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Abstract

Naranga aenescens L. (Lepidoptera Noctuidae), commonly known as the rice green caterpillar, is one of the most damaging pests
of the rice crop in Iran causing extensive defoliation. Study of digestive enzymes is so imperative to reach and apply new pest
management technologies. Amylases have an important role in the final stages of carbohydrate digestion. a-amylases activities
were determined in midgut, haemolymph and salivary glands homogenates of N. aenescens larvae. The activities of a-amylases in
the midgut, salivary glands and haemolymph of 5™ instar larvae were 2.4 + 0.04, 2 + 0.06 and 1.2 + 0.06 pmol/min/mg proteins,
respectively. Zymogram pattern in the native gel revealed that N. aenescens a-amylases in midgut, salivary glands and haemo-
lymph had two isoform. Results showed that the optimal pH for a-amylases in midgut, salivary glands and haemolymph were &, 9
and 9, respectively. Also optimal temperature for a-amylases activity in midgut was 60 °C and salivary glands and haemolymph
were 50 °C. As calculated from Lineweaver-Burk plots, the K, for midgut, salivary glands and haemolymph were about 0.07,
0.14 and 0.14 mg/ml and the V,,, were 0.2, 0.08 and 1.32 pmol/min. Hg', Hg?* and Mn®* decreased enzyme activity even com-
pletely in all three tissue of N. aenescens a-amylases, whereas the addition of Na*, K*, Co**, Mg®*, Ca?* and Fe®" increased their
activity. a-amylase activity in V. aenescens is essential for developing a method for insect control, such as the use of an a-amylase

inhibitor as a biocontrol agent and over expression of a-amylase inhibitor in transgenic plant.
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Introduction

Most living organisms are able to exploit environ-
mental polysaccharides. a-amylases (o-1,4-glucan-4-
glucanohydrolases, EC 3.2.1.1), which hydrolyze starch
and other polysaccharides in maltose, maltotriose and
maltodextrines, are key enzymes in this process (Hen-
rissat et al., 2002). These enzymes constitute a family of
endo-amylases that catalyze the hydrolysis of a-D-(1,4)-
glucan linkages in starch components, glycogen and o-
ther carbohydrates. In many cases, they form multigene
families. The presence of several, sometimes divergent
amylase molecules enables organisms to digest a broad
range of substrates, in a broad range of environmental
conditions (Da Lage et al., 2007). The enzymes play a
key role in carbohydrate metabolism of microorgan-
isms, plants and animals (Franco et al., 2002).
a-amylases have been found in several insect orders in-
cluding Lepidoptera, where they are usually reported in
the caterpillar gut (Zibaee et al., 2008; Abraham, 1992;
Dow, 1984; Somadder and Shrivastava, 1980; Kaneka-
tysa, 1978). Moreover, several insects, especially those
feed on starchy food during larval stage, depend on their
a-amylases for survival (Strobl et al., 1998; Franco et
al., 2000). Plant a-amylase inhibitors are proteins found
in several plants, and play a key role in natural defenses
especially those that feed on starchy food. These inhibi-
tors, which are particularly abundant in legumes (Franco
et al., 2002) and cereals (Iulek et al., 2000), represent a
potent tool in engineering crop plants due to their role as
defense factors against insect pests and pathogens
(Svensson et al., 2004). Search on starch digestion as a
target for control of starch-dependent insects was stimu-

lated in recent years after results showed that a-amylase
inhibitors from Phaseolus vulgaris L. seeds are detri-
mental to the development of cowpea weevil Calloso-
bruchus maculatus (F.) (Coleoptera Bruchidae) and
Azuki bean weevil Callosobruchus chinensis (L.). Pea
and azuki transgenic plants expressing a-amylase in-
hibitors from common beans were completely resistant
to the Bruchus pisorum (L.) and C. chinensis weevils
(Ishimoto and Kitamura, 1989; Shade ef al., 1994).

