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Abstract: Two �-amylases (Amy A1 and Amy A2) were isolated from the digestive tract of the
tropical house cricket Gryllodes sigillatus using a combination of ammonium sulphate saturation, gel
filtration chromatography, anion-exchange chromatography and hydrophobic interaction
chromatography. Amy A1 showed an optimum pH of 6.6, whereas for Amy A2, the optimum pH was
7.0. Both �-amylases exhibited optimum temperature at 55 °C. Amy A1 was found to be stable at pH
6.0 to 7.6 and up to 50 °C. Amy A2 was found to be stable at pH 6.6 to 7.6 and also up to 50 °C.
The two enzymes retained over 95 % of their maximum activity at 37 °C after 3h. Whilst Amy A1
had a molecular mass of 85-89 kDa, the molecular mass of Amy A2 was 66-72 kDa. Sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) indicated that Amy A1 and Amy A2 were
each composed of two different subunits indicating heterodimeric structures. Amy A1 and Amy A2
exhibited a high affinity towards soluble starch with Km values of 0.29 and 0.5 mg/ml, respectively.
The two �-amylase activities were stimulated by Ca2+ and Ba2+ and were inhibited by
Ethylenediaminetetraacetic acid (EDTA) and SDS. Concerning the sulfhydryl reagent as 5,5-dithio-bis
(2-nitrobenzoate) (DTNB) and p-chloromercurybenzoate (pCMB), whilst these compounds acted as
inhibitors for Amy A2, they did not affect Amy A1. The analysis of hydrolytic products after soluble
starch hydrolysis by each amylase revealed that maltose, maltotriose and maltotetraose were the major
products. This indicated that Amy A1 and Amy A2 can be classified as the �-amylases (the
endoamylases). From a physiological point of view, �-amylases Amy A1 and Amy A2 play a
fundamental role in energy production for this insect. Consequently, the digestive tract of this insect
could be a good source of �-amylases for starch saccharification.

Key words: Gryllodes sigillatus, �-amylase, Enzyme purification, Dimeric structure, Energy
production, Starch saccharification.

INTRODUCTION

Starch, the major plant energy reserve polysaccharide, is the major component of human diet (Christian
et al., 1999). Amongst the enzymes that degrade this polysaccharide, �-amylases (�-1, 4-glucan-4-
glucanhydrolase, EC 3.2.1.1) are important, particularly in the food, paper, textile and detergent industries
(Norman, 1982; Guzman-Maldonado and Paredes-Lopez, 1995; Ramachandran et al., 2004). These enzymes
play an important role in starch degradation and represent about 25 to 33% of the enzyme world market,
second only to proteases (Ben Abdelmalek-Khedher et al., 2008; Rasooli et al., 2008). They specifically
catalyze the endohydrolysis of 1,4-�-D-glucosidic linkages of starch and related polysaccharides to produce
oligosaccharides of different sizes. The �-amylases are universally produced by prokaryotes and eukaryotes and
their key role in carbohydrate metabolism has been demonstrated (Franco et al., 2002; Kato et al., 2007). To
date, the majority of �-amylases used in industry are generally produced by bacteria and fungi because of their
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ease of cultivation and the desirable physicochemical properties of the secreted enzymes (Hoque et al., 2006;
Sivaramakrishnan et al., 2006; Utong et al., 2006).

In the insects, �-amylases are digestive enzymes that play an essential role in starch digestion and are
consequently involved in energy production (Mendiola-Olaya et al., 2000; Pelegrini et al., 2006). Many authors
have characterized �-amylases from many insects including Tenebrio molitor (Buonocore et al., 1976);
Rhizoperta dominica (Baker, 1991), Protephanus truncates (Mendiola-Olaya et al., 2000), Lygus hesperus and
L. lineolaris. (Zeng and Cohen, 2000), Zabrotes subfasciatus (Pelegrini et al., 2006), Morinus funerus (Dojnov
et al., 2008), Periplaneta americana (Dué et al., 2008) and Eurygaster maura (Mehrabadi and Bandani, 2009).
In many cases, these insects are serious pests of stored grains therefore studies are generally performed in order
to improve understanding of their digestive physiology which will help to design new strategies for insect
control.  

