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a b s t r a c t

Lectins have demonstrated significant levels of protection against different pests when expressed in
transgenic plants. The effects of the coagulant Moringa oleifera lectin (cMoL) on moth flour (Anagasta
kuehniella) were tested by incorporating the protein in an artificial diet at levels of 0.5%, 1% and 2% (w/w),
respectively. cMoL showed a dose-dependent effect on average larval weight and a series of nutritional
disturbances. A significant increase in total development time of 15 days was observed in the group fed
eywords:
ectin
oringa oleifera

nagasta kuehniella
nsecticidal activity
ioinsecticidal

with cMoL at 1%, increasing the rate of pupal mortality by 27.6%. The A. kuehniella midgut proteases were
unable to digest cMoL for up to 12 h of incubation. The lectin presented a tight binding to a chitin column,
suggesting that the insecticidal activity of cMoL involves carbohydrate–lectin interactions on the surface
of the digestive tract, with glycoproteins and others glycolsylated structures in the midgut and resistance
to enzymatic digestion.

© 2010 Elsevier Ltd. All rights reserved.

utritional parameters

. Introduction

The steady increase in worldwide agricultural production and
he creation of large crop areas has facilitated the spreading of
nsect pests that increase production costs, in addition to reducing
arming productivity and causing losses in stored products. Prob-
ems associated with widespread insecticide usage, together with
he development of insect resistance to Bacillus thuringiensis (Bt)
oxins in genetically engineered crops, have resulted in a greater
nterest of scientists in exploiting the potential of using plant defen-
ive proteins, such as lectins, to help in combating crop damage
1].

Plant seeds contain several biologically active proteins that play
arious specialized functions. The most representative molecules
re hydrolytic enzymes, inhibitors, lectins and the ribosome
nactivating proteins [2,3]. Plant lectins are defined as proteins pos-

essing at least one non-catalytic domain, which binds reversibly
o specific mono or oligosaccharides [4]. Indeed, many highly-
bundant plant lectins have been found to combine a role in storage
ith a role in plant defense whenever the plant is under attack by

∗ Corresponding author. Tel.: +55 67 33457612; fax: +55 67 33457400.
E-mail address: bioplant@terra.com.br (M.L.R. Macedo).

359-5113/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.procbio.2010.09.025
predators [5]. Several lectins have shown effects during different
life stages of many insect orders such as Coleoptera [6–8], Diptera
[9], Hemiptera [10], Homoptera [11], Hymenoptera [12], Isoptera
[13] and Lepidoptera [14–16]. This feature demonstrates the poten-
tial of using plant lectins as naturally occurring insecticide agents
against the pests that diminish crop production [16]. Generally, in
vitro bioassays are undertaken to judge this biological characteris-
tic, which consists of inclusion of the studied lectin into artificial
diets offered to the target insect during a given period of time [8].

Lectins are naturally occurring proteins/glycoproteins with sub-
stantial structural diversity [17]. Transgenic crops expressing genes
that confer resistance against insect herbivory have been produced
for most of the world’s economically important crops [18] and
several studies have shown the efficiency of lectin expression in
transformed crops, such as the snowdrop lectin (Galanthus nivalis
agglutinin, GNA), which is one of the most studied lectins. Genes
that encode GNA have been incorporated into a range of crops,
including potato [19,20], rice [21–23], maize [24], tobacco [25],
wheat [26], tomato [27] and sugarcane [28–30]. In addition to

GNA (mannose specifies), ConA (mannose/glucose specifies), PNA
(galactose specifies), morniga-G (galactose/N-acetylgalactosamine
specifies) and WGA (N-acetylgalactosamine specifies) are exam-
ples of other lectins that have also proven insecticidal activity and
are widely studied. These observations support the search for new

dx.doi.org/10.1016/j.procbio.2010.09.025
http://www.sciencedirect.com/science/journal/13595113
http://www.elsevier.com/locate/procbio
mailto:bioplant@terra.com.br
dx.doi.org/10.1016/j.procbio.2010.09.025
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ectins with insecticidal activity of different carbohydrate specifici-
ies, to act against the most distinct pest species.

cMoL (coagulant lectin from Moringa oleifera), belongs to a
roup of lectins isolated from Moringa oleifera seeds (Moringaceae
amily) [31,32]. This lectin is constituted of a monomeric protein
ith an approximate weight of 26.5 kDa, as revealed by SDS-PAGE

nd showed coagulant activity, similar to aluminium sulphate, the
oagulant most widely used in water treatment [31]. Another lectin
rom M. oleifera, WSMoL (water-soluble M. oleifera lectin), pre-
ented larvicidal activity to Aedes aegypti, the vector of dengue
33]. The aim of this study was to evaluate the insecticidal activ-
ty of cMoL, as judged by its effect on the survival and growth of
he Mediterranean flour moth, Anagasta kuehniella (Zeller) (Lepi-
optera: Pyralidae). This is a polyphagous pest that feeds on a wide
ariety of stored products, particularly in stored grains, such as
ried cocoa beans, dried grains, nuts, tobacco, coconut and dried
ruits [34]. A. kuehniella is of major economic importance as a flour
nd grain feeder; it is often a severe pest in flour mills [16,35].

