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ABSTRACT 

Potato tuberworm, Phthorimaea operculella Zeller (Lepidoptera; Gelechiidae) is a 

worldwide pest of solanaceous crops. Larvae feed inside galleries in foliage, stems and 

tubers making chemical control unsuccessful, so other control methods should be applied. 

In recent years many plants have received genes that encode toxic proteins as a strategy to 

resist insect pests. In this study, optimal pH and temperature of digestive α-amylase and 

protease activities of potato tuberworm and the effect of triticale (X Triticosecale wittmack 

cv. Sanabad), rye (Secale cereale L. cv. Danko) and black nightshade (Solanum nigrum L.) 

seed proteinaceous extracts against enzymes activities were evaluated using starch 1% 

and azocasein 2% as a substrate, respectively. The optimum pH of α-amylase and 

protease activities was found to be highly alkaline. Enzymes inhibition assays showed that 

amylase activity was significantly affected by extracts from triticale and rye by pH (P= 

0.05; maximum effect at pH 9) and influencing of protease activity by extracts mentioned 

above did not vary by pHs 8-11 and 9-11, respectively. Extracts from black nightshade 

seed had no effect on enzymes activity. Inhibition manner of various concentrations; 1.5, 

0.75, 0.375, 0.187 and 0.093 (mg protein ml-1) of extracts were dose-dependent. Maximum 

inhibitory effect occurred at the highest concentration and the minimum was at the lowest 

concentration. In polyacrylamide gel assay, both enzymes, without inhibitors showed two 

isozymes, which at highest concentration of extracts, both bands disappeared or their 

intensity decreased. So, these proteins can be introduced to be encoded in producing 

resistant potato crops against potato tuberworm. 
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INTRODUCTION 

The potato tuberworm, Phthorimaea 

operculella (Zeller), is a worldwide pest of 
solanaceous crops especially devastating to 
potato. Although potato tuberworm is 
primarily a pest of potato, it can also be found 
in other solanaceous plants (Rondon, 2010). It 
is one of the most important pests of potato in 
many temperate and tropical regions of the 
world. The pest is native to South America. In 
Iran it was first reported in potato fields in 

Karaj. The larvae mine leaves, stems, and 
petioles cause irregular galleries, and excavate 
tunnels through tubers. Foliar damage to the 
potato crop usually does not result in 
significant yield losses but infested tubers 
especially in non-refrigerated systems may 
have reduced marketability. Several 
approaches are available for the development 
of an integrated pest management system for 
potato tuberworm. Also, since the larvae feed 
inside the tubers, pesticide application in order 
to control this insect is not successful because 
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the insects are not exposed to the insecticides 
(Rondon, 2010). Since insect pests rely on 
digestive enzymes such as α-amylase and 
proteases for their feeding and moreover large 
scale pesticides application causes deleterious 
effects to human environment and also the 
occurrence of resistance in the insect pests 
against the pesticides, enzyme inhibitors 
encoded in transgenic plants could be an 
alternative strategy to control phytophagous 
insect-pests (Gatehouse et al., 1998; Franco et 

al., 2002). Cereals and legumes seeds are the 
rich sources of digestive enzyme inhibitors 
(Franco et al., 2002). Therefore, it is advisable 
to characterize digestive enzymes as well as to 
do in vitro and in vivo bioassay with plant 
proteinaceous inhibitors in order to achieve a 
control strategy based on digestive enzyme 
inhibitors (Harrison and Bonning, 2010). So, 
the goal of the current study was to investigate 
the effect of seed proteinaceous extracts from 
triticale, rye and black nightshade on the 
amylolytic and proteolytic activities of the 
potato tuberworm. 

MATERIAL AND METHODS 

Insect Rearing 

A population of potato tuberworm was 
obtained from the insect physiology 
laboratory (University of Mohaghegh 
Ardabili) and maintained on potato tubers 
(S. tuberosum L. cv. Agria) in plastic 
containers in the incubator set at 30±1°C and 
55% RH (Relative Humidity). 

Enzyme Preparation 

Insect enzyme extraction was done based on 
procedures described by Mehrabadi et al. 
(2012). The fifth instar larvae of potato 
tuberworm was used for enzyme extraction, 
because the most feeding occurs in this instar. 
The larvae were randomly selected, cold-
immobilized on ice for 10 minutes and 
carefully dissected in distilled water under 
stereomicroscope (Nicon WD®). Guts were 

separated and grounded in 1.5 ml of phosphate 
buffer at pH 7 and homogenized with 
homogenizer (Ultra turax T8®). The 1.5 ml 
homogenates from preparations were 
centrifuged at 13,000 rpm for 30 minutes at 
4°C. The supernatants were transferred to a 
new tube and stored at -20°C for further use as 
an enzyme source. 

