lee and Anstee (1995). The
proteinase enzyme activity was expressed as micromoles of
p-nitroaniline hydrolyzed/min/mg protein. SAAPFpNA as a
substrate was also used for measuring the chymotrypsin
activity.

Activity of proteinase inhibitors from seeds of Acacia nilotica against Helicoverpa armigera (Hübner)
2.7

AnPI inhibitory assay against gut extracts
from Helicoverpa armigera larvae

Three to four different doses of PIs from Acacia nilotica
(AnPI), standard Soybean Kuntiz type Trypsin Inhibitor
(SBTI) and standard Soybean Bowman Birk type Inhibitor
(SBBI) were used to determine the 40–50% inhibition of
proteinases of H. armigera midgut extract. All the inhibitors
were mixed with 10 μL of H. armigera gut extract. It was
incubated at 37°C for 10 min, before addition of substrate to
start the reaction (Lee and Anstee 1995). Residual activity
was determined spectrophotometrically at 410 nm and
results were expressed as IC50 or % inhibition relative to
controls without inhibitor. The enzyme activity was
expressed as micromoles of p-nitroaniline released/min/mg
protein. All in vitro assays were carried out in triplicates.
2.8

Kinetics of inhibitory activity against Helicoverpa
armigera from AnPI

The mechanism of inhibition (competitive or non-competitive)
against gut enzymes of H. armigera was determined at different substrate concentrations and at a fixed concentration
of the inhibitor. We used Lineweaver-Burk plots, in which
the inverse of the initial velocity was plotted against the
inverse of the substrate concentration (0.2, 0.4, 0.6, 0.8 and
1 mM) (Macedo et al. 2004). In the absence of inhibitor and
in the presence of inhibitor, Km, Vmax and Ki were calculated. The reaction velocity was expressed as 1/ν (μM substrate
hydrolysed/min/ml) −1.
2.9

Bioassays with H. armigera larvae fed on diet
containing A. nilotica PI

For feeding studies, the PIs from Acacia nilotica partially
purified by ammonium sulphate saturation (at 30–60%) were
incorporated into the artificial diet at different concentrations
(w/w) of 0.1, 0.5 and 1% as suggested by Johnston et al.
(1991), while diet without added PIs was used as control
diet. Starved third instar larvae were released into the rearing
trays containing either control diet (or) inhibitor containing
diet. Data on pupal weight, malformed pupae, malformed
adults and fecundity were recorded. Each larva served as a
replication and data was analysed statistically. To test the
effectiveness of PI, AnPI purified on DEAE-Sephadex, they
were incorporated separately in the artificial diet of H. armigera. The feeding experiments started with release of 50
neonates on each of the test diets in three replicates in rearing
cups. They were maintained up to 5 days. Cumulative mortality in the first 5 days was noted. Surviving larvae were
transferred to rearing trays containing the respective test
diets and reared individually to monitor growth. Larval
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weight was taken on every alternate day. After the 13th
day, which is the end of feeding period of larvae growing
on normal diet, all the surviving larvae in the test diets were
transferred to normal diet (without inhibitor). The recovery of
larvae was monitored by recording their weight at regular
intervals. Pupal weight and adult emergence were measured
at the end of the experiment (Broadway and Duffey 1986;
McManus and Burgess 1995).
3.

Results and discussion

Serine proteinase inhibitors (trypsin and chymotrypsin) have
been purified and characterized from a variety of plant
sources (Fan and Wu 2005). Various studies have shown
that PIs are active against the enzymes of different insect
species both in in vitro and in vivo bioassays (Lawrence and
Koundal 2002). In this study, related PI from A. nilotica
seeds was purified and characterized, and its in vitro
and in vivo potential insecticidal activity against H. armigera
was examined.
3.1

