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Effects of cereal seed protinaceous extracts on a-amylase and
proteinase activity of salivary glands of Carob moth, Ectomyelois
ceratoniae (Lepidoptera: pyralidae)
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Abstract: The carob moth is one of the most devastating pests of pomegranate
and some other products. Various pest control measures have been undertaken
in order to control this pest but none of them has been successful so far. In the
current study the effects of cereal seed proteinaceous extracts including
triticale and three wheat cultivars (MV17, Aflak, and Zare) have been studied
on o-amylase and protease activity of salivary glands of this insect.Initial
screening showed 38, 44, 28 and 76% inhibitory effect for triticlae, MV-17,
Aflak, and Zare cereal seed extracts respectively on a-amylase activity. Further
studies were performed with Zare wheat cultivar using various concentrations
including 13, 6.5, 3.25, 1.625 and 0.8125 pg protein on the enzyme activity
and results showed that they inhibited the enzyme activity by 76, 75, 68, 60,
and 42%, respectively. Gel assays confirmed the spectrophotometric data i.e
the effect of the seed extract on the enzyme was dose dependant. The same
trend was observed when seed extracts were tested against proteinase activity.
These data suggest that plants produce different proteins with different
specificity toward herbivores digestive enzymes some of which could be used

for insect control in [PM program.
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Introduction

The pomegranate, Punica granatum (Punicaceae),
is one of the oldest cultivated species which is
native to Iran but nowadays is widespread
throughout the Mediterranean area of Asia, Africa
and Europe (Durgac et al., 2008). The carob
moth,  Ectomyelois  ceratoniae  (Zeller)
(Lepidoptera: Pyralidae), is one of the most
important pests of a wide range of products
including dates, almonds, carob, pomegranate,
nuts, walnuts, figs, pistachios, citrus, etc. (Dhouibi
and Abderahmane, 2002; Nay and Perring, 2006;
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Mozaffarian et al., 2007). The larvae feed inside
the fruit and cause a great damage to fruit quality
(Shakeri, 1993) such that in some areas they spoil
more than 80% of the fruits (Shakeri, 2004).
Various agricultural and mechanical methods
including removing the flags, covering
pomegranate fruit neck by straw, collecting and
destroying of the infested fruit during the winter
season as well as biological control are listed for
the pest control (Kishani et al., 2012; Nasrollahi et
al., 1998). However, these methods cannot
control the insect pest properly. Also, since the
larvae feed inside the fruit, pesticide applications
in order to control this insect were not successful
because the insects are not exposed to the
insecticides. In addition, the public and academia
concerns over the use of pesticides on fruits and
food have raised many issues. Moreover, the
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occurrence of resistance in the insect pests is
another issue which strengthens the need for
alternative pest control strategies in IPM
(integrated pest management) (Hagstrum and
Subramanyam, 1996; Yildirim et al., 2001;
Isman, 2006). In recent years considerable
investigations have been done on plant and
microbe derived materials for potentially useful
products and genes to be used in pest control.
Many plants have received gene/s encoding toxic
proteins as a strategy to resist or be protected from
insect pests and pathogens. Genes that their
products are toxic to insect species are lectins
(Gatehouse et al., 1997), a-amylase inhibitors
(Morton et al., 2000), protease inhibitors (De Leo
et al., 2001; Falco and Silva-Filho 2003; Alfonso-
Rubi et al, 2003), toxins from Bacillus
thuriengiensis (Bt toxins) (Sharma and Ortiz,
2000), and even fusion proteins consisting of
plant lectin, Galanthus nivalis agglutinin (GNA)
linked to toxic peptide (Fitches et al., 2004; Down
etal., 2006; Fitches et al., 2009).

Digestive enzymes especially a-amylase and
protease are potentially a good target for insect
control using inhibitors present in the plant seeds.
Cereal and legume seeds are rich sources of insect
digestive enzyme inhibitors. Thus, one important
aspect of the insect pest control is to materialize
selective inhibition of the digestive enzymes in
order to interfere with digestion process of the
insect by producing detrimental effects on larval
and insect growth by inhibition of the digestion
and assimilation of nutrients. Therefore, in order
to achieve a control strategy based on digestive
enzyme inhibitors it is advisable to characterize
digestive enzymes as well as to do in vitro and in
Vivo bioassays with plant proteinaceous inhibitors
(Horrison and Bonning, 2010).

