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ABSTRACT 
One approach that can be employed in integrated pest management is the use of proteins with anti-nutritional effects on insect metabolism 
and development. The antimetabolic properties of partially purified soybean protease inhibitors were evaluated against second instar 
larvae of melon fruit fly, Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae). Different concentrations (12.5, 25, 50, 100, 200 and 
400 μg/mL) of the partially purified inhibitor had a detrimental effect on the growth and development of the B. cucurbitae larvae tested in 
laboratory feeding bioassays. A decrease was observed in the larval weight gain, mean relative growth rate, food assimilation and survival 
of the treated larvae. Inhibitory effect of the partially purified inhibitor was also observed on percentage pupation and emergence which 
decreased to a maximum of 42.22% at 50 μg/mL and 18.86% at 400 μg/mL, respectively. The activity of four proteases (trypsin, chymo-
trypsin, elastase, leucine amino-peptidase), two antioxidant (Superoxide dismutase, Catalase) and four detoxification enzymes (esterases, 
acid phosphatases, alkaline phosphatases, glutathione-S-transferases) assessed after an interval of 24, 48 and 72 h revealed a suppression 
in trypsin and chymotrypsin activity at all concentrations. Trypsin was maximally inhibited by 91.08% at 400 μg/mL while chymotrypsin 
showed a maximum inhibition of 62.02% at 200 μg/mL. The activity of elastase varied while that of leucine aminopeptidase increased 
after prolonged treatment. The activity of superoxide dismutase, catalase, phosphatases and glutathione-S-transferases also increased with 
treatment at most of the exposure intervals. The findings revealed the potential of the partially purified protease inhibitors to disrupt the 
development of the melon fruit fly. 
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INTRODUCTION 
 
Plant-derived protease inhibitors (PIs), which have evolved 
as part of the plant’s natural defense system, are increa-
singly being recognised for their potential in pest manage-
ment (Chauhan 2012). The defensive role of plant PIs relies 
on the inhibition of proteinases present in the insect gut or 
secreted by microorganisms, thus causing a reduction in the 
availability of amino acids necessary for their growth and 
development (De Leo et al. 2002). 

Plant PIs are grouped primarily as serine, cysteine, 
aspartic, or metallo-PIs (Laskowski and Qasim 2000). Of 
these, the serine PIs are the most potent inhibitors of the 
normal functioning of the specific enzymes in insects. In 
insect gut, among serine proteases, trypsins, and chymo-
trypsins are the most commonly reported enzymes acting in 
a wide range of physiological processes including digestion, 
protein activation in the melanization cascade, antibacterial 
activity, and insect immune response (Nakajima et al. 1997; 
Gorman et al. 2000a, 2000b; Ma and Kanost 2000). 

Serine PIs have been isolated from various leguminous 
plants (Giri et al. 2003) and their effect have been studied 
on various lepidopteran insects but a lacunae has been ob-
served with respect to their influence on dipteran insect 
pests. Fruit flies are among the top tephritid pests of eco-
nomic importance and their control with synthetic insecti-
cides has led to increased environmental concerns neces-
sitating that alternative strategies be sought for their control 

(Haq et al. 2010b). The melon fruit fly, Bactrocera cucur-
bitae (Coquillett), an economically important pest of fruits 
and vegetables is particularly considered as a destructive 
pest of cucurbits (White and Elson-Harris 1992; Koyama et 
al. 2004). It causes severe losses (up to 100% of crop loss) 
directly by damaging fruits and vegetables and also because 
of its quarantine status; its presence seriously interferes 
with the international marketing of these agricultural prod-
ucts (Haq et al. 2010a). As most dipteran pests largely 
depend on serine proteinases for digestion of food proteins 
(Gomes et al. 2005), the present study was envisaged to 
evaluate the biopesticidal potential of partially purified 
protease inhibitor from soybean against B. cucurbitae by 
monitoring their effect on growth, survival and enzyme 
system of the melon fruit fly. Their evaluation as a biopesti-
cide would be the first step towards creating biologically 
and ecologically safe control measures against this fly. 

 
MATERIALS AND METHODS 
 
Sources of materials 
 
Seed samples of soybean, (Glycine max L. cv. ‘Merrill’) were pro-
cured from the local market for the extraction and partial purifica-
tion of protease inhibitors. Seeds were identified from the Depart-
ment of Botanical and Environmental Sciences, Guru Nanak Dev 
University, Amritsar with accession no. 0405/HRB. 

