
J. Crop Prot. 2013, 2 (3): 305-318 ______________________________________________________  

 305

 
Biochemical characterization of digestive carbohydrases in the 
rose sawfly, Arge rosae Linnaeus (Hymenoptera: Argidae)  
 
 
Moloud Gholamzadeh Chitgar1, Seyed Mohammad Ahsaei2, Mohammad Ghadamyari1*, 
Mahbobe Sharifi1, Vahid Hosseini Naveh2 and Hadi Sheikhnejad1 
 
1. Department of Plant Protection, Faculty of Agricultural Science, University of Guilan, Rasht, Iran. 
2. Department of Plant protection, Faculty of Agricultural Sciences & Engineering, College of Agriculture and Natural 
Resources, University of Tehran, Karaj, Iran. 
 

Abstract: The rose sawfly, Arge rosae Linnaeus, is one of the most destructive 
pests of rose bushes in the north of Iran. Nowadays, many attempts have been 
made to reduce pesticide application by looking for new methods of pest control. 
A non chemical method for controlling insect pests including A. rosae can be 
achieved by using genetically engineered plants expressing carbohydrase 
inhibitors. Therefore, in present study we characterized biochemical properties 
of digestive carbohydrases in the gut of A. rosae for achieving a new method for 
control of this pest. The specific activity of α-amylase in the digestive system of 
last larval instars of A. rosae was obtained as 9.46 ± 0.06 μmol min-1 mg-1 
protein. Also, the optimal pH and temperature for α-amylase were found to be at 
pH 8 and 50 °C. As calculated from Lineweaver-Burk plots, the Km and Vmax 
values for α-amylase were 0.82 mg/ml and 7.32 µmol min-1 mg-1 protein, 
respectively, when starch was used as substrate. The effects of ions on 
amylolytic activity showed that Mg2+ and Na+ significantly increased amylase 
activity, whereas SDS and EDTA decreased the enzyme activity. The highest 
activities of α-/β-glucosidase and β-galactosidase were obtained at pH 5.0. By 
the native PAGE, three, one, one and two bands were clearly detected for α-
amylase, α-/β-glucosidase and β-galactosidase, respectively. No bands were 
found for α-galactosidase that confirmed the absence or low activity of this 
carbohydrate in the digestive system of A. rosae. These results could provide the 
knowledge needed to produce transgenic plants for control of this pest.  
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Introduction12 
 
Alpha-amylases (known as 1, 4-α-D-glucan 
glucanohydrolase EC 3.2. 1.1) are responsible 
for starch and glycogen breakdown 
(Mohamed, 2004). These enzymes have main 
role in digestion and metabolism of 
carbohydrates in insects and other organisms. 
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Alpha-amylase enzymes from different origins 
i.e. midgut, salivary glands and haemolymph 
of insects have been characterized (Pelegrini et 
al., 2006, Dojnov et al., 2008; Asadi et al., 
2010; Sharifi et al., 2011; Saberi Riseh and 
Ghadamyari, 2012).  

Hemicelluloses and cellulose, essential 
energy-producing nutrients, are hydrolyzed by 
insects’ digestive glucosidases to di and 
oligosaccharides. Also, glucosidases are involved 
in insect-host plant interactions (Terra and 
Ferreira, 1994). Alpha-glucosidase (EC 3.2.1.3) 
can catalyze the releases of α-D-glucose from 
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terminal 1, 4-linked alpha-D-glucose residues. 
This enzyme acts on several substrates such as 
sucrose, maltose, maltodextrin and pNP-α-D-
glucopyranoside, and it has been reported from 
digestive system, salivary glands and 
haemolymph of some insects (Terra et al., 1996; 
Ghadamyari et al., 2010; Sharifi et al., 2011; 
Riseh et al., 2012). Beta-glucosidase acts upon β 
bonds and cleaves β1-4 linkages between two 
glucoses or cellobiose (Terra et al., 1996). Beta-
glucosidase in Pieris brassicae (Lepidoptera: 
Pieridae) is an elicitor of cabbage volatiles that are 
attractive to Cotesia glomerata L. (Hymenoptera: 
Braconidae), a gregarious endoparasitoid of P. 
brassicae. (Mattiaci et al., 1995). 

Alpha-D-galactosidases (EC 3.2.1.22) 
catalyze the hydrolysis of some carbohydrates 
such as melibiose, raffinose, stachyose, and 
gluco- or galactomannans successively releasing 
the α-linked galactose residues (Meier and Reid, 
1982). Beta-D-galactosidase (EC 3.2.1.23) is a 
hydrolase enzyme that catalyzes the conversion 
of β-galactosides into monosaccharides. In 
contrast to α-amylases and glucosidases, 
galactosidases are not well understood in insects 
and study on the properties of these enzymes is 
necessary not only for comparative studies but 
also for understanding digestive physiology.  

The sawfly, Arge rosae Linnaeus 
(Hymenoptera: Argidae) is one of the most 
serious pests of rose plant in Guilan province, 
Iran. The females lay their eggs in young stems 
and cause elongated scars on them. The young 
stems die after oviposition of A. rosae females 
(Sahragard and Heidari, 2001). The larvae feed 
on the leaves of rose plants and cause extensive 
and considerable defoliation. Chemical control 
has been considered a feasible means for pest 
control in Iran, including A. rosae, but this 
method has serious drawbacks such as 
intoxication of people and animals, side effects 
of the pesticides on non-target organisms, sub-
lethal effects of the pesticides on target and non-
target organisms, emergence of resistant 
populations and pesticide residue and their entry 
into the trophic network (Talebi et al., 2011). 
Due to planting roses in urban areas, the use of 
pesticides in these areas holds special risks, as 

most pesticides are not very selective, so, 
alternative methods for pest control that are less 
hazardous to the environment and human are 
highly appreciated (Breuer and De Loof, 2000). 

