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ABSTRACT: The α-amylases in whole gut of Naranga aenescens (Lepidoptera: Noctuidea)
were isolated and characterized by using spectrophotometrically assays. The results showed
the existence of the enzyme with a high activity in the gut so that the optimal pH and
temperature were evaluated 10 and 30 °C, respectively. The activity of α-amylase was
inhibited by NaCl and CaCl2 and increased or remained no effect by other used compounds.
Determination of the band on the Native-PAGE electrophoresis showed a single isozyme of
α-amylase in the gut N. aenescens. Study on digestive enzymes of insects is one of the new
and winning area to reach a safe and effective way to decrease the damages of the pest on
agricultural products. Also, determination of different specific inhibitors are necessary to
reach a real and reliant results.
KEY WORDS: α-amylases, Rice green caterpillar, gut.

The α-amylases (α-1,4-glucan-4-glucanohydrolases; EC3.2.1.1) are the
hydrolytic enzymes that are found in microorganisms, plants and animals. These
enzymes catalyse the hydrolysis of α-D-(1,4)-glucan linkage in starch and related
carbohydrates (Strobl et al., 1998). They are the important enzymes involved in
digestion and carbohydrate metabolism in insects (Daone et al., 1975; Buonocore
et al., 1976; Horie & Watanabe, 1980). Amylases have been characterized from
different origins in insect‘s body (Fisher & Stein, 1960; Takagi et al., 1971; Baker,
1983, 1987, 1991). α-Amylase converts starch to maltose, which is then hydrolyzed
to glucose by an α-glucosidase. In insects, only α -amylases have been found that
hydrolyse long α -1,4 glucan chains, such as native starch or glycogen (Terra et al.,
1996).
The Green Semi Looper, Naranga aenescens Moore (Lepidoptera:
Noctuiudae) is an important pest in rice fields and causes severe decrease in rice
production (Alinia, 1993). The Green Semi Looper has three larval instar that all
of them consume of rice leaves (Reissig et al., 1986). Pupation takes place on the
top of the leaves and then fall on the rice field, where provides a suitable
environment for pupal overwintering (Alinia, 1993). The N. aenescens has three
generation that can be found from April to September (Alinia, 1993). First instar
larvae feed on the margins of the young leaves and second as well as third instar
larvae feed all of the leaves and causes severe damages (Alinia, 1993). Control
strategies for N. aenescens rely on widely spraying by chemical insecticides
especially organophosphorous ones (Alinia, 1993).
Because of living on a starch-rich diet, many insects depend on the
effectiveness of their amylases for survival. In insects α-amylases are synthesized
and secreted by midgut epithelial cells, along with other digestive enzymes
(Baker, 1983; Terra & Ferreira, 2005). Amylases have been investigated in
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Coleoptera, Hymenoptera, Diptera, Lepidoptera and Heteroptera by several
researchers (Hori, 1970, 1971, 1972, 1975; Buonocore et al., 1976; Kanekatsu,
1978; Terra & Ferreira, 1983; Baker & Woo, 1985; Colepicolo-Neto et al., 1986;
Santos & Terra, 1986; Baker, 1987, 1989, 1991; Terra et al., 1988; Ferreira &
Terra, 1989; Schumaker et al., 1993; Ferreira et al., 1994). Amylases are one of the
most important enzymes in digestive biochemistry of Lepidoptera because this
order includes destructive herbivores. Also, high basic condition in alimentary
tract of caterpillars cause the enzyme very specific and favorable in case of
biochemistry of digestion. Hence, The aim of this study was extraction and
characterization of a α-amylases from the alimentary canal of N. aenescens to