Naranga aenescens L. (Lepidoptera Noctuidae),
commonly known as the rice green caterpillar, is one of
the most damaging pests of the rice crop in Iran causing
extensive defoliation but, at times of severe infestation,
it also feeds, on developing panicle resulting in massive
loss of the crop. This insect was reported in northern
Iran in 1986 and was widely distributed in all paddy
fields. This pest outbreak in paddy fields in Guilan
province and 30,000 hectares of paddy fields were
sprayed with insecticides against this pest annually
(Abivardi, 2001). Application of pesticide against M.
aenescens is extremely hazardous not only to farmers
and consumers, but also to the environment.

Digestion is a process of splitting un-absorbable mac-
romolecules of food by digestive enzymes into utiliz-
able and absorbable molecules by addition of water. The
study of the digestive enzymes forms an important base
for the study of digestive physiology. The carbohydrate
digestion of occurs mainly in the lumen of the midgut
and the insects can digest polysaccharides partially by
salivary secretions, which would be ingested along with
partially digested starches to be used in the midgut
(Boyd, 2002). Another source of a-amylase in insect is
haemolymph. The present paper reports the a-amylases



of salivary glands, midgut and haemolymph of N. ae-
nescens larvae.

As many insect species depend on the effectiveness of
their amylases for survival, characterization studies of
insect amylases are not only of interest for comparative
investigations, but they can also contribute to clarifying
the compatibility of some natural diets with insect de-
velopment. This is particularly true for an insect species
such as N. aenescens that feeds on rice leaf during larval
stage.

At present there is no information available on the
a-amylases of N. aenescens and a detailed knowledge of
N. aenescens digestive physiology will provide new op-
portunities for a sustainable pest management to control
this insect pest. The goal of the present study is to char-
acterize midgut, salivary glands and haemolymph
a-amylases from N. aenescens.

Materials and methods

Insect

Insects were collected from rice seedling Oryza sativa
L. ‘variety of Hashemi’ in the northern provinces of
Iran. 5™ instar larvae were randomly selected for meas-
uring of enzyme activity.

Sample preparation

Enzyme samples from the midguts and salivary glands
of the last instar larvae were prepared by the method of
Cohen (1993). Last instar larvae were immobilized on
ice and dissected under a stereo microscope in ice-cold
saline buffer (6 pmol/l NaCl). Whole of the midguts and
salivary glands were removed and thoroughly rinsed in
ice-cold distilled water. The haemolymph was collected
by cutting their prolegs or making a few incisions in the
cuticle. Each midgut and salivary glands was homoge-
nized in 20 and 3 pl of cold double-distilled water
and/or buffer using a hand-held glass homogenizer, re-
spectively. The homogenate was centrifuged at 13000 X g
for 15 min at 4 °C and supernatants were collected and
stored at -20 °C for subsequent analyses. Total and spe-
cific activities of midgut digestive enzymes and salivary
glands were determined in the homogenates.

Chemical

3,5-Dinitrosalicylic acid (DNS), triton X-100 and
EDTA were purchased from Sigma (St. Louis, MO.
USA). All other chemicals (reagent grade) were from
Merck (Merck, Darmstadt, Germany).

Determination of a-amylase activity and protein
concentration

a-amylase activity was determined at room temperature
in 20 mM Tris-HCI, 10 mM Ca®', pH 9.0. Supernatant
(10 pl) was added to a tube containing 40 pl of the buffer
and 50 pl of 1% (w/v) starch. The concentration of reduc-
ing sugars obtained from the catalyzed reaction for 15
min (midguts a-amylases) and 30 min (salivary glands
and haemolymph a-amylases) was measured by the dini-
trosalicylic acid method according to Bernfeld (1955).
Absorbance was measured at 545 nm with a Microplate
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Reder Model Stat Fax® 3200 (Awareness Technology
Inc.). One unit of a-amylase is defined as the amount of
the enzyme that liberates 1.0 umol of reducing sugar/min
with maltose as a standard. Protein concentration was de-
termined by the Bradford method (1976).