Optimal pH of α-Amylase and Protease 

Activity Determination 

The optimal pH of α-amylase and protease 
activities were determined using different pH 
values; 8, 9, 10, 11 and 12 of universal buffer 
(Hosseinkhani and Nemat-Gorgani, 2003) 
containing Glycin (0.02M), 2-
morpholinoethansulphonic acid (0.02 M) and 
succinate (0.02 M). To determine the optimal 
pH of α-amylase activity, 10 µl of enzyme 
extract (1.5 mg protein ml-1) was dissolved in 
65 µl universal buffer at distinct pH, then 25 µl 
of starch solution 1% was added to the 
reaction as a substrate and the mixture was 
incubated at 40°C for about 30 minutes. Then 
the reaction was stopped by adding 100 µl 
DNS (DiNitroSalicilic acid) according to 
Bernfeld, 1955 and heated in boiling water for 
10 minutes. Then absorbance of the reaction 
mixture was read at 540 nm by using ELISA 
reader. To determine the optimal pH of 
protease activity, 10 µl enzyme extract was 
incubated with 50 µl azocasein 2% as a 
substrate in 40 µl of distinct pH at 45°C for 
about 60 minutes. According to Saadati et al. 
(2011), the reaction was stopped by adding 
100 µl TCA (TriChloroAcetic acid) and kept 
in the refrigerator at 4°C for about 30 minutes, 
followed by centrifugation at 13,000 rpm for 
about 20 minutes to precipitate non-
hydrolyzed substrate. Finally the absorbance 
of reaction mixtures was measured at 405 nm.  

Optimum Temperature of α-Amylase 

and Protease Activity Determination 

The effect of temperature on α-amylase and 
protease activities was determined by 
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incubating the reaction mixtures including 
enzyme extract, different pH values of 
universal buffer and the specific substrate for 
each enzyme (starch for α-amylase and 
azocasein for protease) at various 
temperatures; 30, 35, 40, 45 and 50°C for 30 
and 60 minutes, respectively. After stopping 
the reactions by adding DNS and TCA to α-
amylase and protease mixtures, the amylolytic 
and proteolytic activities were measured as 
described before. 

Seed Protein Extraction Procedure  

Seeds of rye (Secale cereale L. cv. Danko) and 
triticale (X Triticosecale wittmack cv. Sanabad) 
were supplied by Seed and Plant Improvement 
Institute, Karaj, Iran. Black nightshade (S. 

nigrum L.) seed was obtained from Agriculture 
and Natural Resources Research Center of East 
Azarbaijan, Khosroshahr, Iran. According to 
Baker (1987) and Melo et al. (1999), seeds were 
milled completely, and then 30 grams of grinded 
seeds from each plant was mixed separately with 
100 ml of 0.1M NaCl and stirred for 90 minutes, 
then the mixture was centrifuged at 8,000 rpm 
for about 30 minutes at 4°C. The pellet was 
discarded and proteins were concentrated using a 
saturation of 70% ammonium sulfate followed 
by centrifuging the mixture at the same 
condition. The pellet was dissolved in ice-cold 
Tris-HCl buffer (0.02 M and pH 7.0) and 
dialyzed against the same buffer for about 20 
hours. Then this dialyzed solution was 
transferred to 1.5 ml tubes and placed at 70°C for 
about 15 minutes in order to inactivate the 
enzymes within the seeds. Finally, the 1.5 ml 
tubes were centrifuged at the same condition and 
the supernatants were transferred to other tubes 
and frozen at -20°C as an inhibitor source in 
enzyme inhibition assays. 

The Effect of pH on Inhibitory Activity 

of Seed Extracts 

In-vitro assay of the effect of pH on 
inhibitory activity of seed extracts including 
triticale, rye and black nightshade on α-
amylase and protease activities was assayed. 

At 55µl of given pH value of universal 
buffer (8, 9, 10, 11 and 12), 10µl enzyme 
extract was pre-incubated with 10µl of each 
seed extract solution at 40°C for 15 minutes 
for amylase inhibition assay and 60 minutes 
at 45°C for inhibition assay of protease. 
Then starch 1% solution as α-amylase 
substrate and azocasein 2% as protease 
substrate were added to each enzyme 
mixture. Appropriate blanks were included 
in the experiments, too. The inhibition 
percentage of α-amylase and protease (% I) 
was calculated according to Mehrabadi et al. 
(2011): 

%I α-amylase = [(∆A540 Control-∆A540 
Experiment)/∆A540 Control]×100 

%I protease = [(∆A405 Control-∆A405 
Experiment)/∆A405 Control]×100 

The Effect of Different Concentrations 

of Seed Extracts on Enzymes Activity 

The effect of seed proteinaceous extracts 
on α-amylase and protease activities was 
determined as described by Mehrabadi et al. 
(2010). Various concentrations including 
1.5, 0.75, 0.375, 0.187 and 0.093 mg ml-1 
protein of seed extracts were prepared by 
diluting the most dense extract (1.5 mg ml-1 
protein). Then 10 µl of enzyme extract at 
defined pH (the optimum pH of each 
enzyme activity) was pre-incubated with 
each of the above-mentioned 
contemplations. Then specific substrate of 
both enzymes was added to the mixtures and 
the continuation of assay was done as 
described before. 