reach a better understanding of the digestive physiology and to find a winning
procedure to use amylase specific inhibitors for control of this pest on rice.
MATERIALS AND METHODS
Insect
Larvae in 3th instar were collected from the paddy fields around Amoul
(Mazandaran province) and transferred to the laboratory of entomology at the
University of Tehran.
Sample preparation and enzyme assays
Whole guts of third instar larvae were removed by dissection and
homogenized in distilled water; the samples were put in the 1.5 ml centrifuge
tubes and centrifuged at 15000 rpm for 15 min at 4 °C. Supernatant was separated
from plate and kept at -20 °C for subsequent analysis.
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 50
microliter substrate (soluble starch) and 150 microliter universal buffer (0.02 M)
containing succinate, glycine and 2-morpholinoethanesulfonic acid (pH 6.5) were
incubated in 30 min in 35 °C (in Ben Mari). After addition of 100 microliter DNS
and heating in the boiling water during 10 min, the reaction was stopped. Then,
absorbance was read at 540 nm using a spectrophotometer. As a 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 using
enzymes from the larval whole gut. Optimal pH was determined using universal
buffer with pH set at 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12. The effect of temperature on
α-amylase activity was determined by incubating the reaction mixture at 10, 20,
25, 30, 35, 40, 45, 50 and 60 °C for 30 min followed by measurement of activity.
Effect of activators and inhibitors on enzyme activity
To test the effect of different ions on the enzyme activity, assays were
performed in the presence of different concentrations of chloride salts of NaCl
(5,10, 20 and 40 mmol/l), KCl (5,10, 20 and 40 mmol/l), CaCl2 (5, 10, 20 and 40
mmol/l), MgCl2(5, 10, 20 and 40 mmol/l), and ethylenediaminetetraacetic acid
(EDTA; 0.5, 1, 2 and 4 mmol/l), sodium dodecylsulfate (SDS; 2, 4, 8 and 16
mmol/l) and urea (2, 4 and 8 mol/l). These compounds were added to the assay
mixture, and activity was measured after 30 min. A control was also measured.
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Electrophoresis
The amylase present in crude homogenates of Whole gut after SDS–
polyacrylamide gel electro-phoresis (PAGE) was visualized using the procedure
described 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 buffercontaining 2 mmol/lCaCl2 and 10 mmol/l NaCl for 1.5 h. The gel
Fig. 1.
Protein determination
According to the method of Bradford (1976), bovine serum albumin (Bio-Rad,
München, Germany), used as a standard for measuring the concentration of
protein.
Statistical analysis
A completely randomed design was used to set up the experiments. To
comparison of means and show the variance, Tukey’s studentisized test was
considered at probability less than 5 % (p<0.05).
RESULTS
α-amylase activity
α-amylase activity was present in the gut of larvae. The activity of enzyme in
the guts were 0.41 mOD/min.
Effect of PH and temperature on enzyme activity
The α-amylases extracted from guts of N. aenescens showed an optimal pH of
10 (Fig. 1). The enzyme activity from whole gut increased steadily from pH 6 to 10,
and then decreased with increasing pH 11 (Fig. 1). Amylase was active over a
broad range of temperatures. The optimal temperatures for α-amylase activity in
gut was 30 °C (Fig. 2).
Effect of activators and inhibitors on enzyme activity
Tested Chemicals in this study had different results on the activity level of αamylase in gut of larvae (Fig. 3). Activity level of α-amylase in whole gut of N.
aenescens larvae decreased with increasing concentrations of NaCl and MgCl2
(Fig. 3). However, enzyme activities in gut increased in the presence of remaining