Bovine serum albumin (BSA) was obtained from Loba (India). 
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Bovine trypsin, N-�-benzoyl-DL-arginine-p-nitroanilide (BApNA), 
N-benzoyl-L-tyrosine-p-nitroanilide (BTpNA), N-succinyl-ala-
nine-alanyl-prolyl-leucine-p-nitroanilide (SAAPLpNA) and L-leu-
cine-p-nitroanilide (LpNA) were obtained from Sigma-Aldrich, 
Delhi, India. 

 
Partial purification 
 
Soybeans were soaked in 10 mM potassium phosphate buffer (pH 
7.2) overnight (Duranti et al. 2003). Next day, the soaked material 
was filtered through multiple layers of surgical gauze and cen-
trifuged at 10,000 rpm for 15 min at 4°C. Clear supernatant was 
stored at -20°C as crude extract and protease inhibitor activity was 
determined. It was then subjected to 0-80% direct ammonium 
sulphate saturation and kept overnight at 4°C. Centrifugation was 
done at 10,000 rpm for 15 min at 4°C on the next day. Precipitates 
were collected by dissolving in minimum known volume of buffer. 
The dissolved fractions were dialyzed in cold for about 96 hours 
against distilled water. The dialyzed partially purified protease 
inhibitor from soybeans was stored at -20°C for further experi-
mental work. 
 
Protein estimation 
 
Protein estimation was done in crude as well as partially purified 
preparations by the method of Lowry et al. (1951) using bovine 
serum albumin (BSA; Loba, India) as the standard, for preparing 
various test concentrations for bioassay and enzyme studies. 
 
Trypsin inhibition assay 
 
Trypsin residual activity was estimated by hydrolysis of BApNA 
in the presence of inhibitor (Paulino da Silva et al. 2001). The 
enzyme was pre-incubated with partially purified inhibitor as well 
as with crude extract for 15 min at room temperature in 50 mM 
Tris-Hcl buffer (pH 8.2). The assayed residual activities were 
followed by hydrolysis of 1 mM BApNA and the liberation of p-
nitroaniline, which was measured at 410 nm. 

 
Insect rearing 
 
The cultures of melon fruit fly were maintained on natural food in 
the insect culture room/B.O.D incubator with controlled tempera-
ture (25±2°C), relative humidity (70-80%) and photo phase (10L: 
14D) (Gupta et al. 1978). Adult flies were provided 20% sugar 
solution and protinex (Pfizer, Delhi, India) in Petri dishes as food 
and pieces of pumpkin fruit, Cucurbitae moschata (Dusch.) for 
oviposition. 
 
Insect bioassays 
 
About 100 gravid females were released in wire mesh cages 
provided with fresh pumpkin pieces for 8 h. The pumpkin pieces 
were removed at an appropriate time interval from the cages and 
dissected in saline water for harvesting the second instar (64-72 h 
old) larvae. The harvested larvae were transferred to culture tubes 
(25 mm diameter × 100 mm length) containing artificial diet incor-
porated with various concentrations (viz. 12.5, 25, 50, 100, 200 
and 400 μg/mL) of partially purified protease inhibitor. The arti-
ficial diet (control as well as treated) was prepared according to 
the standardized methodology given by Srivastava (1975). Obser-
vations were made after three time intervals (24, 48, 72 h) for the 
larval weight gain, mean relative growth rate (MRGR), food 
assimilated and their survival. There were six replications with 15 
larvae in each replication for each concentration and each experi-
ment was repeated twice. 

The mean relative growth rate which provides a measure of 
the rate of change in weight in units of mg/mg/day was calculated 
according to the formula given by Martinez and Emden (2001). 
Food assimilated with respect to control was also assessed after 
the treatment of second instar larvae with a range of concentra-
tions of partially purified soybean PI (Khan and Saxena 1985). 

