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Abstract: The diamondback moth, Plutella xylostella (L.) (Lepidoptera: 

Plutellidae) is one of the most destructive insect pests, feeding exclusively on 

wild and cultivated cruciferous species. The attacked plants produce 

considerable amount of glucosinolates in response to insects’ feeding. Herein, 

we studied digestive activities of P. xylostella on four different genotypes of 

family Brassicaceae including two canola cultivars (SLM046 and RGS003) and 

two cabbage cultivars (Green-Cornet and Glob-Master). The highest 

proteolytic and amylolytic activities of P. xylostella were observed on Green-

Cornet and the lowest occurred on RGS003 and Glob-Master, respectively. The 

highest activity of α-glucosidase and β-glucosidases were observed on Green-

Cornet and SLM046 and the lowest was observed on Glob-Master and RGS003. 

The zymogram analysis revealed different isozymes of protease, trypsin-like 

and α-amylase in the midgut extract of P. xylostella. Activity of the above 

mentioned isozymes was inhibited in larvae feeding on RGS003 and Glob 

Master as resistant host cultivars. Also, larvae feeding on the resistant 

genotypes showed more glucosidase activities, indicating possibility of high 

glycosinolate existence in the resistant genotypes. By these results we can state 

that host plant property can affect insect digestive physiology through 

inhibiting digestive enzyme activities. These findings provide insights into the 

direct effects of host plants on insect physiology which are conducive to 

change in insect fitness. 
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Introduction12 

 

The diamondback moth, Plutella xylostella 

(L.) (Lepidoptera: Plutellidae), is a specialist 

herbivore on Brassicaceae (Talekar and 
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Shelton, 1993), causing serious damage to 

various oilseed (canola) and food crops 

(Sarauer et al., 2003). Excessive application of 

chemical pesticides has led to increased 

insecticide-resistance in P. xylostella 

(Chougule et al., 2008). Furthermore, P. 

xylostella was the first crop pest which showed 

resistance to Bacillus thuringiensis toxin in 

field condition, indicating high potential of P. 

xylostella to show resistance to other different 
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groups of insecticides. It means that more 

attention should be devoted to find efficient 

non-chemical approaches to control P. 

xylostella and managing the resistance to this 

pest. Disruption of insect midgut physiology 

and digestive biochemistry is a benign 

approach which can be used instead of 

chemicals to delay the resistance development 

in P. xylostella (Sarauer et al., 2003; Kotkar et 

al., 2009). Alternate trophic levels can be in 

positive interaction and regarding any change 

in the lower trophic levels may affect the upper 

trophic ones (Soufbaf et al., 2012, Kianpour et 

al., 2014), study of insect digestive enzymes 

feeding on genetically different host plants can 

help to unveil resistant host plants and 

secondary metabolites involved in the 

resistance to be used in pest control strategies 

(Behmer and Grebenok, 1998; Winter and 

Bergelson, 2001; Mehrabadi et al., 2012; 

Marchioro and Foerster, 2013). 

The lepidopteran larval midgut embraces a 

series of protease enzymes including trypsins, 

chymotrypsins, elastases, cathepsin-B-like 

proteases, aminopeptidases and 

carboxypeptidases, all of which play role in 

protein digestion. Based on recent studies, 95% 

of total digestive activity in lepidopteran 

species was done by serine proteases (Bown et 

al., 1997; Naseri et al., 2010). Other nutrients 

like polysaccharides and starch & related 

carbohydrates are catalyzed by amylase and α-

amylase, respectively (Franco et al., 2000; 

Kotkar et al., 2009). Myrosinase is the main 

enzyme in P. xylostella which enables it to 

feed on resistant Brassicaceous plants through 

catalyzing glucosinolate (Li et al., 2000).  

Although various researchers have 

investigated different aspects of digestive 

enzymes in P. xylostella, nevertheless the effect 

of resistant and susceptible host plants on 

digestive activity of P. xylostella has remained 

approximately unknown (Kotkar et al., 2009; 

Naseri et al., 2010; Garcia- Carreno et al., 2012). 

Herein, we aimed to study digestive physiology 

of P. xylostella on various Brassicaceae host 

plants with emphasis on protease, amylase, 

glucosidase and galactosidase activity.  

Materials and Methods 

 

Insects and plants 

Seeds of two cultivars of canola Brassica 

napus L. including SLM046, RGS003 and two 

cultivars of cabbage Brassica oleracea var. 

capitata including Glob-Master and Green-

Cornet were prepared from Seed and Plant 

Improvement Institute, Karaj, Iran. Several 

seeds of Brassica plants were sown in a 

standard potting mix in plastic pots without 

any fertilizer and pesticides. When they 

reached 5- to 8- leaf stage (about 5weeks after 

planting), the plants were transferred to 

separate pots. The cabbage and canola 

genotypes were nine and six weeks old, 

respectively, when they were used in 

experiments. To colonize P. xylostella, its 

larvae and pupae were collected from cabbage 

fields of Tehran University and maintained in a 

growth chamber set at 25 ± 1 ˚C, 65 ± 5% and 

a photoperiod of 16:8 (L: D) hours. The fourth 

instars of the F2 generation were used for all 

trials.  