Carbohydrases are hydrolytic enzymes 
present in digestive system, salivary glands and 
hemolymph of insects that play important roles 
as they are involved in food digestion, liberation 
of monosaccharides needed for growth and heme 
detoxification in blood sucking bugs (Mury et 
al., 2009). Therefore, any interruption in 
enzymatic carbohydrate digestion can deprive 
the A. rosae from utilizing the sources of 
carbohydrate energy efficiently and inhibition of 
carbohydrases may lead to an increase in the 
rose defenses against the rose sawfly. Transgenic 
plants expressing carbohydrase inhibitors have 
been considered as safe alternatives against 
herbivorous pests, because they cause 
interruption in carbohydrase activity and retard 
larval growth and development of some insect 
species. For example, pea and azuki transgenic 
plants expressing α-amylase inhibitors showed 
insecticidal effects on the Bruchus pisorum (L.) 
and Callosobruchus chinensis (L.) weevils 
(Ishimoto and Kitamura, 1989; Shade et al., 
1994). In our previous research, the 
identification and biochemical characterizations 
of different types of A. rosae proteases were 
studied (Sharifi et al., 2012). The present paper 
reports on the biochemical properties of α-
amylase, α-/β-glucosidase and β-galactosidase in 
alimentary canal of A. rosae larvae. 
 
Materials and Methods 
 
Chemicals 
Triton X-100, bovine serum albumin, 3, 5-
Dinitrosalicylic acid (DNS) and Starch were 
purchased from Merck (Merck, Darmstadt, 
Germany). P-nitrophenyl-α-D-glucopyranoside 
(pNαG), p-nitrophenyl-β-D-glucopyranoside 
(pNβG), p-nitrophenyl-α-D-galactopyranoside 
(pNαGa) p-nitrophenyl-s-D-galactopyranoside 
(pNβGa), 4-methylumbelliferyl-α-D-
glucopyranoside (4-MUαG) and 4-
methylumbelliferyl-α-D-galactopyranoside (4-
MUαGa), 4-methylumbelliferyl-β-D-
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glucopyranoside (4-MUβG) and 4-
methylumbelliferyl-β-D-galactopyranoside (4-
MUβGa) were obtained from Sigma (Sigma, St 
Louis, MO, USA). P-nitrophenyl acetate (p-NA) 
was bought from Fluka (Buchs, Switzerland). 
 
Insects 
A. rosae larvae were collected from rose plants 
in Rasht, Guilan province of Iran. The collected 
individuals were grown and maintained on rose 
leaves in optimum rearing conditions of 25 ± 2 
°C, 60 ± 10% RH with a photoperiod of 16 h 
light and 8 h dark. Same-aged 5th instar larvae 
(24 h after molting) were randomly selected for 
measuring of carbohydrase activities.  
 
Sample preparation and enzyme assays 
Last-larval instars were randomly selected for 
gut extraction. The larvae were immobilized on 
ice and their digestive systems (without 
contents) were removed by dissection under a 
microscope in ice-cold saline buffer. Then, 
tissues were transferred to a freezer (-20 °C). 
For measuring enzyme activity, the samples 
were homogenized in cold double-distilled 
water using a hand-held glass homogenizer and 
centrifuged at 15,000 rpm for 10 min at 4 °C.  
 
Enzyme activities 
Alpha-amylase activity was determined in 
universal buffer (40 mM phosphate-acetic-citric 
buffer). The supernatant (10 μl) was added to a 
tube containing 40 μl of the buffer and 50 μl of 
1% (w/v) starch and incubated exactly for 30 
min. The DNS method according to Bernfeld, 
(1955) was applied to measure the concentration 
of reducing sugars obtained from activity of α-
amylase. Absorbance of product was measured 
at 545 nm with a Microplate Reader Model Stat 
Fax® 3200 (Awareness Technology Inc.). One 
unit α-amylase was defined as the amount of the 
enzyme that liberated one micro mole of maltose 
from starch per minute.  

The activities of α-/β-glucosidases and α-/β-
galactosidase were measured with pNαG, 
pNβG, pNαGa and pNβGa as substrates, 
respectively. Homogenates were incubated with 
45 μL of substrate (25 mM) and 115 μL of 40 

mM phosphate-acetic-citric buffer for 30 min at 
35 °C. After incubation time, 600 μL of NaOH 
(0.25 M) was added to stop the reaction and 
then 240 µl of reaction mixture was transferred 
to microplate wells. P-nitrophenol absorbance 
was measured at 405 nm using a microplate 
reader (Stat Fax 3200, Awareness Technology, 
USA) after 10 min (Ghadamyari et al., 2010). 
Assays were carried out in triplicate, and for all 
of them, appropriate blanks without enzyme 
were run. A standard curve with different 
concentration of p-nitrophenol was used to 
express the enzyme activity as µmole. min-1mg-

1 protein. One unit enzyme is defined as the 
amount of the enzyme that liberates one micro 
mole of p-nitrophenol per minute. 

 
Effect of pH and temperature on enzyme 
activities 
The pH profiles of the α-amylases, α-/β-
glucosidases and α-/β-galactosidases were 
determined at room temperature using universal 
buffer adjusted to various pHs (pH 2.0 to 11.0) 
by adding HCl or NaOH (1 N) (Asadi et al. 
2010). Also, the activities of the enzymes were 
determined by incubating the reaction mixture 
at different temperatures ranging from 20 to 60 
ºC for 30 min (Saberi Riseh et al., 2012). 
Enzyme activity was measured by the standard 
assay method mentioned above. 
 
Protein concentration 
Protein concentrations were estimated as 
described by Bradford (1976), using bovine 
serum albumin as standard. 
 