The tropical house cricket, Gryllodes sigillatus or Gryllodes supplicans (Walker), occurs throughout the
world in tropical and subtropical regions. This cricket is often found in large numbers in and around human
habitation in tropical areas (Smith and Thomas, 1988; Bateman et al., 2004) and consequently its reproduction
and habitat ecology have been well studied (Sakaluk, 1987; Ivy and Sakaluk, 2005; 2007; Kindle et al., 2006).
However, the digestive physiology involving digestive enzymes, such as the �-amylases, of this cricket remains
largely unexplored.

This study aims to undertake the purification and biochemical characterization of two isoforms of �-
amylase sourced from the digestive tract of G. sigillatus, the tropical house cricket, in order to gain a better
understanding of its digestive physiology and to investigate a new potential good source of �-amylases for
starch saccharification. 

MATERIAL AND METHODS
Chemicals:

Soluble starch and bovine serum albumin were purchased from Sigma Aldrich. Sephacryl S-100- HR,
DEAE-Sepharose CL-6B and Phenyl-Sepharose 6 Fast-flow gels were obtained from Pharmacia-LKB Biotech,
Silicate gel for thin-layer chromatography (TLC) from Merck. Protein standards used for molecular mass
determination on polyacrylamide gel electrophoresis were provided by Bio-Rad. All other chemicals and
reagents were analytical grade.

Cricket Collection: 
The adult male and female crickets G. sigillatus were collected from the garden of Abobo-Adjamé

University (Abidjan, Côte d’Ivoire). The insects (an equal proportion of each sex) were kept without feed for
24 hours, after which they were stored at -20°C until analysis.

Preparation of Crude Extract:
Adult crickets were washed in distilled water, before the digestive tract was dissected out. Following this,

10 g of digestive tract was homogenized in 100 ml NaCl 0.9 % (w/v) with a microcrusher Ultraturax (type
TP 10/18). After centrifugation at 4°C for 20 min at 6,000 g, the supernatant was kept at 4 °C until required.

Amylase Activity Assays:
The amylase assays were performed as described below (Bernfeld, 1955). Briefly, the enzyme extract (50

μl) was incubated with 0.5 % starch (80 μl) in 100 mM phosphate buffer pH 6.6 (170 μl) at 37°C for 30 min.
The amount of reducing sugars produced was determined by the dinitrosalicylic acid (DNS) method, using
maltose as the standard. One unit of enzyme activity (UI) is defined as the amount that liberated 1 μmol of
maltose equivalent per min under the above conditions. Specific activity was expressed as units per mg of
protein.

Protein Determination:
Protein was determined according to Lowry method using bovine serum albumin as standard (Lowry et

al., 1951).

Zymogram:
An aliquot of crude extract was loaded onto a 10 % acrylamide gel prepared according to Laemmli (1970)

without sodium dodecyl sulphate (SDS). The crude extract aliquot was combined with sample buffer without
2-mercaptoethanol and was not heat-treated. After electrophoresis, the gel was submerged in 50 ml of 1 %
soluble starch solution for 1 h. The gel was were briefly rinsed in assay buffer to remove excess of starch,

5242



Aust. J. Basic & Appl. Sci., 4(10): 5241-5252, 2010

and bands of amylase activity were detected by adding 50 ml 0.014 M KI-0.01 M I2 solution.  

Purification Procedure:
All purification steps were carried in the cold room. The crude extract (15 ml) was saturated with 80 %

ammonium sulphate at 4 °C and left with slow stirring for 24 h. The suspension was centrifuged for 30 min
at 6,000 g. The precipitated protein was dissolved in 1 ml of 20 mM phosphate buffer pH 6.6 and then loaded
onto a 1.6 × 65 cm sephacryl S-100 HR column equilibrated with 100 mM phosphate buffer pH 6.6. The flow
rate was 20 ml/h and fractions of 1 ml were collected.  The fractions containing amylase activity were pooled.
These amylase fractions were then loaded onto a 2.2 × 7.3 cm DEAE-sepharose CL-6B column equilibrated
with the same buffer. Unbound proteins were removed by washing the gel with 60 ml of equilibration buffer.
Bound proteins were then eluted over a stepwise gradient (0.2 and 1 M) NaCl, in 60 ml of equilibration buffer.
The flow rate was 103 ml/h and fractions of 2 ml were collected.