 

Sample preparation 

The last-larval instars (< 8 h old) were cold-

immobilized and dissected under a 

stereoscopic microscope and their midguts 

were removed. The isolated midguts were 

cleaned and transferred into a 2 ml microtubes 

containing 1.5 ml distilled water and then 

homogenized using a hand-held glass grinder 

on ice. The homogenates were centrifuged at 

1600 × g for 10 min at 4 ºC and the 

supernatant was removed and stored at -20 ºC. 

All experiments were replicated three to five 

times with appropriate blanks.  

 

Total proteolytic activity 

Total proteolytic activity was measured using 

azocasein as substrate, according to Cohen 

(1993). A volume of 20 μl of 1.5% Azocasein 

solution was added to each microtube 

containing 30 μl of universal buffer (acidity 3 

to 12). Trial solution was incubated at 37 ºC 

for 60 min and then 25 µl of 30% 

trichloroacetic acid (TCA) was added to the 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
20

.9
.1

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

30
 ]

 

                             2 / 15

https://dorl.net/dor/20.1001.1.22519041.2020.9.1.7.4
https://jcp.modares.ac.ir/article-3-31365-en.html


Fathipour et al. ____________________________________________________ J. Crop Prot. (2020) Vol. 9 (1) 

67 

reaction mixture. In the next step, the reaction 

mixture was cooled down at 4 ºC for 60 min 

and centrifuged at 16000 × g for 10 min. An 

equal volume of 2 M NaOH was added to the 

supernatant and the absorbance was 

determined at 450 nm.  

The activity of trypsin, chymotrypsin and 

elastase- like enzymes was measured using 

BApNA, SAAPFpNA and SAAApNA specific 

substrate, respectively (Vinokurov et al., 2005). 

Five microliters of 1 mM substrate were added 

to 10 µl enzyme extract and 85 µl of universal 

buffer (acidity 3 to 12) and the absorbance was 

measured at 405 nm for 40 min at 2 min 

intervals. Rate of enzymatic hydrolysis of the 

substrate was evaluated by an increase in its 

absorbance due to release of 4-nitroaniline. The 

absorbance is routinely measured at 400 nm or 

higher (Erlanger et al., 1961). 

 

α-amylase assay 

α- amylase activity was evaluated using 

dinitrosalicylic acid (DNS) method and 1% 

soluble starch as substrate, according to 

Bernfeld (1955). Twenty microliter of enzyme 

extract with 80 µl of 40 mM universal buffer 

(acidity 3 to 12) and 20 µl substrate were 

incubated for 30 min at 50 ºC. The reaction 

was terminated by adding 50 µl DNS and 

heating in the boiled water for 10 min. The 

absorbance was measured at 540 nm. One unit 

of amylase activity was defined as amount of 

enzyme required to produce 1 mg maltose per 

30 min at 37 ºC under conditions of the assay 

(Kotkat et al., 2009). 

 

Glucosidase and galactosidase assay 

Glucosidase and galactosidase activities were 

measured using specific substrates. 

Accordingly, pNPαGlu (p-nitrophenyl-α-D- 

glucopyranside), pNPβGlu (p-nitrophenyl-β-D- 

glucopyranside), pNPαGala (p-nitrophenyl-α-

D- galactosidase) and pNPβGala (p-

nitrophenyl-β-D- galactosidase) were used to 

determine α-glucosidase, β- glucosidase, α- 

galactosidase and β- galactosidase activities, 

respectively. To do so, 15 µl of the enzyme 

extract with 85 µl of 40 mM universal buffer 

(acidity 3 to 12) and 10 µl 5 mM substrate 

were incubated at 35 ºC for 30 min and the 

absorbance was determined at 405 nm after 

adding 2 M NaOH to terminate the reaction (Li 

et al., 2000). For p-nitrophenol concentration, 

molar extinction coefficient was calculated at 

405 nm (Hardie, 1993) 

Electrophoretic detection of proteolytic 

activity was performed using a native (Non-

denaturing SDS- PAGE) 12.5% and 4% 

resolving and stacking polyacrylamide gels, 

respectively (Laemmli, 1970), followed by 

protocol of Garcia-Carreno et al. (1993). The 

gel was incubated in 2% casein in 50 mM 

universal buffer for 30 min at 4 °C, and then 

the gel immersed to the same solution for 90 

min at 25 °C. The gel was stained using 0.1% 

cimmassie brilliant blue R-250 in methanol- 

acetic acid- water (50: 10: 40). Destaining was 

done in methanol- acetic acid- water (50: 10: 

40) and the bands indicating protease activity 

appeared as clear zones on a dark blue 

background.  

Specific proteolytic activity was determined 

using p-nitroanilide substrates BrpNA, 

SAAPFpNA and SAAApNA, and a native 

(PAGE) 10% and 4% resolving gel and 

stacking polyacrylamide gels, respectively. 

After electrophoresis, the stacking gel was cut 

and resolving gel was incubated for 15 min in 

100 mM universal buffer (pH 10 and 11) for 

determining the trypsin- cymotrypsin- and 

elastase- like enzyme activities, respectively. 

