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Abstract 

Digestive proteolytic profile was determined in the larvae of
Dyspessa palidata (Staudinger), which is the most important pest of
Alliaceae in Europe and Iran. Compartmentalisation of the proteolytic
activities by considering soluble and membrane-bound fractions
revealed that soluble fractions of the whole midgut preparations had
higher general proteolytic activity than membrane-bound fractions.
Also, four proteolytic bands were observed in the soluble fraction of the
total midgut preparation in electrophoresis. Compartmentalisation of
the specific proteases revealed presence of trypsin, elastase, amino-
and carboxy peptidases in posterior midgut but the highest activities
of other proteases were found in anterior midgut. The highest activity
of general protease was found at pHs of 6 and 8. Also, pH dependency
of trypsin, chymotrypsin and elastase were found at values of 8, 7-8 and
9 but cathepsins had the optimal pH at 6. Exopeptidases showed the
optimal value at pH of 7 although carboxypeptidase showed same activ-
ity at values of 6 and 7. The inhibitory concentrations 50% (IC50) of
AEBSF.HCL on trypsin, chymotrypsin and elastase proteases were
found to be 3.69, 3.31 and 4.09 mM, respectively. IC50 concentrations of
TLCK, SBTI and TPCK significantly inhibited trypsin and chymotrypsin
activities. IC50 of E-64 were 3.67 and 4.16 mM on cathepsin B and L but
cystatin revealed 5.22 and 4.48 mM concentrations on cathepsin B and
L, respectively. EDTA and phenathroline as metalloproteinase
inhibitors had IC50 of 3.25 and 3.91 mM on general proteolytic activity.

Results of the current study revealed larvae of D. palidata utilised dif-
ferent proteases to increase digestive efficiency when they fed on the
host plants containing several toxic molecules. 

Introduction

Dyspessa palidata (Staudinger) (Lepidoptera: Cossidae) is the most
important pest of the Alliaceae family in Europe and Iran and causes
severe damages in both fields and stores (Khanjani, 2005). Larvae
penetrate bulbs of Allium spp. and the inner parts of garlic, facilitating
spoilage by pathogens (Haydari, 1986). The moth overwinters as 5th

instar larvae and pupates in soil. Major control procedures against the
pest are using light and pheromone traps, crop rotation, sanitation and
disinfection in stores (Khanjani, 2005). 
Proteases are one of the key enzymes involved in several physiolog-

ical processes in insects from digestion to cell death (Kanost & Clem,
2012; Terra & Ferreira, 2012). In protein digestion, proteinases
(endopeptidases) initially attack internal bonds, converting the macro-
molecules to oligopeptides. Then, amino- (EC 3.4.11.2) and carboxy-
peptidases (EC 3.4.17.1), remove amino acids from N- and C-terminals
(Terra & Ferreira, 2012). Proteinases are categorised into several sub-
classes based on their chemical groups regarding catalysis and sub-
strate specificity (Kanost & Clem, 2012). Serine, cysteine, aspartic and
metalloproteinases are the four main groups of endopeptidases.
Serines have serine, histidine, and aspartic acid residues in their
active site divided into trypsin (EC 3.4.21.4), chymotrypsin (EC
3.4.21.1) and elastase (EC 3.4.21.36) proteases are associated with dif-
ferent substrate specificities (Terra & Ferreira, 2012). These enzymes
hydrolyse a peptide bond by the hydroxyl group in the side chain of ser-
ine residue that acts as a nucleophile (Kanost & Clem, 2012).
Cathepsins have two main groups namely B (EC 3.4.22.1) and L (EC
3.4.22.15) that the sulfhydryl group of a cysteine side chain acts as
nucleophile to hydrolyse peptide bonds (Terra & Ferreira, 2012; Kanost
& Clem, 2012). Cathepsin D (EC 3.4.23) is a member of aspartic pro-
teinases containing water molecule in the active site as the nucle-
ophile similar metalloproteinases (Kanost & Clem, 2012). Many
insects use different types of proteases based on various food sources.
Also, these enzymes may be involved to inactivate toxic compounds
ingested along with food (Terra & Ferreira, 2012).
Evidence of serines in Lepidoptera, cathepsins in Hemiptera and