Pooled unbound amylase activity (Peak 1) was saturated to a final concentration of 1.7 M sodium
thiosulphate and added to a 1.4 × 5 cm Phenyl-Sepharose 6 Fast-flow column previously equilibrated with 20
mM phosphate buffer pH 6.6 containing 1.7 M sodium thiosulphate. The column was washed with the
equilibration buffer and the proteins retained then eluted with a reverse stepwise gradient of sodium
thiosulphate concentration (from 1.7 to 0 M) in the same phosphate buffer at a flow rate of 69 ml /h. Fractions
of 1 ml were collected. The active fractions were pooled and dialyzed overnight against a 20 mM phosphate
buffer pH 6.6. These fractions were regarded as the purified enzyme.

Bound amylase activity (Peak 2) eluted from DEAE-sepharose CL-6B was also saturated to a final
concentration of 1.7 M sodium thiosulphate and loaded onto the same Phenyl-Sepharose column, as described
above. The active fractions were pooled and dialyzed overnight against a 20 mM phosphate buffer pH 6.6.
Again, these fractions were regarded as the purified enzyme.

Native Molecular Mass Determination by Gel Filtration on Saphacryl S-200 HR:
Each purified enzyme was gel filtered on a Sephacryl S-200 HR column (0.8 x 35 cm) equilibrated with

20 mM phosphate buffer (pH 6.6) to estimate the molecular mass. The standard proteins (Bio-Rad) used to
calibrate the gel were beta-amylase (206 kDa), bovine serum albumin (66.2 kDa), ovalbumin (45 kDa) and
cellulase (26 kDa). Fractions of 0.5 ml were collected at a flow rate of 0.25 ml/min. The void volume of
column was estimated with blue dextran (2000 kDa).

Polyacrylamide Gel Electrophoresis: 
Polyacrylamide gel electrophoresis (PAGE) was performed according to the method of Laemmli (1970)

using a 10 % (W/V) acrylamide gel gels under denaturing and non-denaturing conditions. In denaturing
conditions, samples were incubated for 5 min at 100°C with SDS-PAGE sample buffer containing 2-
mercaptoethanol. For non-denaturing conditions, samples were mixed just before running with sample buffer
without 2-mercaptoethanol and SDS. Proteins were stained with silver nitrate according to the method of Blum
et al. (1987). The standard proteins (Bio-Rad) comprising myosine (200 kDa), �-galactosidase (116.25 kDa),
phosphorylase b (97.4 kDa), bovine serum albumin (66 kDa) and ovalbumin (45 kDa) were used.

Effect of pH on Activity and Stability:
The pH values of each buffer were determined at 25 °C. Amylase activity was measured at 37 °C under

the standard test conditions. For determination of pH optimum, the amylase activity was measured by
performing the assays at various pH values in the following buffer system: citrate phosphate buffer 100 mM
from pH 4.0 to 7.0, phosphate buffer 100 mM from pH 5.6 to 8.0 and Tris-HCl buffer 100 mM from 7.0 to
9.0. For pH stability, the enzyme solution was pre-incubated for 2 h at 37 °C at various pH values between
5.6 to 8.0 (using the buffer systems described above). After adjusting the mixture to pH 6.6 or 7.0, according
the isoenzyme, the residual activity was determined under the standard test conditions.

Effect of Temperature on Activity and Stability:
The effect of temperature on amylase activity was performed in 100 mM phosphate buffer pH 6.6 or 7.0

according to the specific isoenzyme conditions determined above, over a temperature range of 30 to 80 °C
using 0.5 % starch under the standard test conditions.  Thermal inactivation of each amylase was performed
at 37 and 55 °C by pre-warming the enzyme solution from 20 to 180 min in 100 mM phosphate buffer pH
6.6 or 7.0. Aliquots were removed at different times and immediately cooled. Thermal denaturation of each
amylase was determined by preheating aliquots for 15 min between 30 and 80 °C. Residual activities, measured
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for both amylases at 37 °C under the standard test conditions, were expressed as percentage activity of zero-
time control of untreated enzyme.