All assays were performed with three 

replicates and 20 samples. 

Semi-denaturing Native-PAGE 

Electrophoretic detection of amylolytic and 
proteolytic activity was done basically 
according to the procedures described by 
Laemmli (1970) and Walker et al. (1998). 
Amylolytic activity was detected using 10% 
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(w/v) polyacrylamide gel co-polymerized with 
0.5% starch according to Mehrabadi and 
Bandani (2010) and 4% for stacking gel with 
10% SDS. Electrophoresis was conducted at a 
voltage of 70V at 4oC until the blue dye 
reached the bottom of the gel. Then, the gel 
was rinsed with distilled water and washed by 
1% (v/v) Triton X-100 buffer for about 30 
minutes followed by incubation in Tris-base 
buffer (pH 9.0) containing 2 mM CaCl2 and 10 
mM NaCl for about 2 hours. Finally, the gel 
was treated with a solution of 1.3% I2 and 3% 
KI to stop the reaction and stain the un-reacted 
starch background. Proteolytic activity was 
detected using 10% (w/v) polyacrylamide gel 
co-polymerized with 1% gelatin. 
Electrophoresis was conducted at a voltage of 
70V at 4oC until the blue dye reached the 
bottom of the gel. Then, the gel was rinsed 
with distilled water and washed by 2.5% (v/v) 
Triton X-100 buffer for about 60 minutes 
followed by incubation in Tris-base buffer (pH 
11) for about 24 hours. Finally, the gel was 
treated with staining buffer as described by 
Hosseininaveh et al. (2007) containing 50% 
(v/v) methanol, 10% (v/v) acetic acid and 
0.25% (w/v) Coomassie blue R-250 to stain 
the un-reacted gelatin background for about 
24h and was finally treated with destain buffer 
containing 10% (v/v) methanol and 5% (v/v) 
acetic acid for about 4 hours.  

Zones of α-amylase and protease activities 
appeared at light bands against a dark 
background.  

Protein Determination 

Protein concentration of enzymes 
extracted of insect gut and proteinaceous 
extract of seeds was measured according to 
the method of Bradford (1976), using bovine 
serum albumin (Bio-Rad, Munchen, 
Germany) as a standard. 

Material Supply 

Azocasein, Bovine Serum Albumin 
(BSA), succinic acid disodium salt, and 

Ammonium PerSulfate for electrophoresis 
(APS) were supplied by Sigma (St Louis, 
MO, USA). Tris, phosphate buffer solution 
(pH: 7.0), 2-hydroxy-3,5-DiNitroSalicylic 
acid (DNS), potassium sodium tartrate 
tetrahydrate, starch soluble, TriChloroAcetic 
acid (TCA), sodium hydroxide, ammonium 
sulfate, acrylamide, N,N׳-methylene 
diacrylamide, dodecyl Sulfate Dodium Salt 
(SDS), 2-MorpholinoEthaneSulfonic acid 
(MES), sodium chloride, calcium chloride, 
phosphoric acid, glycerol, potassium iodide, 
iodine, coomassie brillant blue G 250, 
bromophenol blue, and N,N,N׳,N׳-
Tetramethyl ethylenediamine (Temed) were 
purchased from Merck (Darmstadt, 
Germany). Methanol was from Arman Sina 
(Tehran, IRI); glysin from Scharlau 
(Barcelona, Spain) and Triton X-100 from 
Applichem (GmbH in Darmstadt, Germany). 
Spectrophotometric measurements were 
made using ELISA reader, BioTek® 
(Winooski, VT), ELx800. 

Statistical Analysis 

Data was analyzed using MSTAT-C 
software by Single factor ANOVA followed 
by mean comparison with Tukey’s Honestly 
Significant Difference test (HSD). 

RESULTS 

Optimum pH of α-Amylase and 

Protease Activity 

Some features of α-amylase and protease 
enzymes in the potato tuberworm gut were 
determined in introductory experiments. We 
found that the optimal pH of α-amylase 
(Figure 1-a) and protease (Figure 1-b) was in 
the alkaline range with a peak at about pH 9 
and 11, respectively. The α-amylase and 
protease activity level in optimal pH was 
0.024319 and 0.13 U min-1 mg-1 protein, 
respectively. 
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(a) (b) 

Figure 1. The effect of pH on α-amylase (a) and protease (b) of potato tuberworm. Means followed 
by the same letters are not significantly different by Tukey’s test (P< 0.05).  