Polyacrylamide gel electrophoresis and zymogram
analysis

Non-denaturing polyacrylamide gel electrophoresis
(PAGE) (8%) was carried out as described by Davis
(1964) and electrophoresis was performed with 100 V at
4°C. Afterward, the gel was incubated in 2.5% (v/v) Tri-
ton X-100 for 30 min at room temperature with gentle
agitation. Then, the gel was rinsed with deionized water
and washed in 25 mM of Tris-HCI pH 7.4. The washed
gel was incubated in fresh buffer containing 1% (w/v)
soluble starch at 30 °C for 60 min. After being washed
with distilled water, the gel was subjected to staining
with Lugol solution (I, 1.3% and KI 3%) at ambient
temperature until the appearance of clear zones in pro-
tein bands with a-amylase activity against a dark blue
background. Quantification of enzyme activity was per-
formed from zymogram, using the Image Master Total-
Lab v1.10 (Life Science Analysis Essential) program.

Effect of pH and temperature on enzyme activity

The pH profiles of the a-amylases were determined at
room temperature in a mixed buffer containing phos-
phate, glycine and acetate (25 mM of each) adjusted to
various pHs (pH 3 to 12) by adding HCI or NaOH for
acidic and basic pH values, respectively. Before deter-
mining activity, the reaction mixtures were incubated at
different pHs at room temperature for 5 min. The activi-
ties of the enzymes were determined by incubating the
reaction mixture at different temperatures ranging from
20 to 80 °C in 20 mM Tris-HCI, pH 9 for 5 min. En-
zyme activity was measured by the standard assay me-
thod mentioned above.

Effect of metal ions and EDTA

The effects of various metal ions including Na", K,
Mg%, C02+, Ba*" R Zn2+, Ca2+, Fe%, Hg+, Hg2+, Mn**
and ethylene diamine tetraacetic acid (EDTA) (20 mM
for all the ions) were investigated. After 30 min of pre-
incubation of ions or EDTA with enzymes at room tem-
perature, residual activity was measured by the standard
assay method.

Kinetic parameters of a-amylases

Catalytic activity of the enzymes were investigated at
different concentrations of starch over the range 0.05-
1.5% (w/v), in 20 mM Tris-HCI, pH=8 and Michaelis—
Menten constant (K;,) and maximal velocity (V.x) were
estimated from the Lineweaver—Burk plots. The kinetic
values are the averages of three experiments and stan-
dard errors are less than 10%.

Statistical analysis

The data were compared by one-way analysis of vari-
ance (ANOVA) followed by Tukey’s test when signifi-
cant differences were found at P = 0.05 using SAS pro-
gram (SAS, 1997).



Table 1. a-amylases activity in different sources of last instar larvae of N. aenescens*.

Parameter (Mean + SE) Midgut Salivary glands Haemolymph
Specific activity (umol/min/mg proteins) 2.4+0.04a 2 +0.06b 1.2 £0.06¢
Activity (nmol/min/mg tissue) 8.96+0.15a 4.75+0.14b 0.33 +£0.03*%* ¢

*Results are the mean + SE of nine individual insect tissues (n = 3), each with triplicate analysis.
**Activity of enzyme expressed as nmol/min/pl haemolymph.
Different letters indicate that the activity of enzymes in different tissue is significantly different from each other by

Tukey’s test (p < 0.05).
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Figure 1. Zymogram of a-amylases from N. aenes-
cens. H, Haemolymph (equivalent 30 pl);
M, (equivalent 1 midgut) and M2 (equivalent 2 mid-
gut) and S, salivary glands (equivalent 8 salivary
glands). For more details see materials and methods.
The pixel intensity was determined from the scanned
gel image using TotalLab v1.10 imaging software.
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Results

Amylase activity

The activity of a-amylases was characterized in crude
extracts. The data revealed that a-amylase is present in
the midgut, salivary glands and haemolymph at last in-
star larval stage of N. aenescens. a-amylases activity in
midgut, salivary glands and haemolymph of 5™ larval
instar were 8.94 & 0.15, 4.75 £ 0.14 nmol/min/mg tissue
and 0.33 + 0.03 nmol/min/pl, respectively (table 1). Al-
so, amylases specific activities in the midgut, salivary
glands and haemolymph of 5" instar larvae were 2.4 +
0.04, 2 £ 0.06 and 1.2 + 0.06 pmol/min/mg proteins,

respectively (table 1). The results showed that there was
significant difference between the amylase activities in
tissues and highest specific activity was detected in the
midgut and lowest in haemolymph.

