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Chitin-binding vicilin from Erythrina velutina seeds was purified by ammonium sulfate followed by
affinity chromatography on a chitin column and gel filtration on Superose-6-10-300-GL. The Erythrina
velutina vicilin, called EvV, is a tetrameric glycoprotein composed of 1.85% carbohydrates and Mr of
216.6 kDa, consisting of two subunits of Mr of 54.8 and two subunits of Mr of 50.8 kDa. The EvV
homogeneity was confirmed in native PAGE where it was observed to be a unique acid–protein band
with slow mobility in this gel. Effect of EvV on C. capitata larvae was examined by bioassay and its
mechanism of action was determined by immunodetection techniques and fluorescence localization
in chitin structures that are present in C. capitata digestory system. EvV when added to diet caused
strong effect on mortality (ED50 of 0.14%) and larval mass (WD50 of 0.12%). These deleterious effects
were associated to the binding to chitin structures present in peritrophic membrane and to gut epithelial
cells, and its low digestibility in C. capitata digestive tract. These results are the first demonstration
of a proteinaceous bioinsecticide from plant origin effective against C. capitata larvae. EvV may be
part of the pest management programs or an alternative in plant improvement program.
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1. INTRODUCTION

Fruit flies of the family Tephritidae are among the most
destructive pests of fruits and vegetables around the world (1).
One of the most notorious of these species is the mediterranean
fruit fly, Ceratitis capitata (Wiedemann), which is found
worldwide attacking a wide host range that includes more than
350 species of plants (2). Females oviposit in ripening and ripe
fruits, which are destroyed by larval feeding (3). The ever-
increasing demands on yield and the intensification of farming
practices have increased the problem of pest and pathogen
damage and hence control. The preferred pest management
practices against many fruit flies are based on chemical methods.
Bait-sprays, using insecticides mixed with an attractant, were
found to be effective for suppressing fruit fly pest populations
of C. capitata (4). Besides the negative environmental aspects
and potential risk for human health, nowadays there are

populations of insects which are resistant to organochlorine,
organophosphorus and carbamate insecticides (5). To over-
come this resistance it would be necessary to seek for new
environment-friendly pesticides with different mechanisms
of action (6).

Many plant defense proteins with insecticidal activity, such
as lectins and chitinases, bind to suitably glycosylated targets
in the insect gut. The major action sites for these proteins are
the peritrophic membrane (PM) (7) and the membrane glycans
in the brush border epithelium (8). PM exists in most phytopha-
gous insects and is composed primarily of chitin (containing
N-acetylglucosamine residues) and proteins (9). The peritrophic
membrane forms a barrier to protect the midgut epithelium from
abrasive food particles, microorganism attack, and facilitates
recycling of digestive enzymes among other functions (10).
Changes in the permeability of PM (11), morphological damage
or changes in the gut epithelial membrane (8) could cause
interference with absorption of various nutrients and subsequents
deleterious effects on insects.

Vicilins are legume seed storage proteins of globulin nature
and classified as 7S globulins according to their sedimentation
coefficients. These protein are oligomeric molecules with
variable degree of glycosylation (12). Chemical and im-
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munological investigations have shown that variant vicilins from
the Vigna unguiculata genotype IT81D-1045, which is resistant
to the attack of cowpea weevil, bind to the chitin-containing
structure of insect midgut (13). These vicilins also showed
deleterious effects on the sugar cane stalk borer Diatraea
saccharalis larvae (14). These results demonstrate that non-
adapted insects can also be affected by of vicilin ingestion and
that the mechanism of action of this protein may be similar to
that attributed to lectins, antibodies and other chitin-binding
proteins, such as chitinases and hevein (7).

In this paper, we describe the purification and characterization
of a chitin binding vicilin from Erythrina Velutina seeds and
report its effects on larval development and survival of C.
capitata larvae. Also, we investigated the mechanisms involved
in the larvacidal effect of E. Velutina vicilin (EvV). This is the
first report of a proteinaceous bioinsecticide from plant origin
effective against C. capitata.