Kinetic Parameters Determination:
Kinetic parameters (Km and Vmax) of each amylase were determined from a Lineweaver-Burk plot using

different concentrations (0.125 to 1.0 mg/ml) of soluble starch. Amylase activities were determined under the
standard test conditions. 

Effect of Some Chemical Agents:
The effects of various compounds (ions, EDTA, DTNB and pCMB) as possible activators or inhibitors

of the amylases activities were studied at 37 °C for 30 min. The substrate (0.5 % starch) was added to the
medium and incubated at 37°C for 30 min. The residual activities, measured under the standard test conditions,
were expressed as a percentage of the control without the chemical agent.

Analysis of the Degradation Products:
Hydrolysis of soluble starch by each amylase of G. sigillatus was tested with 50 μl of purified amylase

mixed with 170 ml of 100 mM phosphate buffer pH (6.0 or 7.0 according to the isoenzyme) and 80 μl of 0.5
% starch at 37 °C for 2 and 6 h. Concurrently, aliquots (5 μl) were removed and spotted onto a Thin-Layer
Chromatography (TLC) plate. Hydrolyzed products were separated using butanol-acetic acid-water 9: 3.75: 2.25
(v/v/v) and developed using naphto-resorcinol in ethanol and H2SO4 20 % (v/v). The sugar spots were
visualised keeping the plate at 110 °C for 5 min. 

Results:
a- Amylase Isoforms in Crude Extract:

The profile of �-amylase activities was evaluated in the crude extract by zymogram analysis after native-
PAGE (Fig. 1). Two activity bands corresponding to the isoforms of �-amylase were detected. 

Fig. 1: �-amylase activity profile of the crude digestive tract extract of cricket G. sigillatus obtained using
zymogram analysis after native-PAGE. Sample was loaded onto 10 % gels. The bands of amylase
activity were developed by adding 50 ml 0.014 M KI-0.01 M I2 solution.  

Enzyme Purification:
Purification results for �-amylases from digestive tract of the cricket G. sigillatus are summarized in table

1. Two isoenzymes (Amy A1 and Amy A2) were purified in the crude extract. The purification protocol
involved three chromatographic steps for each isoenzyme (Fig. 2). After precipitation of the crude extract in
80 % ammonium sulphate, chromatography on sephacryl S-100 HR column showed that amylase activity was
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(A) (B)

(C) (D)

Fig. 2: Chromatographic profiles of �-amylases from digestive tract of cricket G. sigillatus. The amylase
activity was measured in 100 mM phosphate buffer pH 6.6 at 37 °C using 0.5 % solution starch as
the substrate.
(A): Gel filtration chromatography on a Sephacryl S-100 HR column; (B): Anion-exchange
chromatography on DEAE-sepharose CL-6B column; (C): Elution profile of ?-amylase Amy Amy A1
after hydrophobic interaction chromatography on a phenyl sepharose 6 Fast flow column, (D): Elution
profile of ?-amylase Amy Amy A2 after hydrophobic interaction chromatography on a phenyl
sepharose 6 Fast flow. For further details, see "Material and methods

Table 1: Procedure for purifying the �-amylases Amy A1 and Amy A2 from digestive tract of G. sigillatus
Purification step Total protein Total Specific Purification Yield (%)

(mg) activity (UI) activity fold
(UI/mg)

Crude extract 83.25 109.13 1.31 1 100
Ammonium sulphate (80 %) 61.94 88.16 1.42 1.08 80.78
Sephacryl S-100 HR 7.29 56.8 7.74 5.91 51.75
DEAE-Sepharose CL-6B
Amy A1 0.73 28.75 39.48 26.34 30.06
Amy A2 0.90 39.04 43.38 35.77 31.11
Phényl-Sepharose 6 Fast-flow
Amy A1 0.32 25.41 79.40 60.61 23.28
AmyA2 0.37 28.38 76.71 58..55 26.00

found in fractions 119 to 149 (Fig. 2A). These fractions were pooled and 10 ml of these pooled fractions were
subjected to DEAE-sepharose CL-6B column chromatography. Two peaks of amylase were eluted at this step,
when washing the column with 100 mM phosphate buffer pH 6.6 (fractions 8 to 18) and at 0.2 M NaCl
concentration (fractions 44 to 53). These were designated Amy A1 and Amy A2, respectively (Fig. 2B).

