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ABSTRACT: Papilio demoleus (Linnaeus, 1758) (Lepidoptera: Papilionidae), commonly
known as the lime or citrus swallowtail, has a successful dispersal and becoming a major
pest of citrus plants in wide area of the world including the Middle East. The insect has been
reported to feed on every citrus cultivars and varieties thus it has potential to become a
major pest in area where it has been reported. Host plant resistance and natural plant
products offer a potentially rational method for the insect pest control since they are safe to
the environment as well as human being and non target organisms. Therefore, new control
methods such as digestive enzyme inhibitors which interfere with function of the insect
digestive enzymes are needed because these compounds affect insect growth and
development but not non-target organisms. The aim of the current study was to investigate
and characterize α-amylase activity of the larval stage of the lime swallowtail. To do this, the
insect larvae were collected and transferred to the lab where their enzymes have been
extracted. For enzyme assay soluble starch (1%) has been used. The study showed that αamylase is present in the insect gut and is used for carbohydrate digestion. The optimum
temperature and pH for the activity of α-amylase was 50ºC and 8.0, respectively. Native
page electrophoresis showed that only one amylase band is present in the insect gut.
Understanding of the digestive physiology and α-amylase activity of Citrus Swallowtail is
important when new management strategies for this economically important pest are
devised.
KEY WORDS: α-amylase, lime swallowtail, characterization, optimum temperature and pH.