Coleoptera, and exopeptidases in almost all insects has been deter-
mined several studies on digestive proteases of insects (Terra &
Ferreira, 1994; Johnson & Rabosky, 2000; Cristofoletti et al., 2003; Terra
& Ferreira, 2012). Determination of such enzymes is crucial to target
them as a pest control procedures. Pest control tactics utilising protease
inhibitors, lectins and ribosome inactivating proteins require our
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understanding of insect interactions by the given entomotoxic mole-
cules. In Lepidoptera, a majority of the studies have been done on mod-
els where the larvae fed on aboveground parts of host plants. In the cur-
rent study, we wanted to determine the digestive proteolytic profile in
the midgut of D. palidata larvae, which intensively fed on Allium spp.
bulbs. This study is important because bulbs of garlic are rich of lectins
and protease inhibitors (Ankri & Mirelman, 1999; Clement et al., 2010).
Therefore, determination of protease presence is needed to find possi-
ble adaptations among secondary components of garlic and proteases
when this is a first report on the digestive physiology of D. palidata.
Initially, compartmentalisation of the proteolytic activities was deter-
mined in the anterior and posterior midguts by considering soluble and
membrane bound fractions. Finally, the experiment was continued to
find optimal pH and proteolytic nature in presence of specific inhibitors.

Materials and methods

Insect rearing
The stock culture of D. pallidata was obtained from a laboratory

colony reared on garlic bulbs (Hamedan cultivar) in small plastic tubes
(diameter 2 cm, depth 5 cm). Larvae of D. pallidata were reared on the
bulbs in a growth chamber (Binder KBWF, model 240, Germany) at
25±1°C, 65±5% relative humidity, and complete darkness to reach 5th

instar larvae.

Sample preparation
Larvae of D. palidata were randomly selected and their midguts were

removed by dissection in ice-cold saline solution (NaCl, 125 mM).
Samples including total, anterior- and posterior-midguts were
homogenised by a glass pestle in ice-cold distilled water and cen-
trifuged at 28,500 g for 20 min (Elpidina et al., 2001). Supernatant was
considered as the soluble fraction and the amount of protein was deter-
mined based on Lowry et al. (1951). Pellets from first centrifugation
were used in solubilising the membrane-bound enzymes in Triton X-
100, membrane preparations for 20 h at 40°C, in a ratio of 10 mg of
Triton X-100 per mg of protein. Incubated samples were centrifuged at
28,500 g rpm for 30 min and gained supernatant was used as mem-
brane-bound fraction (Ferreira & Terra, 1983). 

Compartmentalisation of proteolytic activity
In all prepared samples, general and proteolytic activities were

assayed using specific substrates, negative control (Pre-boiled samples
for 30 min) and the highest recommended of specific inhibitors
besides visualisation of the enzymes in native-polyacrylamide elec-
trophoresis (See below).

General proteolytic assay
General proteolytic activity was measured using haemoglobin (20

mg/mL) based on a method described by Elpidina et al. (2001). The
reaction mixture consisted of 100 mL of universal buffer (glycine, suc-
cinate, 2-morpholinoethan sulphuric acid, 20 mM), 40-mL haemoglobin
and 20 mL of the samples. After incubation at 37°C for 60 min, proteol-
ysis was stopped by the addition of 150 mL of 10% trichloroacetic acid.
Precipitation was achieved by cooling at 4°C for 120 min and cen-
trifuged at 20,000 g for 10 min. An equal volume of NaOH (2 M) was
added to the supernatant and absorbance was recorded at 440 nm. The
blank consisted of all mentioned portions except for enzyme solution. 