 
 
 

Enzyme assays 
 
In order to determine the potential of protease inhibitors in 
reducing the digestibility of the insect gut proteinases, the effect of 
partially purified soybean PI was ascertained against B. cucurbitae 
gut proteinases by monitoring the activity of larval gut trypsin-like 
enzyme with BApNA, chymotrypsin-like enzyme with BTPNA, 
elastase-like enzyme with SAAPLpNA and leucine-aminopepti-
dase-like enzymes using LpNA as substrate (Christeller et al. 1990, 
1992). The activity of each enzyme was monitored for three con-
secutive time intervals (24, 48 and 72 h) after feeding second 
instar larvae of melon fruit fly on artificial diet incorporated with 
four concentrations (viz. 50, 100, 200 and 400 μg/mL) of partially 
purified PIs from soybean. The influence of partially purified soy-
bean PI was also investigated on the activity of some detoxifica-
tion (esterases, acid phospatases, alkaline phosphatases and gluta-
thione S-transferases) and antioxidant enzymes (superoxide dis-
mutase and catalase) in second instar larvae in order to ascertain 
their role in counteracting the metabolic stress produced by the 
ingestion of protease inhibitors. The larvae (64-72 h old) harvested 
from the pumpkin pieces were transferred to artificial diet con-
taining different concentrations of the partially purified PI. The ad 
libitum feeding to these larvae was also given for three time inter-
vals i.e. 24, 48 and 72 h. Activity determination of esterases was 
based on the methodology outlined by Katzenellenbogen and 
Kafatos (1971). 1 mM �-naphthyl acetate was used as a substrate 
and 0.1M sodium phosphate buffer (pH 6.5) as an extraction buffer. 
The activity of acid (AcP) and alkaline phosphatases (AkP) was 
assessed by the procedure given by McIntyre (1971) using the 
substrate 0.005M sodium �-naphthyl phosphate in 0.05M acetate 
buffer, pH 5.0. However, acid phosphatases were extracted in 
0.05M acetate buffer (pH 5.0) and alkaline phosphatases were 
extracted in 0.05M Tris buffer (pH 8.6). Superoxide dismutase 
(SOD) was investigated by following the methodology provided 
by Kono (1978). Hydroxylamine hydrochloride (20 mM, pH 6.0) 
was used as a substrate solution and sodium carbonate buffer (50 
mM, pH 10.0) as an extraction buffer. Catalase activity was deter-
mined by using 0.05% Hydrogen peroxide (H2O2) as a substrate 
solution and potassium phosphate buffer (0.05M, pH 7.0) as an 
extraction buffer as described by Bergmeyer et al. (1974). Gluta-
thione-S-transferase activity (GST) was obtained by using sodium 
phosphate buffer (0.1M), pH 7.6 as an extraction buffer and 10 
mM CDNB in 95% ethanol as a substrate solution according to the 
methodology given by Chien and Dauterman (1991). Each experi-
ment had six replications and was repeated twice. 

 
Statistical analysis 
 
SPSS 10.0 computer program was used for the statistical analysis. 
The results were expressed as mean ± S.E. The means were com-
pared using one way analysis of variance (ANOVA). Statistical 
differences were determined by Tukey post-hoc test. The means 
obtained for the enzymatic activities at all three exposure intervals 
were compared for their significance by t-test. 
 
RESULTS AND DISCUSSION 
 
Bioassay 
 
1. Effect on growth 
 
The effect of partially purified soybean PI (Table 1) on the 
larval weight gain, growth rate, food assimilated and sur-
vival of B. cucurbitae larvae was assessed by feeding the 
second instar larvae on artificial diet incorporated with 
different concentrations of PI. The larvae fed on control diet 
showed better development as compared to those fed on 
partially purified inhibitors from soybean when observed at 
different time intervals. A decrease in weight of larvae with 
treatment was observed which was significantly more at 
higher concentrations (Table 2). A similar effect was ob-
served in the Mediterranean fruit fly, Ceratatis capitata 
(Wiedemann) where Soybean trypsin inhibitor affected lar-
val mass at ED50 3.01% (Silva et al. 2006). Likewise, the 
lepidopterans, African cotton leaf worm, Spodoptera litto- 
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ralis (Boisduval), European corn borer, Ostrinia nubilalis 
(Hubner), and cluster caterpillar, S. litura (Fabricius) gained 
significantly less weight on Soybean protease inhibitor 
incorporated diet than the control (Steffens et al. 1978; 
McManus and Burgess 1995; Dorrah 2004). Casu et al. 
(1994) had also observed a strong reduction in larval weight 
when soybean Kunitz trypsin inhibitor (SKTI) was added at 
a concentration of 1.15% in artificial diet of sheep blow fly, 
Lucilia cuprina Wiedemann. The mean relative growth rate 
of second instar larvae of B. cucurbitae decreased signifi-
cantly after 48 and 72 h of feeding on partially purified 
protease inhibitors from soybean (Table 3). Although the 
decrease in MRGR showed no correlation with increase in 
concentration but it was considerably more at higher 
concentrations. A decreased growth rate with soybean pro-
teinase inhibitor has also been reported in the larvae of 