Inhibitor isolation and AnPI purification

Crude soluble protein extract obtained from the mature
A. nilotica seeds was initially precipitated at 30%, 60% and
90% saturation with ammonium sulphate and three protein
fractions were obtained. The F2 protein obtained showed
strong inhibitory activity against trypsin (more than 85%
inhibition), while the other fractions exhibited low inhibitory
activity. The F2 protein was then applied to an ion exchange
chromatography, DEAE-Sephadex A-25 column and the
retained broad peak was assayed against trypsin. This purification procedure of trypsin inhibitor from Acacia nilotica
seeds was observed by SDS-PAGE (figure 1.) and resulted
in a purification of 10.68 fold with a 19.5% yield (table 1).
Odei-Addo (2009) demonstrated the specific activity of the
purified fraction was 7.20 times that of the crude extract
with a yield of 8% yield by the use of affinity and RPHPLC. These results showed low recovery percentage and
purification level compared to purification of PIs achieved
from other plant species. Similar results were obtained
while working on Terminalia arjuna (Rai et al. 2008). This
may be due to interferences from high levels of phenols and
mucilaginous polysaccharides during purification. Low levels of purification achieved may also be due to a high
concentration of the inhibitor in the seeds of Indian red wood
as suggested by Prabhu and Pattabiraman (1980).
3.2

Electrophoresis analysis of AnPI

Electrophoretic analysis of more active 30–60% ammonium
sulphate fraction on 10% SDS-PAGE resolved into protein
J. Biosci. 37(2), June 2011
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subjected to 10% SDS-PAGE, resolved into a single protein
band corresponding to a molecular weight of approximately
18.6 + 1.00 kDa. PIs demonstrate a range of molecular
masses from 13 to 21 kDa, e.g. A. victoriae (Ee et al.
2009); A. sieberana ~ 19 kDa (Joubert 1983); A. plumosa
~ 20 kDa (Lopes et al. 2009); A. elata ~ 20 kDa (Kortt and
Jermyn 1981) and A. confusa ~ 21 kDa (Lin et al. 1991).
3.3

Thermal and pH stabilities of AnPI

Preincubation of the inhibitor in the pH range (2.0 to
10.0) did not affect trypsin inhibitory activity, but at pH
5.0, AnPI lost their trypsin inhibitory activity of 90%. A
study on the temperature effect on AnPI showed that
the inhibitory activity was stable at 60°C for 10 min.
Total loss of trypsin inhibitory activity was found when
heated for 10 min at 100°C. Similarly, Lopes et al. (2009)
demonstrated that the inhibitors were thermally stable
up to 65°C but underwent abrupt denaturation with a midpoint at 75°C for isoinhibitors of A. plumosa. The internal
disulphide bridges that are present in all three isoforms
structures support this high thermal stability. Additionally,
inhibitors are highly stable in a pH range from 2.0 to 12.0.
Wide range of stability in pH values reveals that purified PIs
were effective for the control of insect pests that had variation in their gut environment, e.g. acidic condition in Homoptera and Coleoptera and alkaline condition in Lepidoptera.
3.4

Figure 1. SDS-PAGE analyses of AnPI fraction stained with
coomassie blue. M – Molecular weight markers 1 – Ammonium
sulfate (30-60%) precipitated fraction, 2 – Fraction purified on
DEAE-Sephadex A-25.

bands ranging from approximately lower than 20 +
1.00 kDa to more than 66+1.00 kDa (figure 1). Fraction
of AnPI obtained by Ion exchange chromatography was also
J. Biosci. 37(2), June 2012

In vitro inhibitory activity of AnPI

The presence of serine proteinases (trypsin and chymotrypsin) was detected in midgut extracts of H. armigera.
Inhibition assays using crude midgut protease of H. armigera and purified AnPI along with standard, SBTI, demonstrated that at higher concentration of 5 μg/mL inhibitor,
inhibition of trypsin (93.65+3.00) was significantly higher
in SBTI when compared to purified AnPI . PI isolated from
Acacia nilotica (AnPI) was not effective against H. armigera
gut chymotrypsin (data not presented) but was effective only
against bovine chymotrypsin. AnPI inhibited total gut proteolytic activity of H. armigera to a maximum of 86.25%.
These results also indicated that AnPI exhibited high affinity
towards trypsin enzyme (76.19% inhibition of gut trypsin)
and was also effective against other midgut proteases except
chymotrypsin in H. armigera. Inhibitors from capsicum
demonstrated promising in vitro inhibition of gut proteinase
activity of H. armigera larvae, exhibiting more affinity towards trypsin-like proteinases than chymotrypsn/elastaselike proteinases (Tamhane et al. 2005). Similarly Parde
et al. (2010) reported that A. nilotica inhibited 72% and 54%