Serine proteolytic assay
Trypsin-, chymotrypsin-, and elastase-like activities were assayed

using 1 mM BApNA (Na-benzoyl-L-arginine-p-nitroanilide; Sigma-

Aldrich, 19362), SAAPPpNA (N-succinyl-alanine-alanine-proline-
phenylalanine-p-nitroanilide, Sigma-Aldrich, S7388), and SAAApNA
(N-succinyl-alanine-alanine-alanine-p-nitroanilide; Sigma-Aldrich,
S4760) as substrates, respectively. The reaction mixture consisted 30
mL of universal buffer (pH 8), 5 mL of each of the substrates, and 5 mL
of enzyme solution. The reaction mixture was incubated for 10 min
and the absorbance was measured at 405  nm by p-nitroaniline release.
To determine the specific proteolytic activity, a negative control was
separately provided for each substrate containing all the mentioned
components with the enzyme pre-boiled at 100°C for 30 min. Also,
inhibition tests were done using AEBSF.HCl [4-(2-Aminoethyl) ben-
zenesulfonyl fluroride hydrochloride; Thermo Scientific, USA, 78431]
(2 mM; Walsmann et al., 1972), TLCK [N�-p-Tosyl-L-lysine methyl ester
hydrochloride, Sigma-Aldrich, T5012] (1 mM; Shaw et al., 1965), TPCK
[N-tosyl-Lphenylalanine chloromethyl ketone; Sigma-Aldrich, T7254)
(1 mM; Hahm et al., 1995). 

Cysteine proteinase assay
Cathepsin B and L activities were evaluated using a 1 mM concen-

tration of Z-Ala-Arg- Arg 4-methoxy-�-naphthylamide acetate and N-
benzoyl-Phe-Val-Arg-pnitroanilide hydrochloride (C8536, Sigma-
Aldrich, B2133) as substrates, respectively. The reaction mixture con-
sisted of 30 mL universal buffer (pH 5), 5 mL of each substrate, and 5
mL of the enzyme solution. The reaction mixture was incubated for 10
min prior to read absorbance at 405 nm. Also, inhibition tests were
done using E-64 [E-(L-transepoxysuccinyl-leucylamido (4-guanidino)-
butane; Sigma-Aldrich, E3132)] (0.01 mM; Hamada et al., 1981).

Exopeptidases
Activities of amino- and carboxypeptidases were assayed using hip-

puryl-L-arginine (Sigma-Aldrich, H2508) and hippuryl-L-phenylalanine
(Sigma-Aldrich, H6875), respectively. The reaction mixture consisted
of 30 mL of universal buffer (pH 7 as the recommended pH for exopep-
tidases), 5 mL of each substrate, and 5 mL of enzyme solution. The reac-
tion mixture was incubated for 10 min and read at 340 nm. 

Effect of pH on general and specific proteolytic activities
Ranges of 4-12 were considered to find optimal pH of general and

specific proteolytic activities in the larval midgut of D. palidata.
Universal buffer was used in this experiment and all steps were done
as described earlier.

Effects of specific inhibitors on proteolytic activity
Concentrations of several inhibitors were prepared and exposed to

find activity of their target proteases. These inhibitors and their used
concentrations were: AEBSF.HCl (0.1, 0.3, 0.5. 1 and 2 mM) for serine,
TLCK (0.1, 0.3, 0.5. 1 and 2 mM) and SBTI (0.1, 0.3, 0.5. 1 and 2 mM)
for trypsin, TPCK (0.1, 0.3, 0.5. 1 and 2 mM) for chymotrypsin, E-64
(0.1, 0.3, 0.5, 0.7 and 1 mM) and cystatin (0.1, 0.3, 0.5, 1 and 3 mM) for
cathepsins, EDTA and phenanthroline (0.1, 0.5, 1, 3 and 5 mM) as met-
alloproteinase inhibitors. Reaction mixtures contained 50 mL of univer-
sal buffer in optimal value, 20 mL of specific substrate, 20 mL of
inhibitors and 10 mL of enzyme. Incubation time was 10 min and
absorbance was read at the given wavelength.