 

 

Figure 2. The effect of temperature on potato tuberworm α-amylase and protease. Means 
followed by the same letters are not significantly different by Tukey’s test (P< 0.05). 

 

Optimal Temperature of α-Amylase and 

Protease Activities 

In addition, several temperatures including 
30, 35, 40, 45 and 50oC were tested to find 
out the optimum temperature of α-amylase 
and protease activities. The highest activity 
of α-amylase was detected at 40oC and the 
peak of protease activity was found at 45oC, 
(Figure 2). Enzymes activity level at optimal 
temperature was 0.015522 and 0.018392 U 
min-1 mg-1 protein, respectively. 

The Effect of pH on the Inhibitory 

Activity of Seed Proteinaceous Extracts  

Inhibitory activity of seed extracts on α-
amylase and protease activities was 
evaluated in different pH values to study the 
importance of pH factor in insect midgut. 
The results signified that the extract of black 
nightshade could not affect the α-amylase 
activity (data not shown), so the inhibition 
assays were carried out with two other 
plants. The effect of extracts from triticale 
and rye on α-amylase differed at several pH 
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(a) (b) 

Figure 3. The effect of pH on inhibition of potato tuberworm α-amylase (a) and protease (b) by extracts 
from triticale and rye. Means followed by the same letters are not significantly different by Tukey’s test (P< 
0.05). 

 
 

(a) (b) 

Figure 4. Inhibition of potato tuberworm α-amylase (a) and protease (b) by different concentrations of triticale 
and rye. Means followed by the same letters are not significantly different by Tukey’s test (P< 0.05). 

 

values, so that, the highest inhibition 
percentage of α-amylase by both extracts 
was observed at pH 9 (Figure 3-a). Whereas, 
protease activity by triticale and rye extracts 
inhibited significantly at 8-11 and 9-11 pH 
values, respectively (Figure 3-b).  

The Effect of Different Concentrations 

of Seed Extracts on the α-Amylase and 

Protease Activity 

The introductory assay was carried out to 
estimate the protein concentration of seed 
extracts in order to start the enzyme 
inhibition assays. Both extracts showed dose 
dependent style of inhibition. Various 

concentrations; 1.5, 0.75, 0.375, 0.187 and 
0.093 (mg protein ml-1) of the extract from 
triticale inhibited α-amylase activity by 
61.98, 50.41, 38.81, 25.89 and 19.91% and 
the extract from rye decreased the enzyme 
activity by 55.42, 43.34, 32.42, 23 and 
20.62% (Figure 4-a). Also protease activity 
was reduced by the extract from triticale by 
55.80, 50.51, 32.01, 23.59 and 11.61% and 
by the extract from rye by 41.82, 29.68, 
20.35, 15.69 and 8.83% (Figure 4-b). 

In-gel Assay of the Effects of Seed 
Proteinaceous Extracts on the α-Amylase 
and Protease Activity 

Assays in gel, showed that there were two 
major isozymes of α-amylase and protease 
enzymes in the larval gut. When different 
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(a) (b) 

Figure 5. In gel inhibition assay of the effect of different concentrations of plant extracts on the α-
amylase of potato tuberworm using 0.5% starch as substrate. Lane numbers are as follow: (1) Enzyme 
extract with no inhibitor, (2) 0.093, (3) 0.187, (4) 0.375, (5) 0.75, (6) 1.5 mg ml-1 protein of extract from 
triticale (a) and rye (b). A1: Alpha-amylase first isozyme, A2: Alpha-amylase second isozyme. 

 
 

(a) (b) 

Figure 6. In gel inhibition assay of the effect of different concentrations of plant extracts on the protease 
of potato tuberworm using 1% gelatin. 

 

concentrations of seed extracts were used, 
the intensity of bands differed in both cases. 
At the lowest concentration of seed extracts 
(0.093 mg ml-1 protein) both bands were 
faint. At the highest concentration of extract 
from triticale both bands of α-amylase 
(Figure 5-a) and one of the two bands of 
protease (Figure 6-a) disappeared. Whereas, 
the highest concentration of rye extract only 
decreased the intensity of bands of both 
enzymes (Figures 5-b and 6-b). 

DISCUSSION  

The potato crop is one of the most 

important food crops, along with rice, wheat 
and maize all over the world (Ross, 1986; 
Douches et al., 2004). Unfortunately, severe 
losses may occur in storage, especially in 
developing countries where low income 
farmers cannot afford refrigerated storages 
(Rondon, 2010). 