Polyacrylamide gel electrophoresis and 
zymogram analysis 
Non-denaturing polyacrylamide gel 
electrophoresis (PAGE) (8%) for α-amylase 
was carried out as described by Davis (1964) 
and electrophoresis was performed at constant 
voltage (100 V) in a refrigerator at 4°C (Asadi 
et al., 2010). After electrophoresis, the gel was 
transferred to 2.5% (v/v) Triton X-100 and 
shaken gently for 30 min at room temperature. 
Then, the gel was washed twice with deionized 
water and buffer (25 mM of Tris-HCl pH 7.4). 
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The washed gel was incubated in substrate 
solution (1% (w/v) soluble starch) for 1 h. 
Afterward, the gel was subjected to Lugol 
solution (I2 1.3% and KI 3%) for appearance 
of the white bands showing α-amylase activity. 

For staining of α-/β-glucosidases and α-/β-
galactosidase, the samples were mixed with 
sample buffer and applied onto a polyacrylamide 
gel (4 and 10 % polyacrylamide for the stacking 
and resolving gels, respectively). Electrophoresis 
was performed with 100 V at 4 °C (Sharifi et al., 
2011; Sabri Riseh and Ghazanfari 2012). After 
electrophoresis, the gel was incubated in 3 mM 4-
MUαG, 4-MUβG, 4-MUαGa and 4-MUβGa in 
0.1 M sodium acetate (pH 5.5) for 15 min at room 
temperature for appearance of fluorescent bands 
showing α-/β-glucosidases and α-/β-galactosidase 
activities, respectively. The blue-fluorescent 
bands were photographed with gel documentation 
apparatus (Uvitec Cambridge). 
 
Kinetic parameters of α-amylases 
The Michaelis-Menten constant (Km) and 
maximal velocity (Vmax) of the α-amylase were 
investigated at different concentrations of starch 
and glycogen over the range of 0.05-2 % (w/v), 
in 40 mM phosphate, glycine and acetate 
buffer, pH 8.0. The Km and Vmax were estimated 
from the Lineweaver-Burk plots.  
 
Effect of activators and inhibitors on 
amylase activities 
To investigate the effect of several ions on enzyme 
activities, assays were carried out in the presence of 
different concentrations of Na+, K+, Ca2+, and Mg2+ 
chloride salts as well as sodium dodecyl sulfate 
(SDS) and Ethylenediaminetetraacetic acid 
(EDTA). The enzyme sample was pre-incubated 
with the compounds for 15 min. After incubation 
time, the activity was measured by the standard 
assay method mentioned above. All Experiments 
were performed in three replicates, and for all of 
them, appropriate blanks were run. 
 
Statistical analysis 
The data were compared by one-way analysis 
of variance (ANOVA) followed by Tukey’s test 
using SAS programs version 8.01(SAS, 1997). 

Results and Discussion 
The specific activities of α-amylase, α-/β-
glucosidases and β-galactosidase in 5th instar 
larvae of A. rosae are presented in Table 1. The 
activity of α–galactosidase was too low to be 
detected. Among the tested carbohydrases, α-
amylase showed highest specific activity in the 
digestive system of A. rosae larvae. The activity 
of α-amylase in digestive system of A. rosae was 
higher than that of Allantus viennensis (Hym.: 
Tenthredinidae) (Jahanjou, 2011). The presence 
of α-amylase in mandibular and salivary glands, 
digestive system and hypo pharyngeal glands of 
other hymenopterans has been reported 
(Takenaka et al., 1990; Ohashi et al., 1999; Ricks 
and Bradling, 2011). Also, the specific activity of 
α-amylase in digestive system of A. rosae was 
higher than that reported for non hymenopteran 
insects such as Naranga aenescens L. (Lep.: 
Noctuidae) (Asadi et al., 2010) Glyphodes 
pyloalis Walker (Lep.: Pyralidae) (Yezdani et al., 
2010) and Helicoverpa armigera Hubner (Lep.: 
Noctuidae) (Kotkar et al., 2009).  
 
Table 1 The specific activities (μmol min-1 mg-1 
protein) of digestive carbohydrases in last larval 
instar of A. rosae stage. 

Enzyme 
activities (μmol min-1 

mg-1 protein) 
(Mean ± SE) 

Activities (U/ml)
(Mean ± SE) 

α-glucosidase 3.4 ± 0.38 1.71 ± 0.18 
β-glucosidase 1.8 ± 0.03 0.9 ± 0.017 
β-galactosidase 5.2 ± 0.01 2.55 ± 0.006 
α-amylase 9.4 ± 0.06 4.63 ± 0.033 
 

The specific activity of β-galactosidase in 
the gut of A. rosae was higher than α- and β-
glucosidase activities. Alpha and β-
glucosidase activities in the gut of A. 
viennensis was reported as 11.45 ± 0.23 and 
6.32 ± 0.25 μmol min-1 mg-1 protein, 
respectively. Also, the activity of 
glucosidases in midgut of A. viennensis was 
higher than galactosidases (Jahanjou, 2011). 
So far, β-galactosidase activity is reported at 
hypopharyngeal glands of some 
hymenopteran insects such as Scaptotrigona 
postica, S. mexicana and A. mellifera. It 
seems that the activities of α-/β-glucosidases 
and α-/β-galactosidase vary depending on 
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insect species, glycosidic bonds available in 
diets and host plant foods (Asadi et al., 
2012). For example glycolipids available in 
plant tissues can be hydrolyzed by the β-
galactosidases in the midgut of lepidopteran 
insects and then the hydrolyzed glycolipids 
are used for synthesis of hemolymph and 
tissue lipid trehalose (Turunen, 1992; Costa 
and Cruz-Landim, 2005). Also, the same 
reaction can take place in phytophagous 
hymenopteran insects such as A. rosae. The 
highest enzyme activity in the midgut of leaf-
cutting ants, Acromyrmex subterraneus 
(Hym.: Formicidae) has been detected for α-
glucosidase (Erthal et al., 2004), whereas the 
highest enzyme activity in midgut of A. rosae 
was obtained for β-galactosidase. 