compounds.
Electrophoresis
Analysis of gut homogenates by electro-phoresis indicated a band in
polyacrylamide gel (Fig. 4).
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DISCUSSION
Amylases from different origins have been characterized (Fisher & Stein,
1960; Takagi et al., 1971; Baker, 1983, 1987, 1991). In the silkworm, Bombyx mori,
Yokoyama (1959) reported the presence of two types of amylase activities in
digestive fluid and haemolymph. In this study we measured α-amylase of
Naranga aenescens larvae in whole gut and our results showed that this enzyme
exists in a high level. There is a significant difference between activity of αamylase in the midgut and the large amounts of the enzyme presents in the
midgut (Zibaee et al., 2008). In fact complete breakdown of starch has observed
in the midgut (Somadder & Shrivastava, 1980; Kfir et al., 2002).
Optimal pH for activity of α-amylase in this insect was 10. This result was
similar to other Lepidopterans that their gut amylase acts in alkaline
environment. In fact, high gut pH has been shown in such insects that feed on
plant materials rich in tannins (Chapman,1998). In this order, optimal pH for
midgut lumen of Acherontia atropos (Sphingidae) was 12, for midgut lumen of
Lasiocampa quercus (Lasiocampidae) 10.8, for midgut lumen of Manduca sext
(Sphingidae) 11.3 and for midgut lumen of Lichnoptera felina (Noctuidae) 10.8
(Dow, 1984). Zibaee et al. (2008) showed that optimal pH in Chilo suppressalis
was 9 in both midgut and salivary glands. In other orders the results are different
and show a correlation between enzyme pH and luminal pH in insect midgut
(Terra et al., 1996a,b). Kazzazi et al. (2005) explained that the optimal pH for αamylase activity of Eurygaster integriceps (Hemiptera: Scutelleridae) was 6.5 and
Mehrabadi and Bandani (2009) agreed this result. Baker (1983) illustrated that
amylase from midguts in larvae of Sitophilus zeamais and Sitophilus granaries
are generally most active in the neutral to slightly acid pH condition.
Although the optimal temperature for α-amylase activity was 30 °C, the
enzyme was active over a broad temperature range from 10 to 40 °C. The optimal
α-amylase activity in Chilo supprressalis, was 35 °C and 40 °C in midgut and
salivary gland, respectively (Zibaee et al., 2008). In coleopteran order, enzyme
activity had shown 35 °C in Cerambyx cerdo L. (Cerambycidae) (Applebaum,
1985) and 25 °C in Tenebrio molitor L. (Tenebrionidae) (25 °C; Barbosa Pereira et
al.,1999) while in Heteroptera, Dolycoris baccarum L. (Pentatomidae) it was 40
°C (Hori, 1969). In the current study, Mg2+ declined effect of α-amylase of
Naranga aenescens larvae but K+ acted as activator. Hori (1969, 1970, 1972)
studied different activators on the salivary amylase activity of Lygus disponsi and
found NaCl was one of the activators. Similarly, Agblor et al. (1994) reported that
α-amylases from both L. hesperus and L. lineolaris were activated by NaCl.
However, amylases in some insect species (e.g., Callosobruchus chinensis
(Linaeus) (Coleoptera: Bruchidae) and B. mori (Linnaeus) (Lepidoptera:
Bombycidae)) are inhibited by Cl- (Terra et al., 1996a,b). Dojnov et al. (2008)
reported concentrations of Ca2+ from 0.005 to 5 mM activated α-amylases crude
extract of Morimus funereus larvae. In contrast, concentrations above 10 mM
were inhibitory. This phenomenon has not been previously reported for other
insect α-amylases, but it bears resemblance to that reported for pea leaf αamylase (Ziegler, 1988). In this experiment, we got the result obtained by Dojnov
et al. (2008) but results showed a slight increase in 20 mM. Chelating agent
(EDTA), urea and SDS in present study, acted as activator and it was against the