In this study, for the first time, digestive α-
amylase and protease enzymes of potato 
tuberworm were characterized and also the 
effect of extracts from two plants of cereals 
and black nightshade which is the wild host 
of the pest was tested on enzymes activities. 
Many of Lepidopteran insects live on a 
polysaccharide-rich diet and require 
digestive α-amylase to break down and 
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utilize the starch in their food sources. These 
amylases play a very important role in starch 
digestion and in insect survival (Borzoui et 

al., 2013).  
Plant seeds are known to contain a variety 

of enzyme inhibitors that are thought to be 
involved in defense mechanisms against 
herbivores. Among these proteins, the α-
amylase and proteinase inhibitors are found 
in several legume and cereal seeds. There 
are many examples where enzyme 
inhibitors, especially those isolated from 
cereals including wheat (Triticum aestivum 
L.), barley (Hordeum vulgareum L.), 
sorghum (Sorghum bicolor L.), rye (S. 

cereale L.) and rice (Oryza sativa L.) seeds 
inhibit amylase and protease from insect 
guts (Franco et al., 2002; Valencia- Jiménez 
et al., 2008). Therefore in the current study, 
two plant seeds from cereals have been 
tested for inhibitory effects on two digestive 
enzymes of potato tuberworm larvae. 

The acidity of the contents of digestive 
tract is the main factor affecting the 
digestive enzymes (Terra and Ferreira, 
1994). It has been reported that high levels 
of acidity in the phytophagous lepidopteran 
gut is dealing with high levels of tannins in 
their foods. At low acidity these materials 
join the insect enzymes which leads to 
reduced digestion performance. The 
digestive tract of Lepidopteran insects such 
as Mediterranean flour-moth Anagasta 

kuehniella Zeller, Plodia interpunctella 
Zeller and many other Lepidoptera is 
extremely alkaline (Baker, 1989; Sivakumar 
et al., 2006; Amorim et al., 2008; Pytelková 
et al., 2009). In the present study, the results 
of pH assays were in consent with previous 
assays. As we observed, potato tuberworm 
α-amylase and protease exhibited increased 
activity at alkaline pHs 9 and 11, 
respectively. Also, it was found that pH 
factor affected the inhibition of α-amylase 
and protease activity of potato tuberworm by 
seed extracts. An inhibitor which reduces 
enzyme activity at the optimum pH of 
enzyme activity can be used in producing 
transgenic plants against insect pests. The 
highest inhibition of α-amylase and protease 

activity by extracts from triticale and rye 
was observed at the optimum pH of the 
enzymes activity. There are many other 
reports which have confirmed that inhibition 
manner of digestive α-amylase and protease 
by seed proteinaceous extracts is pH 
dependent, e.g., the inhibitory effect of 
wheat seed extract on digestive α-amylase of 
Plutella xylustella L. (Borzoei et al., 2013), 
inhibition of proteolytic and amylolytic 
activity of Tenebrio molitor L. by plant 
proteinaceous seed extracts (Dastranj et al., 
2013). 

The effect of seed proteinaceous extracts 
was also dose dependent, as a gradual 
increase in the amount of the enzyme 
inhibition was observed along with a gradual 
increase in the amount of the seed extract 
concentrations. Mehrabadi et al. (2010) 
found that the effect of triticale seed extract 
on the α-amylase activity of the Sunn pest 
(Eurygaster integriceps Puton) was dose 
dependent. They found that the lowest 
concentration of triticale seed extract (0.25 
mg) inhibited about 10% of enzyme activity, 
while the highest dose of seed extract (1.5 
mg) caused 80% inhibition of enzyme 
activity.  

The role and mechanism of action for most 
of these inhibitors are being studied in detail 
and their respective genes have been 
isolated. These genes have been used for the 
construction of transgenic plants to be 
incorporated in integrated pest management 
programs (Lawrence and Koundal, 2002).  

In conclusion, since the insects such as 
potato tuberworm are greatly dependent on 
α-amylases for their survival and digestion, 
along with the starch as the main and the 
most necessary material in their food, 
amylase could be a good target for insect 
control through α-amylase inhibitors (Franco 
et al., 2002; Svensson et al., 2003; 
Sivakumar et al., 2006). Results showed 
that, potato tuberworm α-amylases are more 
sensitive to be inhibited by tested 
proteinaceous extract from triticale and rye 
seeds in comparison with protease. Finally, 
it should be said that triticale and rye seed 
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extracts can be used to produce resistant 
potato crops against potato tuberworm. 

ACKNOWLEDGEMENTS 

This project was funded by a grant from 
University of Tabriz.  