Maximum α-amylase activity from gut of A. 
rosae occurs at pH 8.0 (Fig. 1). The optimum 
activity for α-amylase has been reported at pH 
12.0 for midgut lumen of Acherontia atropos 
(Lep.: Sphingidae), and 10.8 for Lasiocampa 
quercus (Lep.: Lasiocampidae), 11.3 for 
Manduca sexta (Lep.: Sphingidae) and 10.8 for 
Lichnoptera feline (Lep.: Noctuidae) (Dow, 
1984). It seems that the optimal pH of α-
amylase in hymenoptern insect (Symphyta) is 
neutral to slightly alkaline whereas, α-amylases 
extracted from midgut of lepidopteran larvae 
are active in alkaline conditions (Asadi et al., 
2010; Jahanjou, 2011). The gut pH of A. rosae 
was alkaline (unpublished data). It seems that 
the high gut pH in some phytophagous insects 
such as A. rosae is because of adaptation for 
feeding on host plants containing tannins 
(Chapman, 1998), because tannin can bind with 
proteins in insect’s midgut at acidic pH values. 
Thus, it may decrease the efficiency of food 
digestion (Dow, 1986).  

Maximum activity in the digestive system of 
A. rosae was observed at pH 5.0 for α-/β-
glucosidase and β-galactosidase (Fig. 1). The 
optimal pH for α-/β-glucosidase and α-/β-
galactosidase in the digestive system of A. 
viennensis has been reported as pH 6.0 
(Jahanjou, 2011). The digestive glucosidases in 
insects show some differences in optimal pH, 
for example 4.5-5 for β-glucosidase in Zygaena 

trifolii Esper (Lep.: Zygaenidae) (Franzl et al., 
1989), 4.9-5.6 for α-glucosidase in the larvae of 
Apollo butterfly (Nakonieczny et al., 2006) and 
8.0 for α-glucosidase in 3rd instar larvae of 
Earias vitella (Lep.: Noctuidae) (Tripathi and 
Krishna, 1988). This variation in optimal pH 
between insect species may refer to their 
phylogenetic relations or may be in response to 
different diets (Nakonieczny et al., 2006; Asadi 
et al., 2012). Also, the origin of the α- and β-
glucosidase, i.e. digestive system or salivary 
glands may justify these differences (Asadi et 
al., 2012). 

 

 
 
Figure 1 The effect of pH on the activities of α-
amylase, β-galactosidase (β-gala) and α, β-
glucosidases (α-glu/β-glu) extracted from the 
digestive system of Arge rosae. 
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The optimum temperature for α-amylase 
activity was 50 °C in gut of A. rosae (Fig. 2) 
which is consistent with maximum temperature 
for α-amylase activity in the digestive system of 
A. viennensis (Jahanjou, 2011).  

 

 
Figure 2 The effect of temperature on the activities 
of α-amylase, β-galactosidase (β-gala) and α, β-
glucosidases (α-glu/β-glu) extracted from the 
digestive system of Arge rosae. 
 

The A. rosae α- and β-glucosidase had 
optimum temperature activity at 30 and 40 
°C, respectively. Also, the optimal 
temperature for β-galactosidase in the 
digestive system was obtained as 40 °C (Fig. 

2). Alpha and β-glucosidase optimum 
temperature was reported at 45 ºC in midgut 
of G. pyloalis (Ghadamyari et al., 2010); 60 
and 50 °C in the digestive system of 
Xanthogaleruca luteola (Coleoptera: 
Chrysomelidae) (Sharifi et al., 2011). For 
α/β -galactosidase, optimum temperature 
was 30 °C for midgut of Brachynema 
germari Kolenati (Hemiptera: Pentatomidae) 
(Ramzi and Hosseininaveh, 2010); 40 and 60 
°C in the digestive system of X. luteola 
(Sharifi et al., 2011). Most insect α- and β-
glucosidases exhibit temperature optima 
ranging from 20 to 50 ºC (Huber and 
Mathison, 1976; Takenaka and Echigo, 
1978). 

When midgut homogenates of A. rosae 
were subjected to native PAGE, three bands 
were found for α-amylase (Fig. 3), one band 
for α-/β-glucosidases and two bands for β-
galactosidase (Fig. 4). In the native gel, no 
bands were observed for α- galactosidase. 
Similar to our result, three and one bands 
have been reported for α-amylase and α-/β-
glucosidases in digestive system of A. 
viennensis, respectively (Jahanjou, 2011). β-
glucosidase and β-galactosidase in the 
digestive system of X. luteola showed three 
and one isoform, respectively (Sharifi et al., 
2011). The results of Riseh et al. (2012) 
indicated 4, 4, 2, and 1 isoforms of α- and β-
glucosidases and α- and β-galactosidases in 
the crude digestive system of the last larval 
instar of Rhynchophorus ferrugineus Olivieri 
(Col.: Curculionide), respectively. 
Zymogram pattern of α- and β-glucosidase 
activities from the gut of Osphranteria 
coerulescens Redt. (Col.: Cerambycidae) 
showed that these activities corresponded to 
three and four major bands (Aghaali et al., 
2012). The results of Asadi et al., (2012) 
showed that α-glucosidases and β-
glucosidases in the alimentary canal of N. 
aenescense have two isoforms and one 
isoform, respectively. 
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Figure 3 Zymogram of α- amylase extracted from 
the digestive system of Arge rosae. 