Papilio demoleus L., commonly known as the lime or citrus swallowtail, has a
successful dispersal and becoming a major pest of citrus plants throughout Asia
including Iraq (Eastwood et al., 2006) and the Middle East (Farid, 1987; Badawi,
1981). P. demoleus feeds on the foliage of citrus trees and is regarded as a citrus
pest, particularly in southern and Southeast Asia (Margabandhu, 1933; Ebeling,
1959; Wyniger, 1962). Citrus swallowtail (Papilio demoleus) produces 5
generation per year in warm temperature. However, the number of generation is
greatly influenced by temperature since nine generation per year has been
recorded for the insect near the equator (Chen et al., 2004). Under ideal
experimental conditions in India, a generation time of over 30 days has been
reported for it (Pathak & Rizvi, 2003).
The insect has been reported to feed on every citrus cultivars and varieties
thus it has potential to become a major pest in area where it has been reported
(Larsen, 1984). Chemical pesticides are used to control this insect pest in some
area. However, problems associated with pesticide use in integrated pest
management program limited their use. Thus, the public concern regarding
residual toxicity of pesticides remaining in the agricultural products, the
occurrence of pesticide resistance, and environmental impact of pesticides have
driven the modern world to call for more environmentally-benign alternatives to
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control insect pest (Hagstrum & Subramanyam, 1996). Recently, a great deal of
research has been carried out on new methods especially plant derived materials
(Regnault-Roger et al., 2002).
Host plant resistance and natural plant products offer a potentially rational
method for the insect pest control since they are safe to the environment as well
as human being and non target organisms (Andow, 2008). Therefore, new control
methods such as digestive enzyme inhibitors which interfere with function of the
insect digestive enzymes are needed because these compounds affect insect
growth and development but not non-target organisms.
Different types of alpha-amylase inhibitors are found in microorganisms,
plants and animals. There are six different alpha-amylase inhibitors including
lectin-like, knottin-like, cereal-type, Kunitz-like, c-purothionin-like, and
thaumatin like (Mehrabadi et al., 2011). These inhibitors have a good potential to
be used in integrated pest management program (IPM) in order to control insect
pest. They show diverse structural differences thus causing different mode of
actions and diverse specificity against target enzymes. Different alpha-amylase
inhibitors from different plant species have different molecular structures,
leading to different modes of inhibition and different specificity profiles against a
wide range of insect alpha-amylases.
Among insects, α-amylase has been purified or characterized in a number of
species including those in the orders Diptera (Terra et al., 1977), Lepidoptera
(Kanekatsu, 1978; Kusano & Tanabe, 1986; Baker, 1989), Hemiptera (Hori, 1972),
Orthoptera (Moore & Davis, 1985), and particularly those in granivorous
Coleoptera (Applebaum, 1964; Podoler & Applebaum, 1971; Buonocore et al.,
1976; Baker & Woo, 1984; Chen et al., 1992). However, to date no information is
available concerning the presence and properties of such enzymes in the lime
swallowtail. In these studies, and in nearly all studies of α-amylase in insects, the
enzyme activity is characterized by using a soluble starch substrate. Hot-water
soluble starch is an extremely sensitive substrate for α-amylase. An
understanding of how digestive enzymes act on their substrate in insects is
essential to develop new methods of insect control. Determination of digestive
enzyme reactions to different inhibitors is a winning procedure to develop
transgenic plants programs to control phytophagous insects (Bandani et al.,
2001).
MATERIALS AND METHODS
Insect
Last instar larvae were collected from their hosts form Mazandaran province,
Iran, during October and November 2011. The insects were transferred to the
Laboratory of the Insect Physiology and kept at 27±1°C and 16L:8D photoperiod
on the host plants.
Sample preparation and enzyme assays
Sample preparation was done as described by Allahyari et al. (2010) with slight
modifications. Briefly, larvae were placed on ice (about 5 min) for immobilization
and dissected under binocular. Larval gut was divided into three section including
foregut, midgut, and hindgut and each section was removed separately and
homogenized in pre-cooled homogenizer in distilled water. Samples then were put
in the 1.5 ml centrifuge tubes and centrifuged at 15000 rpm for 15 min at 4 °C.
Supernatant was separated and kept at -20 °C for further analysis as an enzyme
source.
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α-amylase assay
α-Amylase activity was assayed using the dinitrosalicylic acid (DNS) procedure
(Bernfeld, 1955), using 1 % soluble starch (Merck, Darmstadt, Germany) as the
substrate. Ten microliter of the enzyme in addition to 10 microliter substrate
(soluble starch) and 80 microliter universal buffer (0.02 M) containing succinate,
glycine and 2-morpholinoethanesulfonic acid (pH 7) were incubated in 30 min at
35 °C. After addition of DNS and heating in the boiling water for 10 min, the
reaction was stopped. Then, absorbance was read at 540 nm. In the blank, instead
of enzyme, distilled water was used. All assays were repeated at least three times.
Effect of PH and temperature on enzyme activity