sugarcane borer, Diatraea saccharalis (Fabricius) (Pomper-
mayer et al. 2001) and in European corn borer, O. nubilalis 
(Larocque and Houseman 1990). The observations made for 
the food assimilated showed that although the difference in 
the food assimilated with respect to control in treated larvae 
was not statistically significant at early 24 h exposure, but, 
thereafter, the difference in the means varied significantly 
(p<0.01) between different treatment groups at 48 and 72 h 
exposure interval (Table 4). After 72 h the food assimilated 
decreased almost in a consistent manner with increase in 
concentration. Adverse effects of partially purified protease 
inhibitors were also observed on percentage pupation and 
emergence which decreased significantly with treatment 
(Figs. 1, 2). Lower pupation and emergence has also been 
observed in the noctuid, Helicoverpa armigera (Hübner) 
fed on diets impregnated with soybean trypsin inhibitor 
(Shukla et al. 2005). In a previous study, Johnston et al. 
(1993) had observed inability of H. armigera larvae to sur-
vive on soybean trypsin inhibitor (SBTI) incorporated diet. 
The survival of sunn pest, Eurygaster integriceps Puton was 
also affected significantly by the presence of soybean tryp-
sin inhibitor in the diet (Saadati and Bandani 2011). 

 
Enzyme assay 
 
1. Effect on larval digestive proteases 
 
To effectively establish a novel insect control strategy based 
on proteinaceous inhibitors, knowledge of the digestive 
system of target insect is necessary. The digestive system of 
phytophagous pests is based mainly on serine and cysteine 
proteinases classes: serine proteinases are the major en-
zymes found in Lepidoptera and Diptera orders (Gomes et 
al. 2005). As the proteinase inhibitors in the seeds of plants 
of the leguminosae family primarily belong to the serine 
class of PIs, their ability to inhibit the activity of the diges-
tive proteases of larvae of B. cucurbitae was investigated. 
Among the four digestive enzymes, a significant inhibition 
of trypsin (Fig. 3A) and chymotrypsin (Fig. 3B) was ob-
served at all tested concentrations as well as at all exposure 

Table 1 Partial purification of soybean protease inhibitor from seeds of 
Glycine max L. 
Purification 
step 

Total 
Activity 

Total 
Protein 
(mg) 

Specific 
Activity 

Recovery
(%age) 

Purificati
on fold 

Crude 402.25 1560 0.26 100 1 
Partially 
purified 

380 331.1 1.15 94.47 4.42 

Supernatant - 1170 - - - 
 

Table 2 Effect of partially purified soybean protease inhibitor on larval 
weight gain of second instar larvae of Bactrocera cucurbitae. Means 
within a column followed by the same letter are not significantly different, 
p>0.05; based on Tukey’s test. 

Larval weight gain Concentration 
Used (μg/mL) After 24 h After 48 h After 72 h 
Control 14.75 ± 3.298 ab 41.43 ± 4.411 a 88.92 ± 6.066 a
12.5 14.63 ± 1.274 ab 33.82 ± 5.128 b 86.12 ± 6.040 a
25 15.67 ± 3.296 ab 28.85 ± 3.661 bc 63.40 ± 2.307 b
50 14.02 ± 2.396 ab 17.93 ± 1.743 d 58.63 ± 4.053 b
100 16.52 ± 1.663 a 23.22 ± 2.593 cd 63.52 ± 0.884 b
200 13.00 ± 1.112 ab 22.62 ± 1.353 d 50.37 ± 3.348 c
400 11.68 ± 1.347 b 18.33 ± 1.680 d 40.47 ± 1.972 d
F- value 3.15* 42.62** 118.49** 

*significant at 0.05%, **significant at 0.01% 
 

Table 3 Effect of partially purified soybean protease inhibitor on Mean 
relative growth rate (MRGR) of second instar larvae of Bactrocera 
cucurbitae. Means within a column followed by the same letter are not 
significantly different, p>0.05; based on Tukey’s test. 