 
Previous researches have reported that insect 

α-amylases are activated or inhibited by some 
ions and chemicals. Some mineral ions and 
compounds may inhibit the digestive α-amylases 

in midgut of insects and have disadvantageous 
effect on their food digestion (Hori, 1970; Cohen, 
1993; Payan, 2004). Our results showed that Mg2+ 
and Na+ significantly increased amylase activity 
in digestive system of A. rosae, whereas Ca2+ and 
K+ did not show any effect on amylolytic activity 
(Fig. 5). SDS and EDTA decreased A. rosae α-
amylase activity. The effect of metal ions and 
EDTA on the α-amylase activity in the midgut, 
salivary glands and haemolymph of N. aenescens 
showed that Mn2+, Hg+ and Hg2+ ions decreased 
α-amylases activity, whereas the α-amylase 
activity was enhanced in the presence of Na+, K+, 
Mg2+, Ca2+, Co2+ and Fe2+ (Asadi et al., 2012). In 
this study, Ca2+ showed no effect on the activity of 
α-amylases, whereas, the result of Asadi et al. 
(2010) showed the activity of N. aenescens α-
amylases was increased by addition of Ca2+ to the 
assay mixture. Also, in some insects such as T. 
molitor, midgut α-amylase was slightly activated 
by Ca2+ and Cl- (Applebaum, 1961).  
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 4 Zymogram of α- and β-glucosidases and β-galactosidase extracted from the digestive system of Arge 
rosae (left to right).  
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As calculated from Lineweaver-Burk 
plots, the Km values for α-amylases in 
digestive system of A. rosae were about 
0.82 ± 0.051 and 5.05 ± 0.8 mg/ml (Fig. 6), 
when starch and glycogen were used as 
substrates, respectively. Therefore, the α-
amylase in digestive system of A. rosae 
showed 6.3-folds higher affinity to starch 
than glycogen. The Km and Vmax for α-
amylase in midgut of N. aenescens were 
reported as 0.07 mg/ml and 0.2 μmol/min, 
respectively. Also, Km values of α-amylase 
in midgut and salivary glands of pistachio 
green stink bug, B. germari were reported 
as 0.77 and 0.41 mM, respectively (Ramzi 
and Hosseininaveh, 2010). The result of 
these researches showed that the α-amylase 
Km value in midgut of A. rosae was higher 
than that of N. aenescen.  

For carbohydrate metabolism, different 
forms of carbohydrases such as amylases, 
galactosidases and glucosidases can be 
found in insect species, to guarantee their 
survival and development (Baker, 1983). 
Therefore, these enzymes are good target 
candidates for enzyme inhibitors (Franco et 
al., 2002; Svensson et al., 2003). For 
example, α-amylase inhibitors are 
extensively found in many plant seeds and 
tubers (Franco et al. 2002; Sadasivam et al., 
2003) and these molecules play a key role 
in plant defense toward pests and pathogens 
(Franco et al., 2000). Plant secondary 
metabolites such as flavonoids, alkaloids, 
terpenoids, anthocyanins, glycosides and 
phenolic compounds have insecticidal 
effects. Also, these compounds mediate in 
plant defenses against herbivorous pests 
either by repellence or inhibiting digestive 
enzymes in the midgut of insects (Hsiao et 
al., 1985; Asadi et al., 2012) and confer 
resistance to various plant species against 
pests. Glycosides are secondary metabolites 

that can confer resistance to plants against 
pests. For example, DIMBOA (a glycoside), 
purified from corn, has detrimental effect 
on larvae of European corn borer, Ostrinia 
nubilalis (Hubner) (Klun et al., 1967). 
Also, this compound retards the 
development of O. nubilalis and decreases 
reproductive potential, increases mortality 
and deters feeding in aphids (Long et al., 
1977; Klun et al., 1967). Some Phaseolus 
varieties contain high concentration of 
glycosides which confer resistance to a 
Mexican bean beetle, Epilachna varivestris 
(Nayar and Frankel, 1963). 

Several researches have shown the main 
role of glucosidases in insect–host plant 
interactions and plant resistance to pests. 
Also, α-amylase inhibitors are extensively 
reported from seeds of cereals and legumes 
(Franco et al., 2002; Sadasivam et al., 2003) 
and so far, pea and azuki transgenic plants 
expressing α-amylase inhibitors have been 
developed for resistance to the B. pisorum 
and C. chinensis. Since the pesticide 
applications in urban areas have special 
risks, so seeking alternative methods, less 
hazardous to the environment and human, 
for A. rosae control, is highly appreciated. 
Therefore, the discovery of novel inhibitors 
for α-amylase, α-/β-glucosidases and β-
galactosidase available in plants can 
contribute to managing this pest via pest-
resistant transgenic plants. 
 
Acknowledgments 
 
The authors express their gratitude to the 
Research Council of the University of 
Guilan and the Ministry of Science, 
Research and Technology for financial 
support of this project. 
 

 
 
 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
13

.2
.3

.1
0.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                             8 / 14

https://dorl.net/dor/20.1001.1.22519041.2013.2.3.10.2
https://jcp.modares.ac.ir/article-3-8504-en.html


Gholamzadeh Chitgar et al. __________________________________________ J. Crop Prot. (2013) Vol. 2 (3)  

 313

                    
 
 
 

                       
 
 

                     
 
 
 
Figure 5 Effect of various metal ions and chemicals on relative activity of α-amylase from digestive system of 
Arge rosae (± SE). 
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Figure 6 Lineweaver-Burke plot of α-amylae extracted from digestive system of Arge rosae on starch and 
glycogen as substrates. 
 
References 
 
Aghaali, N., Ghadamyari, M. and Ajamhasani, 

M. 2012. Biochemical characterization of 
glucosidases and galactosidases from 
Rosaceae branch borer, Osphranteria 
coerulescens Redt. (Col.: Cerambycidae). 
Romanian Journal of Biochemistry, 49 (2): 
125-137.  

Applebaum, S. W., Jankovic, M. and Biry, Y. 
1961. Studies on the midgut amylase activity 
of Tenebrio molitor. Journal of Insect 
Physiology, 7: 100-108. 

Asadi, A., Ghadamyari, M., Sajedi, R. H., 
Jalali, J. and Tabari, M. 2010. Biochemical 
characterization of midgut, salivary glands 
and haemolymph α-amylases of Naranga 
aenescens. Bulletin of Insectology, 63: 
175-181. 

Asadi, A., Ghadamyari, M., Sajedi, R. H., 
Jalali, J. and Tabari, M. 2012. Biochemical 
characterization of α- and β-glucosidases in 
alimentary canal, salivary glands and 

haemolymph of the rice green caterpillar, 
Naranga aenescens M. (Lepidoptera: 
Noctuidae). Biologia, 67 (6): 1186-1194. 