REFERENCES 

1. Alfonso-Rubi, J., Ortego, F., Castariera, P., 
Carbonero, P. and Diaz, I. 2003. Transgenic 
Expression of Trypsin Inhibitor Cme from 
Barley in Indica and Japonica Rice, Confers 
Resistance to The Rice Weevil Sitophilus 

oryzae. Transgen. Res., 12: 23-31. 
2. Amorim, T. M. L., Macedo, L. L. P., Uchoa, 

A. F., Oliviera, A. S., Pitanga, J. C. M., 
Macedo, F. P., Santos, E. A. and Sales, M. 
P. 2008. Proteolytic Digestive Enzymes and 
Peritrophic Membranes during the 
Development of Plodia interpunctella 

(Lepidoptera: Piralidae): Targets for the 
Action of Soybean Trypsin Inhibitor (SBTI) 
and Chitin-binding Vicilin (EvV). J. Agri. 

Food Chem., 56: 7738-7745. 
3. Baker, J. E. 1987. Purification of 

Isoamylases from the Rice Weevil, 
Sitophilus orizae L. by HPLC and Their 
Interaction with Partially Purified Amylase 
Inhibitor from Wheat. Insect Biochem., 17: 
37-44.  

4. Baker, J. E. 1989. Interaction of Partially-
purified Amylases from Larval Anagasta 

kuehniella Zeller (Lep: Pyralidae) with 
Amylase Inhibitors from Wheat. Comp. 

biochem. Phys., 2: 239-246. 
5. Bernfeld, P. 1955. Amylase, α and β. 

Method Enzymol., 1: 149-154. 
6. Borzoei, E., Bandani, A. R., Dastranj, M. 

and Belbasi, M. 2013. Effect of 
Proteinaceous Extract of Wheat Seeds on α-
amylase Activity of Diamondback Moth, 
Plutella xylustella (L.) (Lepidoptera: 
Plutellidae). SOAJ Entomol. Studies, 2: 1-10.  

7. Borzoui, E., Bandani, A. R. and Goldansaz, 
S. H. 2013. Effects of Cereal Seed 
Protinaceous Extracts on α-amylase and 
Proteinase Activity of Salivary Glands of 
Carob Moth, Ectomyelois ceratoniae 

(Lepidoptera: Pyralidae). J. Crop Protec., 2: 
285-296. 

8. Bradford, M. A. 1976. Rapid and Sensitive 
Method for The Quantitation of Microgram 
Quantities of Protein Utilizing the Principle 
of Protein–dye Binding. Anal. Biochem., 72: 
248-254. 

9. Dastranj, M., Bandani, A. R. and Mehrabadi, 
M. 2013. Age-specific Digestion of 
Tenebrio molitor (Coleoptera: 
Tenebrionidae) and Inhibition of Proteolytic 
and Amylolytic Activity by Plant 
Proteinaceous Seed Extracts. J. Asia-Pacific 

Entomol., 16: 309-315. 
10. De Leo, F., Bonade-Bttino, M., Ceci, L. R., 

Gallerani, R. and Jouanin, L. 2001. Effects 
of a Mustard Trypsin Expressed in Different 
Plants on Three Lepidopteran Pests. Insect 

Biochem. Mol. Biol., 31: 593-602. 
11. Douches, D. S., Pett, W., Santos, F., 

Coombs, J., Grafius, E., Metry, E. A. W. L., 
El-Din, T. N. and Madkour, M. 2004. Field 
and Storage Testing Bt Potatoes for 
Resistance to P. operculella (Lepidoptera: 
Gelechiidae). J. Econ. Entomol., 97: 1425-
1431. 

12. Falco, M. C. and Silva-Filho, M. C. 2003. 
Expression of Soybean Proteinase Inhibitors 
in Transgenic Sugarcane Plants: Effects on 
Natural Defense against Diatraea 

saccharalis. Plant Phys. Biochem., 41: 761-
766. 

13. Franco, O. L., Regden, D. J., Melo, F. R. 
and Grossi-de-Sa, M. F. 2002. Plant Alpha 
Amylase Inhibitors and Their Interaction 
with Insect Alpha Amylases. Structure, 
Function and Potential for Crop Protection. 
Eur. J. Biochem., 269: 397-412. 

14. Gatehouse, A. M. R., Davidson, G. M., 
Newell, C. A., Merrywater, A., Hamilton, 
W. D. O. and Burgess, E. P. J. 1997. 
Transgenic Potato Plants with Enhanced 
Resistance to The Tomato Moth, Lacanobia 

oleracea: Growth Room Trials. Mol. Breed., 
3: 49-63. 

15. Gatehouse, A. M. R., Norton, E., Davison, 
G. M., Babbe, S. M., Newell, C. A. and 
Gatehouse, J. A. 1998. Digestive Proteolytic 
Activity in Larvae of Tomato Moth, 
Acanobia oleracea: Effects of Plant Protease 
Inhibitors In vitro and In vivo. J. Insect 

Phys., 45: 545-558. 
16. Harrison, R. L. and Bonning, B. C. 2010. 