Amylases Amy A1 and A2 were ultimately purified using hydrophobic interaction on phenyl-sepharose
6 Fast-flow gel. Amy A1 was eluted at 0.3 M sodium thiosulfate (fractions 37 to 43) (Fig. 2C) and Amy A2
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at 0 M sodium thiosulphate (fractions 53 to 57) (Fig. 2D). Amy A1 and Amy A2 were purified with overall
yields of 23.28 and 26.0 % and enriched about 60.61 and 58.55-fold, respectively (Table 1). The gel filtration
chromatography on sephacryl S-200 HR demonstrated that each purified enzyme showed a single peak with
substantial starch hydrolytic activity (Figure 3). In addition, a single protein band was revealed by silver
staining on native-polyacrylamide gel for each amylase isoenzyme (Fig. 4A).

(A) (B)

Fig. 3: Elution profiles of purified �-amylases from cricket G. sigillatus digestive tract after gel filtration
chromatography on a Sephacryl S-200 HR column. (A): �-amylase Amy A1; (B): �-amylase Amy A2.
The column (0.8×35 cm) was previously equilibrated with 20 mM phosphate buffer pH 6.6. Proteins
were eluted at a flow rate of 0.25 ml/min and fractions of 0.5 ml were collected.

Molecular Mass of Amylases Amy A1 and Amy A2:
After SDS-PAGE analysis (under reducing conditions) two protein bands were detected for each �-amylase

isoenzyme, with estimated masses of 60 and 29 kDa  for Amy A1 and 47 and 25 kDa for Amy A2 (Fig. 4B).
The molecular mass of native Amy A1 and Amy A2 were estimated to be approximately 85 and 66 kDa,
respectively.

Effect of pH on Amylases Amy A1 and Amy A2 Activities and Stabilities:
The effect of pH on Amy A1 and Amy A2 activities and stabilities are presented in Table 2. Amy A1

and Amy A2 activities were maximal at pH 6.6 and 7.0, respectively. At 37 °C, Amy A1 was stable in a pH
range of 6.0 – 7.6 whilst Amy A2 was stable in a pH range of 6.6 – 7.6.

Effect of Temperature on Amylases A1 and Amy A2 Activities and Stabilities:
The effect of temperature on the two amylase activities and stabilities are presented in Table 2 and Figures

5 and 6. The two �-amylase activities were maximal at 55 °C (Table 2). The thermal inactivation studies
indicated that Amy A1 remained fully stable for 180 min at 37 °C in phosphate buffer pH 6.6 (Fig. 5A) whilst
Amy A2 retained 95 % of its activity after 180 min in phosphate buffer pH 7.0 (Fig. 5B). However at  55
°C (optimum temperature), �-amylases Amy A1 and Amy A2 were less stable and lost 60 and 80 % of their
activities  after 180 min in phosphate buffer pH 6.6 and 7.0, respectively (Fig. 5A and 5B). The thermal
denaturation showed that �-amylases Amy A1 and Amy A2 were fairly stable at temperature up to 50 °C.
Above 50 °C, their activities declined rapidly as the temperature increased and at 65 °C, the two enzymes were
completely inactivated (Fig. 6).

Kinetic Parameters Values of Amylases Amy A1 and Amy A2:
The Km and Vmax values obtained using a Lineweaver-Burk plot in a range of soluble starch concentrations

of 0.125 to 1.0 mg/ml were 0.29 mg/ml and 108.5 UI/mg for Amy A1 and 0.5 mg/ml and 100,0 UI/mg for
Amy A2 (Table 2). 
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Fig. 4: PAGE analysis of �-amylases Amy A1 and Amy A2 from digestive tract of tropical house cricket G.
sigillatus. (A) Purified enzymes native-PAGE. (B) Purified enzymes SDS-PAGE. Samples were loaded
onto 10 % gels.
(A) Lane 1, ?-amylase Amy A1; lane 2, crude extract; lane 3; ?-amylase Amy A2.
(B) Lane 1, molecular mass markers; lane 2, ?-amylase Amy A1; lane 3, ?-amylase Amy A2

(A) (B)