Baker, J. E. 1983. Properties of amylases from 
midguts of larvae of Sitophilus zeamais and 
Sitophilus granaries. Insect Biochemistry, 
13: 421-428. 

Bernfeld, P. 1955. Amylase, α and β. Methods 
in Enzymology, 1: 149-151. 

Bradford, M. 1976. A rapid and sensitive 
method for the quantitation of microgram 
quantities of protein utilizing the principle of 
protein-dye binding. Analytical 
Biochemistry, 72: 248-25. 

Breuer, M. and De Loof, A. 2000. 
Laboratory trials with NeemAzal-T/S on 
the allergenic forest pest Thaumetopoea 
processionea (L.). In: Kleeberg, H., 
Zebitz, C. P. W. (Eds.), Practice Oriented 
Results on Use and Production of Neem-
Ingredients and Pheromones VIII. 
Proceedings of the 8th Workshop in 
Hohensolms, Germany, 23-29. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
13

.2
.3

.1
0.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                            10 / 14

https://dorl.net/dor/20.1001.1.22519041.2013.2.3.10.2
https://jcp.modares.ac.ir/article-3-8504-en.html


Gholamzadeh Chitgar et al. __________________________________________ J. Crop Prot. (2013) Vol. 2 (3)  

 315

Chapman, R. F. 1998. The insects: Structure and 
Function. Cambridge University Press. 770. 

Cohen A. C. 1993. Organization of digestion 
and preliminary characterization of salivary 
trypsin like enzymes in a predaceous 
Heteropteran, Zelus renadii. Journal of 
Insect Physiology, 39: 823-829. 

Costa, R. A. C. and Cruz-Landim, C. 2005. 
Hydrolases in the hypopharyngeal glands of 
workers of Scaptotrigona postica and Apis 
mellifera (Hymenoptera, Apinae). Genetic 
and Molecular research, 4 (4): 616-623. 

Davis, B. J. 1964. Disc electrophoresis II. 
Method and application to human serum 
proteins. Annals of the New York Academy 
of Sciences, 12: 404-427. 

Dojnov, B., Bozic, N., Nenadovic, V., Ivanovic, 
J. and Vujcic, J. 2008. Purification and 
properties of midgut amylase isolated from 
Morimus funereus (Coleoptera: 
Cerambycidae). Comparative Biochemistry 
and Physiology, 149B: 153-160. 

Dow, J. A. 1984. Extremely high pH in 
biological systems: a model 1 for carbonate 
transport. American Journal of Physiology, 
246: 633-635. 

Erthal, M. Jr., Peres Silva, C. and Samuels, R. I. 
2004. Digestive enzymes of leaf-cutting 
ants, Acromyrmex subterraneus 
(Hymenoptera: Formicidae: Attini): 
distribution in the gut of adult workers and 
partial characterization. Journal of Insect 
Physiology, 50 (10): 881-91. 

Franco, O. L., Rigden D. J., Melo, J. R. F. R., 
Bloch, C., Silva, C. P. and Grossi-de-Sa, M. 
F. 2000. Activity of wheat α-amylase 
inhibitors towards bruchid α-amylases and 
structural explanation of observed 
specicities. European Journal of 
Biochemistry, 267: 1466-1473. 

Franco, O. L., Rigden, D. J., Melo, F.R. and 
Grossi-de-Sa, M.F. 2002. Plant α-amylase 
inhibitors and their interaction with insect α-
amylases: structure, function and potential 
for crop protection. European Journal of 
Biochemistry, 269: 397-412. 

Franzl, S., Ackermann, I. and Nahrstedt, A. 1989. 
Purification and characterization of a β-

glucosidase (linamarase) from the haemolymph 
of Zygaena trifolii Esper, 1783 (Insecta, 
Lepidoptera). Experientia, 45: 712-718.  

Ghadamyari, M., Hosseininaveh, V. and 
Sharifi, M. 2010. Partial biochemical 
characterization of α- and β-glucosidases of 
lesser mulberry pyralid, Glyphodes pyloalis 
Walker (Lep.: Pyralidae). Comptes Rendus 
Biologies, 333: 197-204. 

Hori, K. 1969. Some properties of salivary 
amylases of Adelphocoris suturalis 
(Miridae), Dolycoris baccarum 
(Pentatomidae) and several other 
heteropteran species. Entomologia 
Experimentalis et Applicata, 12: 454-466. 

Hsiao, T. H. 1985. Feeding behavior. In: 
Kerkut, G. A., Gilbert, L. I. (Eds.). 
Comprehensive Insect Physiology, 
Biochemistry and Pharmacology, Vol. 9, 
Pergamon Press, Oxford, UK, 471-512. 

Huber, R. E. and Mathison, R. D. 1976. 
Physical, chemical and enzymatic studies on 
the major sucrose on honey bees (Apis 
melifera). Canadian Journal of 
Biochemistry, 54: 153-164. 

Ishimoto, M. and Kitanura, K. 1989. Growth 
inhibitory effects of an α-amylase inhibitor 
from kidney bean, Phaseolus vulgaris (L.) 
on three species of bruchids (Coleoptera: 
Bruchidae). Applied Entomology and 
Zoology, 24: 281-286. 

Jahanjou, F. 2011. Study of digestive enzymes 
in Allantus viennensis (Hymenoptera: 
Tenthredinidae). MSC Thesis. University of 
Guilan, pp. 99.  

Klun, J. A., Titon, C. L. and Brindley, T. A. 
1967. 2: 4-Dihydroxy-7-methoxy-1, 4-
benzoxazin-3-one (DIMBOA), an active 
agent in the resistance of maize to the 
European corn borer. Journal of Economic 
Entomology, 60: 1529-1533. 

Kotkar, H., Sarate, P., Tamhane, V., Gupta, V. 
and Giri, A. 2009. Responses of midgut 
amylases of Helicoverpa armigera to 
feeding on various host plants. Journal of 
Insect Physiology, 55: 663-670. 