2. MATERIAL AND METHODS

2.1. Chemicals. All substrates, peroxidase-conjugated goat anti-
Rabbit IgG and native protein deglycosylation kit were purchased from
Sigma Chemical Co. (St. Louis, MO). Electrophoresis chambers and
reagents were obtained from Bio-Rad Laboratories (Richmond, CA).

2.2. Insects. The colony of C. capitata used in this work was
maintained with insects obtained from Departamento de Biologia
Celular e Genética of the Universidade Federal do Rio Grande do Norte,
Brazil. C. capitata larvae were reared on artificial diets which were
prepared using 10.4% finely ground sugar cane fibers, 6.5% wheat flour,
15% crystal sugar, 9.9% brewers yeast, 0.3% sodium benzoate
(VETEC), 0.9% HCl, and 57% H2O. Insect colonies were maintained
at 28 ( 2 °C, 70–80% relative humidity, and a photoperiod of 12 h.

2.3. Preparation of Larval and Insect Gut Homogenates. A total
of 50 larvae from the third instar of development were dissected in
0.15 M NaCl and the guts homogenized in 50 mM Tris-HCl buffer at
pH 8.0 in a glass homogenizer. The homogenate was centrifuged at
10000g for 30 min at 4 °C, and the clear supernatant was used in
enzyme assays. All homogenates were freshly prepared (15).

2.4. Purification of EvV and Antibody Production. E. Velutina
seeds were obtained from Brazilian Institute of Environment and
Renewable Natural Resources (IBAMA) seed bank at Natal/RN-Brazil.
Finely ground seed meal was extracted with 0.05 M Borax buffer at
pH 7.5, for 30 min at room temperature. After centrifugation for 30
min at 8000g at 4 °C, the supernatant (crude extract) was precipitated
with ammonium sulfate at 0–70 and 70–90% concentration. The
70–90% fraction (F70–90) corresponding to globulin proteins in
legumes, was then dialyzed and freezer-dried. Globulin (10 mg mL-1)
was dissolved in borax buffer and applied to an affinity chromatography
on a chitin column (5 mL), equilibrated with 0.05 M borax buffer at
pH 7.5. The matrix was washed with the equilibrium buffer and
adsorbed proteins were eluted with 100 mM glycine-HCl buffer at pH
2.0. Protein peaks were collected and recovered after dialysis against
water, freeze-drying and sample (1 mg/mL) in borax buffer subjected
to gel filtration on Superose-6-10-300-GL using an AKTA Purifier
System (GE Healthcare Bio-Sciences Corp.), previously calibrated with
protein markers: thyroglobulin (669 kDa), �-amylase (200 kDa), alcohol
dehydrogenase (150 kDa), and carbonic anhydrase (29 kDa). All
chromatographies were monitored at 280 nm. The peak obtained,
denominated EvV, was pooled, and freezer-dried and subjected to
further analysis.

Polyclonal antibodies against deglycosylated EvV was prepared by
immunization of rabbits according with Thorpe (16). Deglycosylation
of EvV was performed according with technical instructions obtained
from native protein deglycosylation kit, product code N-DEGLY (Sigma
Co.). IgG was obtained by affinity chromatography of the crude immune
sera using a protein A column (protein A bound to Sepharose CL-4B).
Preimmune sera were collected before immunization and used as
control.

2.5. Protein and Carbohydrate Determination. Protein content
was measured by Bradford (17) procedure with bovine serum albumin
(BSA) as protein standard. Carbohydrate content was measured
according to the Dubois et al. procedure (18), with glucose as the
carbohydrate standard. All assays were made in triplicate.