Fig. 5: Thermal inactivation of the cricket G. sigillatus �-amylases. A, Amy A1; B, Amy A2. The enzymes
were pre-incubated at 37 and 55 °C in 100 mM phosphate buffer pH 6.6 or 7.0. At the intervals
indicated, aliquots were withdrawn and the residual activity was measured at 37 °C under the standard
assay conditions. Residual activity is expressed as percentage activity of zero-time control of untreated
enzyme. Values are the average ± SD of three independent determinations 

Table 2: Physiochemical properties of the �-amylases Amy A1 and Amy A2 from digestive tract of G. sigillatus.
Physicochemical properties �-amylase Amy A1 �-amylase Amy A2
Optimum pH 6.6 7.0
Optimum temperature (°C) 55 55
pH stability 6.0-7.6 6.6-7.6
Molecular mass/SDS-PAGE (kDa) 89 72
Molecular mass/Gel filtration (kDa) 85 66
Km (mg/ml) 0.29 0.50
Vmax (UI/mg) 108.5 100.0

Effect of Certain Chemical Agents on Amylases Amy A1 and A2 Activities: 
The effect of various metal ions and other chemical agents on purified Amy A1 and Amy A2 are reported

in Table 3. Most of the metal ions tested had little or no effect on either amylase activity. However, Ca2+ and
Ba2+ had a significant stimulatory effect, enhancing the two activities by about 130-155 and 115-125 %,
respectively. Although DTNB and pCMB acted as inhibitors for Amy A2, they did not affect Amy A1. EDTA
and SDS did not affect either amylase activity.
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Table 3: Effect of some chemical agents on the �-amylases Amy A1 and Amy A2 from digestive tract of G. sigillatus. The relative
activity is expressed as a percentage of the control without the chemical agent. Values are the average ± SD of three
independent determinations. The used ions are under chloride form. 

Amy A1 relative activity (%) Amy A2 AII relative activity (%)
------------------------------------------------------- ----------------------------------------------------------

Reagent concentration (mM) 1 5 1 5
Control                          100 100 100 100
Ca2+ 130.7±3.4 154.4± 3.7 135.5±4.0 153.3±2.7
Mg2+ 89.8±3.4 89.5±2.8 94.19±4.3 87.3±3.4
Ba2+ 118.0 ± 2.7 122.2±1.8 114.1±2.7 123.5±2.3
Na+ 105.7± 1.9 109.7±4.3 99.7±4.2 99.2± 4.6
K+ 104.9±2.8 105.6±3.5 108.7±2.8 109.5±1.6
SDS 80.3± 4.2 73.4±2.7 86.7±4.3 41.9±2.9
EDTA 69.6 ±1.7 61.9±4.3 82.5±4.2 65.9±2.7
PCMB 95.0±3.4 94.1±2.4 60.9 ± 3.2 33.9±3.6
DTNB 98.9± 3.5 93.3±3.6 79.7 ±3.5 55.5±4.0

TLC Analysis of Starch Hydrolysis by Amy A1 and Amy A2:
The TLC analysis of product formation during starch hydrolysis by Amy A1 and Amy A2 is reported in

Fig. 7. After 2 and 6 h, maltose, maltotriose and maltotetraose predominated as the products of hydrolysis.
Interestingly, whilst Amy 1 also produced glucose as a product of hydrolysis, Amy A2 did not. 

Fig. 7: TLC analysis of the products of hydrolysis obtained from soluble starch 0.5 %, by purified �-amylases
Amy A1 (A) and Amy A2 (B). These experiments were carried out at 37 °C for 2 and 6 h using a
phosphate buffer (100 mM; pH 6.6 or pH 7.0). At 2 and 6 h, aliquots were removed and spotted onto
the plate. Hydrolytic products were separated using butanol-acetic acid-water 9: 3.75: 2.25 (v/v/v) and
developed using naphto-resorcinol in ethanol and H2SO4 20 % (v/v). The sugar spots were visualised
at 110 °C for 5 min. (A) and (B): lane 1, maltohexaose (G6); lane 2, maltotriose (G3); lane 3,
maltose (G2); lane 4, glucose (G1); lane 5, hydrolytic products after 2 h (A, Amy A1 and B, Amy
A2); lane 6, hydrolytic products after 6 h (A, Amy A1 and B, Amy A2).