Activity of proteinase inhibitors from seeds of Acacia nilotica against Helicoverpa armigera (Hübner)
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Table 1. Purification steps of trypsin inhibitor from Acacia nilotica seeds
Step
Crude extract
F30-60% (NH4)2 SO4
DEAE-Sephadex A-25

Total trypsina inhibitory
unit (TIU)

Specific activity
(TIU/mg protein)

Fold purification

% Recovery

1,59,814.5
1,69,31.5
2,905.9

41,56,250
18,41,085
8,07,141.70

26.01
108.7
277.7

1
4.18
10.68

100
44.30
19.50

One inhibition unit is defined as the amount of the inhibitor required to inhibit 50% of trypsin activity, under the trypsin inhibition assay.

of proteinase and trypsin activity, respectively, in H. armigera. Red gram PIs were marginal towards the midgut trypsin (21%), while black gram PIs showed moderate to low
inhibitory activity towards the midgut trypsin-like proteinses
of H. armigera (48%) (Prasad et al. 2010). The IC50 of
standard SBTI was 0.1 μg/mL, whereas it was 8.7 times
more for AnPI.
PI in chickpea exhibited better inhibition of total gut
proteolytic activity and trypsin-like activity. It also did not
possess any chymotrypsin inhibitory activity (Srinivasan et al.
2005). Similarly, we observed in the present study that AnPI
was effective against total proteolytic activity and trypsinlike activity, but did not show any inhibitory effect on
chymotrypsin activity of H. armigera. This higher inhibitory
activity towards general proteolysis would give more pronounced effects on larval growth and physiology. In vitro
inhibition of digestive proteinases is not enough to determine
an efficient resistance factor against insect/pest. Pests are
able to adapt to the presence of inhibitors, modifying the
composition of their digestive proteinases, altering their concentrations or inducing the expression of novel proteinases
(Jongsma et al. 1995). It also been reported that strong
inhibitors of gut proteinases, in vitro, do not necessarily
retard larval growth and development. In order to measure
the AnPIs inhibitory efficiency, insect feeding tests were
performed to assess the antibiosis exerted on H. armigera.
An inhibition kinetics study against H. armigera midgut trypsin was of non-competitive type (figure 2). Noncompetitive inhibition was characterized by no changes
in Km value but a decrease of Vmax, when compared to the
reaction in the absence of the inhibitor. SBTI contained low
ki value when compared to ki value of AnPI, suggesting that
it has high affinity for H. armigera gut trypsin.

on diet containing soybean trypsin inhibitor (McManus
and Burgess 1995). These results confirm the observations made in the present study. Some deformations
could be caused by the absence of certain proteins
necessary for metamorphosis. In in vivo studies, after day
10 the presence of high levels of inhibitors in the diets
affecting larval growth. Statistical analysis indicates that
0.5% and 1%, diets significantly (P<0.05) reduced the mean
larval weight when compared with that observed with the
control diet. Larval period was extended by 1 day due to
feeding on test diets containing 0.5 and 1% PI. The mean
pupal weight was significantly reduced in test diets, 0.5%
and 1% compared to that of the control. The presence of
higher concentrations of PI in the diet caused several deleterious effects at all stages of H. armigera development,
including pupae and adult emergence. Around 10–20%
malformed pupae and malformed adults (larval-pupal
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ml)-1
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Based on in vitro enzymatic studies, we have demonstrated
effect of A. nilotica PIs on growth and development of
H. armigera, in which three different doses of inhibitor
were added per gram of the control diet. The mean
weight of larvae fed on standard chickpea diet was
significantly greater than the mean weight of larvae fed
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Figure 2. Inhibition of midgut trypsin activity of H. armigera by
inhibator AnPI. Kinetic mechanism data are illustrated by
Lineweaver-Burk double-reciprocal plots. Trypsin activity was
evaluated using several concentrations of BApNA in the absence
or in the presence of the concentration of the AnPI.
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Table 2. Effect of H. armigera larvae fed on diets incorporated
with A. nilotica obtained by ammonium sulfate (30–60%) saturation