2.6. Detection of Proteinase Inhibitory Activities in EvV. Globulin
inhibitory assays against proteinase extracts from C. capitata larvae
were measured using 1% azocasein solution at pH 8.0 (serine proteinase
activities). A 50 µL aliquot of EvV (2 mg mL-1) was incubated with
50 µL of midgut homogenates and 400 µL of appropriate buffer (50
mM Tris-HCl and 20 mM CaCl2 at pH 8.0) at 37 °C for 15 min before
adding the 500 µL substrate (1% azocasein, 50 mM Tris-HCl, and 20
mM CaCl2 at pH 8.0). After 30 min of incubation, the reaction was
stopped by adding 150 µL of 20% TCA solution. Results were
monitored at 440 nm. Samples were centrifuged at 10000g for 10 min
and supernatants were alkalinized with 0.2 N NaOH solution. The
soluble peptides were measured by absorbance at 440 nm. Appropriate
controls without EvV were prepared in the same conditions as the tests,
without the addition of substrate, which was added after the addition
of 20% TCA solution. One inhibitory unit (IU) was defined as the
amount of inhibitor activity that decreased absorbance by 0.01 at 440
nm. All of the assays were performed in triplicate.

2.7. Detection of Hemeagglutinating Activities in EvV. The
hemeagglutinating activity was assayed in microtiter V plates (Nunc
Brand products, Denmark) according to a 2-fold serial diluting
procedure (19). One hemeagglutinating unit (HU) was defined as the
amount of sample able to agglutinate and precipitate the erythrocytes
in suspension after 30 min. To each well, 25 µL (2 mg mL-1) of the
2-fold serially diluted EvV solution and 25 µL of 2% (v/v) human
ABO erythrocyte suspension were added and allowed to incubate for
30 min at room temperature. The degree of hemeagglutinating activity
was examined at naked eye. Negative and positive controls consisted
of saline and 1.0 mg/mL ConA, respectively, incubated with
erythrocytes.

2.8. Polyacrylamide Gel Electrophoresis and Western Blotting.
The presence of subunits in EvV was determined by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) at room
temperature, as described by Laemmli (20), using 15% polyacrylamide
separation gel and 4% polyacrylamide stacking gel. Protein molecular-
weight markers �-galactosidase (116.0 kDa), bovine serum albumin
(66.2 kDa), ovalbumin (45.0 kDa), lactate dehydrogenase (35.0 kDa),
restriction enzyme Bsp98 (25.0 kDa), and �-lactoalbumin (18.4 kDa)
were obtained from Fermentas Co. (Canada). EvV homogeneity was
observed by native PAGE also as described by Laemmli (20), using
15% of polyacrylamide separation gel and 4% polyacrylamide stacking
gel, without SDS. Bromophenol blue was used as the tracking dye.

Western blotting were performed using nitrocellulose membranes
after SDS-PAGE according to described methods (21).

2.9. Insect Bioassay. To examine the effects of EvV on C. capitata
development, neonate larvae were fed on artificial diets containing EvV
at 0.1, 0.15, 0.20, and 0.25% (w/w) concentrations. Each diet sample
(500 mg) was poured into a glass vial, and 15 larvae were allowed to
feed on them. The bioassay was maintained at 28 ( 2 °C and 70–80%
of relative humidity in a growth chamber. After 5 days, the vials were
opened and the mass and number of larvae were determined. The
percentage of mass decrease and mortality were calculated in relation
to control. The experiments were carried out with six replicates and
the mean ((SEM) was calculated. Control diets were prepared without
EvV. A completely random design was used, and the comparisons of
the means of the larval weight and treatments were made by Tukey’s
test at 5% level of probability.

2.10. Mechanism of Actions of EvV. 2.10.1. Detection of Chitin
in the Gut of C. capitata LarVae. The gut of third instar larva was
separated from windpipes and Malpighian tubes under stereomicroscopy
in 0.15 M cold NaCl and aided by a pair of tweezers. Its luminal content
was aspirated and kept for analysis, whereas the gut lumen washed
thoroughly with NaCl to remove any residual diet. The presence of
chitin in larval guts was ascertained by the von Wisselingh color test
(22). This qualitative test detects chitosan produced after treatment of
the chitin-containing materials with saturated KOH for 15 min at 160
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°C. After reaction, the presence of chitin was observed with a KI/iodine
solution. Controls employing cellulose (-) and lobster chitin (+) were
used.