Discussion:
The zymogram analysis indicated the existence of two isoforrms of �-amylase in the crude extract from

digestive tract of the tropical house cricket G. sigillatus. By using ammonium sulphate precipitation followed
by three chromatographic steps (gel filtration chromatography on sephacryl S100-HR, anion-exchange
chromatography on DEAE-sepharose CL-6B and hydrophobic interaction chromatography on phenyl-sepharose),
we isolated these two isoforms of �-amylase and designated them Amy A1 and Amy A2. The two amylases
appeared to be relatively pure, as indicated by the appearance of a single peak with substantial starch
hydrolytic activity and a single band for each enzyme after native-PAGE The existence of multiple isoforms
of �-amylase has been described in insects. Two major isoforms of �-amylase have been reported in P.
truncatus (Mendiola-Olaya et al., 2000) and Z. subfasciatus (Lemos et al., 1990) while several isoforms of �-
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amylase have been identified in Callosobruchus maculatus (Campos et al., 1989), Rhyzopertha dominica
(Baker, 1991; Cinco-Moroyoqui et al., 2008) and M. funerus (Dojnov et al., 2008). According to Dojnov et
al. (2008), the existence of multiple forms of �-amylase in insects has been attributed to the occurrence of �-
amylase natural inhibitors.

SDS-PAGE indicated that these two purified amylases possess dimeric structures with apparent molecular
masses of 89 and 72 kDa for Amy A1 and Amy A2, respectively. The molecular masses, as estimated by gel
filtration, were estimated as 85 and 66 kDa for Amy A1 and Amy A2, respectively. Together the results
confirm that these amylases are dimeric proteins. The small differences between the molecular masses
determined by gel filtration and by SDS-PAGE could be explained by the specific interactions between the
glycosyl residues of the enzymes and the gel filtration resin. To the authors knowledge, there is no published
prior work on the dimeric structure of �-amylases in insects. In fact, most investigations have only focused
on crude or partially purified enzymes. However, the dimeric �-amylase is well documented in fungus (Mishra
and Maheshwari, 1996) and in bacteria (Cha and Yu, 1993). In comparison to other molecular masses of
purified insect �-amylases, molecular masses of Amy A1 and A2 were higher than those from C. maculatus
(36 and 33 kDa) (Compos et al., 1989), Z. subfasciatus (28 kDa) (Lemos et al., 1990), P. truncatus (60.2 kDa)
(Mendiola-Olaya et al., 2000) and M. funereus (33kDa) (Dojnov et al., 2008). However, the molecular mass
of �-amylase Amy A2 was comparable to those found for T. molitor larvae (68 kDa) (Buonocore et al., 1976)
and P. americana (68 kDa) (Dué et al., 2008).

�-amylases Amy A1 and Amy A2 were more active in the pH ranges (6.0-7.6) and (6.6-7.6) with pH
optimum of 6.6 and 7.0, respectively. These optimum pH values were different on the whole to those reported
for other insect �-amylases from T. molitor larvae (5.8) (Buonocore et al., 1976), P. truncatus (6.0) (Mendiola-
Olaya et al., 2000), Z. subfasciatus (around 6.0) (Pelegrini et al., 2006), M. funereus larvae (5.2) (Dojnov et
al., 2008) and P. americana (5.6) (Dué et al., 2008). However these optimum pH values were similar to the
results obtained by Mehrabadi and Bandani (2009) for the �-amylase from E. Maura which exhibited a pH
optimum between 6.5 and 7.0. Insect �-amylases are generally more active in neutral to slightly acid pH
conditions (Dojnov et al., 2008; Cinco-Moroyoqui et al., 2008; Mehrabadi and Bandani, 2009). Thus, our
findings regarding the optimum pH values of amylases Amy A1 and Amy A2 are in agreement with these
results. 

Amy A1 and Amy A2 were optimally active at 55 °C, as was the �-amylase isolated in P. americana by
Dué et al. (2008). This optimum temperature was higher than that reported for amylases from other insects
such as T. molitor (50 °C) (Buonocore et al., 1976), P. truncatus (40°C) (Mendiola-Olaya et al, 2000), Z.
subfasciatus (30 °C) (Pelegrini et al., 2006) and M. funerus (45 °C) (Dojnov et al., 2008). In addition, despite
the optimum temperature of 55°C for Amy A1 and Amy A2, when they was pre-incubated at this temperature
for 180 min, they lost 60 and 80 % of their activities, respectively.