. Materials and methods

.1. cMoL purification

Seeds of M. oleifera were collected in Recife city, northeastern Brazil and puri-
ed according to Santos et al. [31]. Seed flours of M. oleifera were extracted
ith 0.15 M NaCl for 6 h at room temperature. The proteins in this extract were
recipitated using 0–60% ammonium sulphate fractionation for 4 h at room tem-
erature. The 0-60F was dialyzed with distilled water (two changes) and 0.15 M
aCl, overnight. The 0-60F was chromatographed (10 mg of protein) on a guar gel
olumn (10.0 cm × 1.0 cm), previously equilibrated with 0.15 M NaCl (20 ml/h flow
ate). cMoL was eluted with 1.0 M NaCl.

.2. Insects and effects of cMoL feeding on insect growth, survival and
evelopment

The eggs of flour moths (A. kuehniella (Zeller); Phycitinae, Pyralidae, Lepi-
optera) were supplied by the Laboratório de Purificação de Proteínas e suas Funções
iológicas (LPPFB), Universidade Federal de Mato Grosso do Sul, Campo Grande, MS,
razil. The colony was housed in standard conditions of 28 ± 1 ◦C, 65–75% relative
umidity and a 16:8 (light:dark) photoperiod and routinely maintained on an arti-
cial diet prepared by mixing whole wheat flour, whole wheat husks, whole wheat,
nd yeast (8:2:1.9:0.1, w/w), according to Macedo et al. [16].

To examine the effects of cMoL on A. kuehniella development, neonate first instar
arvae were selected and fed an artificial diet containing 0.5%, 1% and 2% of cMoL
w/w). Controls were fed with untreated diet. Each treatment was set up in 250-

g clear plastic, airtight containers and five larvae were transferred to each plastic
ontainer (n = 60). After the larvae reached the 4th instar at standard conditions, the
elationship between protein content and the weight and number of larvae were
etermined. Larval consumption and faecal production were analyzed on a dry mass
asis. The protein content and tryptic activity of the faecal and midgut samples were
lso determined.

Linear regression analysis was used to evaluate the response of A. kuehniella to
he concentrations of cMoL. The treatment that provided the effective dose for a 50%
esponse (ED50), defined as the concentration of cMoL that reduced the larval mass
y 50% compared to the control larvae, was utilized for further assays. The fresh
eight of the resulting pupae and adults was determined on the first day following
upation and upon adult eclosion, respectively. The number of adults that emerged
as counted in order to determine the percentage survival to adult emergence (S).

he time at which the adults emerged was also recorded to allow estimation of
he mean time of development (T). Howe’s index [36] was calculated by dividing
he log10 of the percentage survival to adult emergence (%S) by the mean time of
evelopment (T).

.3. Measurement of nutritional parameters

Several nutritional parameters were used to compare fourth instars fed on the
ontrol diet with those fed on a diet containing 1% cMoL. The larvae, faeces and
emaining uneaten food were separated, dried and weighed. The indices of con-
umption, digestion and food utilization were calculated as described by Scriber
nd Slansky [37]:
The efficiency of the conversion of ingested food (ECI) estimates the percentage of
ingested food that is converted to biomass, and was calculated as: [biomass gained
(mg fresh mass)/food ingested (mg dry mass)] × 100.
The efficiency of the conversion of digested food (ECD) estimates the efficiency
with which digested food is converted to biomass, and was calculated as: biomass
hemistry 46 (2011) 498–504 499

gained (mg fresh mass)/[food ingested (mg dry mass) – feces (mg dry mass)] × 100.
Approximate digestibility (AD) estimates the amount of ingested food that is
digested, and was calculated as: [food ingested (mg dry mass) – feces (mg dry
mass)]/food ingested (mg dry mass) × 100.

Metabolic cost (MC) was calculated as: 100 – ECD.

2.4. Midgut preparation

Homogenates of the larval guts were prepared according to Macedo et al. [38].
Fourth instar larvae were cold-immobilized and dissected in cold 150 mM NaCl. The
midguts were surgically removed from the larvae using tweezers. The gut portion
taken was posterior to the proventriculus and anterior to the malpighian tubules.
After removing all extraneous tissue and freeing the lumen of its contents by rinsing
in 150 mM NaCl, the midgut tissues were homogenized in cold 150 mM NaCl in
a hand-held Potter–Elvehjem homogenizer immersed in ice. Midgut homogenates
were centrifuged at 14,000 × g for 20 min at 4 ◦C and the supernatants were collected
in a known volume of phosphate buffer and used immediately as enzymes sources
for enzymatic assays or stored at −20 ◦C.