Zymogram analysis

The crude N. aenescens larval extracts was analysed
by native PAGE. After amylase activity staining, two
major isoforms of a-amylase were clearly detected in
any three tissues with the same electrophoretic pattern.
However, as depicted in figure 1, intensity of both
bands concerning a-amylase activity in salivary glands
and haemolymph were less than in midgut.

Effect of pH and temperature

The influence of pH (on the activity of midgut, sali-
vary glands and haemolymph a-amylases is shown in
figure 2. The optimum pH for midgut, salivary glands
and haemolymph a-amylases were 8, 9 and 9, respec-
tively. The pH activity profile of salivary glands a-
amylases showed a very broad pH range. The enzyme
activity retained over than 60% of its maximal activity
in the pH range of 3 to 11. This enzyme showed higher
activity in acidic pH when compared to the amylases
found in the two other tissues.
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Figure 2. Effect of pH on the activity of midgut, sali-
vary glands and haemolymph N. aenescens
a-amylases. Mass homogenates were prepared in dis-
tilled water. Results are the means of eight replica-
tions. Vertical bars indicate standard error of means.
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Figure 3. Effect of temperature on the activity of mid-
gut, salivary glands and haemolymph N. aenescens
a-amylases. Results are the means of eight replica-
tions. Vertical bars indicate standard error of means.

The effect of temperature on the activity of the en-
zymes is shown in figure 3. The optimum temperatures
for midgut, salivary glands and haemolymph a-amylases
of the last instar larvae were 60, 50 and 50 °C respectively.

A broad temperature activity profile was also observed
for haemolymph a-amylase compared with that of two
other N. aenescens a-amylases from midgut and salivary
glands. A sharp decrease in activity was observed over
60°C for these three a-amylases.

Effect of metal ions and EDTA on a-amylase activity

The a-amylases activity was measured at optimum
pH of any a-amylases in the presence of various metal
ions and EDTA (20 mM). As shown in table 2, the ad-
dition of Hg', Hg*" and Mn*" decreased enzyme activ-
ity completely in all three N. aenescens o-amylases,
whereas the addition of Na*, K*, Co*", Mg*", Ca’" and
Fe" increased their activities in all three tissues. Fur-
thermore, Ba®" increased enzyme activity in the midgut
and salivary glands and decreased enzyme activity in
the haemolymph. Zn*" increased enzyme activity in the
haemolymph and salivary glands and decreased en-
zyme activity in the midgut. EDTA increased a- amy-
lases activity in the midgut and decreased activity of
a-amylases in the salivary glands and haemolymph
from N. aenescens.

Catalytic properties

All three a-amylases revealed a Michaelis-Menten type
kinetics when hydrolyzing soluble starch at their opti-
mum pH. As calculated from Lineweaver-Burk plots, the
K, and V,,, values for soluble starch at 37 °C are pre-
sented in table 3.

Table 2. Effect of various metal ions (20 mM) and EDTA (20 mM) on a-amylases from N. aenescens. Mass ho-
mogenates were prepared in 20 mM Tris-HCI, pH 9.0. Results are the means of five replications. All the metal ions

were added as chloride salts.