Then, the buffer was removed and the gel was 

covered with a nitrocellulose membrane that 

had been presoaked for 40 min in the substrate 

solution (BApNA, 1 mg ml-1) and slightly air 

dried. The gel and membrane both were 

incubated in a moist chamber at 37 °C until the 

faint yellow bands become visible on the 

membrane. Then, the gel was removed and the 

membrane was incubated for 5 min in three 

solutions serially including 0.1% sodium nitrite 

in 1 M HCl, 0.5% ammonium sulfanate in 1 M 

HCl and 0.05% N- (1-naphthyl)- 

ethylenediamine in 47.5% ethanol. Pink bands 

on the white background indicating the specific 

proteolytic activities. 
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The α-amylase activity was evaluated using a 

native (PAGE) 10% and 4% resolving gel and 

stacking polyacrylamide gels, respectively. The 

sample buffer contained 12 mM CaCl2 in 1% 

starch in 0.1 M phosphate- acetate- borate buffer 

with acidity 8.0 after 1 h incubation. The Gel 

then was washed and incubated by a solution of 

10 mM I2 and 14 mM KI to stop the reaction. 

Areas of α-amylase activity were visualized as 

light strips on a dark blue background. 

Detection of α-glucosidase activity in gel 

was done using the fluorescent substrate 4-

methylumbelliferyl- α- D- glucopyranoside. 

After electrophoresis, the gel was incubated 

with 3 mM substrate in 40 mM phosphate- 

acetate- borate buffer (pH 6.0) for 30 min. The 

bands of α-glucosidase activities were shown 

as fluorescent band under UV. 

 

Protein assay  

Protein concentrations were measured with 

bovine serum albumin as a standard (2, 1.5, 1, 

0.5, 0.125 and 0.063 mg mL-1) (Lowry et al., 

1951).  

 

Data Analysis 

 

The Kolmogorov- Smirnov test was applied to 

test for a normal distribution. The data were 

analyzed by one- way analysis of variance 

(ANOVA) (SPSS, 14.0). Mean comparison 

was done using Duncan Multiple Range test (p 

< 0.05). 

 

Result 

 

Protease activity 

The effect of pH on general protease activity of 

midgut extract is shown in Fig. 1. As shown, the 

lowest and highest proteolytic activities were 

observed at pH 5.0-6.0 (acidic conditions) and 

pH 9.0, respectively. Figure 2 shows that the 

highest protease activity was observed in larvae 

feeding on Green-Cornet and SLM046 genotypes. 

The specific proteolytic activity was also 

measured using specific substrates (Fig. 3). The 

high level of specific proteolytic activity was 

observed over a broad alkaline pH range (pH 9.0-

11.0). Like general protease activity pattern, the 

highest activity of specific protease enzymes was 

observed on Green-Cornet (Fig. 4A-C). The 

highest activity of Trypsin- like and 

Chymotrypsin & Elastase like enzymes occurred 

at pH 10 and pH 11, respectively.  

 

 
 

Figure 1 General proteolytic activity in the larval 

midgut extracts of Plutella xylostella at different 

pHs. Enzymes was assayed in different buffer 

systems of pH 5.0-12.0 using azocasein as substrate 

through spectrophotometric method. Bars represent 

standard errors (± SE). 

 

 
Figure 2 General proteolytic activity of midgut 

extracts of Plutella xylostella in the Plutella 

xylostella larvae reared on the four Brassicaceae 

cultivars using azocasein as substrate, pH 9.0. Bars 

represent standard errors (± SE). 

 

α-amylase activity 

The effects of different pHs on α-amylase 

activity showed two different activity peaks in 

which the first (small peak) was at pH 4.0 and the 

second (big peak) occurred at pH 8.0 (Fig. 5). 

The highest and lowest amylolytic activities were 

seen in larvae feeding on Green-Cornet and Glob 

Master (the cabbage cultivars) (Fig. 6). 
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Glucosidase and galactosidase activity 

The maximum activity of α-galactosidase was 

seen at pH 6.0. So, in alkaline pH, α-galactosidase 

activity decreased and its minimum activity was 

observed at pH 8.0 (Fig. 7A). Similarly, the β- 

galactosidase activity had a negative correlation 

with increased pH and its highest activity was 

observed at pH 4.0 (Fig. 7B). The α and - 

glucosidases had the same activity trend including 

increased activity by increasing acidity to pH 6.0-

7.0. Then the activity decreased by increasing 

acidity (Fig. 7C-D). The highest α-galactosidase 

activity was observed on Green-Cornet (Fig. 8A). 

The larvae fed on SLM046 and Glob Master 

showed the highest β- galactosidase activity (F= 

0.14, d. f. = 19.0, p > 0.05) (Fig. 8B). Different 

Brassicaceae cultivars showed no significant 

difference in α- glucosidase activity (Fig. 8C). The 

high activity of β- glucosidase was observed on 

SLM046 and Green-Cornet cultivars (Fig. 8D). 

 

 

 

 

 

Figure 3 Trypsin- (A), Cymotrypsin- (B) and Elastase- like (C) activities in the larval midgut extracts of Plutella 

xylostella at different pH levels on the serine peptidase substrate. BApNA (A), SAAPFpNA (B) and SAAApNA 

(C), were used as substrate at different pHs. The high level of specific proteolytic activity was observed over a 

broad alkaline pH range (pH 9.0-11.0). Bars represent standard errors (± SE). 
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Figure 4 Trypsin- (A), Cymotrypsin- (B) and Elastase- like (C) activities in midgut extracts of the Plutella 

xylostella larvae reared on the four Brassicaceae cultivars, using BApNA (pH 10), SAAPFpNA (pH 11) and 

SAAApNA (pH 11) as substrate, respectively. Bars represent standard errors (± SE). 

