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A proteinaceous inhibitor with high activity against trypsin-like serine proteinases was purified from
seeds of the tamarind tree (Tamarindus indica) by gel filtration on Shephacryl S-200 followed by a
reverse-phase HPLC Vidac C18 TP. The inhibitor, called the tamarind trypsin inhibitor (TTI), showed
a Mr of 21.42 kDa by mass spectrometry analysis. TTI was a noncompetitive inhibitor with a Ki value
of 1.7 × 10-9 M. In vitro bioinsecticidal activity against insect digestive enzymes from different orders
showed that TTI had remarkable activity against enzymes from coleopteran, Anthonomus grandis
(29.6%), Zabrotes subfasciatus (51.6%), Callosobruchus maculatus (86.7%), Rhyzopertha dominica
(88.2%), and lepidopteron, Plodia interpuncptella (26.7%), Alabama argillacea (53.8%), and
Spodoptera frugiperda (75.5%). Also, digestive enzymes from Diptera, Ceratitis capitata (fruit fly),
were inhibited (52.9%). In vivo bioinsecticidal assays toward C. capitata and C. maculatus larvae
were developed. The concentration of TTI (w/w) in the artificial seed necessary to cause 50% mortality
(LD50) of larvae was 3.6%, and that to reduce mass larvae by 50.0% (ED50) was 3.2%. Furthermore,
the mass C. capitata larvae were affected at 53.2% and produced ∼34% mortality at a level of 4.0%
(w/w) of TTI incorporated in artificial diets.
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INTRODUCTION

Worldwide crop loss without the use of pesticides is estimated
to be ∼70% of production (1) and, despite of the use of
pesticides, preharvest losses due to insect pest attack are∼15%
of the total crop production (2). Beginning in 1980, new

strategies of insect pest control, such as integrated pest manage-
ment (IPM) control and the use of transgenic crops have been
proposed and tested to avoid these crop production losses. The
use of transgenic crops has been rapidly advancing during the
past decade with the discovery of effective plant genes that can
be transferred and offer resistance to crop plants against pests
and pathogens. The use of proteinaceous inhibitors as candidates
in control strategies of insects has good potential, because insect
digestive proteinases are promising targets in the control of
various insects, including lepidopteran, such as,Manduca sexta
(L.) (3), Heliothis zea(Boddie) (4),Spodoptera litura(Boisd.)
(5), andLucilia cuprina (Wied.) (6), and also various coleop-
terans (7-11). Despite these several suggested physiological
functions in plants (12-14), the inhibitors are known for their
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roles in response to abiotic stresses (15,16) and biotic stresses,
especially in plant defense processes against insect pest attack
(9), where they are effective against insect digestive enzymes
(17-20). These proteinaceous inhibitors in general are small,
stable, and abundant proteins (21) showing specificity for serine
proteinase, cysteine proteinase, aspartic proteinase, or metallo-
proteinases (17). Serine proteinase inhibitors are found in plant
storage tissues, such as seeds, tubers, leaves, and fruits (13,22).
Most of these inhibitors bind to cognate enzymes according to
a common substrate-like canonical mechanism (17). Among
them, the Kunitz trypsin inhibitor superfamily (23) has gained
particular attention for its specific activity against trypsin-like
serine proteinases, with no inhibition of other proteinase classes
(24). Furthermore, Kunitz trypsin inhibitors are capable of
inhibiting the proteolytic activity of several lepidopterans, such
as black cutworm (Agrotis ipsilonHufnagel), corn earworm
(H. zea), tobacco budworm (Heliothis VirensscensFab.), and
western spruce budworm (Choristoneura occidentalis) (25), and
coleopteran such as the cotton boll weevil (Anthonomus grandis)
(10). Several plants have been screened to isolate and character-
ize such proteinase inhibitors, among them the speciesTama-
rindus indicathat belong to the family Caesalpiniaceae, which
are tropical and subtropical trees and shrubs. In this study, we
have reported purifications and characterization of a related
Kunitz inhibitor from tamarind tree seeds. We have also tested
its bioinsecticidal activity in vitro toward insect pests of different
orders and in vivo during larval development ofCeratitis
capitata (fruit fly) and Callosobruchus maculatus(cowpea
weevil) with a bioassays model.