A first example of introduction of plant
genes encoding toxic protein against insect is
cowpea trypsin inhibitor which is expressed in
tobacco leaves to combat lepidopteran larvae
(Hilder et al., 1987, Silva et al., 2001). Since
then, attempts have been made to use toxic
plant proteins against insects with some
success. a-Amylase inhibitor gene form seeds
of common bean (Phaseolus vulgaris) when
transferred to pea confer resistance to pea
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weevil (Bruchus pisorum) (Morton et al., 2000;
Silva et al., 2001). Also, transformed Azuki
bean (Vigna angularis) confers resistance to
Callosobruchus chinensis and C. maculatus
(Ishimoto et al., 1996; Silva et al., 2001).

So far, no investigation has been done on the
carob moth salivary gland enzymes. It has long
been established that salivary glands of the
caterpillar have glucose oxidase (GOX) activity
(Markx-Jacques and Bede, 2005; Peiffer and
Felton, 2005; Babic et al., 2008). Our
hypothesis was that caterpillars produce labial
GOX in order to oxidize glucose to gluconate, a
nutritionally unavailable carbohydrate. Thus,
saliva should have carbohydrate digesting
enzymes including a-amylases. One strategy to
cope with excess carbohydrate in the caterpillar
diet is to produce salivary enzymes that convert
carbohydrate to glucose so that GOX has
substrate to act upon and as a result to prevent
glucose absorption. Thus, the aim of the current
study was to make in depth analysis of the
salivary gland enzymes using
spectrophotometric and in gel assays
procedures. Also, the effects of cereal seed
inhibitors including triticale and three cultivars
of wheat on the insect salivary enzymes were
investigated.

Materials and Methods

Insect rearing

A population of E. ceratoniae was collected
from Chandab Region,Varamin, Tehran
province, Iran. The larvae were reared on
artificial diet under laboratory conditions as
described by Norouzi et al., (2008) with slight
modification such as rearing at 29.6 + 5 °C,
with a 16:8 h photoperiod and 75 = 5% RH in
contrast to Norouzi et al., (2008) who reared at
30+ 1°Cand 70 + 5% RH.

Enzymes preparation

Salivary glands (SGs) were removed and the
enzyme preparation was done based on Kazzazi
et al, (2005). The larvae were carefully
dissected in cooled distilled water under
stereomicroscope  (Stemi  SV6  ZEISS,
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Germany). SGs  were separated and
homogenized in pre-cooled homogenizer
(Teflon pestle). The homogenates were
centrifuged at 15,000g for 15 min at 4 °C. The
supernatants were pooled and stored at -20 °C
as an enzyme source for subsequent analyses.

Optimum pH for salivary gland enzymes
activity

The optimum pH for the activities of the
salivary gland a-amylase and protease enzymes
was determined using universal buffer (0.02 M)
(Hosseinkhani and Nemat-Gorgani, 2003) with
pH set at 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0
and 12.0.

o-Amylase assay

a-Amylase activity of SG was assayed by the
dinitrosalicilic acid (DNS) procedure (Bernfeld,
1955), using 1% soluble starch solution as
substrate as described by Bandani et al., (2009).
One unit of a-amylase activity was defined as
the amount of enzyme required to produce 1mg
maltose in 30 min at 35 °C. A standard curve of
absorbance against amount of maltose released
was constructed to enable calculation of the
amount of maltose released during a-amylase
assay. A blank without substrate but with a-
amylase extract and a control containing no a-
amylase extract with substrate were run
simultaneously with reaction mixture. All
assays were performed in triplicates and with
three replications.