 

 
 

Figure 5 α amylolytic activity in the larval midgut extracts of Plutella xylostella measured by 

spectrophotometric assay in different buffer systems (pH 3.0-12.0) using 1% starch and dinitrosalicylic acid 

(DNS) method as substrate. Bars represent standard errors (± SE). 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
20

.9
.1

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

30
 ]

 

                             6 / 15

https://dorl.net/dor/20.1001.1.22519041.2020.9.1.7.4
https://jcp.modares.ac.ir/article-3-31365-en.html


Fathipour et al. ____________________________________________________ J. Crop Prot. (2020) Vol. 9 (1) 

71 

 
Figure 6 α amylolytic activity of midgut extracts in the Plutella xylostella larvae reared on Brassicaceae 

cultivars using 1% starch as substrate at pH 8.0. Bars represent standard errors (± SE). 

 

 
Figure 7 α-galactosidase (A), -galactosidase (B), α-glucosidase (C) and -glucosidase (D) activities of 

larval midgut extracts from Plutella xylostella was assayed trough spectrophotometric assay in different 

pH levels using pNPαGala, pNPβGala pNPαGlu and pNPβGlu as subst rates. Bars represent standard 

errors (± SE). 
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Figure 8 α-galactosidase(A), -galactosidase (B), α-glucosidase (C) and -glucosidase (D) activities of 

larval midgut extracts from Plutella xylostella larvae reared on Brassicaceae cultivars using pNPαGala 

(pH 6), pNPβGala (pH 4), pNPαGlu (pH 6) and pNPβGlu (pH 7) as substrates. Bars represent standard 

errors (± SE). 

 

Zymogram analysis 

Different isoforms of protease were detected 

in the fourth instar larvae feeding on 

different Brassicaceae cultivars (Fig. 9). The 

zymogram analysis confirmed at least five 

different isoforms of protease in the P. 

xylostella gut extracts (P1-P5) which the P1, 

P2 and P3 were found to be more effective 

than P4 and P5. Also larvae feeding on 

SLM046 and Green-Cornet had higher 

protease activity than those feeding on the 

other cultivars. The isoforms pattern in 

larvae feeding on RGS003 and Glob-Master 

were faint. 

Expression of Trypsin-like enzymes spectra 

was measured using the electrophoresis 

technique (Fig. 10), unveiled at least four 

different bands of trypsin-like enzyme activity 

(T1-T4) in the midgut extract of larvae feeding 

on different Brassicaceae cultivars. Like 

protease isoform, the high activity of trypsin-

like enzyme was detected in the midgut extract 

of larvae feeding on SLM046 and Green Cornet 

cultivars. Expression T1 isoform was highly 

inhibited in RGS003 and Glob Master. 

Further characterizations of α-amylase 

activity in P. xylostella larvae under native-

PAGE and using starch as substrate are 

shown in Fig. 11. Zymogram analysis also 

revealed an amylase isozyme in the fourth 

instar larvae P. xylostella (Fig. 11). As seen 

in the protease zymogram analysis, pattern 

of α amylase activity was weak in larvae 

feeding on the RGS003 and Glob Master 

compared with SLM046- and Green-Cornet 

genotypes. 

D C 
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Figure 9 Zymogram analyses of the effect of some Brassicaceous host plants on proteolytic activity of fourth 

larval midgut extract of Plutella xylostella in non-reducing SDS-PAGE. Protease activity bands are indicated by 

arrows (P1-P5). Abbreviation: SLM, SLM046; RGS, RGS003; GC, Green-Cornet; GM, Glob-Master. 

 

 
 

Figure 10 Zymogram analyses of tryptic activity of larval midgut extracts from Plutella xylostella using an 

overlay technique on nitrocellulose membrane. Tryptic activity bands are indicated by arrows (P1-P4). 

Abbreviation: SLM, SLM046; RGS, RGS003; GC, Green-Cornet; GM, Glob-Master. 
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Figure 11 Zymogram analysis of α-amylase activity in the midgut of the last larval instar of Plutella xylostella 

using native-PAGE. α-amylase activity band are indicated by arrow. Abbreviation: SLM, SLM046; RGS, RGS003; 

GC, Green-Cornet; GM, Glob-Master. 

 

Discussion 

 

Diet density, temperature and pH are amongst 

the important factors which may affect 

digestive enzymes activity through affecting 

midgut protein content (Sivakumar et al., 

2006). P. xylostella has a series of complex 

and diverse proteolytic digestive enzymes 

which enables it to feed on different 

Brassicaceae cultivars. Here, we showed that 

different Brassicaceae cultivars affected the 

digestive physiology of P. xylostella which is 

in line with findings of Yang et al. (2009) who 

showed digestive enzymes of P. xylostella 

were affected by feeding on genetically 

different host plants (Yang et al., 2009). We 

found the highest level of general proteolytic 

activity on SLM046 and Green-Cornet which 

was in accordance with findings of Soufbaf et 

al. (2010) who showed high susceptibility of 

these two cultivars to P. xylostella. 