Mean Relative Growth Rate Concentration 
Used (μg/mL) After 24 h After 48 h After 72 h 
Control 0.12 ± 0.024 bc 0.15 ± 0.021 a 0.16 ± 0.010 b 
12.5 0.13 ± 0.010 abc 0.14 ± 0.021 a 0.19 ± 0.012 a 
25 0.16 ± 0.033 a 0.11 ± 0.014 b 0.13 ± 0.009 da
50 0.13 ± 0.019 abc 0.08 ± 0.015 bc 0.14 ± 0.005 cd
100 0.14 ± 0.016 ab 0.10 ± 0.009 bc 0.15 ± 0.005 b 
200 0.12 ± 0.009 bc 0.09 ± 0.009 bc 0.12 ± 0.005 c 
400 0.11 ± 0.010 c 0.07 ± 0.008 c 0.09 ± 0.011 d 
F- value 4.56** 23.75** 70.20** 

**significant at 0.01% 
 

Table 4 Effect of partially purified soybean protease inhibitor on food 
assimilated with respect to control in second instar larve of Bactrocera 
cucurbitae. Means within a column followed by the same letter are not 
significantly different, p>0.05; based on Tukey’s test. 

Food assimilated wrt control Concentration 
Used (μg/mL) After 24 h After 48 h After 72 h 
12.5  2.88 ± 0.264 ab 7.33 ± 0.618 ab 15.73 ± 1.151 a
25 2.73 ± 0.429 ab 7.55 ± 0.916 a 16.05 ± 1.049 a
50 2.77 ± 0.424 ab 6.24 ± 0.760 c 14.05 ± 1.237 b
100  3.05 ± 0.266 a 6.29 ± 1.032 c 14.24 ± 0.989 b
200  2.63 ± 0.274 b 6.83 ± 0.936 bc 13.59 ± 0.529 bc
400  2.54 ± 0.416 b 6.34 ± 0.642 c 12.88 ± 1.356 c
F- value 1.56NS 2.80* 7.80** 

NSnon-significant, *significant at 0.05%, **significant at 0.01% 

 

Fig. 1 Effect of partially purified soybean protease inhibitor on per-
cent pupation of the melon fruit fly, when second instar larvae were 
fed on treated diet. The bars are the mean ± S.E. Different letters indicate 
mean values that are significantly different (p<0.01; Tukey test). 

Fig. 2 Effect of partially purified soybean protease inhibitor on per-
cent emergence of the melon fruit fly, when second instar larvae were 
fed on treated diet. The bars are the mean ± S.E. Different letters indicate 
mean values that are significantly different (p<0.01; Tukey test). 
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intervals. Maximum inhibition in trypsin activity was 
observed at the highest concentration of 400 μg/mL where 
the activity was reduced to 91.08, 84.06 and 87.95% at 24, 
48 and 72 h treatment interval, respectively with respect to 
the control. However, in case of chymotrypsin, maximum 
inhibition was observed after 48 h of treatment at all expo-
sure intervals. The inhibition was more at 200 μg/mL con-
centration where the activity was inhibited by 62.02%. On 
the other hand, the activity of elastase showed a varied 
trend with increase in concentration (Fig. 3C). The activity 
which was less or not much different from control at lower 
concentrations (50 and 100 μg/mL) during the initial expo-
sure intervals increased significantly after 72 h. However, at 
200 and 400 μg/mL, the activity after showing an induction 
during the initial treatment given for 24h decreased more 
than control after 72 h of treatment. The Leucine amino-
peptidase (LAP) activity was suppressed at all exposure 
intervals at 50 μg/mL but at higher concentrations the acti-
vity after showing a decrease at 24 h exposure interval, 
increased when the treatment was prolonged for another 48 
h (Fig. 3D). Soybean trypsin inhibitor has also been shown 
to affect the growth and digestive physiology of H. armi-
gera (Wang and Qin 1996). McManus and Burgess (1995) 
had also found that SBTI was particularly effective at 
inhibiting the trypsin-like activity, slightly effective against 
the elastase-like and chymotrypsin esterase-like activity and 
was ineffective against the exopeptidase, leucine amino 
peptidase in the larvae of S. litura. Dorrah et al. (2008) had 
also reported inhibition in the trypsin like activity of the 
anterior midgut of larvae of flesh fly, Parasarcophaga her-
tipes by SBTI. 