Protease assay

General proteolysis assay was done according to
the methods of Elpidina et al., (2001) and
Gatehouse et al, (1999), with slight
modification. Briefly, 10 pl enzyme extract and
50ul substrate solution (Azocasein 2%) were
mixed with 40 pl 20 mM Glycine-NaOH buffer
(pH 10). After 60 min incubation, 100 pl 30%
trichloroacetic acid (TCA) was added to the
reaction mixture, and kept at 4 °C for 30 min,
followed by centrifugation at 15,000g for 15 min
to precipitate non hydrolysed substrate. 100ul
NaOH (1 M) was added to 100 ul supernatant
and the absorbance at 405 nm was measured.
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Seed protein extraction

Seed proteins were extracted according to
Baker (1987) and Melo et al., (1999). Seeds
were powdered thoroughly, and then 30
grams of powdered seeds from each plant
separately was mixed with a solution of 0.1
M NaCl and stirred for 3 h, followed by
centrifugation at 8,000g for 30 min. The
pellet was discarded, and the supernatant was
placed at 70 °C for 20 min in order to
inactivate enzymes within the seeds. Proteins
were concentrated using a saturation of 70%
ammonium sulfate followed by centrifugation
at 8,000g for 30 min at 4 °C. The pellet was
dissolved in ice-cold sodium phosphate buffer
(0.02 M and pH 7.0) and was dialyzed against
the same buffer for 20 h. This dialyzed
solution was used as inhibitors in enzymatic
assay tests.

The effect of inhibitor on alpha-amylase
activity

The effects of the seed extracts on the
amylase activity were determined as
described by Mehrabadi et al., (2010).
Enzyme extract was pre-incubated with
Triticale and three cultivars of wheat seed
extracts for 30 min at 35 °C followed by
determination of the enzyme activity as
described before using dinitrosalicilic acid
(DNS) procedures. Appropriate blanks were
included in the experiments as well. The
inhibition percentage (% 1) was calculated by
the method of Mehrabadi et al., (2011):

%I = 100 X [(A540 control — A540 Exp) /
AS540 control].

The effect of inhibitor on general protease
activity

The effects of the seed extracts on general
protease activity were determined as described
by Saadati et al., (2011). Enzyme was pre-
incubated with Triticale and three cultivars of
wheat seed extracts for 30 min at 35 °C followed
by determination of the enzyme activity as
described before. The inhibition percentage was
calculated as described for amylase.
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In gel assay

Electrophoretic ~ detection of  proteolytic
enzymes was done basically according to the
procedures described by Laemmli (1970) and
Walker et al., (1998). PAGE was performed in
10% (w/v) gel co-polymerized with 0.1%
gelatin and 4% for stacking gel with 0.05%
SDS. Electrophoresis was conducted at 4 °C
until the blue dye reached the bottom of the gel.
Then, the gel was rinsed with distilled water
and washed by 2.5% (v/v) Triton X-100 buffer
for 60 min followed by incubation in Glycine-
NaOH buffer (pH 10) for about 6 h. Finally, the
gel was stained as described by Saadati et al.,
(2011). Amylolytic activity in the gel was
detected using procedures described by
Mehrabadi et al., (2011). Briefly, PAGE was
performed in 10% (w/v) gel for separating gel
and 5% for stacking gel with 0.05% SDS.
Electrophoresis was conducted at a voltage of
120V until the blue dye reached the bottom of
the gel. The gel was rinsed with distilled water
and washed by 1% (v/v) Triton X-100 buffer
for 15 min. Then, the gel was incubated in
glycine-NaOH buffer (pH 9) containing 1%
starch solution, 2 mM CaCl, and 10 mM NacCl
for 1.5 h. Finally, the gel treated with a solution
of 1.3% I, and 3% KI to stop the reaction and to
stain the un-reacted starch background. Zones
of a-amylase activities appeared as light band
against dark background.

Protein determination

Protein concentration was measured according
to the method of Bradford (1976), using bovine
serum albumin as a standard.

Statistical anaylysis

Data were analysed based on a completely
randomized design using SAS software. Mean
comparison was done using Duncan's test.

Results

o-Amylase activity and effect of pH on the a-
amylase activity

Using dinitrosalicilic acid procedure it was
found that a-amylase was active in the moth
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salivary glands. The a-amylase was active on a
wide range of pH from 5.0 to 11.0 with an
optimum activity at pH 9.0. The a-amylase
activity level in optimal pH was 0.0041
pmol/min/mg protein (Fig. 1).

Protease activity and effect of pH on the
protease activity

To detect protease activity in the salivary gland
extract, azocasein (2%) was used as a substrate.
Salivary protease activity was low in acidic pH
but optimum pH for protease activity was 10.0
(Fig. 1). The protease activity level in optimal
pH was 0.000846 U/min/mg protein.
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Figure 1 Effect of pH on o-amylase and total
protease activity extracted from salivary gland of
carob moth.