MATERIALS AND METHODS

Materials. The enzymes papain, bromelain, bovine chymotrypsin,
bovine trypsin, and porcine elastase and the substratesN-benzoyl-DL-
arginyl-p-nitroanilide (BAPNA) and azocasein were purchased from
Sigma Chemical Co. (St. Louis, MO).

Purification of Tamarind Trypsin Inhibitor (TTI). Tamarind
(T. indica) seeds were obtained from the IBAMA (Environmental-
middle Brazilian Institute) seed bank of Natal, RN, Brazil. Tamarind
seed meal finely ground was extracted (1:10, w/v) with 0.05 M Tris-
HCl buffer, pH 7.5, for 30 min at room temperature. After centrifugation
for 30 min at 8000gat 4 °C, the supernatant (crude extract) was
precipitated with ammonium sulfate at concentrations of 0-30,
30-60, and 60-90%. These fractions (F0-30, F30-60, and F60-90) were
then dialyzed against distilled water, freezer-dried, and submitted to
antitryptic assays. The fraction denominated F30-60, which corresponds
to a 30-60% saturation range, showed high inhibitory activity against
bovine trypsin. This fraction (22 mg mL-1) was applied to a size
exclusion column, Sephacryl 200-SH (84 cm× 2.5 cm column),
equilibrated with 0.05 M Tris-HCl buffer, pH 7.5. Fractions of 1.5 mL
were collected using a flow rate of 30 mL h-1. The peak (ST2) obtained
was pooled, dialyzed, lyophilized, and applied (1.0 mg/mL) to a reverse-
phase HPLC column (Vydac C-18 TP 1022), equilibrated with 0.1%
TFA solution at a flow of 1.0 mL min-1. Samples were eluted with a
linear gradient of 0-60% acetonitrile, and the chromatography was
monitored at 216 nm. The peak with antitrypsin activity, denoted TTI,
was pooled, concentrated, and subjected to further analysis.

TTI Inhibitory Assay. The trypsin inhibitory assay was performed
using BAPNA as substrate. Ten microliters of trypsin (0.3 mg mL-1

in 0.0025 M HCl) solution was incubated for 15 min at 37°C with
60 µL of inhibitor solution and 120µL of 0.05 M Tris-HCl, pH 7.5.
Reactions were started with the addition of 500µL of 1.25 mM BAPNA
solution, prepared in 0.05 M Tris-HCl, pH 7.5. After 15 min at 37°C,
the reaction was stopped by the addition of 150µL of 30% acetic acid
solution. The color developed was measured by absorbance at 405 nm.
One unit of inhibitory activity was defined as the amount of inhibitor
that decreased absorbance by 0.01 at 405 nm. All assays were made in
triplicate. The results of each series were expressed as the mean value
( SD.

Protein Determination. Protein content was measured according
to the procedure of Bradford (26) with bovine serum albumin (BSA)
as protein standard.

Polyacrylamide Gel Electrophoresis.Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) in the absence and
presence ofâ-mercaptoethanol (0.1 M) was conducted as described
by Laemmli (27) at 25°C. Protein molecular weight markers (full-
range rainbow molecular weight markers) were purchased from
Amersham Pharmacia.

Matrix-Assisted Laser Desorption Time-of-Flight (MALDI-TOF)
Analysis. Freeze-dried peak III eluted from HPLC was prepared for
MALDI-TOF on a Voyager-DE STR Bioworkstation (PerSeptive
Biosystems, Framingham, MA). The samples were dissolved in 1.0%
trifluoroacetic acid, and the 50% matrix sinapinic acid (a saturated
solution dissolved in acetonitrile/0.1% TFA, 1:1, v/v) from Sigma
Chemicals was added. The solution was then vortexed, and 1µL was
applied to the Voyager Bioworkstation sample plate. Samples were
air-dried at room temperature. The spectrometer, equipped with a
delayed-extraction system, was operated in linear mode. Sample ions
were evaporated by irradiation with a N2 laser at a wavelength of
337 nm and accelerated at 23 kV potential in the ion source with a
delay of 150 ns. Samples were ionized with 100-200 shots of a 3 ns
pulse width laser light. The signal was digitized at a rate of 500 MHz,
and averaged data were presented to a standard Voyager data system
for manipulation.