results have come from other authors’ measurements that showed these three
chemicals as inhibitor (Zeng & Cohen, 2000; Zibaee et al., 2008; Mehrabadi &
Bandani, 2009). Also, EDTA and SDS showed inhibitory effect in extracellular α-
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amylase from Thermus sp. But urea had no influence effect on amylase activity
(Shaw et al., 1995).
Existence of a band in whole gut homogenates after Native-polyacrylamide gel
electro-phoresis (PAGE) indicated that there is a single isozyme. Zibaee et al.
(2008) clarified three bands in the midgut and two in the salivary glands. Doani
(1967) reported different α-amylases isozymes in fruit fly Drosophila
melanogaster Meigen (Diptera: Drosophilidae). In other cases, different
researchers showed several isoforms of this enzyme in coleopteran order (Terra et
al., 1977; Baker, 1991; Chen et al., 1992; Oliveira-Neto et al., 2003).
Study on digestive enzymes of insects especially pest ones is one of the new
and winning area to reach a safe and effective way to decrease the damages of the
pest to the agricultural products so that determination of different specific
inhibitors are necessary to reach the real results by reliance.
ACKNOWLEDGEMENTS
The research were fund by the research vise-chancellor of the university of
Tehran. The authors would like to thank Miss F Saadati for her assistances.
LITERATURE CITED
Abraham, E. G., Nagaragu, J. & Datta, R. K. 1992. Biochemical study of amylase in the
silkworm,Bombyx mori L.: comparative analysis in diapausing and nondiapausing strain. Insect
Biochem. Molec. Biol., 22: 867-873.
Agblor, A., Henderson, H. M. & Madrid, F. J. 1994. Characterisation of alpha-amylase and
polygalacturonase from Lygus spp. (Heteroptera: Miridae). Food Res. Int., 27: 321-326.
Applebaum, S. W. 1984. Biochemistry of digestion. In: Kerkut, G.A., Gilbert, L.L. (eds),
Comprehensive Insect Physiology, Biochemistry and Pharmacology. Vol.4: Regulation, digestion,
excretion. Pergamon Press, pp 279-307.
Baker, J. E. 1989. Interaction of partially-purified amylase from larval Anagasta kuehniella
(Lepidoptera: Pyralidae) with amylase inhibitors from wheat. Comp. Biochem. Physiol., 93B: 239-246.
Baker, J. E. 1983. Properties of amylases from midguts of larvae of Sitophilus zeamais and Sitophilus
granarius. Insect Biochem., 13: 421-428.
Baker, J. E. 1987. Purification of isoamylases from the rice weevil, Sitophilus oryzae (L.) (Coleoptera:
Curculionidae) by high-performance liquid chromatography and their interaction with partiallypurified
amylase inhibitors from wheat. Insect Biochem., 17: 37-44.
Baker, J. E. 1991. Purification and partial characterization of α-amylase allozymes from the lesser grain
borer, Rhyzopertha dominica. Insect Biochem., 21: 303-311.
Baker, J. E. & Woo, S. W. 1985. Purification, partial characterization and postembryonic levels of
amylases from Sitophilus oryzae and Sitophilus granarius. Arch. Insect Biochem. Physiol., 2: 415-428.
Barbosa Pereira, P. J., Lozanov, V., Patthy, A., Huber, R., Bode, W., Pongor, S., et al. 1999.
Specific inhibition of insect α-amylases: yellow meal worm α-amylase in comple”””x with the Amaranth
α-amylase inhibitor at 2.0 Å resolution. Structure, 7: 1079-1088.
Bernfeld, P. 1955. Amylases, α and β. Method Enzym, 1: 149-158.
Bradford, M. A. 1976. Rapid and sensitive method for quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analy. Biochem., 72: 248-254.
Buonocore, V., Poerio, E., Silano, V. & Tomasi, M. 1976. Physical and catalytic properties of αamylase from Tenebrio molitor L. larvae. Biochem. J., 153: 621-625.
Chapman, R. F. 1988. The insects: structure and function. Cambridge university press.