Control (without inhibitor)
A. nilotica 0.1%
A. nilotica 0.5%
A. nilotica 1%

Pupation %

Mean
Fecundity
n=3

100a
100a
80b
70b

100a
100a
80.73b
84.44b

600a
352b
168c
34c

Means in a column followed by the same letter are not significantly
different by DMRT (P<0.05).

intermediate and pupal-adult intermediate) were observed on
the larvae fed on test diets (0.5% and 1%) and were statistically significant. It is interesting to observe that the mean
fecundity was drastically affected in moths emerged from
diet containing 0.5% and 1% PI diet (table 2). Starvation and
added stress on gut proteinase expression system to synthesize new and higher amounts of proteinases could be the
possible reasons for arrested growth and mortality of H.
armigera larvae. Fecundity of H. armigera was severely
affected by 0.33% concentration of winged bean PI in the
diet (Gupta et al. 2002). Telang et al. (2003) reported a
similar effect on H. armigera and S. litura by using PI from
non-host source such as bitter gourd in the diet. Bitter gourd
proteinase inhibitors (BGPIs) affect fertility and fecundity
for the aforementioned lepidopteran insects. They further
reported that ingestion of BGPIs adversely affected protein
uptake, at the larval stage, which caused developmental
abnormalities and also reduced fertility and fecundity of
the adult. Thus, our observations are in agreement with these
recent studies that accumulation of proteins during the larval
stage is critical to vitellogenesis (Telang et al. 2000).
Purified AnPI was incorporated separately in the artificial
diet at 0.25% (w/w) and fed to H. armigera larvae. It is
remarkable to note that the larvae growing on test diet could
not attain the body weight comparable to that of the control
in the first 11 days. While the control larvae attained a body
weight of 199 mg on day 11 indicates an increase of 195 mg
after 6 days of feeding, the larvae feeding on test diets gained
only 3–14 mg during the same 6 days of feeding time.
This decimal growth rate is suggestive of imminent mortality.
Therefore, the surviving larvae were shifted to the normal diet
(without any PI protein) for possible recovery. Larvae fed on
AnPI diet had extended larval period by 3 to 4 days. They
attained comparable pupal weight as in the control. Lowest
pupation percentage was recorded in test diet containing AnPI
(figure 3). Fecundity data could not be obtained, as adult
emergence was poor and prolonged in the treatment (AnPI).
Most plants produce PIs for insect protection, but
insects can adapt to PI ingestion by overproducing PI-
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Figure 3. In vivo bioinsecticidal activities of AnPI. Effect of
dietary of H. armigera larvae. Each mean represent 3 replicates±
standard deviation.

sensitive proteases (Bonade-Bottino et al. 1998), and/or
up-regulating the expression of proteases that are insensitive
to the PIs produced by that plant (Bolter and Jongsma 1997),
or inducing the production of PI-degrading enzymes. Dunse
et al. (2010) demonstrated that the combined inhibitory
effect of NaPI (inhibitor from Nicotiana alata) and StPin1A
(inhibitor from Solanum tuberosum) on H. armigera larval
growth in the laboratory was reflected in the increased yield
of cotton bolls in field trials of transgenic plants expressing
both inhibitors. Better crop protection is thus achieved using
combinations of inhibitors in which one class of PI is used to
match the genetic capacity of an insect to adapt to a second
class of PI.
Results from both in vivo and in vitro studies unequivocally demonstrate that the proteinase inhibitory proteins isolated from the seeds of A. nilotica are very effective in
inhibiting the development of H. armigera and also its gut
proteases. The study also suggests that the AnPIs gene(s)
could be potential targets for future studies in developing
insect-resistant transgenic plants against H. armigera. However, we must consider the complexity of H. armigera gut
proteinases and attention must be paid to select appropriate
PIs genes with the gene-pyramiding strategy for inhibition of
a diverse range of proteinases from the gut complex of
lepidopteran pests.