Native-polyacrylamide gel electrophoresis 
Zymogram analysis was carried out finding presence of proteolytic

isozymes by non-denaturing polyacrylamide gel electrophoresis (PAGE)
described by Laemmli (1970). Native-PAGE was performed in a 10%
(w/v) separating gel and a 4% stacking gel. The electrode buffer was
prepared based on the method of Laemmli (1970). The sample buffer
contained 25% stacking buffer (0.5 M/L Tris-HCl [pH 6.8]), 20% glyc-
erol, and 0.005% (w/v) bromophenol blue. Electrophoresis was conduct-
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ed at room temperature under voltage (100 V) until the blue dye
reached the bottom of the slab gel. Electrophoretic detection of prote-
olytic enzymes was performed according to the method described by
Garcia-Carreno et al. (1993). Non-reducing SDS-PAGE was carried out
at 4°C in gels containing 0.5% gelatin. When the dye reached the end
of the glass, the gel was gently removed, washed with distilled water
and immediately fixed and stained overnight with 0.1% of Coomassie
brilliant blue R-250 in methanol-acetic acid-water (50:10:40). De-stain-
ing was done in methanol-acetic acid-water (50:10:40).

Protein assay
Protein concentrations were assayed according to the method

described by Lowry et al. (1951) provided by Ziest Chem. Co., Tehran-Iran.

Statistical analysis
Data were compared by one-way analysis of variance (ANOVA) fol-

lowed by Tukey’s test (P≤0.05). When inhibitors were used in compart-
mentalisation, t-tests were used to find statistical differences between
control and inhibitor treatments. Differences between samplings were
considered statistically significant at a probability less than 5%. 

Results

Compartmentalisation of general proteolytic activity
Compartmentalisation of the general proteolytic activity in the larvae

of D. palidata is shown in Figure 1. Overall, the proteolytic activities in
the soluble fractions were higher than those of membrane-bound.
Moreover, total midgut preparation showed the highest proteolytic
activity versus anterior- and posterior-midgut preparations (P≤0.0001,
Pr>F: 168.68). In gel electrophoresis, four proteolytic bands were
observed in the soluble total midgut but these bands were not present
in other preparations. The gel shows almost no proteolytic band in
membrane-bound fractions (Figure 1).

Compartmentalisation of specific proteolytic activity
Both a negative control and specific inhibitors were used to show

distribution of specific proteases in total, anterior- and posterior-
midgut preparations (Figures 2-4). Although activities of all serine pro-
teases were observed in the larval midgut of D. palidata, trypsin
(P≤0.002, t-test) and elastase (P≤0.013, t-test) showed higher activity
in the anterior-midgut but it was vice versa in the case of chymotrypsin
(P≤0.003, t-test) (Figure 2). 
Both cathepsin B (P≤0.003, t-test) and L (P≤0.030, t-test) showed

the highest activities in anterior-midgut but posterior-midgut had the
highest activities of exopeptidases (P≤0.0012 and P≤0.0003 Tukey test)
(Figures 3 and 4). In all above-mentioned treatments, the highest con-
centration of specific inhibitors significantly decreased proteolytic
activities (Figures 2-4). 

Effect of pH on general and specific proteolytic activities
The optimal pH values of whole midgut preparation varied from 6-8

(P≤0.0005, Pr>F: 57.26) but optimal pH of 6 and 8 were observed when
the experiment was done by anterior- (P≤0.0001, Pr>F: 134.97) and
posterior-midgut preparations (P≤0.0001, Pr>F: 56.47) (Figure 5). pH
of 8, 7-8 and 9 were optimal values for tryspin (P≤0.0001, Pr>F: 55.01),
chymotrypsin (P≤0.0001, Pr>F: 109.57) and elastase (P≤0.0001, Pr>F:
20.15) activities, respectively (Figure 6). In cathepsins, optimal pH was
6 (P≤0.0001, Pr>F: 83.57; P≤0.0001, Pr>F: 72.22) (Figure 6). Although
the highest activity of aminopeptidase was observed at pH of 6
(P≤0.0001, Pr>F: 162.75), carboxypeptidase showed the highest activi-
ties in both pH values of 6 and 7 (P≤0.0001, Pr>F: 68.53) (Figure 6). 