Effect of the seed extract on a-amylase

Four plant proteinaceous extracts from triticale
and three wheat cultivars were tested against a-
amylase and protease of the moth. To choose
suitable concentration, preliminary assay was
done so that based on these studies 13 g
protein was chosen to start enzyme assay. As
seen in Figure 3, the effect of these seed
extracts (13 pg protein) on the enzyme activity
varied among triticale and wheat cultivars.
Inhibitory effects of the extracts on a-amylase
activity were 38, 44, 28 and 76% for triticlae,
MV-17, Aflak, and Zare, respectively. Protein
extracted from Zare wheat cultivar had the
greatest inhibitory activity and inhibited the
enzyme activity about 76% (Fig. 2). So, further
studies were performed with Zare wheat
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cultivar using various concentrations of 13, 6.5,
3.25, 1.625 and 0.8125 pg protein which
inhibited the enzyme activity by 76, 75, 68, 60,
and 42%, respectively (Fig. 2).
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Figure 2 Inhibition of carob moth a-amylase and
total protease by 13 pg protein of proteinaceous seed
extract of tritcale and three cultivars of wheat. Each
column is an average of three replications.
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Figure 3 Inhibition of carob moth a-amylase and
total protease activity by different concentrations of
Zare cultivar including 13, 6.5, 3.25, 1.625 and
0.8125 pg protein of the seed extract. Enzyme and
inhibitor were pre-incubated for 30 min prior to the
addition of starch to measure enzyme activity. Each
point represents an average of three measurements.

Protease inhibition assay

The effect of triticale and the three cultivars of
wheat seed extracts at concentration of 13 pg
protein were studied on protease activity of the
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salivary glands of the Carob moth. The effect of
the seed extracts on the enzyme varied based on
the type of the cultivar. The Zare cultivar seed
extract had the greatest effect on protease
activity (43% inhibition) followed by MV-17,
triticale, and Aflak which inhibited protease
activity by 11, 0, and 0%, respectively (Fig. 2).
Seed extracts of triticale and aflak cultivars at
concentration of 13 ug did not produce any
significant effect on protease activity. Further
study was done using different concentrations
of Zare cultivar including 13, 6.5, 3.25, 1.625
and 0.8125 pg protein of the seed extract which
produced 43, 32, 19, 16, and 12% protease
inhibition, respectively (Fig. 3). Almost 43% of
the enzyme inhibition was achieved when the
highest concentration (13 pg protein) of the
seed extract was used and 12% of the enzyme
activity was produced when the lowest
concentration (0.8125 ng protein) of the seed
extract was used (Fig. 3).

In-gel a-amylase and protease assays

Using gel assays, it was found that there are
two major bands in the salivary glands of
carob moth with alpha-amylase activity (Fig.
4a). However, when different concentrations
of the seed extracts (Zare cultivar of wheat)
were used, varied percentages of inhibition
were achieved. So, as the seed extract dose
was reduced the intensity of the bands
decreased. Indeed, a dose dependant manner of
alpha amylase inhibition was achieved so that
at high dose the amount of inhibition was more
than when low dose of proteinaceous seed
extract was used. As seen in Figure 4, at low
dose (0.8125ug protein) intensity of the two
amylase bands were slightly decreased (Fig.
4b) but at high dose (13 pg protein) the two
bands almost disappeared (Fig. 4f). To detect
protease activity, one-dimensional zymogram
of a gelatin-containing acrylamide gel was
used (Fig. 5). There were four protease bands
in the moth salivary glands. Different
concentrations of the seed extract of Zare
cultivar i.e. 6.5, 3.25, 1.625 and 0.8125 nug
protein, did not significantly change the
intensity of the bands. However, at
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concentration of 13 pg protein of the seed
extract the intensity of the protease band was
reduced (Fig. 5).

f e d ¢ b a

Figure 4 The Carob moth salivary extract
zymogram using 1% starch as substrate. Enzyme
extract ~was  pre-incubated  with  different
concentrations of Zare wheat cultivar for 30 min and
then gel was run at 4 °C. The gel was stained with a
solution of 1.3% I2 and 3% KI. Lane numbers are as
follows: (a) Salivary gland extract with no inhibitor,
(b) 0. 0.8125 pg.ml-1, (c) 1.625 pg.ml-1, (d) 3.25
pgml-1, (e) 6.5 pg.ml-1, (f) 13 pg.ml-1 protein of
seed extract.