The results also indicate that starch saccharification using Amy A1 or Amy A2 could be done at neutral
pH and at temperatures lower than 55 °C which is similar to reports from prior works. For example,
Ramachandran et al. (2004) studied amylase from fungal culture on oil cakes which exhibited optimum
temperature and pH at 50°C and 5.0 respectively, while Hoque et al. (2006) reported an amylase from bacteria
Streptomyces clavifer, with optimum temperature and pH at 45°C and 7.0. Ben Abdelmalek-Khedher et al.
(2008) described the purification, characterization and determination of the partial primary sequence of an �-
amylase from the phytopathogenic fungus Sclerotinia sclerotorum, which also displayed optimal activity at 55
°C and pH of 4.0, and the end products were mainly maltotriose.

Amy A1 and Amy A2 Km values, determined with soluble starch as substrate, were 0.29 and 0.5 mg/ml,
respectively. These Km values were below the average values reported for �-amylases purified from other
insects such as C. chinensis (2.3 mg/ml) (Podoler and Applebaum, 1971), T. molitor (1.8 mg/ml) (Buonocore
et al., 1976) and P. americana (5.0 mg /ml) (Dué et al., 2008). However, a Km value of 0.43 mg/ml was
reported for �-amylase isolated in M. funerus (Dojnov et al., 2008). Generally, many �-amylases are known
to be a calcium metalloenzyme (Priest, 1977; Ben Abdelmalek-Khedher et al., 2008) and the role of Ca2+ in
maintaining stability of structure of �-amylases has been demonstrated (Kim et al., 1995; Mishra and
Maheshwari, 1996; Hagihara et al., 2001; Murakami et al., 2007). In addition, according to many authors
(Terra et al., 1996; Pelegrini et al., 2006; Dojnov et al., 2008), insect �-amylases are known to be Ca2+

dependent enzyme. This could explain the results obtained for Ca2+ which caused a significant increase in Amy
A1 and Amy A2 activities at 1 and 5 mM. The stimulation of amylase activities in the presence of Ca2+ have
also been reported in insects such as T. molitor larvae (Buonocore et al., 1976) and P. americana (Dué et al.,
2008). Moreover, the two G. sigillatus �-amylases activities was also stimulated by Ba2+, as also indicated in
insect Z. subfasciatus (Pelegrini et al., 2006). Addition of SDS and EDTA caused partial inhibition of the two
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G. sigillatus �-amylases. EDTA is an ion chelating agent could confirm the presence of Ca2+ in both enzymes
structure. For the effects of sulfhydryl reagents such as DTNB and pCMB on each G. sigillatus �-amylase,
we can postulate that sulfhydryl groups are not important in the catalysis of Amy A1, whereas they seem
essential for Amy A2.

The analysis of hydrolytic products after soluble starch hydrolysis by each G. sigillatus amylase by TLC
revealed that maltose, maltotriose and maltotetraose were the major products. On the basis of these major
hydrolytic products, the two amylases from digestive tract of G. sigillatus are classified as the �-amylases (the
endoamylases) as are most of the insect amylases described in the literature. Moreover, considering these major
hydrolytic products, we can suggest the application of the two G. sigillatus �-amylases in the production of
syrup of oligosaccharides mixture. Our findings are similar to those reported for P. americana �-amylase (Dué
et al., 2008) and microorganisms such as the bacteria Bacillus claussi LT21 (Duedahl-Olesen et al., 2000) and
the yeast Pichia burtonii (Takeuchi et al., 2006).

To conclude, the present study indicated that the digestive tract of the tropical house cricket G. sigillatus
contains two isoforms of �-amylases that play a fundamental role in energy production for this insect. Indeed,
according to Buonocore et al. (1976) and Mendiola-Olaya et al. (2000), many insect species depend to a large
extent on the effectiveness of their amylases for survival. Additionally, the digestive tract of G. sigillatus could
be considered a good source of �-amylases for starch saccharification. 
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