Relative activity (%) (Mean + SE)

Metal ions Midgut Salivary glands Haemolymph
Control (no addition) 100 100 100
Na 187.2 +0.44 194.8 £ 0.5 192.6 + 1.48
K* 1612 +1.63 167.2+0.5 154.1 £ 0.68
Mg?** 133.3 £0.66 171.8+0.5 140.6 +2.36
Co** 182.2 +0.25 146.5 + 0.5 149.9 + 0.68
Ba®" 110.1+0.29 120.1+0.5 82.1+1.88
Zn* 56.1 +1.14 117.8+1.7 1823 +1.93
Ca 133.9+0.70 1482 +0.5 186.2 + 0.68
Fe*' 108.4 + 0.90 1212+1.7 168.4+ 134
Hg' 953 +0.21 0 68.9 +2.36
Hg*' 84.0 + 0.66 16.1+0.5 65.4+0.89
Mn** 99.4 +0.7 0 0
EDTA 122.9 +0.86 643 +0.5 170.5 + 0.68

Table 3. Kinetic parameters in different tissue a-amylases from N. aenescens. The homogenates were prepared from
600 individuals in 20 mM Tris-HCI, pH 9.0. Each homogenate was diluted in the buffer. Equivalent to half a mid-
gut, 3.33 salivary glands and 7.5 pl of heamolymph was used for a homogenate for each assay. Results are the
means of four replicates.

Parameter (Mean + SE) Midgut Salivary glands Haemolymph
K., (mg/ml) 0.076 = 0.0002b 0.14 £ 0.003a 0.14 £ 0.004a
Vna (Pmol/min)* 0.2003 + 0.01b 0.08061 + 0.0005¢ 1.322+0.01a

Different letters indicate that the activity of enzymes in different tissue are significantly different from each other by
Tukey’s test (p <0.05).
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Discussion

The data revealed that o-amylase is present in the mid-
gut, salivary glands and haemolymph at last instar larval
stage of N. aenescens. The specific activity of
a-amylases from midgut was 1.2 and 1.98-fold higher
than that of salivary glands and haemolymph, respec-
tively (table 1). Our results showed that there is a sig-
nificant difference in the activity of a- amylases in mid-
gut and salivary glands of 5™ instar (table 1). The activi-
ties of a-amylase in the midgut and salivary glands of
Chilo suppressalis Walker (Lepidoptera Pyralidae) were
0.06 and 0.036 pmol/min/mg protein, respectively (Zi-
baee et al., 2008). Also, Yezdani et al (2010) showed
that the activity of a-amylase in the midgut and salivary
glands of Glyphodes pyloalis Walker (Lepidoptera
Pyralidae) were 0.011 and 0.0018 pmol/min/mg protein,
respectively. The specific activity of the a-amylases in
the midgut of N. aenescens was 1.2-fold higher than in
the salivary glands which is consistent with a-amylases
activity in G. pyloalis (Yezdani et al., 2010) and C. sup-
pressalis (Zibaee et al., 2008). Also, the presence of
a-amylase activity in the midgut and salivary glands of
other phytophagous lepidopterans has been reported
(Abraham, 1992; Dow, 1984; Somadder and
Shrivastava, 1980; Kanekatysa, 1978).

The specific activity of amylases in haemolymph was
1.2 £ 0.06 nmol/min/pl. Tanaka and Kusano (1980)
studied change of amylase activity in haemolymph of
the silkworm, Bombyx mori L. during the development
from the third instar to the adult emergence. Their re-
sults showed that highest activity value was at the last
period of the fourth instar (105 mg maltose/hr./ml hae-
molymph). Also Banno et al. (1984) reported that the
amylase activity in female fifth instar larvae of B. mori
was 325 pg maltose/min/ml haemolymph. Changes of
the haemolymph amylase activity during development
in the cabbage armyworm, Mamestra brassicae L. was
studied and results showed that activity values differ
between developmental stages from 0.6 to 1.35 pug mal-
tose/min/pl haemolymph (Tanabe and Kusano, 1984).