Long B. J., Dunn, G. M., Bowman, J. S. and 
Routley, D. G. 1977. Relationship of 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
13

.2
.3

.1
0.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                            11 / 14

https://dorl.net/dor/20.1001.1.22519041.2013.2.3.10.2
https://jcp.modares.ac.ir/article-3-8504-en.html


Biochemical characterization of digestive carbohydrases in the rose sawfly__________________ J. Crop Prot.  

 316

hydroxamic acid content in corn and 
resistance to the corn leaf aphid. Crop 
Science, 17: 55-58. 

Mattiaci, L., Dicke, M. and Posthumus, M. A. 
1995. Beta-glucosidase: an elicitor of 
herbivore-induced plant odor that attracts 
host searching parasitic wasps. Proceedings 
of the National Academy of Sciences USA, 
92: 2036-2040. 

Meier, H. and Reid, J. S. G. 1982. Reserve 
polysaccharides other than starch in higher 
plants, In: Loewus, F.A., Tanner, W. (Eds.), 
Encyclopedia of Plant Physiology. Springer 
Verlag, New York, 418-471. 

Mohamed, M. A. 2004. Purification and 
characterization of α-amylase from the 
infective juveniles of the nematode 
Heterorhabditis bacteriophora. Comparative 
Biochemistry and Physiology Part B, 139: 1-9. 

Mury, F. B., da Silva J. R., Ferreira, L. S., 
Ferreira, B. d. S. and de Souza-Filho, G. A. 
2009. Alpha-glucosidase promotes 
hemozoin formation in a blood-sucking bug: 
An evolutionary history. PLoS ONE, 4 (9): 
e6966. doi:10.1371/journal.pone.0006966. 

Nakonieczny, M., Michalczyk, K. and 
Kedziorski, A. 2006. Midgut glycosidases 
activities in monophagous larvae of Apollo 
butterfly, Parnassius apollo ssp. 
Frankenbergeri Comptes Rendus Biologies, 
329: 765-774. 

Nayar, J. K. and Frankel, G. 1963. The 
chemical basis of host selection for the 
Mexican bean beetle, Epilachna varivestris. 
Annals of the Entomological Society of 
America, 56: 174-178. 

Ohashi, K., Natori, S. and Kubo, T. 1999. 
Expression of amylase and glucose oxidase 
in the hypopharyngeal gland with an age-
dependent role change of the worker 
honeybee (Apis mellifera L.). European 
Journal of Biochemistry, 265: 127-133.  

Payan F. 2004. Structural basis for the inhibition 
of mammalian and insect α-amylases by plant 
protein inhibitors. Biochimica et Biophysica 
Acta, 1696: 171-180. 

Pelegrini, P. B., Murad, A. M., Grossi-De-Sa, 
M. F., Mello, L. V., Roméiro, L. A. S., 

Noronha, E. F., Caldas, R. A. and Franco, O. 
L. 2006. Structure and enzyme properties of 
Zabrotes subfasciatus α-amylase. Archives 
of Insect Biochemistry and Physiology, 61: 
77-86. 

Ramzi, S. and Hosseininaveh, V. 2010. 
Biochemical characterization of digestive α-
amylase, α-glucosidase and β-glucosidase in 
pistachio green stink bug, Brachynema 
germari Kolenati (Hemiptera: 
Pentatomidae). Journal of Asia-Pacific 
Entomology, 13: 215-219. 

Ricks, L. and Bradleigh Vinson, S. 2011. 
Digestive enzymes of the imported fire ant, 
Solenopsis richteri (Hymenoptera: 
Formicidae). Entomologia Experimentalis et 
Applicata, 15: 329-334.  

Riseh, N. S., Ghadamyari, M. and 
Motamediniya, B. 2012. Biochemical 
characterization of α & β-glucosidases and 
α- & β-galactosidases from red palm weevil, 
Rhynchophorus ferrugineus Olivieri (Col.: 
Curculionide). Plant Protection Science, 48: 
85-93. 

Saberi Riseh, N. and Ghadamyari, M. 2012. 
Biochemical characterization of α-amylases 
from gut and hemolymph of Rhynchophorus 
ferrugineus Olivieri (Col.: Curculionidae) 
and their inhibition by extracts from the 
legumes Vigna radiata L. and Phaseolus 
vulgaris L. Invertebrate Survival Journal, 9: 
72-81.  

Sadasivam, S. and Thayumanavan, B. B. 2003. 
Molecular Host Plant Resistance to Pests. 
CRC Press, New York, pp. 479. 

Sahragard, A. and Heidari, R. 2001. Biology and 
spatial distribution of rose sawfly, Arge rosae 
(Hym.: Argidae) in Guilan. Journal of 
Entomological Society of Iran, 21 (2): 25-37. 

SAS Institute. 1997. Online Doc, version 8.01. 
SAS Institute, Cary, NC.  

Shade, R. E., Schroeder, H. E., Pueyo, J. J., 
Tabe, L. L., Murdock,T. J. V., Higgins, M. 
J. and Chrispeels, M.J. 1994, Transgenic pea 
seeds expressing the α-amylase inhibitor of 
the common bean are resistant to bruchid 
beetles. Bio/Technology, 12:793-796. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
13

.2
.3

.1
0.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                            12 / 14

https://dorl.net/dor/20.1001.1.22519041.2013.2.3.10.2
https://jcp.modares.ac.ir/article-3-8504-en.html


Gholamzadeh Chitgar et al. __________________________________________ J. Crop Prot. (2013) Vol. 2 (3)  

 317

Sharifi, M., Ghadamyari, M., Mahdavi 
Moghadam, M. and Saiidi, F. 2011. 
Biochemical characterization of digestive 
carbohydrases from Xanthogaleruca luteola 
and inhibition of it’s α-amylase by inhibitors 
extracted from the common bean. Archives of 
Biological Science, Belgrade, 63: 705-716.  