Al: a-amylase first isoenzyme

A2: a-amylase second isoenzyme
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Figure 5 The Carob moth salivary extract
zymogram using 0.1% gelatin as substrate. Enzyme
extract ~was  pre-incubated  with  different
concentrations of Zare wheat cultivar for 30 min and
then gel was run at 4 °C. Lane numbers are as
follows: (a) Salivary gland extract with no inhibitor,
(b) 0. 0.8125 pug.ml-1, (c) 1.625 pg.ml-1, (d) 3.25
pg.ml-1, (e) 6.5 pg.ml-1, (f) 13 pg.ml-1 protein of
seed extract.
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Discussion

In this study for the first time it was shown that
the carob moth salivary gland contains enzyme
activity including a-amylase and protease which
so far has not been reported from this insect
though other studies indicated presence of
different enzymes in caterpillar oral secretions
including o- and B- glucosidases and glucose
oxidase (Eichenseer et al., 1999; Musser et al.,
2002; Merkx-Jacques and Bede, 2004 and 2005;
Peiffer and Felton, 2005; Babic et al., 2008).
Caterpillars secrete saliva from labial and
mandibular glands which assists the insect in
their feeding process (Elzinga, 1987). These
secretions mix with plant materials and assist the
ground plant materials to be transported into oral
cavity. In addition so far enzymes including
GOX (glucose oxidase) that catalyze the
oxidation of glucose thus forming gluconate and
hydrogen peroxide (H,0,); ascorbate peroxidase,
which catalyzes the oxidation of vitamin C and
concomitant reduction of H,O,; superoxide
dismutase (SOD). SOD catalyzes the removal of
highly cytotoxic superoxide radicals producing
less toxic hydrogen peroxide, and catalase, an
enzyme that catalyzes the degradation of H,O,
have been identified in the caterpillar saliva
(Madhusudan et al., 1994; Matthews et al., 1997,
Eichenseer et al., 1999; Ni et al., 2000; Merkx-
Jacques and Bede, 2004; Babic et al., 2008).
GOX is the predominant enzyme in the
labial salivary glands of caterpillars thus it is
hypothesized that insect produces labial GOX
in order to oxidize glucose to hydrogen
peroxide and gluconate. Gluconate is not
absorbed by the insect (Merkx-Jacques and
Bede, 2004 and 2005; Peiffer and Felton, 2005;
Babic et al., 2008). Thus, insect saliva should
contain enzyme/s such as a-amylase in order to
act on carbohydrate to produce glucose. It has
been established that insect diet influences
GOX activity since it was shown that
Spodoptera exigua caterpillar reared on
artificial diet had more (ten times more) GOX
activity than those fed on plants (Merkx-
Jacques and Bede, 2004). Thus, one strategy for
caterpillar to cope with excess carbohydrate is
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to produce salivary enzymes that convert
carbohydrate to glucose so that GOX have
substrate to act upon carbohydrate entering gut
and make them unavailable for insect.

This study showed that two isoenzymes of the
o-amylase are present in the salivary gland.
Presence of different isoenzymes in insects shows
their importance in insect’s digestion of
carbohydrate to guarantee effective digestion
(Mehrabadi et al., 2012). There are reports that
many insect species, which rely on carbohydrate
metabolism for their survival, have more than one
isoenzyme o-amylase excreted by digestive tissues
(Mehrabadi et al., 2010). Indeed, the presence of a
number of a-amylase isoenzymes is a strategy to
escape from plant secondary metabolites (Silva et
al., 1999). Production of o-amylase was also
detected in other insect species including Sitophilus
zeamais Motschulsky, Callosobruchus maculatus
Fabricius, Zabrotes subfasciatus Boheman,
Acanthoscelides obtectus Say, and Eurygaster
integriceps Puton (Silva et al., 1999; Franco et al.,
2005; Bandani et al., 2009).