Kinetics of Inhibitory Activity from TTI. The constant of
dissociation (Ki) was determined for bovine trypsin enzyme by
preincubating the enzyme with increasing concentrations of purified
inhibitor (0.06, 0.12, and 0.18µM) in 50 mM Tris-HCl, pH 7.5,
37 °C, followed by measurement of the residual activity using the
synthetic substrate BAPNA (0.1, 0.5, 1.0, 1.25, and 1.5 mM). The
velocity of the reaction was expressed as 1/V (OD440/h/mL)-1, and the
Ki value was determined using a double-reciprocal plot of data (28).

Specificity of TTI toward Serine and Cysteine Proteinases.The
ability of TTI to inhibit other serine (bovine chymotrypsin and porcine
elastase) proteinases and also cysteine (papain and bromelain) protein-
ases was assayed using azocasein as substrate, as described by Xavier-
Filho et al. (29).

Preparation of Insect Gut Proteinases. C. maculatus and
Z. subfasciatuswere supplied by the Laboratório de Quı́mica e Func¸ ão
de Proteı́nas from Departamento de Bioquı́mica, UFRN, Brazil.
Rhyzopertha dominicawas obtained from Centro Nacional de Recursos
Genéticos e Biotecnologia (CENARGEM/EMBRAPA), Brası́lia, Brazil.
S. frugiperda, A. argillacea, andA. grandiswere obtained from Centro
Nacional de Pesquisa do Algodão (CNPA/EMBRAPA), Campina
Grande, Brazil, andC. capitatawas from Laboratório de Mosca das
Frutas of the Departamento de Biologia Celular e Genética, UFRN,
Brazil. Larvae and adult insect proteinases were obtained after dissection
and extraction of the guts. The guts were surgically removed from the
animal and placed into an iso-osmotic saline (0.15 M NaCl) solution.
Gut tissue was stirred and centrifuged at 10000gat 4 °C for 10 min.
The supernatants were then recovered and used for in vitro assays.

TTI Inhibitory Assay against Proteinase Extracts from Insect
Pests.TTI effects on the proteolytical activity of whole gut extracts
were measured by using BAPNA (1.25 mM) as substrate. The assays
were run in 50 mM Tris-HCl, pH 7.5. TTI (0.2µg mL-1) was incubated
with a 40 µL aliquot of gut extracts at 37°C for 15 min before the
substrate was added. Reactions were started with the addition of
500 µL of 1.25 mM BAPNA solution, prepared in 0.05 M Tris-HCl,
pH 7.5. After 30 min at 37°C, the reaction was stopped by the addition
of 150 µL of 30% acetic acid solution. The color developed was
measured by absorbance at 405 nm. Enzymatic assays were made using
BAPNA (1.25 mM) as substrate. All assays were made in triplicate.
The results of each series were expressed as the mean value( standard
deviation (SD).

Insect Bioassay.To examine the effects of TTI onC. maculatus
development, the artificial seed system previously developed by Macedo
et al. (30) was used. Artificial seeds (∼400 mg each) were made from
finely ground cowpea seeds (Epace 10 cultivar) using a cylindrical brass
mal and a hand press. Artificial seeds containing TTI at concentrations
of 1, 2, and 4% (w/w) were obtained by thoroughly mixing the TTI
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with cowpea seed meal and pressing as described above. Each treatment
had three artificial seeds and was replicated six times for each of the
above concentrations. After a 48-h period for adjustment in the growth
chamber, the seeds were offered to nine 2-3-day-old fertilized females.
After 24 h had been allowed for oviposition, the number of eggs per
seed was reduced to three (n) 6 × 9). Following incubation for 20
days at 28°C and 60% relative humidity, the seeds were opened and
the mass and number of larvae (third instar) were determined. The
experiments were carried out in six replicates and the mean [( standard
error of the mean (SEM)] was calculated. Control artificial seeds were
made with Epace 10 cultivar meal without TTI.