 
2. Effect on antioxidant and detoxification enzymes 
 
PIs through binding to the digestive proteases of phytopha-
gous insects not only impair protein digestion (Broadway 
and Duffey 1986) but could also affect moulting and non-
digestive enzyme regulation (Faktor and Raviv 1997). The 
investigations pertaining to the effect of partially purified 
soybean PI on other enzymes involved in antioxidant and 
detoxification mechanisms revealed a significant increase in 
the activities of SOD and Catalase. The SOD activity in-
creased significantly with increase in treatment time up to 
48 h but decreased on prolongation of treatment time to 72 

h (Fig. 4A). The catalase activity which was either sup-
pressed or not much different from control at the initial 
treatment interval of 24 h increased significantly after pro-
longation of the treatment time to 48 and 72 h in all the 
concentrations (Fig. 4B). SOD provides the first line of 
defense against toxicity from free radicals generated during 
metabolism (Paes et al. 2001; Wang 2001). SOD dismutates 
the free superoxide radical (O2

-) to H2O2 which in turn is 
eliminated by catalase thereby indicating a quantitative rela-
tionship between SOD and catalase (Felton and Summers 
1995). 

The role of esterases in the growth and development of 
insects is very well established. They have been associated 
with insecticidal resistance in over 50 species of insects, 
where their functional role involves xenobiotic metabolism 
and sequestration (Devorshak and Roe 1999; Yu 2004). In 
the present study the esterase activity was suppressed sig-
nificantly during the initial treatment interval of 24 and 48 h 
in almost all treatments and their induction only after pro-
longed treatment at 100 and 400 μg/mL (Fig. 4C) indicates 
that they might not be playing a significant role in the meta-
bolism of plant protease inhibitors. 

Phosphatases play an important role in the metabolism 
of nucleotides, carbohydrates, phospholipids and proteins 
(Rockstein 1956; Chaubey and Bhatt 1988). They have also 
been implicated in the development of resistance to insec-
ticides (Oppenorth 1985). In the larvae of B. cucurbitae, the 
activity of acid phosphatase was found to be induced in 
most of the treatments but at 400 μg/mL the activity showed 
a maximum increase of 58.86% at 72 h treatment interval as 
compared to control (Fig. 4D). The alkaline phosphatase 
also showed an induction at most treatment intervals (Fig. 
4E). The enzyme activity after showing an increase at 24 h 
got suppressed at 48 h, but again increased significantly 
after 72 h of treatment at 100, 200 and 400 μg/mL. Con-
trary to the present findings, the activity of acid and alkaline 
phosphatase was found to decrease in the larvae of B. cucur-
bitae treated with lectins (another plant defense protein) 
from R. communis and G. max (Singh et al. 2006a, 2006b). 
The increase in the activity of phosphatases in the melon fly 
larvae observed in the present study could be either due to 
the increased requirements of energy for counteracting the 
toxic effects of the PI or they might be involved in the 
metabolism of the inhibitors. 

 
Fig. 3 The influence of partially purified soybean protease inhibitor on the activity of digestive enzymes (A-D), of second instar larvae (64-72 h) 
of Bactrocera cucurbitae. 
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A significant induction in GST activity at all exposure 
intervals was observed only at the highest concentration of 
400 μg/mL (Fig. 4F). At other concentrations, the enzyme 
activity was suppressed at the initial exposure interval but 
was induced with prolonged treatment suggesting that these 
enzymes which are generally involved in the detoxification 
of both endogenous and xenobiotic compounds might have 
some role in the metabolism of the plant protease inhibitor 
fed through artificial diet to the larvae of melon fruit fly. 
Singh et al. (2006b) had also reported an increase in the 
GST activity in the larvae of melon fruit fly when treated 
with legume lectin, G. max. 

 
CONCLUSIONS 
 
The retarded growth and development of the B. cucurbitae 
larvae caused by partially purified soybean PI could be due 
to their inhibitory action on insect digestive proteases, 
particularly trypsin and chymotrypsin. Since trypsin is 
involved in developmental processes such as molting and 
synthesis of neuropeptides, trypsin inhibitors can disrupt 
these processes thereby severely impairing the growth of 
the larvae (Lipke et al. 1954; Shukle et al. 1985; Broadway 
and Duffey 1986). Also, an increase in the activity of most 
of the other enzymes clearly showed an adaptation on part 
of the insect to counteract the metabolic stress generated 
due to nutritional imbalance created by ingestion of par-
tially purified inhibitors. 

It can be concluded that although partially purified PIs 
from soybeans ingested via artificial diet, were not acutely 
toxic to B. cucurbitae, the sublethal effects on life history 

parameters measured in this study must be considered in a 
broader context to determine their possible ecological sig-
nificance. 
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