_____________Mun. Ent. Zool. Vol. 5, No. 2, June 2010__________

721

Chen, M. S., Feng, G., Zeng, K. C., et al. 1992. α-Amylase from three species of stored grain
coleopteran and their inhibition by wheat and corn proteinaceous inhibitors. Insect Biochem. Mol. Biol.,
22: 261-268.
Colepicolo-Neto, P., Bechara, E. J. H., Ferreira, C. & Terra, W. R. 1986. Evolutionary
considerations of the spatial organization of digestion in the luminescent predaceous larvae of
Pyrearinus termitilluminans (Coleoptera: Elateridat). Insect Biochem., 16: 811-817.
Daone, W. W., Abraham, I., Kolar, M. M., Martenson, R. E. & Deibler, G. E. 1975. Purified
Drosophila α-amylase isozyme. In: Martet CL (ed), Isozyme IV, Academic Press, New York, pp 585-607.
Dojnov, B., Bozic, N., Nenadovic, V., Ivanovic, J. & Vujcic, Z. 2008. Purification and properties
of midgut α-amylase isolated from Morimus funereus (Coleoptera: Cerambycidae) larvae. Comp.
Biochem. Physiol., 149B: 153-160.
Dow, J. A. 1984. Extremely high pH in biological systems: a model for carbonate transport. Am. J.
Physiol., 24: 633-635.
Erthal, Jr., Silva, C. P. & Samuels, R. I. 2007. Digestive enzymes in larvae of the leaf cutting ant,
Acromyrmex subterraneus (Hymenoptera: Formicidae: Attini). J. Insect Physiol., 53: 1101-1111.
Ferreira, C., Capella, A. N., Sitnik, R. & Terra, W. R. 1994. Properties of the digestive enzymes
and the permeability of the peritrophic membrane of Spodoptera frugiperda (Lepidoptera) larvae. Comp.
Biochem. Physiol., 107A: 631-640.
Ferreira, C., Marana, S. R., Silva, C. & Terra, W. R. 1999. Properties of digestive glycosidase and
peptidase and the permeability of the peritrophic membranes of Abracris avolineata (Orthoptera:
Acrididae). Comp. Biochem. Physiol., 123B: 241-250.
Ferreira, C. & Terra, W. R. 1989. Spatial organization of digestion, secretory mechanisms and
digestive enzyme properties in Pheropsophus aequinoctialis (Coleoptera: Carabidae). Insect Biochem.,
19: 383-391.
Fisher, E. H. & Stein, E. A. 1960. α-Amylases. In: Boyer PD, Lardy H, Myrback K (eds), The Enzymes,
2nd, Vol. 4, Academic Press, New York, pp 313-343.
Gutierrez, C., Sanchez-Mong, R., Gomez, L., Ruiz-Tapiador, M., Castanera, M. & Salcedo,
G. 1990. Alpha-amylase activities of agricultural insect pests are specifically affected by different
inhibitor preparations from wheat and barely endosperms. Plant sci., 72: 37-44.
Hori, K. 1969. Effect of various activators on the salivary amylase of Lygus disponsi. J. Insect Physiol.,
15: 2305-2317.
Hori, K. 1970. Some properties of amylase in the salivary gland of Lygus disponsi (Hemiptera). J. Insect
Physiol., 16: 373-386.
Hori, K. 1972. Comparative study of a property of salivary amylase among various heteropterous insects.
Comp. Biochem. Physiol., 42B: 501-508.
Horie, Y. & Watanabe, H. 1980. Recent advances in sericulture. Ann. rev. Ent., 25: 49-71.
Kanekatsu, R. 1978. Studies on further properties for an alkaline amylase in the digestive juice of the
silkworm, Bombyx mori. J. Fac. Text. Sci. Technol., 76: 1-21.
Kfir, R., Overholt, W. A., Khan, Z. R. & Polaszek, A. 2002. Biology and management of
economically important lepidopteran cereal stem borers in Africa. Ann. Rev. Entom., 47: 701-731.
Mehrabadi, M. & Bandani, A. R. 2009. Study on Salivary Glands α-amylase In Wheat Bug
Eurygaster maura (Hemiptera: Scutelleridae). Am. J. Appl. Sci., 6: 555-560.
Mendiola-Olaya, E., Valencia-Jimenez, A., Valdes-Rodriguez, S., Delano-Frier, J. & BlancoLabra, A. 2000. Digestive amylase from the larger grain borer, Prostephanus truncates Horn. Comp.
Biochem. Physiol., 126B: 425-433.
Mohamed, M. A. 2004. Purification and characterization of α-amylase from the infective juveniles of
the nematode Heterorhbditis bacteriophaga. Comp. Biochem. Physiol., 139B: 1-9.