The performance ofC. capitatain an artificial diet system was carried
out. Artificial diets (∼500 mg each) were prepared using 10.4% finely
ground sugar cane fibers, 3% wheat germ, 6.5%wheat flour, 12% crystal
sugar, 9.9% yeast, 0.3% sodium benzoate (VETEC), 0.9% HCl, and
57% H2O. To this diet was added lyophilized TTI, at standard
concentrations of 1.0, 2.0, and 4.0% (w/w), which were obtained by
thoroughly mixing the TTI. After preparation, the diets were presented
to seven neonate larvae per diet (n ) 6 × 21) in dark glass vials at a
controlled temperature of 28( 1 °C and 60-70% relative humidity in
the growth chamber. After 4 days, diets were opened and the mass
and number of the larvae were taken. The experiments were carried
out in six replicates, and the mean ((SEM) was calculated. Control
artificial diets were made without TTI.

RESULTS

Inhibitor Isolation and Purification of TTI. Crude soluble
protein extract obtained from the mature seeds from tamarind
trees was initially precipitated at 30, 60, and 90% of saturation
with ammonium sulfate, and three protein fractions (F0-30,
F30-60, and F60-90) were obtained. The F30-60 protein fraction
obtained showed a strongly inhibitory activity against trypsin,
whereas the other fractions presented low inhibitory activities.
The F30-60 was then applied on Sephacryl 200-SH, and the peaks
were assayed against trypsin. Three peaks (ST1, ST2, and ST3)
revealed the presence of three peak inhibitor activities with 50.6,
84.3, and 28.5% of trypsin inhibition, respectively (Figure 1A).
The ST2 fraction was then applied to reverse-phase HPLC
(Figure 1B). The elution of the ST2 fraction revealed the
presence of several peaks (I-VI). These peaks were assayed
against trypsin, and only peak III showed activity toward trypsin.
This purification procedure to trypsin inhibitor fromT. indica
seeds is shown inTable 1.

Electrophoretic and MALDI-TOF Analysis of TTI. Elec-
trophoretic analysis, in the presence and absence of a reducing
agent (â-mercaptoethanol), of peak III showed one protein with
a molecular mass of∼20 kDa (Figure 2A). This fraction III or
inhibitor TTI was applied in a MALDI-TOF showing a
monomeric molecular mass of 21 420 Da (Figure 2B).

Kinetics of Inhibition and Specificity of TTI toward Other
Proteinases.To determine the inhibition mechanism of inhibitor
TTI against trypsin, the inhibition kinetic data were analyzed
by Lineweaver-Burk double-reciprocal plots (Figure 3). The
analysis showed noncompetitive type kinetics of inhibition,
characterized by lack of change of theKm value and decrease
of theVmax when compared with the reaction in the absence of
the inhibitor. TheKi value of TTI was determined from a double-
reciprocal plot of the data, where theKi value was 1.7×
10-9 M.

Specificity of TTI to serine proteinases showed that it was
not active to chymotrypsin and affected weakly pancreatic
elastase (3.1% of inhibition). Cysteine proteinases (papain and
bromelain) were not inhibited by TTI (Table 2).

TTI Inhibitory Assay against Proteinase Extracts from
Insect Pests.TTI was assayed against different insect gut
proteinases from coleopteran, lepidopteran, and dipteran pests

(Table 2). Among the different gut proteinases tested, TTI
showed high in vitro inhibition toR. dominica(lesser grain
borer), cowpea weevil (C. maculatus), andS. frugiperda
(armyworm) proteinases. Moderate inhibitory activity toward
gut proteinases fromA. argillacea(cotton leafworm),C. capitata
(fruit fly), and Z. subfasciatus(bean weevil) was also observed,
and low inhibitory activity was seen against gut proteinase from
A. grandis(boll weevil) andP. interpuncptella(Indian meal
moth).

Insect Bioassay.On the basis of in vitro enzymatic studies,
standard feeding trials were carried out to assess the potential
bioinsecticidal effects of TTI toward two pests,C. capitataand

Figure 1. (A) Elution profile on Sephacryl 200-SH of F30-60, from T. indica
seeds. Approximately 22 mg of protein was applied in the column
equilibrated with 0.05 M Tris-HCl buffer, pH 7.5, and fractions were eluted
and monitored at 280 nm (b) and assayed against trypsin. Active fractions
ST1, ST2, and ST3 were obtained (9). (B) Analytical reverse-phase HPLC
of the ST2 peak. The separation was carried out on a Vydac 218TP
analytical column using a flow rate of 1 mL/min. TFA (0.1%) was used
as an ion-pairing agent, and the dashed line indicates the acetonitrile
gradient. The sample contained 1.0 mg of protein.