Svensson, B., Fukuda, K., Nielsen, P. K. and 
Bonsager, B. C. 2003. Proteinaceous α-
amylase inhibitors. Biochemica Biophysica 
Acta, 1696: 145-156. 

Takenaka, T. and Echigo, T. 1978. Properties 
and transglucosidation action of a glucosidase 
of honey bee. Part 2. Tamagawa Daigaki 
Nogakubu Kenkyu Hokoku, 18: 22-31. 

Takenaka, T., Miwa, S. and Echigo, T. 1990. 
Changes of protein content and enzyme 
activity in hypopharyngeal glands during 
lifespan of honeybee workers (Apis mellifera 
L.). Bulletin of the Faculty of Agriculture and 
Horticulture, Tamagawa University, 30: 1-8.  

Talebi, Kh., Hosseininaveh, V. and 
Ghadamyari, M. 2011. Ecological impacts 

of the pesticides in agricultural ecosystem. 
In: Stoytcheva, M. (Ed.). Pesticides in 
Modern Worlds: Rick and Benefit. InTech 
Publisher, 143-168.  

Terra, W. R. and Ferreira, C. 1994. Insect 
digestive enzymes: properties, 
compartmentalization and function. 
Comparative Biochemistry and Physiology, 
109B: 1-62. 

Terra, W. R., Ferreira, C., Jordão, B. P. and 
Dillon, B. J. 1996. Digestive enzymes. In: 
Lehane, M. J., Billingsley, P. F. (Eds.). 
Biology of the Insect Midgut, Chapman and 
Hall, London, England, 3-25. 

Tripathi, A. B. and Krishna, S. S. 1988, 
Digestion of food in the midgut of the larva 
of Earias vitella (Lepidoptera: Noctuidae) 
carbohydrases. Journal of Advanced 
Zoology, 9: 51-58. 

Turunen, S. 1992. Efficient use of dietary 
galactose in Pieris brassicae. Journal of 
Insect Physiology, 38: 503-509. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
13

.2
.3

.1
0.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                            13 / 14

https://dorl.net/dor/20.1001.1.22519041.2013.2.3.10.2
https://jcp.modares.ac.ir/article-3-8504-en.html


Biochemical characterization of digestive carbohydrases in the rose sawfly__________________ J. Crop Prot.  

 318

 Arge rosae(تعيين خصوصيات بيوشيميايي كربوهيدرازهاي گوارشي در زنبور برگخوار رز 
Linnaeus (Hymenoptera:Argidae)(  

  
  1نژاد  و هادي شيخ2نوهوحيد حسيني، 1، محبوبه شريفي*1، محمد قدمياري2محمد احصايي، سيد1زاده چيتگر مولود غالم

  
   .پزشكي، دانشكده علوم كشاورزي، دانشگاه گيالن، ايرانگروه گياه-1
   .پزشكي، پرديس كشاورزي و منابع طبيعي، دانشگاه تهران، كرج، ايران گروه گياه-2

  ghadamyari@guilan.ac.ir: پست الكترونيكي نويسنده مسئول مكاتبه* 
  1392ارديبهشت  21: ؛ پذيرش1391 آبان 12: دريافت

  
هاي رز در شمال ايران  ترين آفات بوته ، يكي از مخربArge rosae Linnaeusزنبور برگخوار رز،  :چكيده

ها كش هاي بسياري در زمينه كاهش كاربرد آفت هاي نوين كنترل آفات، تالشامروزه با كشف روش. باشد مي
، استفاده از گياهان A. rosaeيايي در كنترل آفات از جمله شيم هاي غيريكي از روش. صورت گرفته است

هاي بيوشيميايي بنابراين در مطالعه حاضر ويژگي. باشدهاي كربوهيدراز مي تراريخته حاوي مهاركننده
 جهت دستيابي به روشي جديد در كنترل اين آفت تعيين A. rosaeكربوهيدرازهاي گوارشي در لوله گوارش 

 ميكرومول بر دقيقه بر A. rosae 06/0 ± 46/9آميالز در لوله گوارشي سن آخر الروي - آلفافعاليت ويژه . شد
 درجه سلسيوس 50 و 8ترتيب آميالز به-  و دماي بهينه آلفاpHهمچنين . دست آمدگرم پروتئين به ميلي

ميالز محاسبه شده آ-  آلفاVmax و Kmعنوان سوبسترا استفاده شد، مقادير كه از نشاسته بههنگامي. تعيين شد
گرم   ميكرومول بر دقيقه بر ميلي32/7ليتر و  گرم بر ميلي  ميلي82/0ترتيب ، بهLineweaver-Burkاز نمودار 

داري فعاليت  طور معني به+Na و +Mg2ها روي فعاليت آميلوليتيك نشان داد كه اثر يون. پروتئين محاسبه شد
- بيشترين فعاليت آلفا.  فعاليت اين آنزيم را كاهش دادندEDTA و SDSكه آميالز را افزايش داده، درحالي- آلفا

تعداد باندهاي مشاهده شده روي ژل . دست آمد بهpH 5 گاالكتوزيداز در - گلوكوزيداز و بتا- گلوكوزيداز، بتا
هيچ .  بود2 و 1، 1، 3ترتيب برابر با  گاالكتوزيداز به-  گلوكوزيداز و بتا-  گلوكوزيداز، بتا- آميالز، آلفا- براي آلفا

گاالكتوزيداز نمايان نشد كه عدم حضور يا فعاليت ناچيز اين كربوهيدراز را در سيستم - باندي براي آلفا
تواند دانش مورد نياز جهت توليد گياهان تراريخته براي  اين نتايج مي. كند  تصديق ميA. rosaeگوارشي 

  .كنترل اين آفت را فراهم كند
  
  گاالكتوزيداز-گلوكوزيداز، بتا- گلوكوزيداز، بتا-آميالز، آلفا-، آلفاArge rosae: گان كليدي واژ
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