Effects of specific inhibitors on proteolytic activity
Specific inhibitors used in this experiment significantly inhibited

proteolytic activities in the larval midgut of D. palidata (Figure 7).
AEBSF.HCl inhibited all serine protease activities between 70 to 90% by
the inhibitory concentrations 50% (IC50) concentrations of 3.69, 3.31
and 4.09 mM on trypsin, chymotrypsin and elastase, respectively
(Figure 7A). Both TLCK and SBTI are the specific inhibitors of tryspins
but those inhibited up to 80% of the enzymatic activity by IC50 concen-
trations of 3.34 and 3.96 mM, respectively (Figure 7B). Also, TPCK lead
to 70% of chymotrypsin inhibition by IC50 concentration of 4.35 mM
(Figure 7B). E-64 caused almost 80% of inhibition on cathepsins B and
L by IC50 of 3.67 and 4.16 mM (Figure 7C) but cystatin revealed IC50 of
5.22 and 4.48 mM on cathepsin, respectively. Finally, EDTA and phanan-
throline revealed inhibition of 70 and 80% as inhibitors of metallopro-
teinases, respectively on general proteolytic activity by IC50 of 3.25 and
3.91, respectively (Figure 7E).

Discussion

The current study demonstrated proteolytic profile and compart-
mentalisation in the larval midgut of D. palidata. Our results revealed
higher activity of proteases in soluble fraction than membrane-bound
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Figure 1. General proteolytic activity in different parts of the lar-
val midgut from D. palidata. Statistical differences have been
marked by various letters (Tukey test, P≤0.05). T-S, total soluble;
AM-S, anterior midgut soluble; PM-S, posterior midgut soluble;
T-M, total membrane-bound; AM-M, anterior midgut mem-
brane-bound; PM-M, posterior midgut membrane-bound.
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one. It should be considered that the higher activity in anterior/pos-
terior midgut in comparison with total preparation might be due to
concentration of protein used to calculate specific activity.
Absorbance of the reaction mixture in total midgut preparation was
higher than those of separated midgut preparations. These differ-
ences point out digestion organisation in the larvae of D. palidata.
Elpidina et al. (2001) reported higher proteolytic activity in the poste-
rior midgut of Nauphoeta cinerea Oliv. (Blattoptera: Blaberidae).
Zibaee (2012) reported higher proteolytic activities in the soluble
fraction of the larval midgut in Pieris brassicae L. (Lepidoptera:
Pieridae) except for amino and carboxypeptidases. Ajamhassani et al.
(2012) and Yazdani et al. (2013) showed that all digestive proteases
in the larvae of Utethesia pulchella L. (Lepidoptera: Arctiidae) and
Papilio demoleus L. (Lepidoptera: Papilionidae) were active in soluble
fraction. These differences could be attributed to feeding behaviours
of these species. First, a regulated release of digestive enzymes has
been reported in the lumen of midgut via stored vesicles in the cyto-