The effects of temperature and pH on α-amylase activity were examined. Optimal
pH was determined using universal buffer with pH set at 3, 4, 5, 6, 7, 8, 9,10 and
11. The effect of temperature on α-amylase activity was determined by incubating
the reaction mixture at 20, 30, 35, 40, 45, 50, 60 and 70 °C for 30 min followed by
measurement of residual activity.
Electrophoresis
The amylase present in crude homogenates was visualized using SDS–
polyacrylamide gel electrophoresis (PAGE) by procedure discribed by Laemmli
(1970) and Campos et al. (1989), with minor modification. SDS–PAGE was
performed in a 10 % (w/v) separating gel and a 5 % stacking gel, both with 0.05 %
SDS. The electrode buffer was prepared based on the method of Laemmli (1970),
but SDS was not used. The sample buffer contained 25 % stacking buffer (0.5
mol/ L Tris–HCl [pH 6.8]), 20 % glycerol, 2 % SDS, 0.005 % (w/v) bromophenol
blue, but no mercaptoethanol, and it was not heated. Electrophoresis was
conducted at room temperature at 120 V until the blue dye reached the bottom of
the slab gel. To prepare gels for α–amylase assay, the gel was rinsed with water
and washed by shaking gently with 1 % (v/v) Triton X-100 in phosphate buffer
[pH 7] containing 2 mmol CaCl2 and 10 mmol NaCl for 1.5 h. Staining the gel with
0.05% KI and 0.05% I2 solution visualized α-amylase activity as light bands in
dark background.
Protein determination
Protein determined based on the method of Bradford (1976) and bovine serum
albumin (Bio-Rad, München, Germany), used as a standard for measuring the
concentration of protein.
RESULTS
α-Amylase activity
This study showed that α-amylase activity was present in three different gut
sections of the lime swallowtail. Results showed that the amount of enzyme
activity in three gut sections were different. The enzyme activity in the foregut,
midgut and hindgut were 1.19, 1.81 and 0.89 U/min, respectively (Table 1). As can
be seen in Table 1 the greatest amount of the enzyme activity (1.81 U/min) was
present in the midgut section of the larvae and the least amount of the enzyme
activity (0.89 U/min) was present in the hindgut section of the larval gut.
Effect of PH and temperature on enzyme activity
The α-amylases activity in Citrus Swallowtail showed an optimal pH of 8 (Fig. 1).
The enzyme activity increased from pH 3 to 8, and then decreased with increasing
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pH (Fig. 1). Amylase was active over a broad range of temperatures. The optimal
temperature for α-amylase activity was 50 °C (Fig. 2).
Electrophoresis
Analysis of enzyme homogenates by zymogram analysis showed that only one
band of alpha amylase was present in the larval gut (Fig. 3).
DISCUSSION
Alpha-Amylases play an essential role in carbohydrate metabolism in insects
(Franco et al., 2002). The present study revealed the presence of alpha-amylase
activity in the gut of P. demoleus. The presence of one alpha-amylase isoforms in
gut extracts of P. demoleus represents a strong evidence of the importance of
digestive nature of the enzyme in this pest.
Citrus Swallowtail alpha-amylase activity pH was determined to be around 8.
Our results show that the digestive alpha-amylase in P. demoleus has alkaline
optimal pH, which is consistent with the optimal pH that has been reported for
other lepidopteran species. (Valenci a-Jimenez et al., 2008).
High pH gut has been reported for the Lepidoptera thus optimal pH for the αamylase activity in these insects has been shown to be high (> 7.0).There are
reports that pH values of 9.0 for Chilo suppressalis (Lepidoptera: Crambidae), 9.2
for A. mylitta, 12.0 for Acherontia atropos (Lepidoptera: Sphingidae), 10.8 for
Lasiocampa quercus (Lepidoptera: Lasiocampidae), 11.3 for Manduca sexta
(Lepidoptera: Sphingidae) and 10.8 Lichnoptera felina (Lepidoptera: Noctuidae)
(Dow, 1984; Zibaee et al., 2009). It has been reported that high values of gut pH
in insects is adaptation to feed on plant materials rich in tannins (Chapman,
1998), which at lower pH values bind to proteins thus decreasing the digestion
efficiency (Dow, 1986).
Acidic pH optima for alpha-amylases have been reported in other insect-pests,
such as coleopteran insects. Generally, optimal pH is corresponding to the pH
prevailing in the gut from which the enzyme has been extracted (Bandani et al.,
2001; Baker, 1983; Terra et al., 1996). Optimal pH values for amylases in larvae of
several coleopterans were 4 to 5.8 (Baker, 1983) and in Lygus spp. (Heteroptera),
the optimal pH value was 6.5 (Zeng & Cohen, 2000). The optimal temperature for
Citrus Swallowtail alpha-amylase activity was 50°C, the enzyme was active over a
broad temperature range from 20 to 60°C. Analysis of enzyme homogenates by
electrophoresis indicated a single band in polyacrylamide gel. Characterisation of
insect digestive enzymes greatly facilitates the understanding of the mechanisms
involved in selectivity and helps to design new and more specific strategies for
insect control.
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Table 1. α-Amylase activity of the the Papilio demoleus.
Organ
Foregut
midgut
Hindgut

Total
activity
(U/min)
1.19 ± 0.14
1.81 ± 0.18
0.89 ± 0.09

Total protein (mg)
2.41
2.77
1.39

Specific activity
(U/mg protein)
0.49 ± 0.05
0.65 ± 0.06
0.64 ± 0.06
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Figure 1. The effect of pH on the activity of the α-amylase activity of the Papilio demoleus.

Figure 2. The effect of temperature on the α-amylase activity of the Papilio demoleus.

Figure 3. Native gel electrophoresis of α-amylase activity of the Papilio demoleus.