The carob moth a-amylase and protease
activities were the highest at alkaline pH. This is
because after the secretion of the enzyme by
salivary gland, it is mixed with ingested food and
enters the alimentary canal where pH is alkaline
and that could be one reason that the salivary
gland enzymes are adapted to function better at
alkaline pH. There are repots that caterpillar gut
pH is alkaline and their digestive enzymes are
active in alkaline pH, too. Although a-Amylase
in salivary gland was shown to be active on a
wide range from pH 5.0 to 11.0, the optimum pH
was 9.0. Optimum pH of carob moth was similar
to that of Chilo suppressalis Walker
(Lepidoptera: Pyralidae) (pH 9.0), Glyphodes
pyloalis Walker (Lepidoptera: Pyralidae) (pH
10.0) and Naranga aenescens Moore (pH 9.0)
(Zibaee et al, 2008; Yezdani et al., 2011; Asadi
et al, 2010). Some others such as hemipteran
insects enzymes are active at acidic pH e.g.
Lygus hesperus, L. lineolaris and Eurygaster
integriceps and E. maura (Zeng and Cohen,
2000; Ravan et al., 2009).

Since the insects such as carob moth are
somehow dependent on oa-amylases for their

291

survival, these enzymes could be a good target
for insect control through a-amylase inhibitors
(Franco et al., 2002; Svensson et al., 2003;
Sivakumar et al., 2006). Moreover, there are
many repots that enzyme inhibitors are
abundant in cereals and legumes (Franco et al.,
2002; Sivakumar et al., 2006). These molecules
play an important role in plant defense against
pests and pathogens. Bannakan et al., (2007)
showed that mungbean seed extract impaired
Callosobruchus maculatus larval development.
Also, they found significant inhibition (up to
100%) of o-amylase of the insect in vitro.
Ishimoto and Kitamura (1988) found that a-
amylase inhibitor present in the pea seeds is the
main resistance factor to Bruchus pisorum
Linnaeus, C. maculatus Fabricius, and C.
chinensis Linnaeus.

In this study it was found that different
cultivars of wheat have different specificity
toward a-amylases of carob moth. The least
activity was seen for triticale seed extract with
38% inhibition of the enzyme activity of carob
moth and the greatest activity was seen for wheat
cv. Zare seed extract with 76% inhibition of the
enzyme activity. Mehrabadi et al., (2010)
showed that triticale seed extract inhibited the
Sunn pest (Eurygaster integriceps) a-amylase
activity around 80%. These data indicate that
proteinaceous extract of a specific seed shows
different specificity toward different insect
species which is an important step in developing
molecules for production of insect resistant
transgenic plants (Valencia et al., 2000).

Also, it was found that different wheat
cultivars have different effects on enzyme activity
1.e. cultivars MV-17, Aflak and Zare inhibited
carob moth enzyme activity 44, 28 and 76%,
respectively. Further study showed that the effect
was dose dependent i.e. when 13 ug protein was
used 76% enzyme inhibition was achieved but at
low doses (0.81 ug protein) only 42% of carob a-
amylase was inhibited. Almost the same trend of
a-amylase inhibition was obtained against
proteinase i.e. lower protease inhibition was
achieved when tiriticale, Aflak and MV-17 seed
extracts were used and the greatest protease
inhibition was achieved for Zare cultivar. Also,
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the effect of Zare seed extract on the protease
activity was dose dependent. Overal, our data is in
agreement with the findings of Valencia et al.,
(2000) who showed a dose dependent inhibition
of Amaranthus cruentus Linnaeus against o-
maylase of coffee berry borer, Hypothenemus
hampei  Ferrari. Khan (2011)  reported
proteinaceous inhibitors isolated from Chick pea
(Cicer arietinum), Kidney bean (Phaseolus
vulgaris), Maize seeds (Zea mays), Wheat
(Triticum aestivum) and Millet (Pennisetum
typhoides) exhibited inhibitory activity against o-
amylase from red flour beetle, Tribolium
castaneum. It was reported that wheat, maize and
kidney bean inhibitors inhibited the insect (T.
Castaneum) a-amylase by 75, 82, and 67.8%,
respectively (Khan, 2011).

In conclusion it could be said that different
plant species produce different proteins with
different specificity which can be used in plant
protection strategies. Specificity of inhibitors is
an important issue since the introduced
inhibitors must not adversely affect the plant’s
own enzymes (0-maylase) as well as mammals’
enzymes.
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