The activity of a-amylase was also characterized by
zymogram analysis after native PAGE which allowed
visualization of the enzyme activity in situ. The results
indicated the presence of at least two a-amylase iso-
forms in crude midgut, salivary glands and haemo-
lymph. The activity of o-amylase from midgut on gel
was much higher than that of other tissues and com-
pared with the midgut zymogram, weak light bands ap-
peared in the case of haemolymph and salivary glands.
These results correlated well with a-amylase specific
activities in crude extracts. Wisessing et al. (2008)
showed that C. maculatus a-amylase had one isoform
with a molecular weight of 50 kDa. However, the num-
ber of a-amylases identified in different insect species
varied from 1 to 8 isoforms e.g., Helicoverpa armigera
(Hubner), Spodoptera litura (F.), C. chinensis and Cor-
cyra cephalonica (Stainton) exhibited more than five
isoforms whereas Sitophilus oryzae (L.) and Tribolium
castaneum (Herbst) possessed only one isoform (Siva-
kumar et al., 2006).

Also, the different forms of a-amylases in the insect

midgut lumen have been observed in C. maculatus and
Zabrotes subfasciatus (Bohemann) and Tenebrio mo-
litor L. (Coleoptera Tenebrionidae) (Campos et al.,
1989; Silva et al., 1999).

The pH-activity profile of N. aenescens larval amylase
is a bell-shaped curve with the maximum at pH 8, 9 and
9 for midgut, salivary glands and haemolymph, respec-
tively, similar to that reported for a crude enzyme prepa-
ration from the rice steam borer by Zibaee et al., (2008).
In addition, salivary glands a-amylase in N. aenescens
showed higher activity in lower pH range in comparison
with two other a-amylases. o-amylases in insect are
generally most active in the neutral to slightly acid pH
condition (Baker, 1983; Terra ef al., 1996). Optimal pH
values for amylases in larvae of several coleopterans
were 4-5.8 (Baker, 1983). Optimal pH for a-amylase
activity was 12 for midgut lumen of Acherontia atropos
(L.) (Lepidoptera Sphingidae), 10.8 for midgut lumen of
Lasiocampa quercus (L.) (Lepidoptera Lasiocampidae),
10.8 for midgut lumen of Lichnoptera felina Druce
(Lepidoptera Noctuidae) and 11.3 for midgut lumen of
Manduca sexta (L.) (Lepidoptera Sphingidae) (Dow,
1980). Also, in other non lepidopterian insect, optimum
pH were 6.5 in Lygus hesperus Knight and Lygus lineo-
laris (Palisot de Beauvois), 6 in Erinnyis ello L. (Lepi-
doptera Sphingidae) (Terra et al., 1996). Midgut and
salivary glands a-amylases from a C. suppressalis ex-
hibited optimum pH in the range of 3 to 8 and the suit-
able pH was observed at 9 in both midgut and salivary
glands a-amylases (Zibaee et al., 2008).

The a-amylase activity was determined at different
temperatures ranging from 20 to 80 °C. The N. aenescens
a-amylases in midgut, salivary glands and haemolymph
had an optimum temperature activity at 60, 50 and 50 °C
respectively, which is consistent with activity in Bombyx
mori L. (60 °C) (Lepidoptera Bombycidae) (Kanekatsya,
1978) and Blattella germanica (L.) (50 °C) (Blattodea
Blattellidae) (Applebaum, 1985). Zibaee et al. (2008)
showed that a-amylase of C. suppressalis has an optimal
activity in 40 °C for both midgut and salivary glands. In
midgut at temperatures ranging from 15 to 60 °C, the en-
zyme activity increased steadily, achieving the maxi-
mum at 60 °C (figure 3). At 70 °C, a-amylase activity
dropped sharply to about 25% of the maximal value. On
the other hand, in non lepidopterian insect optimum
temperature was lower than that of the a-amylases from
N. aenescens. Optimum temperature was determined
25 °C in T. molitor (Barbosa Perreira et al., 1999) and
40 °C in Dolycoris baccarum L. (Heteroptera Penta-
tomidae) (Hori, 1969). The enzyme activity gradually
declined at temperatures beyond 60 °C (figure 3). This
condition was different from these found in other insect
a-amylases, such as a-amylases from Z. subfasciatus, T.
castaneum and T. molitor, which showed higher activi-
ties at 37 °C (Sivakumar ef al., 2006).