Table 1. Purification of Trypsin Proteinase Inhibitor from Tamarind
Seeds

protein
fraction

total inhibitory
activity (IU)

total
protein
(mg)

specific
activity

(IU mg-1)
purification

(X)
yield
(%)

CE 175000 1140.0 153.5 1.00 100
F30-60 24990 96.0 260.3 1.69 14.3
ST2 7208.5 1.95 3696.7 24.08 4.1
TTI 3920.0 0.2 19600 127.7 2.2

a One trypsin proteinase inhibitor unit (1 UI) was defined as inhibitor amount
that decreased the absorbance at 405 nm by 0.1 OD in the trypsin assay conditions.
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C. maculatus, which were used as models. PanelsA andB of
Figure 4 show the influence of TTI on the weight and number
of survivors of C. capitata and C. maculatus, respectively,
during larval developmental when larvae were fed with a diet
containing different concentrations of TTI. The inhibitor added
to the diet of these pests in artificial seeds was effective against
C. maculatusand produced 50% mortality to this bruchid at
the level of 3.6% (LD50, lethal dose). It also affected the mass
of larvae at 50.0% with an ED50 (effective dose) at the level of
3.2%. In artificial diets toC. capitata, the mass of larvae was
affected at 53.2% and larvae mortality was 34% at the level of
4% of TTI.

DISCUSSION

Serine proteinase inhibitors such as related Kunitz family
trypsin inhibitors have been purified and characterized from a
variety of plant sources (31-36). The role of Kunitz-type
inhibitors as defensive compounds against predators was studied
as early as 1947 when Mickel and Standish (37) observed that
larvae of certain insects were unable to develop on soybean

products. A later report showed that trypsin inhibitors were toxic
to Tribolium confusum(flour beetle) larvae (38). Following these
studies several research groups have investigated this protein
family as candidates in the development of new strategies to
pest control.

In this study a related trypsin inhibitor fromT. indicaseeds
was purified and characterized, and its in vitro and in vivo
potential insecticidal activity against different insect pests from
Lepidoptera, Coleoptera, and Diptera orders was examined. The
TTI purified here is a protein with a single polypeptide chain
of a molecular mass of 21 420 Da, as observed by MALDI-
TOF and SDS-PAGE (reducing and nonreducing conditions)
analyses, which is consistent with the molecular mass of other
Kunitz trypsin inhibitors (39-44). TTI is a noncompetitive
inhibitor like ApTI [(Adenanthera paVoninatrypsin inhibitor)
(20) andPj (Prosopis juliflora Kunitz-type trypsin inhibitor)
(19). This is in opposition to the findings of Laskowsky and
Kato (45), who proposed that serine proteinase inhibitors were

Figure 2. (A) SDS-PAGE analysis of purified TTI, stained with Coomassie
Blue: (lane 1) TTI; (lane M) protein molecular weight markers (full-range
rainbow molecular weight markers); (B) MALDI-TOF spectrum of TTI
purified from reversed phase HPLC.

Figure 3. Inhibition of trypsin activity by inhibitor TTI. Kinetic mechanism
data are illustrated by Lineweaver−Burk double-reciprocal plots. TTI activity
was evaluated using several concentrations of BAPNA (0.1, 0.5, 1.0, 1.25,
and 1.5 mM) as substrate in the absence ([) or in the presence (0, 4,
]) of the crescent concentration (0.06, 0.12, or 0.18 µM) of TTI.