Acknowledgements
The authors acknowledge the receipt of seeds of A. nilotica
from NBPGR, New Delhi. The first author is the recipient of
a Senior Research Fellowship under the PhD programme of
Indian Agricultural Research Institute, New Delhi. This
work was carried out at Division of Entomology, Indian

Activity of proteinase inhibitors from seeds of Acacia nilotica against Helicoverpa armigera (Hübner)
Agricultural Research Institute, New Delhi, as a part of the
doctoral dissertation of the first author.

References
Arora R, Sharma HC, Van Dreissche1 E and Sharma KK 2005
Biological activity of lectins from grain legumes and garlic
against the legume pod borer, Helicoverpa armigera. ejournal.icrisat.org 1 1–3
Bolter C and Jongsma MA 1997 The adaptation of insects to plant
protease inhibitors. J. Insect Physiol. 43 885–895
Bonade-Bottino MA, Ceci LR, Gallerani R, Jouanin L,
Jouanin L and De Leo F 1998 Opposite effects on Spodoptera littoralis larvae of high expression level of a trypsin
proteinase inhibitor in transgenic plants. Plant Physiol. 118
997–1004
Broadway RM and Duffey SS 1986 Plant proteinase inhibitors:
Mechanism of action and effect on the growth and digestive
physiology of larval Heliothis zea and Spodoptera exigua. J.
Insect Physiol. 32 827–833
Dunse KM, Stevensa JA, Laya FT, Gaspar YM, Heath RL and
Andersona MA 2010 Coexpression of potato type I and II
proteinase inhibitors gives cotton plants protection against insect
damage in the field. PNAS 107 15011–15015
Ee KY, Zhao J, Rehman A and Agboola SO 2009 Purification
and characterization of a Kunitz-type trypsin inhibitor from
Acacia victoriae Bentham seeds. J. Agric. Food Chem. 57 (15)
7022–7029
Erlanger BF, Kokowsky N and Cohen W 1961 The preparation and
properties of two new chromogenic substrates of trypsin. Arch.
Biochem. Biophys. 95 271–278
Fan SG and Wu GJ 2005 Characteristics of plant proteinase inhibitors and their applications in combating phytophagous insects.
Bot. Bull. Acad. Sin. 46 273–292
Gupta GP, Ranjekar PK, Birah A, Rani S, Gupta V and Sainani MN
2002 Effective inhibition of Helicoverpa armigera by non-host
plant proteinase. ICAR News 8(3) 1–2
Hajela N, Pande A, Sharma S, Rao DN and Hajela K 1999 Studies
on double-headed protease inhibitors from Phaseolus mungo.
Plant Biochem. Biotech. 8 57–60
Haq SK and Khan RH 2003 Characterization of a proteinase inhibitor from Cajanus cajan (L.). J. Protein. Chem. 22 543–554
Hilder VA, Gatehouse AMR, Sheerman SE, Barker RF and Boulter
DA 1987 A novel mechanism of insect resistance engineered
into tobacco. Nature 300 160–166
Johnston KA, Lee MJ, Gatehouse JA and Anstee JH 1991 The
partial purification and characterization of serine protease activity in midgut of larval Helicoverpa armigera. Insect biochem. 21
389–397
Jongsma MA, Bakker PL, Peters J, Bosch D and Stiekema WJ 1995
Adaptation of Spodoptera exigua larvae to plant proteinase
inhibitors by induction of gut proteinase activity insensitive to
inhibition. Proc. Natl. Acad. Sci. USA 92 8041–8045
Joubert FJ 1983 Purification and properties of the proteinase inhibitors from Acacia sieberana (paperback Acacia) seed. Phytochemistry 22 53–57