It is well known that some animal amylases are acti-
vated or inhibited by certain ions and inhibitory effect
of some mineral compounds on the digestive enzymes
may offer a disadvantageous condition for digestion of
food (Hori, 1970; Cohen, 1993; Payan, 2004). The ef-
fect of several metal ions and EDTA on the amylase ac-
tivity in the midgut, salivary glands and haemolymph of
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N. aenescens last instar larvae was studied at their opti-
mum pH. The results showed Mn?", Hg" and Hg*" ions
decreased o-amylases activity, whereas the a-amylase
activities were enhanced by the addition of Na’, K,
Mg**, Ca*, Co* and Fe*'. NaCl decreased the
a-amylases activity of C. suppressalis (Zibaee et al.,
2008). We have also observed that the activity of o-
amylases was increased by addition of Ca*" to the assay
mixture. However in some insect, it has been reported
that a-amylases are metalloproteins that require calcium
for maximum activity (Baker 1983). Calcium also af-
ford stability for the amylases from a variety of sources,
including insects, to both pH and temperature extremes
(Baker 1983). Midgut a-amylase of T. molitor was
slightly activated by Ca®" and CI" (Applebaum, 1961).

Kinetic behaviour of N. aenescens a-amylase toward
starch was not significantly different in salivary glands
and haemolymph extract. As calculated from Linewea-
ver-Burk plots, the K,, for midgut, salivary glands and
haemolymph were about 0.07, 0.14 and 0.14 mg/ml and
the V.. were 0.2, 0.08 and 32 pmol/min, respectivly.
K, values calculated for haemolymph o-amylase of
M. brassica and silkworm were 0.33 and 0.57 mg/ml,
respectively (Tanabe and Kusano, 1984; Matsumura,
1934). Also, Ramzi and Hosseininaveh (2010) showed
that Km values of a-amylase in midgut and salivary
glands of pistachio green stink bug, Brachynema ger-
mari Kolenati (Hemiptera Pentatomidae) were 0.77 and
0.41 mM, respectively. Our results showed that the
amylase Km value in midgut of N. aenescens was lower
than salivary glands and haemolymph a-amylase. This
condition was different from those found in other insect
o-amylases, such as a-amylases from G. pyloalis and
B. germari, which showed midgut Km values higher
than salivary glands a-amylase (Yezdani et al., 2010;
Ramzi and Hosseininaveh, 2010).

Proper quality and quantity of necessary nutritional
compounds are the factors that ensure the developmen-
tal success of specialized herbivores, thus their digestive
functions change in parallel with their specific food
source. This can be manifested in a synthesis of a lim-
ited set of digestive enzymes, the relative activities of
which reflect food preferences of an insect (Applebaum,
1985; Ishaaya, 1986; Broadway, 1989). Insect-resistant
crops have been one of the major successes of applying
plant genetic engineering technology to agriculture.
Plants secondary metabolites can act as protective
agents in plant against insects either by repellence or by
direct toxicity. Many different types of secondary me-
tabolites including alkaloids, terpenes, steroids, iridoid
glycosides, aliphatic molecules, phenolics (Hsiao,
1985), and other have been demonstrated to confer re-
sistance to different plant species against insects.
Among them, a-amylase inhibitors seem to play an im-
portant role in host plant resistance to insects. For ex-
ample, Pea and azuki transgenic plants expressing
o-amylase inhibitors from common beans (a-Al) were
completely resistant to the B. pisorum and C. chinensis
weevils (Ishimoto and Kitamura, 1989; Shade et al.,
1994).

Plants have developed many secondary metabolites
involved in plant defense, which are collectively known
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as antiherbivory compounds and study of carbohydrates
in herbivorous insects is so important not only for un-
derstanding of digestion biochemistry but also for de-
veloping of insect pest management strategies.
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