Proteases as Insecticidal Agents. Toxin., 2: 
935-953. 

17. Hosseininaveh, V., Bandani, A. R., 
Azmayeshfard, P., Hosseinkhani, S. and 



  ________________________________________________________________________ Fatehi et al. 

1842 

Kazzazi, M. 2007. Digestive Proteolytic and 
Amylolytic Activities in Trogoderma 

granarium Everts (Dermestidae: 
Coleoptera). J. Stored Prod. Res., 43: 515-
522.  

18. Hosseinkhani, S. and Nemat-Gorgani, M. 
2003. Partial Unfolding of Carbonic 
Anhydrase Provides a Method for Its 
Immobilizationon Hydrophobic Adsorbents 
and Protects It against Irreversible 
Thermoinactivation. Enzyme Microb. Tech., 
33: 179-184. 

19. Laemmli, U. K. 1970. Cleavage of 
Structural Proteins during the Assembly of 
the Head of Bacteriophage T4. Nature, 227: 
680-685. 

20. Lawrence, P. K. and Koundal, K. R. 2002. 
Plant Protease Inhibitors in Control of 
Phytophagous Insects. Electron. J. 

Biotechn., 5: 93-109. 
21. Mehrabadi, M. and Bandani, A. R. 2010. 

New Approach toward α-Amylase 
Electrophoresis and Isoamylase Detection. 
Munis. Entomol. Zool., 5: 1085-1087. 

22. Mehrabadi, M., Bandani, A. R. and Saadati, 
F. 2010. Inhibition of Sunn Pest, Eurygaster 

integriceps, α-Amylases By α-Amylase 
Inhibitors (T-αAI) from Triticale. J. Insect 

sci., 10:179-191.  
23. Mehrabadi, M., Bandani, A. R., Saadati, F. 

and Mahmudvand, M. 2011. Alpa-amylase 
Activity of Stored Products Insects and Its 
Inhibition by Medicinal Plant Extracts. J. 

Agr. Sci. Tech., 13: 1173-1182. 
24. Mehrabadi, M., Bandani, A. R. and Kwon, 

O. 2011. Biochemical Characterization of 
Digestive α-d-Glucosidase and β-
Dglucosidase from Labial Glands and 
Midgut of Wheat Bug Eurygaster maura 

(Hemiptera: Scutelleridae). J. Entomol. Res. 

Soc., 41: 81-87.  
25. Mehrabadi, M., Bandani, A. R., Mehrabadi, 

R. and Alizadeh, H. 2012. Inhibitory 
Activity of Proteinaceous a-amylase 
Inhibitors from Triticale Seeds against 
Eurygaster integriceps Salivary α-
Amylases: Interaction of the Inhibitors and 
the Insect Digestive Enzymes. Pestic. 

Biochem. Phys., 102: 220-228. 
26. Melo, F. R., Sales, M. P., Pereira L. S., 

Bloch, C., Franco, O. L. and Ary, M. B. 
1999. Alpha-amylase Inhibitors from 
Cowpea Seeds. Protein Peptide Lett., 6: 
385-390. 

27. Morton, R. L., Schroeder, H. E., Bateman, 
K. S., Chrispeels, M. J., Armstrong, E. and 
Higgins, T. J. V. 2000. Bean α-Amylase 
Inhibitor 1 in Transgenic Peas (Pisum 

sativum) Provides Complete Protection from 
Pea Weevil (Bruchus pisorum) under Field 
Conditions. Proc. Natl. Acad. Sci. USA, 97: 
3820-3825. 

28. Pytelková, J., Hubert, J., Lepšík, M., 
Šobotník, J., Šindelka, R., Křížková, I., 
Horn, M. and Mareš, M. 2009. Digestive α-
Amylases of The Flour Moth Ephestia 

kuehniella– Adaptation to Alkaline 
Environment and Plant Inhibitors. FEBS J., 
276: 3531-3546. 

29. Rondon, S. I. 2010. The Potato Tuberworm: 
A Literature Review of Its Biology, 
Ecology, and Control. Am. J. Potato Res., 
87:149-166. 

30. Ross, H. 1986. Potato Breeding and 
Perspectives. Berlin Verlag, 123. 

31. Saadati, F., Bandani, A. R. and Moslemi, A. 
2011. Effect of Plant Seeds Protein Extract 
on the Sunn Pest, Eurygaste integriceps 

Puton, Growth and Development and Its Gut 
Serine Protease Activity. Afr. J. Biotechnol., 
10: 11502-11510. 