Table 2. Inhibitory Activity of Inhibitor TTI toward Proteinases and Gut
Insect Proteinases

enzymea inhibitionb (%)
serine proteinases

porcine elastase 3.1 ± 0.86
bovine chymotrypsin ND

cysteine proteinases
papain ND
bromelain ND

coleopteran
RdP (lesser grain borer) 88.2 ± 0.45
CmP (cowpea weevil) 86.7 ± 0.34
ZsP (bean weevil 51.6 ± 1.23
AgP (boll weevil) 29.6 ± 0.23

lepidopteran
SfP (armyworm) 75.5 ± 2.30
AaP (cotton leafworm) 53.8 ± 0.43
PiP (Indian meal moth) 26.7 ± 1.54

dipteran
CcP (fruit fly) 52.9 ± 0.78

a Colepteran proteinases from R. dominica (RdP), C. maculatus (CmP),
Z. subfasciatus (ZsP), and A. grandis (AgP). Lepidopteran proteinases from
S. frugiperda (SfP), A. argillacea (AaP), and P. interpunctella (PiP). Dipteran
proteinase from C. capitata (CcP). b Values are means ± standard error. ND, not
detectable.
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competitive inhibitors. TheKi value of TTI was 1.7× 10-9 M
to trypsin, in agreement with those reported for Bowman-Birk
and Kunitz-type inhibitors (20,46-48), but TTI did not inhibit
chymotrypsin and other cysteine proteinases, such as papain
and bromelain. The inhibitory activity of Kunitz-type proteinase
inhibitors is varied, and few inhibitors of this family are specific
for chymotrypsin (20,49). Until now only three related Kunitz-
type inhibitors were found to be active toward papain-like
enzymes and were also strongly active to enzymes from the
midgut of bruchid larvae (19,20, 48).

For an efficient establishment of a novel insect control
strategy based on proteinaceous inhibitors, two initial steps are
necessary: they are the inhibitor purification and knowledge
of the digestive system from target insects. The digestive system
from phytophagous pests is based principally on serine and
cysteine proteinase classes; serine proteinases are the major
enzymes found in Lepidoptera/Diptera orders, and acid and
cysteine proteinases are predominant in the coleopteran of the
Bruchidae family (50-53), but serine proteinases also were
present (54). To verify the activity of purified TTI, digestive
proteinases from coleopteran, lepidopteran, and dipteran pests
were extracted and assayed against BAPNA, a specific trypsin
substrate. TTI showed the highest inhibition to trypsin-like
enzymes fromC. maculatus(86.7 ( 0.34), R. dominica
(88.2 ( 0.45), andS. frugiperda(75.5 ( 2.30). It was also
observed to have moderate inhibitory activity toward gut
proteinases ofA. argillacea(53.8( 0.43)C. capitata(52.9(
0.78), andZ. subfasciatus(51.6( 1.23). A number of Kunitz
related inhibitors from plants were evaluated in vitro for the
potential to decrease the activity of digestive enzyme from

lepidopteran/coleopteran larvae. Soybean Kunitz trypsin inhibi-
tor (SKTI) showed a potent in vitro inhibitory activity against
gut proteinases fromA. grandis(11), SKTI, and cowpea trypsin
inhibitor (CpTI) and to serine proteinases from larvae of the
tomato moth (L. oleracea) (24) and others reported forH.
armigera, H.Virenscen, andL. cuprina, in which SKTI was
the most effective among the inhibitors tested (55-60).Ade-
nanthera paVonina trypsin inhibitor(ApTI) andDimorphandra
mollis trypsin inhibitor (DMTI-II) inhibited 84% (20) and 80%
(48) of the digestive trypsin-like enzymes ofC. maculatus,a
Coleptera: Bruchidae, which are results similar to those for TTI.

On the basis of the concentration of proteinaceous inhibitors
that occurs naturally in legume seeds, 1-10% of their total
proteins (61,62), the potential bioinsecticidal effects of TTI at
1-4% doses (w/w) were tested in feeding trial models to
C. capitata and C. maculatus larvae, two important and
economical pests for agribusinesses of tropical and subtropical
regions. Results showed different deleterious effects of TTI on
the mass and survival ofC. capitataandC. maculatusduring
larval developmental when larvae were fed with a diet contain-
ing different concentrations of the inhibitor. ForC. capitata,
the larval mass was decreased by 53.2%, and mortality was 34%
at the level of 4% (w/w). This minor effect of TTI on the
mortality of C. capitata larvae was probably due to the fact
that its digestive system is based on both chymotrypsin- and
trypsin-like serine proteinases (63). TTI is specific to trypsin-
like enzymes and could explain highC. capitata survival,
because chymotrypsin would be active in its digestive processes.
However, these survivor larvae had delayed development with
mass similar to those larvae of 2 days of age. This could be
important due to the seasonality of this pest. Bioassays against
dipteran insect pests are rare in the literature. For example, when
SKTI was added at a level of 1.15% in artificial diets and offered
to Lucilia cuprina, a strong reduction in the weight of larvae
was observed of∼80%. This susceptibility can be explained
because the major proteinase of these larvae is a trypsin-like
serine proteinase (59).