2.10.2. In ViVo Digestibility and Binding of EVV to Peritrophic
Membrane. Third instar larvae were fed on artificial diet containing
2.0% starch insoluble, 20% sucrose, and 0.9% NaCl, for 3 h, at room
temperature. After this time, they were transferred to a suspension
containing 0.125% (w/v) of EvV for 3 h and retransferred for more
3 h to other suspension without EvV. Larvae were then removed,
dissected, peritrophic membranes were excised and excreta collected.
Excreta suspension was centrifuged at 10000g for 10 min and
supernatant collected dialyzed against 0.1 M PBS at pH 7.4 and freeze-
drying. Membrane peritrophic excised were washed with PBS until
removal of nonadsorbed proteins and adsorbed proteins were eluted
with 0.1 M glycine-HCl buffer at pH 2.0. Excreta and eluted proteins
from peritrophic membranes were subjected to SDS-PAGE and
Western blotting analysis. Control treatment with BSA was carried out
in the same described conditions.

2.10.3. Visualization of Peritrophic Membranes and Localization
of FITC-EVV Binding. Fluorescein-5-isothiocyanate (FITC) was co-
valently coupled to EvV by the method of Johnston et al. (23) with
modifications. FITC solution (20 mg in 1 mL anhydrous DMSO) was
immediately added in 0.75 M bicarbonate buffer at pH 9.5 before use,

followed by the addition of EvV (1.0-0.1 mg of FITC). Mixture was
incubated in the dark glass tube and rotated for 1 h at room temperature.
The FITC-labeled EvV was recovered by ammonium precipitation,
dialyzed against distilled water, and freeze-dried.

Third instar larvae was fed on artificial diet containing 0.125% (w/
w) of FITC-EvV for 3 h at room temperature and then fed on artificial
diet without EvV for more 3 h. These larvae were removed and
dissected, and peritrophic membrane and gut epithelial cells obtained
were washed in PBS. The tissue pieces were examined in a fluorescence
microscope (Nikon Eclipse E200). Control diet containing 2.5% (w/
w) N-acetyl glycosamine were carried out in the same described
conditions.

3. RESULTS

3.1. Isolation, Purification, and Characterization of E.
Welutina Vicilin (EvV). Crude soluble protein extract obtained
from the mature seeds of the E. Velutina tree was initially
precipitated with ammonium sulfate at 0–70 and 70–90%
saturation. The F70–90 protein fraction (globulins) obtained was
chromatographed on affinity chitin column, one peak was
obtained (Figure 1A). The peak adsorbed on the chitin matrix
was assayed to detect contaminants such as gut proteinase
inhibitors, and lectin activities. This fraction showed no inhibi-
tory and lectin activities (data not shown). After analysis, this
retained peak was loaded on Superose-6-10-300-GL gel filtration
previously calibrated using an AKTA purifier system. The EvV
peak had a molecular mass of 216.57 kDa (Figure 1B). EvV is
aglycoprotein,composedof1.85%carbohydratesandSDS-PAGE,

Figure 1. (A) Elution profile of F70–90 from E. velutina seeds on chitin
column. The column (5 mL bed volume) was equilibrated with 50 mM
Borax buffer (pH 7.5) and eluted with glycine buffer 100 mM (pH 2.0).
(B) Elution profile on Superose-6-10-300-GL calibrated column of the EvV
peak eluted from chitin column. Protein markers: (1) thyroglobulin (669
kDa), (2) EvV (216 kDa), (3) �-amylase (200 kDa), (4) alcohol
dehydrogenase (150 kDa), and (5) carbonic anhydrase (29 kDa).

Figure 2. (A) SDS-PAGE (15%) analysis of purified EvV stained with
Coomassie Blue. (M) Molecular mass markers: �-galactosidase (116.0
kDa), bovine serum albumin (66.2 kDa), ovalbumin (45.0 kDa), lactate
dehydrogenase (35.0 kDa), restriction enzyme Bsp98 (25.0 kDa),
�-lactoalbumin (18.4 kDa), and lysozyme (14.4 kDa). (EvV) E. velutina
vicilin (10 µg). Arrows indicate the major polypeptides chains from EvV.
(B) Native PAGE (15%) analysis of purified EvV stained with Coomassie
Blue. (EvV) E. velutina vicilin (10 µg).
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proved to be a tetrameric protein with two major relative
molecular mass subunits of 54.8 and 50.8 kDa (Figure 2A).
EvV homogeneity was confirmed by native PAGE as a unique
band with low mobility, characteristic of acid protein, was
observed (Figure 2B).