32. Shands, W. A., Allen, N. and Gilmore, J. W. 
1938. A Survey of Insect Injury to Tobacco 
Grow for The Flue Curing. J. Econ. 

Entomol., 3: 116-117. 
33. Sivakumar, S., Mohan, M., Franco, O. L. 

and Thayumanavan, B. 2006. Inhibition of 
Insect Pest α-amylases By Little and Finger 
Millet Inhibitors. Pestic. Biochem. Phys., 85: 
155-160. 

34. Svensson, B., Fukuda, K., Nielsen, P. K. and 
Bonsager, B. C. 2003. Proteinaceous α-
Amylase Inhibitors. BBA, 1696: 145-156. 

35. Valencia-Jiménez, A., Arboleda Valencia, J. 
W. and Grossi DeSa, M. F. 2008. Activity of 
α-amylase Inhibitors from Phaseolus 

coccineus on Digestive α-Amylases of the 
Coffee Berry Borer. J. Agri. Food Chem., 
56: 2315-2320. 

36. Terra, W. R. and Ferreira, C. 1994. Insect 
Digestive Enzymes: Properties, 
Compartmentaliztion and Function. Comp. 

Biochem. Phys., 109: 1-62. 
37. Walker, A. J., Ford, L., Majerus, M. E. N., 

Geoghegan, I. E., Birch, N., Gatehouse, J. A. 
and Gatehouse, A. M. R. 1998. 
Characterization of The Midgut Digestive 
Proteinase Activity of The Two Spot 
Ladybird (Adalia bipunctata L.) and Its 



Inhibition of PotatoTuberworm Digestive Enzymes ________________________________  

1843 

Sensitivity to Proteinase Inhibitors. Insect 

Biochem. Molec. Biol., 28: 173-180. 
38. Zeller, P. C. 1873. Beitrage Zur Kenntniss 

der Nordamericanishchen Nachtfolter, 

Besonders der Microlepidopteran. Verh. 

Zool. Ges. Wien., 23: 262-263. 

 سياه تاجريزي و چاودار تريتيكاله، بذر پروتئيني هاي عصاره مهاركنندگي فعاليت

 زميني سيب بيد گوارشي پروتئاز و آميلاز-آلفا آنزيم روي

  عاشوري حي، ر. فرشباف پورآباد، ع. ر. بنداني، و ش.تس. فا

 چكيده

يد سيب زميني آفت بسيار مخرب گياهان بادنجانيان در سراسر دنيا مي باشد. تغذيه لاروها درون ب

دالان هاي ساقه، برگ و غده، باعث عدم موفقيت كنترل شيميايي مي گردد، بنابراين بايد به دنبال 

وتئين هاي كاربرد ساير روش هاي كنترلي بود. در سال هاي اخير گياهان متعددي ژن هاي كد كننده پر

اند. در اين مطالعه، اسيديته و دماي بهينه فعاليت سمي را در راستاي مقاومت به آفات دريافت نموده

آميلاز و پروتئاز گوارشي بيد سيب زميني و اثر مهاري عصاره پروتئيني بذر تريتيكاله: -آنزيم هاي آلفا

آنزيم ها به ترتيب با استفاده از زيرنهشت  رقم دانكو، چاودار: رقم سناباد و تاجريزي سياه بر فعاليت اين

%، ارزيابي گرديد. هر دو آنزيم، در رنج قليايي بيش ترين فعاليت را داشتند. 2% و آزوكازئين 1نشاسته 

بيش از ساير  9آميلاز توسط عصاره هاي تريتيكاله و چاودار در اسيديته -در سنجش مهار كنندگي، آلفا

اختلاف چنداني نشان نداد.  11-9و  11-8ذيري پروتئاز در اسيديته هاي ها مهار شد و تاثير پاسيديته

عصاره تاجريزي سياه فعاليت مهاركنندگي نشان نداد. لذا ادامه آزمايشات با دو گياه تريتيكاله و چاودار 

(ميلي گرم  093/0و  187/0، 375/0، 75/0، 5/1هاي صورت پذيرفت. ميزان مهاركنندگي غلظت

لي ليتر) عصاره ها وابسته به دز بود. بيشينه مهاركنندگي در بالاترين غلظت و كمترين ميزان پروتئين بر مي

ترين غلظت مشاهده گرديد. در ژل پلي آكريل آميد، دو ايزوزايم براي هر دو آنزيم تشخيص در پايين

كاسته شد. داده شد كه در بالاترين غلظت عصاره ها، هر دو ايزوزايم حذف گرديده يا از شدت آن ها 

اين داده ها نشان دادند كه پروتئين هاي موجود در بذر تريتيكاله و چاودار مي توانند در توليد گياه سيب 

   زميني تراريخت مقاوم به بيد سيب زميني معرفي گردند.
 

 