Furthermore, Kianpour et al. (2014) showed 

that larvae P. xylostella on SLM046 and 

Green-Cornet were weighty rate even in short 

feeding time, indicating high suitability of 

these cultivars and confirms results of the 

present study.  

Zymogram studies revealed five different 

types of protease isozymes (e.g. P1-P5) in 

larvae feeding on Brassicaceae cultivars. The 

P1, P2 and P3 were found to be more prevalent 

than P4 and P5. The highest levels of 

proteolytic activity was observed in larvae 

feeding on susceptible cultivars, SLM046 and 

Green-Cornet. Cultivars RGS003 and Glob-

Master affected P5 and decreased its activity 

compared with the other cultivars which can be 

owing to the high levels of plant protease 

inhibitors (PPIs) existing in RGS003 and Glob-

Master or low protein content of these 

genotypes. Decreased protease activity in 

insects due to high levels of PPIs in host plants 

has been shown by Naseri et al. (2010) who 

showed higher protease activity in 

Helicorverpa armigera (Hubner) (Lepidoptera: 

Noctuidae) feeding on susceptible cultivars 
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and artificial-fed diet than when they feed on 

susceptible ones. 

We showed that trypsin serine protease is 

main specific protease in larvae P. xylostella 

which is in accordance with other studies 

(Naseri et al., 2010; Tabatabaei et al., 2011). 

Although chymotrypsin and elastase were also 

found in P. xylostella their activity was not 

great enough to be detected by zymogram. 

Using zymogram analysis, at least four major 

trypsin isoforms were detected in the midgut 

extracts of P. xylostella larvae. The larvae 

feeding on SLM046 and Green-Cornet had more 

tryptic activity than those feeding on RGS003 

and Globe-Master. Existence of various 

isoforms for trypsin enzyme has been reported 

for other lepidopteran insects (Tabatabaei et 

al., 2011).  

Evolutionarily, herbivorous insects 

attempt to possess a diverse array of 

digestive enzymes and improve their 

adaptability by expressing different types of 

an enzyme to overcome plant protease 

inhibitors (PIs) and ensure digestion 

(Mehrabadi et al., 2012). In contrast, host 

plants try to hinder insect herbivory by 

producing efficient inhibitor compounds 

(i.e., enzyme inhibitors) (Mehrabadi et al., 

2011). Accordingly, the low protease activity 

of P. xylostella larvae on RGS003 and Globe-

Master cultivars, may be related to the high 

levels of PIs in these two cultivars which 

make them unsuitable to be fed by P. 

xylostella larvae. Low food utilization 

indices of P. xylostella on RGS003 and 

Globe-Master (Kianpour et al., 2014) 

corroborates the unsuitability of these two 

cultivars. 

We found that the optimal acidity of α-

amylase activity in P. xylostella larvae 

occurred at alkaline condition which is in line 

with finding of other researchers (Abraham et 

al., 1992; Markwick et al., 1996; Valencia- 

Jimenez et al., 2008). Like trypsin enzyme, the 

higher activity of α-amylase was observed on 

SLM046 and Green-Cornet, indicating lack of 

α-amylase inhibitors in both cultivars. 

Furthermore, we found one additional α- 

amylase isozyme by feeding on SLM046 and 

Green-Cornet which was lacking in larvae 

feeding on RGS003 and Glob-Master which 

may confirm the PIs-mediated resistance in 

RGS003 and Glob-Master. 

Herbivorous insects feeding on Brassicaceae 

host plants, showed different reactions in 

responding to changed Glycosinolate level 

(Eigenbrode et al., 1996) in which the most 

variation was observed in expression of 

glucosidase enzymes, especially β-glucosidase. 

By studying rate of glucosides hydrolase and 

biochemical properties of these enzymes in P. 

xylostella and their response to P. xylostella 

feeding on different plant hosts, we found that 

the high activity of α- and β-galactosidase 

occurred on susceptible cultivars which is in 

line with other reports (Terra and Ferriera, 

1994; Azevedo et al., 2003). The optimal 

acidity for α-glucosidase and β-glucosidase 

activities were at pH 6.0 and 7.0, respectively, 

showing the glucosidase group is more efficient 

at slightly acidic to neutral pH such as that seen 

in some lepidopteran insects (Frandsen and 

Svensson, 1998; Tabatabaei et al., 2011).  

By these results we can conclude that 

susceptibility in Brassicaceae cultivars is 

related to low level of produced glucosinolate 

as a main defensive element in these cultivars 

and ability of P. xylostella in producing 

different enzymes which enables them to 

hydrolyze secondary metabolites in low 

concentration. Considering the efficiency of 

conversion of digested food into larval biomass 

depends on activity of the digestive enzymes 

(Lazarevic et al., 2003; Kotkar et al., 2009), 

therefore, it can be argued that inhibition of 

digestive enzymes in P. xylostella, can be one 

of the important developed defensive 

mechanisms in resistant Brassicaceae which 

makes them unsuitable hosts. Activity of P. 

xylostella digestive enzymes (proteases, 

amylase and glycoside-hydrolysing enzymes) 

was inhibited substantially by feeding on 

resistant Brassicaceae cultivars. This 

mechanism most probably occurs by 

expressing enzyme inhibitors which needs to 

be further investigated. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
20

.9
.1

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

30
 ]

 

                            11 / 15

https://dorl.net/dor/20.1001.1.22519041.2020.9.1.7.4
https://jcp.modares.ac.ir/article-3-31365-en.html


Targeting P. xylostella digestive enzymes _____________________________________________ J. Crop Prot.  