275

Kortt AA and Jermyn MA 1981 Acacia proteinase inhibitors.
Purification and properties of the trypsin inhibitors from A. elata
seed. Eur. J. Biochem. 115 551–557
Kranthi KR, Jadhav DR, Kranthi S, Wanjari R, Ali S and Russell
DA 2002 Insecticide resistance in five major insect pests of
cotton in India. Crop Prot. 21 449–460
Laemmli UK 1970 Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227
680–685
Lawrence PK and Koundal KR 2002 Plant protease inhibitors
in control of phytophagous insects. Electron. J. Biotechnol. 5
93–109
Lee MJ and Anstee JH 1995 Endoproteases from the midgut of larval
Spodoptera littoralis include a chymotrypsin-like enzyme with
an extended binding site. Insect Biochem. Mol. Biol. 25 49–61
Lin JY, Chu SC, Wu HC and Hsieh YS 1991 Trypsin inhibitor from
the seeds of Acacia confusa. J. Biochem. 110 879
Liu ZD, Gong PY, Heckel DG, Wei W, Sun JH and Li DM 2009
Effects of larval host plants on over-wintering physiological
dynamics and survival of the cotton bollworm, Helicoverpa
armigera (Hübner) (Lepidoptera: Noctuidae). J. Insect Physiol.
55 1–9
Lopes JL S, Valadares NF, Moraes DI, Rosa JC, Araújo HS S and
Beltramini LM 2009 Physico-chemical and antifungal properties
of protease inhibitors from Acacia plumosa. Phytochemistry 70
871–879
Lowry OH, Rosebrought HJ, Farr AL and Randall RJ 1951 Protein
measurement by folin phenol reagent. J. Biol. Chem. 193
265–275
Macedo ML R, De Sa CM, Freire MD GM and Parra JR P 2004 A
Kunitz –type inhibitor of coleopteran proteases, isolated from
Adenanthera pavonina L. seeds and its effect on Callosobruchus
maculatus. J. Agric. Food Chem. 52 2533–2540
McManus MT and Burgess EP J 1995 Effects of the soybean
(Kunitz) trypsin inhibitor on growth and digestive proteases of
larvae of Spodoptera litura. J. Insect Physiol. 41(9) 731–738
Odei-Addo F 2009 Purification and characterization of serine proteinase inhibitors from two South African indigenous plants,
Acacia karoo and Acacia schweinfurthii. MSc Thesis, Nelson
Mandela Metropolitan University
Parde VD, Sharma HC Kachole MC 2010 In vivo inhibition
of Helicoverpa armigera gut pro-proteinase activation by
non-host plant protease inhibitors. J. Insect Physiol. 56
1315–1324
Prabhu KS and Pattabiraman TN 1980 Natural plant enzyme inhibitors and characterization of a trypsin/chymotrypsin inhibitor
from Indian red wood (Adenanthera pavonina) seeds. J. Sci.
Food Agric. 31 967–980
Prasad ER, Gupta AD and Padmasree K 2010 Insecticidal potential
of Bowman–Birk proteinase inhibitors from red gram (Cajanus
cajan) and black gram (Vigna mungo) against lepidopteran
insect pests. Pestic. Biochem. Physiol. 98 80–88
Rai S, Aggarwal KK and Babu CR 2008 Isolation of a serine
Kunitz trypsin inhibitor from leaves of Terminalia arjuna. Curr.
Sci. 94 1509–1512
Ryan CA 1990 Protease inhibitors in plants: Gene for improving
defences against insect and pathogens. Annu. Rev. Phytopathol.
28 425–449

J. Biosci. 37(2), June 2011

276

S Ramesh Babu et al.

Srinivasan A, Giri AP, Harsulkar AM, Gatehouse JA and Gupta VS
2005 A Kunitz trypsin inhibitor from chickpea (Cicer arietinum
L.) that exerts anti-metabolic effect on podborer (Helicoverpa
armigera) larvae. Plant Mol. Biol. 57 359–374
Tamhane VA, Chougule NP, Giri AP, Dixit AR, Sainani MN and
Gupta VS (2005) In vivo and in vitro effect of Capsicum annum
proteinase inhibitors on Helicoverpa armigera gut proteinases.
Biochim. Biophys. Acta 1722 156– 167

Telang A, Booton V, Chapman RF and Wheeler DE 2000 How
female caterpillars accumulate their nutrient reserves. J. Insect
Physiol. 47 1055–1064
Telang M, Srinivasan A, Patankar A, Harsulkar A, Joshi V,
Damle A, Deshpande V, Sainani M, et al. 2003 Bitter
gourd proteinase inhibitors: potential growth inhibitors of Helicoverpa armigera and Spodoptera litura. Phytochemistry 63
643–652

MS received 07 June 2011; accepted 18 April 2012

Corresponding editor: JITENDRA P KHURANA

J. Biosci. 37(2), June 2012