plasm (Lehane et al., 1996). On the other hand, a trace of enzymatic
activity might be detected in the midgut of insects even in starvation.
Woodring et al. (2009) reported a continuous secretion of trypsin and
aminopeptidase at a basal rate in unfed individuals of Gryllus bimac-
ulatus (Orthoptera: Gryllidae). Second, Terra & Ferreira (2012) pro-
posed the occurrence of membrane-bound exopeptidases in the
midgut of Lepidoptera, Coleoptera and Diptera as the receptors of Cry
proteins and lectins. We suppose a phenomenon similar to the second
scenario in case of D. palidata larvae. The larvae utilise garlic bulbs,
which have rich sources of lectins (Clement et al., 2010). Lectins are
the heterogenous proteins that bind to some receptors on the mem-
brane of midgut epithelial cells cause cytotoxicity and disrupt diges-
tion processes in insects. So, if the larvae of D. plidata have mem-
brane-bound enzymes, mainly exopeptidases, those may be targeted
by garlic lectins and adversely affect the digestion physiology of the
larvae. Hence, the majority of digestive proteases of the larvae are
soluble rather than membrane-bound. Moreover, suggestion of Terra
& Ferreira (2012) may not be common for all insects since our previ-
ous studies on the larvae of U. pulchella, P. demoleus and Bacterocera
oleae Gmelin (Diptera: Tephritidae) showed the soluble nature of
digestive proteases (Ajamhassani et al., 2012; Yazdani et al., 2013;
Delkash-Roudsari et al., 2014). In addition, different assayed proteas-
es had various activities in the anterior- and posterior-midgut prepa-
rations. Higher activity of cathepsins and chymotrypsin in anterior-
midgut of D. palidata larvae may be attributed to importance of
cathepsins in digestion or hydrolysing of toxic molecules ingested
along with food. This may show an evolutionary phenomenon in the
larvae that some proteins (nutrient or toxic) must be digested earlier
than others and these two series of proteases are the initial choice to

                                Article

Figure 2. Serine protease activities in different parts of the larval
midgut from D. palidata. Statistical differences have been
marked by asterisks between each enzymatic activity in each part
versus inhibitor (t-test, P≤0.05). T-S, total soluble; AM-S, anteri-
or midgut soluble; PM-S, posterior midgut soluble.

Figure 3. Cathepsin protease activities in different parts of the lar-
val midgut from D. palidata. Statistical differences have been
marked by asterisks between each enzymatic activity in each part
versus inhibitor (t-test, P≤0.05). T-S, total soluble; AM-S, anteri-
or midgut soluble; PM-S, posterior midgut soluble. E-64 refers to
specific inhibitor of cathepsins.

Non
-co

mmerc
ial

 us
e o

nly



do so. It is notable that this conclusion must be further studied by
feeding assay and molecular analysis.
Determination of pH profile in the total midgut preparation showed

a range of values from 6-8 with optimal pH for general proteolytic activ-
ities at pH 6 and 8 for anterior- and posterior-midgut, respectively.
Moreover, serine had optimal pH of 7-8, cathepsisn at pH 6 and exopep-
tidases pH 6-7. Different pH sets in the midgut of insects have been
demonstrated in several cockroaches (Elpidina et al., 2009). Studies
made by Zibaee (2012) and Yazdani et al. (2013) revealed two pH sets
of proteolytic activities in the larvae of P. brassicae and P. demoleus.
These differences reflect presence of different proteases in the midgut
fractions. In our case, acidic pH of anterior-midgut indicates presence
of cathepsins although another peak was observed at pH 8, referring to
chymotrypsin. In the posterior-midgut, the optimal value of pH 8 may
reflect the presence of trypsin and elastase. Dependency of the specific
proteases on pH were as expected based on the category of each
enzyme. Although there are usually some differences in optimal pH of

specific proteases between different insects, the pH ranges of serines,
cathepsins and exopeptidases are alkali, acidic and acidic/neutral,
respectively. These differences are expected since insects feed on var-
ious food sources, which contain different proteins and potential toxic
components. Since pH is one of the crucial factors affecting biochemi-
cal reactions, several optimal pHs might indicate the adaptability of the
enzymes to be able to hydrolyse food substrates.
In the inhibition study, different concentrations of several specific

inhibitors were prepared and exposed to digestive proteases of D. palidata
larvae using given substrates. AEBSF.HCl inhibited tryspin, chymotrypsin
and elastase activities by the highest and the lowest inhibition on chy-
motrypsin and elastase, respectively. Moreover, the inhibitions between
70 and 90% were observed using TLCK and SBTI as specific inhibitors of
trypsin and TPCK as specific inhibitor of chymotrypsin. Different concen-
trations of E-64 also decreased activities of cathepsins B and L in addition
to the presence of metalloproteinases in the midgut of D. palidata. This
may be due to decreased activity of the general protease using EDTA and
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Figure 4. Exopeptidase activities in different parts of the larval
midgut from D. palidata. Statistical differences have been
marked by various letter among prepared sections (Tukey test,
P≤0.05). T-S; total soluble, AM-S; anterior midgut soluble; PM-
S, posterior midgut soluble.