722

_____________Mun. Ent. Zool. Vol. 5, No. 2, June 2010__________

Oliveira-Neto, O., Batista, J. A. N. & Rigden, D. J. 2003. Molecular cloning of α-amylase from the
cotton ball weevil, Anthonomus grandis and structural relations to plant inhibitors: an approach to insect
resistance. J. Protein Chem., 22: 77-87.
Oliveira-Neto, O., Batista, J. A. N., Rigden, D. J., Franco, O. L., Falcao, R., Fragoso, R. R., et
al. 2003. Molecular cloning of α-amylase from cotton boll weevil, Anthonomus grandis and structural
relations to plant inhibitors: an approach to insect resistance. J. Protein Chem., 22: 77-87.
Reissig, W. H., Heinrichs, E. A., Litsinger, G. A. & Oody, K. M. 1986. Illustrated Guide to
Integrate Pest Management in rice tropical Asia, International rice research institute.
Santos, C. D. & Terra, W. R. 1986. Distribution and characterization of oligomeric digestive enzymes
from Erinnyis ello larvae and inferences concerning secretory mechanisms and the permeability of the
peritrophic membrane. Insect Biochem., 16: 691-700.
Schumaker, T. T. S., Cristofoletti, P. T. & Terra, W. R. 1993. Properties and
compartmentalization of digestive carbohydrases and proteases in Scaptotrigona bipunctata (Apidae:
Meliponinae) larvae. Apidologie, 24: 3-17.
Shaw, J. F., Lin, F. P., Chen, S. C. & Chen, H. C. 1995. Purification and properties of an
extracellular α-amylase from Thermus sp. Bot. Bull. Acad. Sin., 36: 195-200.
Sivakumar, S., Mohan, M., Franco, O. L. & Thayumanavan, B. 2006. Inhibition of insect pest αamylases by little and finger millet inhibitors. Pest. Biochem. Physiol., 85: 155-160.
Somadder, K. & Shrivastava, M. 1980. Digestive enzymes in the gut and salivary gland of the larvae
of Chilo auricilius Ddgn. Cell Mol. Life Sci., 36: 218-223.
Strobl, S., Maskos, K., Wiegand, G., Huber, R., Gomis-Ruth, F., Glockshuber, R., et al. 1998.
Bacterial and mold amylases. In: Boyer PD (ed), The Enzymes 3rd, Vol. V, Academic Press, New York, pp
235-271.
Terra, W. R., Espinoza-Fuentes, E. P. & Ferreira, C. 1988. Midgut amylase, lysozyme,
aminopeptidase, and trehalase from larvae and adults of Musca domestica. Arch. Insect Biochem.
Physiol., 9: 283-297.
Terra, W. R. & Ferreira, C. 1983. Further evidence that enzymes involved in the final stages of
digestion by Rhynchosciara do not enter the endoperitrophic space. Insect Biochem., 13: 143-150.
Terra, W. R. & Ferreira, C. 2005. Biochemistry of digestion. In: Gilbert, LI, Iatrou K, Gill SS (eds),
Comprehensive Molecular Insect Science. Biochem. Mol. Biol., Vol. 4. Elsevier, Amsterdam, pp 171-224.
Tingey, W. M. & Pillemer, E. A. 1977. Lygus bugs: crop resistance and physiological nature of feeding
injury. Bull. Entomol. Soc. Am., 23: 277-287.
Terra, W. R. & Ferreira, C. & Baker, J. E. 1996a. Compartmentalization of digestion. In: Lehane
MJ, Billingsley PF (eds), Biology of the insect midgut, Chapman and Hall, London, pp 207-235.
Terra, W. R., Ferreira, C., Jordão, B. P. & Dillon, R. J. 1996a. Digestive enzymes. In: Lehane MJ,
Billingsley PF (eds), Biology of the Insect Midgut, Chapman and Hall, London, pp 153-193.
Terra, W. R., Ferreira, C., Jordão, B. P. & Dillon, R. J. 1996b. Digestive enzymes. In: Lehane MJ,
Billingsley PF (eds), Biology of the Insect Midgut, Chapman and Hall, London, pp 153-194.
Yokoyama, T. 1959. Silkworm Genetics Illustrated. Japanese society for promotion of science, Ueno
Park, Tokyo.
Zeng, F. & Cohen, A. C. 2000. Partial characterization of a-amylase in the salivary glands of Lygus
hesperus and L. lineolaris. Comp. Biochem. Physiol., 126B: 9-16.
Zibaee, A., Bandani, A. R., Kafil, M. & Ramzi, S. 2008. Characterization of α-amylase in the
midgut and the salivary glands of rice striped stem borer, Chilo suppressalis Walker (Lepidoptera:
Pyralidae). J. Asia-Pacific Entomol., 11: 201-205.
Ziegler, P. 1988. Partial purification and characterization of the major endoamylase of mature pea
leaves. Plant Physiol., 86: 659-666.

_____________Mun. Ent. Zool. Vol. 5, No. 2, June 2010__________

723

Figure 1. Effect of pH on the α-amylase activity of Naranga aenescens larvae.

Figure 2. Effect of Temperature (˚C) on the α-amylase activity of Naranga aenescens
larvae.
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Figure 3. Effect of different compounds on the activity of α-amylase in Naranga
aenescens larvae. The activity of enzyme in absence of any component was 0.038 ,OD/min.

Figure 4. Native-PAGE gel electrophoresis of α-amylase in Naranga aenescens larvae.