76 

Acknowledgments 

 

This study is a part of PhD dissertation of the 

Roja Kianpour funded by Tarbiat Modares 

University, which is greatly appreciated. 

 

References 

 

Abraham, E. G., Nagaraju, J., and Datta, R. K. 

1992. Biochemical studies of amylases in 

the silkworm, Bombyx mori L.: comparative 

analysis in diapausing and nondiapausing 

strains. Insect Biochemistry and Molecular 

Biology, 22: 867-873. 

Azevedo, T. M., Terra, W. R. and Ferreira, C. 

2003. Purification and characterization of 

three β-glycosidases from midgut of the 

sugar cane borer, Diathraea saccharalis. 

Insect Biochemistry and Molecular 

Biology, 33: 81-92. 

Behmer, S. and Grebeno, K. R. 1998. Impact 

of dietary sterols on life-history traits of a 

caterpillar. Physiological Entomology, 23: 

165-175.  

Bernfeld, P. 1955. Amylase, a and b. Methods 

Enzymology, 1: 49-154. 

Bown, D. P., Wilkinson, H. S. and Gatehouse, J. 

A. 1997. Differentially regulated inhibitor-

sensitive and insensitive protease genes from 

the phytophagous insect pest, Helicoverpa 

armigera, are members of complex multigene 

families. Insect Biochemistry and Molecular 

Biology, 27: 625-638. 

Chougule, N. P., Doyle, E., Fitches, E. and 

Gatehouse, J. A. 2008. Biochemical 

characterization of midgut digestive 

proteases from Mamestra brassicae 

(cabbage moth; Lepidoptera: Noctuidae) 

and effect of soybean Kunitz inhibitor 

(SKTI) in feeding assays. Journal of Insect 

Physiology, 54: 563-572. 

Cohen, A. C. 1993. Organization of digestion 

and preliminary characterization of salivary 

trypsin-like enzymes in a predaceous 

heteropteran, Zelus renardii. Journal of 

Insect Physiology, 39: 823-829. 

Eigenbrode, S. D., Castagnola, T., Roux, M. B. 

and Steljes, L. 1996. Mobility of three 

generalist predators is greater on cabbage 

with glossy leaf wax than on cabbage with 

a wax bloom. Entomologia Experimentalis 

et Applicata, 81: 335-343. 

Erlanger, B. F., Kokowsky, N. and Cohen, W. 

1961. The preparation and properties of two 

new chromogenic substrates of trypsin. 

Archives of Biochemistry and Biophysics, 

95: 271-278. 

Franco, O. L., Rigden, D. J., Melo, F. R., 

Bloch, C., Silva, C. P. and Grossi de Sá, M. 

F. 2000. Activity of wheat α-amylase 

inhibitors towards bruchid α-amylases and 

structural explanation of observed 

specificities. The FEBS Journal, 267: 2166-

2173. 

Frandsen, T. P. and Svensson, B. 1998. Plant 

α-glucosidases of the glycoside hydrolase 

family 31. Molecular properties, substrate 

specificity, reaction mechanism, and 

comparison with family members of 

different origin. Plant Molecular Biology, 

37:1-13. 

García, M., Farinós, G. P., Castañera, P. and 

Ortego, F. 2012. Digestion, growth and 

reproductive performance of the 

zoophytophagous rove beetle Philonthus 

quisquiliarius (Coleoptera: Staphylinidae) 

fed on animal and plant based diets. Journal 

of Insect Physiology, 58: 1334-1342. 

Garcia-carreno, F. L., Dimes, L. E. and Haard, 

N. F. 1993. Substrate-gel electrophoresis 

for composition and molecular weight of 

proteinases or proteinaceous proteinase 

inhibitors. Analytical Biochemistry, 214: 

65-69. 

Kianpour, R., Fathipour, Y., Karimzadeh, J. 

and Hosseininaveh, V. 2014. Influence of 

different host plant cultivars on nutritional 

indices of Plutella xylostella (Lepidoptera: 

Plutellidae). Journal of Crop Protection, 3: 

43-49. 

Kotkar, H. M., Sarate, P. J., Tamhane, V. A., 

Gupta, V. S. and Giri, A. P. 2009. 

Responses of midgut amylases of 

Helicoverpa armigera to feeding on various 

host plants. Journal of Insect Physiology, 

55 (8): 663-670. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
20

.9
.1

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

30
 ]

 

                            12 / 15

https://dorl.net/dor/20.1001.1.22519041.2020.9.1.7.4
https://jcp.modares.ac.ir/article-3-31365-en.html


Fathipour et al. ____________________________________________________ J. Crop Prot. (2020) Vol. 9 (1) 

77 

Laemmli, U. K. 1970. Cleavage of structural 

proteins during the assembly of the head of 

bacteriophage T4. Nature, 227 (5259), 

p.680. 