Figure 5. Optimal pH of general proteolytic activity in different
parts of the larval midgut from D. palidata. Statistical differences
have been marked by various letter among prepared sections
(Tukey test, P≤0.05).

Figure 6. pH dependency in the larval serine, cathepsins and
exopeptidases from D. palidata. Statistical differences have been
marked by various letter among prepared sections (Tukey test,
P≤0.05).
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phenanthroline. The given results corresponded to the hydrolysis of used
synthetic substrates in negative control experiments supporting the pres-
ence of these proteases in D. palidata. In a majority of similar studies,
presence of serine proteinases has been reported but either no or trace
activities of cathepsins have been found. In P. demoleus, activity of serines
and cathepsins has been shown using synthetic substrates and specific
inhibitors (Yazdani et al., 2013). Moreover, no activity of cathepsins have
been determined in the larvae of Ectomyelois ceratoniae Zeller
(Lepidoptera: Pyralidae) but these enzymes show trace activities followed
by feeding on 2% concentration of Citrullus colocynthis L agglutinin
(Ranjbar et al., 2011). We believe that these enzymes are secreted in the
response of plant’s secondary metabolites, which have entomotoxic
effects on insects. This statement must be further supported by feeding
assays and gene expression studies. Moreover, Saikia et al. (2010) found
no cathepsin activity in the midgut of Antheraea assamensis (Helfer)
(Lepidoptera: Saturniidae) but caseinolytic activity in the midgut prepa-
ration decreased using E-64. This finding was different if the larvae fed
on different host plants. The authors indicated the ability of E-64 to

reversible inhibition of serine proteases of A. assamensis. Although this
mechanism may occur in D. palidata but cystatin led to 50 and 70% inhi-
bition that requires further investigation.
Results of this study determined the compartmentalisation of digestive

proteases in different parts of the larval midgut in D. palidata. While a
majority of the general and specific proteolytic activities were observed in
soluble fraction, their distribution was different in anterior- and posteri-
or-midgut. Moreover, activity of serine and cathepsin proteases were
shown using synthetic substrates and specific inhibitors. Determination
of proteolytic profiles on pest insects like D. palidata is worthwhile to bet-
ter understand protein digestion in food sources that contain inhibitors.
Oppert (2000) reviewed and explained adaptive responses of insects after
ingestion of proteinase inhibitors by compensatory mechanisms that are
important to better understand inhibitor-based strategies for L.
Knowledge on insect-inhibitor interactions are of interest because plant
breeding programs are designed to provide resistant host plants express-
ing toxic molecules mainly inhibitors. So, potential ability of insect com-
pensatory mechanism must be elucidated to prevent possible negative
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Figure 7. Specific inhibitors on proteolytic activities in the larval midgut of D. palidata using specific substrates. A) Effect of AEBSF on
trypsin, chymotrypsin and elastase activities. B) Effects of TLCK, SBTI and TPCK on trypsin and chymotrypsin activities. C) Effect of E-64
on cathepsins B and L. D) Effect of cystatin on cathepsins B and L. E) Effects of EDTA and phenanthroline on general proteolytic activity.
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feedback of the program. In such a condition, insects produce inhibitor-
sensitive proteinases or novel inhibitor-insensitive proteinases. Feeding
and survival assays using synthetic inhibitors or different lectins may
clarify our supposition regarding the proteolytic profile in D. palidata.
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