The effect of TTI on the development ofC. maculatuslarvae
was examined in bioassays based on artificial seeds system. TTI
produced∼55.6% mortality of this bruchid when incorporated
at level of 4%, with a lethal dose (LD50) of 3.6%, and affected
the larval mass by 50.0% at an effective dose (ED50) of 3.2%.
Only two recent studies have shown the effect of a trypsin
inhibitor in feeding trial assays toC. maculatus. DMTI-II and
ApTI from D. mollis (48) and A. paVonina seeds (20),
respectively, were strongly active in in vivo bioassays with LD50

values between 0.5 and 1%. These Kunitz-type inhibitors also
showed an unusual property of interaction with a chitin matrix
column. This chitin binding behavior could explain the greater
deleterious effect onC. maculatuslarvae, because these bruchid
larvae possess chitin components of the peritrophic membrane
(or equivalent structures) in the midgut (64). Here, the occur-
rence of a high inhibition on the in vitro activity of TTI, similar
to ApTI and DMTI-II, was an indicator that it may be possible
to use TTI as an insecticidal agent. However, the in vivo assay
of TTI had higher LD50 and ED50 values when compared to
those of ApTI and DMTI-II, despite the fact that the TTI doses
found here are included in the concentration range of natural
occurrence of proteinaceous inhibitors in seeds. Probably, TTI
and SKTI (65) are not chitin-binding proteins, such as ApTI
and DMTI-II. This could explain the minor effect of TTI on
C. maculatuslarvae. Insect resistance to transgenic plants is
happening, and using proteinase inhibitors for pest control, in

Figure 4. Effects of TTI (%, w/w) on larva development in artificial diet
system: (A) C. capitata larvae, n ) 6 × 21; (B) C. maculatus larvae,
n ) 6 × 9; (9) % larva mass decrease; (2) % mortality larvae. Each
mean represent six replicates (±SE).
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the future, can be assigned in association of inhibitors with
diverse properties to target enzymes in a concerted manner.
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M.-H.; Jouanin, L. High level of resistance to proteinase
inhibitors may be conferred by proteolytic cleavage in beetle
larvae.Insect Biochem. Mol. Biol.1998,28, 229-237.

(54) Silva, C. P.; Terra, W. R.; Lima, R. M. Differences in midgut
serine proteinases from larvae of the bruchid beetlesCalloso-
bruchus maculatusand Zabrotes subfasciatus.Arch. Insect
Biochem. Physiol.2001,47, 18-28.

(55) Ahamad, Z.; Saleemuddin, M.; Siddi, M. Purification and
characterization of three alkaline proteinases from the midgut
of the larvae of army worm,Spodoptera litura.Insect Biochem.
1980,10, 667-673.

(56) Johnston, K. A.; Lee, M.; Gatehouse, J. A.; Anstee, J. H. The
partial purification and characterization of serine proteinase
activity in midgut of larval HelicoVerpa armigera. Insect
Biochem.1991,21, 389-397.

(57) Ferreira, C.; Capella, A. N.; Sitnik, R.; Terra, W. R. Properties
of the digestive enzymes and the permeability of the peritrophic
membrane ofSpodoptera frugiperda(Lepidoptera) larvae.Comp.
Biochem. Physiol.1994,107A, 631-640.

(58) Johnston, K. A.; Lee, M.; Brough, C.; Hilder, V. A.; Gatehouse,
A. M. R.; Gatehouse, J. A. Proteinases activity in the larval
midgut of Heliothis Virenscens: evidence for trypsin and
chymotrypsin-like enzymes.Insect Biochem. Mol. Biol. 1995,
25, 375-383.

(59) Casu, R. E.; Jarmey, J. M.; Elvin, C. M.; Eisemann, C. H.
Isolation of a trypsin-like serine proteinase gene family from
the sheep blowflyLucilia cuprina. Insect Mol. Biol.1994, 3 (3),
159-170.
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