Lazarević, J. M. and Perić-Mataruga, V. D. 

2003. Nutritive stress effects on growth and 

digestive physiology of Lymantria dispar 

larvae. Jugoslovenska Medicinska 

Biohemija, 22: 53-59. 

Li, Q., Eigenbrode, S. D., Stringam, G. R. and 

Thiagarajah, M. R. 2000. Feeding and 

growth of Plutella xylostella and Spodoptera 

eridania on Brassica juncea with varying 

glucosinolate concentrations and myrosinase 

activities. Journal of Chemical Ecology, 26: 

2401-2419. 

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and 

Randall, R. J. 1951. Protein measurement 

with the Folin phenol reagent. Journal of 

Biological Chemistry, 193: 265-275. 

Hardie, D. G. 1993. Protein Phosphorylation: 

A Practical Approach. Oxford University 

Press, Oxford. 

Marchioro, C. A. and Foerster, L. A. 2013. 

Effects of adult-derived carbohydrates and 

amino acids on the reproduction of Plutella 

xylostella. Physiological Entomology, 38: 

13-19.  

Markwick, N. P., Laing, W. A., Christeller, J. 

T., Reid, S. J. and Ruth Newton, M. 1996. α-

Amylase activities in larval midgut extracts 

from four species of Lepidoptera 

(Tortricidae and Gelechiidae): Response to 

pH and to inhibitors from wheat, Barley, 

Kidney bean, and Streptomyces. Journal of 

Economic Entomology, 89: 39-45.  

Mehrabadi, M., Bandani, A. R., Mehrabadi, R. 

and Alizadeh, H. 2012. Inhibitory activity 

of proteinaceous α-amylase inhibitors from 

Triticale seeds against Eurygaster 

integriceps salivary α-amylases: Interaction 

of the inhibitors and the insect digestive 

enzymes. Pesticide Biochemistry and 

Physiology, 102: 220-228.  

Mehrabadi, M., Bandani, A. R., Saadati, F. and 

Mahmudvand, M. 2011. α-Amylase activity 

of stored products insects and its inhibition 

by medicinal plant extracts. Journal of 

Agricultural Science and Technology, 13: 

1173-1182. 

Naseri, B., Fathipour, Y., Moharramipour, S., 

Hosseininaveh, V. and Gatehouse, A. M. 

2010. Digestive proteolytic and amylolytic 

activities of Helicoverpa armigera in 

response to feeding on different soybean 

cultivars. Pest Management Science, 66: 

1316-1323.  

Sarauer, B. L., Gillott, C. and Hegedus, D. 

2003. Characterization of an intestinal 

mucin from the peritrophic matrix of the 

diamondback moth, Plutella xylostella. 

Insect Molecular Biology, 12: 333-343.  

Sivakumar, S., Mohan, M., Franco, O. L. and 

Thayumanavan, B. 2006. Inhibition of 

insect pest α-amylases by little and finger 

millet inhibitors. Pesticide Biochemistry 

and Physiology, 85: 155-160.  

Soufbaf, M., Fathipour, Y., Karimzadeh, J. and 

Zalucki, M. P. 2010. Bottom-up effect of 

different host plants on Plutella xylostella 

(Lepidoptera: Plutellidae): a life-table study 

on canola. Journal of Economic 

Entomology, 103: 2019-2027. 

Soufbaf, M., Fathipour, Y., Zalucki, M. P. and 

Hui, C. 2012. Importance of primary 

metabolites in canola in mediating interactions 

between a specialist leaf-feeding insect and its 

specialist solitary endoparasitoid. Arthropod-

Plant Interactions, 6: 241-250.  

Tabatabaei, P. R., Hosseininaveh, V., 

Goldansaz, S. H. and Talebi, K. 2011. 

Biochemical characterization of digestive 

proteases and carbohydrases of the carob 

moth, Ectomyelois ceratoniae (Zeller) 

(Lepidoptera: Pyralidae). Journal of Asia-

Pacific Entomology, 14: 187-194. 

Talekar, N. S. and Shelton, A. M. 1993. 

Biology, ecology, and management of the 

diamondback moth. Annual Review of 

Entomology, 38: 275-301. 

Terra, W. R. and Ferreira, C. 1994. Insect 

digestive enzymes: properties, 

compartmentalization and function. 

Comparative Biochemistry and Physiology 

Part B: Comparative Biochemistry, 109 

(1): 1-62. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
20

.9
.1

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

30
 ]

 

                            13 / 15

https://dorl.net/dor/20.1001.1.22519041.2020.9.1.7.4
https://jcp.modares.ac.ir/article-3-31365-en.html


Targeting P. xylostella digestive enzymes _____________________________________________ J. Crop Prot.  

78 

Valencia-Jiménez, A., Ávila, A. L. and Grossi-

de-Sa, M. F. 2008. Digestive α-amylases 

from Tecia solanivora larvae (Lepidoptera: 

Gelechiidae): response to pH, temperature 

and plant amylase inhibitors. Bulletin of 

Entomological Research, 98: 575-579.  