3.2. Insect Bioassays. The effect of EvV on larval develop-
ment of C. capitata was assessed by determining the number
and mass of surviving larvae fed a diet containing increasing
amounts of EvV. The curve dose response of the effect of EvV
on the mass and mortality of the larvae is represented in Figure
3. The chitin-binding vicilin added to artificial diet was very
effective, causing a decrease of 50% of the larva mass with an
ED50 (effective dose) of 0.12% and 50% mortality at a level of
0.14% (LD50, lethal dose). Regression analysis showed that for
every 0.1% increase in EvV dose, there was a 66.7% decrease
in C. capitata larval mass. For each 0.1% increase in EvV fed
instead applied to C. capitata, there was a 35.0% increase in
mortality. Unrelated proteins, such as bovine serum albumin,
had no effect on larval growth over the same concentration range
as used for EvV.

3.3. Mechanism of Actions of EvV. 3.3.1. Detection of
Chitin in the Fruit Fly LarVae Gut. The presence of chitin in
the midgut of C. capitata larvae was revealed by the
Wisselingh color test for the qualitative determination of
chitin. KOH-treated larvae midguts were placed in a KI/iodine
solution and the appearance of a brown color was indicative

Figure 3. (A) Effects of EvV (%, m/m) in the larval mass and in the (B)
mortality. y intercept in A is mortality, and B is larvae mass in control
diet. (Inset) (1) Larva fed the control diet and (2) larvae fed on 0.20%
EvV. Each data point is the mean of four replicates. Mean values followed
by the same letter were not statistically different (p < 0.05) by Tukey’s
test. The error bars represent the standard deviation.

Figure 4. In vivo digestibility of EvV analyzed by SDS-PAGE. (M)
Molecular-mass markers. (1) BSA control, (2) BSA excreta, (3) EvV control,
and (4) EvV excreta.

Figure 5. In vivo digestibility and binding of EvV to peritrophic membrane
analyzed by immunoblotting. (M) Molecular-mass markers. (1) BSA control,
(2) BSA excreta, (3) EvV control, (4) EvV excreta, and (5) eluted EvV
from peritrophic membrane.
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of the presence of chitin in larvae midguts. A positive test
was confirmed by the addition of 0.1% H2SO4 when the color
turned violet.

3.3.2. In ViVo Digestibility and Binding of EVV to Peritrophic
Membrane of C. capitata LarVae. The susceptibility of EvV to
gut digestive enzymes of C. capitata larvae was demonstrated
in ViVo. Analysis of the larvae excreta by SDS-PAGE showed
that EvV was resistant to action of gut digestive enzymes
(Figure 4), where immunoreactive EvV subunities refractory
bands to hydrolysis were detected in larval excreta (Figure 5).

In ViVo binding of vicilins to peritrophic membrane from C.
capitata larvae was evaluated by Western blotting. The presence
of the immunoreactive vicilin liberated from peritrophic mem-
brane was confirmed and showed in line 5 of Figure 5.

3.3.4. Fluorescent Localization of Bound EVV-FITC. Bind-
ing of EvV-FITC to the peritrophic membrane and gut
epithelial cells was confirmed as shown in Figure 6. These
interactions could have occurred directly with chitin components
and/or with specific membrane-associated glycoproteins. The
lack of fluorescence in control samples demonstrated the
specificity of EvV binding.