Vinokurov, K. S., Oppert, B. and Elpidina, E. 

N. 2005. An overlay technique for 

postelectrophoretic analysis of proteinase 

spectra in complex mixtures using p-

nitroanilide substrates. Analytical 

Biochemistry, 337: 164-166.  

Winterer, J. and Bergelson, J. 2001. 

Diamondback moth compensatory 

consumption of protease inhibitor-

transformed plants. Molecular Ecology, 10: 

1069-1074. 

Yang, L., Fang, Z., Dicke, M., van Loon, J. J. 

and Jongsma, M. A. 2009. The 

diamondback moth, Plutella xylostella, 

specifically inactivates Mustard Trypsin 

Inhibitor 2 (MTI2) to overcome host plant 

defence. Insect Biochem. Molecular 

Biology, 39: 55-61. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
20

.9
.1

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

30
 ]

 

                            14 / 15

https://dorl.net/dor/20.1001.1.22519041.2020.9.1.7.4
https://jcp.modares.ac.ir/article-3-31365-en.html


Fathipour et al. ____________________________________________________ J. Crop Prot. (2020) Vol. 9 (1) 

79 

 

 مقاوم ارقام از استفاده با Plutella xylostella الماسیپشت پرهشب گوارشی هایآنزیم مهار

 چلیپائیان خانواده
 

 1و محمد مهرآبادی 4نوه، وحید حسینی3زاده، جواد کریم2، عبدالنبی باقری1پور، روجا کیان*1پوریعقوب فتحی

 
 شناسی کشاورزی، دانشکده کشاورزی، دانشگاه تربیت مدرس، تهران، ایران.گروه حشره -1

پزشکی، مرکز تحقیقات و آموزز  کشواورزی و منوابب عییهوی گرمزگوان، سوازمان تحقیقوات، آموزز  و توروی           بخش تحقیقات گیاه -2

 کشاورزی، بندرعیاس، ایران.

پزشکی، مرکز تحقیقات و آمزز  کشاورزی و منابب عییهی اصفهان، سازمان تحقیقات، آمزز  و تروی  کشاورزی، بخش تحقیقات گیاه -3

 بندرعیاس، ایران.

 .پزشکی، دانشکده کشاورزی و منابب عییهی، دانشگاه تهران، کرج، ایرانگروه گیاه -4

 fathi@modares.ac.irمسئزل مکاتیه:  نزیسندگان الکترونیکی پست

 1398 مرداد 28؛ پذیر : 1397 اسفند 25دریافت: 

 

ترین یکی از مخرب Plutella xylostella (L.) (Lepidoptera: Plutellidae)الماسی پره پشتشبچکیده: 

گای وحشی و زراعی این خانزاده یافته روی گزنهتخصص شکل کاملاًفات خانزاده چلیپائیان گست که بهآ

 کند. گیاگان مزرد حمله در واکنش به تغذیه این آفوت، مقوادیز زیوادی گلزکززینوزوت تزلیود      تغذیه می

روی چهوار ننزتیوم مختلوز از     P. xylostellaگوای گزارشوی   کنند. در پژوگش حاضر فهالیت آنوزی  می

و دو  (003RGS و 046SLMگای مزرد مطالهه شامل دو ننزتیم کلزا )خانزاده چلیپائیان بررسی شد. ننزتیم

ی گوا تورین فهالیوت آنوزی    ( بوزد. نتوای  نشوان داد کوه بویش     Glob-Masterو  Green-Cornetرق  کل  )

 003RGSترین آن روی و ک  Cornet-Greenالماسی روی رق  پره پشتپروتئزویتیک و آمیلزویتیک شب

و  Cornet-Greenز روی گلزکززیودا گای آلفاگلزکززیداز و بتاترین فهالیت آنزی بزد. بیش Master-Glob و

046SLM  ترین آن رویو ک Master-Glob  003وRGS دست آمده از مطالهه زایمزگرام نشوان  بزد. نتای  به

یب استخراج شده از مهده آمیلاز در ترکگا و آلفاگای مختلفی از پروتئازگا، شیه تریپسینداد که ایزوزای 

گوا در وروگوایی کوه روی ارقوام مقواوم      این آیوزوزای  الماسی وجزد دارد که فهالیت پره پشتمیانی شب

Master-Glob  003وRGS  گای مقاوم تغذیه چنین وروگایی که روی ننزتیمتغذیه کردند، متزقز شد. گ

مقادیر زیادی گلزکززینوزوت در   دگد احتماوًتری داشتند که نشان میکردند فهالیت گلزکززیدازی بیش

 دگود کوه تزانوایی یاتوی گیاگوان مقواوم       لهه وجزد دارد. این نتای  نشان میگای مقاوم مزرد مطاننزتیم

گای گزارشوی آن تحوت   الماسی را از عریق مهار فهالیت آنزی پره پشتشب تزاند فیزیزلزنی گزارشیمی

گیاگان میزبان روی  خصزص اثرات مستقی این پژوگش حاوی نکات ارزشمندی درثیر قرار دگد. نتای  تأ

 الماسی است.پره پشتشب فیزیزلزنی

 

 Plutella xylostellaگای گزارشی، مقاومت گیاگی، ، آنزی Brassicaceae واژگان کلیدی:
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