DISCUSSION

Toxicological studies based on acute and chronic effects upon
exposure revealed that many classical insecticides are highly
toxic not only to nontargeted insect species, but also to mammals
and humans (24, 25). Consequently, a search for safer alterna-
tives for pest control is necessary. Biological and physiological

studies resulted in the development of insecticides with a better
environmental profile, with different mechanisms of actions and
with reduced risks for living systems. In this context, proteina-
ceous compounds such as plant proteinase inhibitors, R-amylase
inhibitors, lectins and chitin binding proteins may affect
development by interfering in the digestive system of a wide
range of potentially damaging insects. These effects on insects
can be observed when digestive enzymes are inhibited or when
defense proteins bind to the gut structures of larvae and adult
insects, such as chitin and or others binder molecules (26).
Among the defense proteins, Vicilins or 7S globulins consist
of multisubunit combinations with molecular masses between
20.1 and 94 kDa (27), which pass by extensive post-translational
process resulting in a high degree of polymorphism of these
proteins (28). In legume seeds, vicilins exhibit a considerable
amount of sequence homology and microheterogeneity and may
contribute to plant defense mechanisms (29). In this study vicilin
from E. Velutina seeds, denoted of EvV, was purified through
a chitin matrix, and its effect was tested against C. capitata
larvae. EvV is a glycoprotein with molecular mass of 216 kDa
with two subunities of 54.8 and 50.8 kDa, in agreement with
similar data previously reported by several authors for other
legume vicilins (30–33). Many seed defense proteins are able
to bind on chitin matrix as chitinases (34–36), lectins (37, 38),
proteinase inhibitors (39, 40), and hevein (41). The first study
that showed that chitin binding vicilins could be involved in
plant defense was related by Sales et al. (42). These authors
demonstrated that variant vicilins, isolated from resistant Cal-

Figure 6. Fluorescence micrographs showing FITC-EvV binding in C. capitata gut larvae. (A) Light microscopy and (B) fluorescence microscopy of the
peritrophic membrane from larvae fed on artificial diet containing FITC-EvV. (C) Light microscopy and (D) fluorescence microscopy of gut epithelial cells
from larvae fed on artificial diet containing FITC-EvV. Scales in A and B are 50 µm. Scales in C and D are 200 µm.
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losobruchus maculatus nigerian cowpea seeds (V. unguiculata),
strongly bound to chitin matrix and it had high detrimental effect
to the Bruchid (43). Posterior study showed that vicilins isolated
from others legume seeds of distantly related species such as
jack beans (CanaValia ensiformis), soybeans (Glycine max), and
lima bean (Phaseolus lunatus) showed a high detrimental effect
on the larval development of C. maculatus (33). Through
bioassays, it was observed that EvV, similar to other chitin
binding vicilins, had lethal and or detrimental effects on
organisms that contain chitin in the peritrophic membrane. This
matrix forms a barrier to protect the gut epithelium from abrasive
food particles (44). EvV was very lethal to C. capitata with
LD50 (0.14%) and ED50 (0.13%) lower than those observed in
nigerian resistant V. unguiculata vicilin (ED50 of 1.07%) (43)
and among other legume vicilins, such as G. max vicilin (ED50

of 1.66%), P. lunatus vicilin (ED50 of 1.74%), C. ensiformis
vicilin (ED50 of 2.15%) to C. maculatus. The lethal EvV dose
was comparable to the concentrations (0.1–1.0%) of WGA, rice
lectins, nettle lectins, TEL (Talisia esculenta lectin) and
Enterolobium contortisiliquum vicilin (EcV) tested for C.
maculatus (40, 45, 46), which are not target hosts to this bruchid.
Possibly the strong effect of EvV to C. capitata could be related
with the distance evolutive between dipteran pest and the legume
species E. Veluntina. The EvV action mechanism was due to
the indigestibility of EvV associated to the binding with chitin
present in the peritrophic membrane and also on gut epithelium
cells of this dipteran, as proved here by imunoblotting and
fluorescent binding of EvV-FITC. These effects on the gut of
C. capitata suggests that the binding of vicilins to both structures
of larvae gut caused interference with nutrient absorption (47)
either preventing or enhancing movement between the endo and
exoperitrophic space or preventing the formation of the mem-
brane itself (48) and binding to epithelium cells could affect
various functions of the cell membranes (11).

The strong negative effects of EvV on C. capitata larvae,
observed in this study, suggest that EvV might be able to provide
a viable alternative in designing transgenic crops to control
insect pests or be used as a pesticide when tested against adult
C. capitata.
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