2.5. Faecal pellet preparations

Faeces were prepared according to Ramos et al. [34]. Faeces were collected and
homogenized in cold 150 mM NaCl in a hand-held Potter–Elvehjem homogenizer.
The homogenates were centrifuged at 14,000 × g for 20 min at 4 ◦C and the super-
natants were collected in a known volume of phosphate buffer and used as a source
of enzymes for enzymatic assays or stored at −20 ◦C.

2.6. Protein quantification

Protein concentrations were determined by the dye-binding method of Bradford
[39], with bovine serum albumin (1 mg/mL) as the standard.

2.7. Enzymatic assays

Trypsin-like enzymes from gut extracts and faecal samples from A. kuehniella
larvae were determined using the chromogenic substrate, N-benzoyl-dl-arginine-p-
nitroanilide (BAPNA), prepared in 1% (v/v) DMSO (dimethyl sulfoxide) and 100 mM
Tris–HCl, pH 8.0 buffer. Samples of 10 �L of trypsin-like enzymes were added to
60 �L of assay buffer, and then 200 �L of BAPNA was added a final concentration of
1 mM. Six replicates were made for each assay. The reaction rate was determined by
monitoring the absorbance change at 410 nm for 30 min in a VersaMax Microplate
Reader (Molecular Devices, US).

2.8. Digestion of cMoL

The digestion of lectin was carried out according to Macedo et al. [16]. cMoL
(2 mg/mL) was incubated with midgut homogenate in Tris–HCl 100 mM pH 8.0
buffer. The cMoL/midgut protein ratio was 1:10 (w/w). Digestion was performed
for 1, 3, 6, 12, 24 and 48 h at 37 ◦C and was stopped by immersing the tubes in
boiling water for 2 min. The degradation of bovine serum albumin was used as a
positive control for protease activity. The proteins were subsequently separated by
SDS-PAGE on 12.5% as described by Laemmli [40]. The proteins were detected by
silver staining.

2.9. Protease activity of midgut and faecal extracts in polyacrylamide gels
containing 0.1% gelatin

Proteins extracted from the midguts and faecal extracts of A. kuehniella lar-
vae fed on control diet and diet containing 1% cMoL were run on 12.5% SDS-PAGE
containing 0.1% gelatin [41]. The samples were incubated without prior boiling for
30 min at 37 ◦C. The samples had also been incubated with TLCK, a synthetic trypsin
inhibitor (N-p-tosyl-lysine chloroketone, 1 mM) for 30 min at 37 ◦C to inhibit pro-
teolytic activity prior to SDS-PAGE. Following electrophoresis at 4 ◦C, the gels were
washed with 2.5% Triton X-100 solution for 2 h with shaking to remove the SDS,
after which the gels were incubated with 100 mM Tris–HCl buffer, pH 8.0, for 2 h.
The gels were subsequently stained with Coomassie brilliant blue R-250. Bands of
proteolytic activity appeared as clear (white) zones against a blue background.

2.10. Chitin-column chromatography

To examine the possible interaction of cMoL with chitin, cMoL was chro-

matographed on a chitin column (2 ml) and equilibrated with 150 mM NaCl. After
adsorption of the protein (2 mg), the column was washed with 150 mM and 1 M
NaCl, respectively. The bound cMoL was then eluted with 1 M acetic acid. The bound
cMoL was then eluted with 0.1 M acetic acid. Fractions (2 ml) were collected, dia-
lyzed against water and used in assays of hemagglutinating activity and protein
quantification.
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Fig. 1. Effect of dietary cMoL on the (A) mass and (B) survival of A. kuehniella larvae.
Inset: variation in the size of fourth-instar larvae fed on the control diet (1) or a diet
00 C.F.R. de Oliveira et al. / Proce

.11. Hemagglutinating activity assays

HA was performed in microtiter plates, according to Correia and Coelho [42].
he peaks from chromatography (50 �L) were serially two-fold diluted in 150 mM
aCl before addition of 50 �L 2.5% (v/v) suspension of rabbit glutaraldehyde treated
rythrocytes. The titer was expressed as the highest dilution exhibiting hemagglu-
ination.

For hemagglutinating activity inhibition, carbohydrate or glycoprotein in solu-
ion (50 �L) were added to microtiter plates. Samples of peaks (50 �L) were serially
wo-fold diluted in monosaccharide solution and incubation (45 min, 27 ◦C) was per-
ormed before the addition of a 2.5% (v/v) suspension of rabbit erythrocytes (50 �L)
nd HA was observed after 45 min. Inhibition of HA was performed using ad-fructose
olution (200, 100, 50 and 25 mM) and azocasein (0.5 mg/mL).

.12. Statistical analysis

For each treatment and control, data regarding the reduction in weight gain
f the larvae, pupae and adults are expressed as means ± SEM. To detect significant
ifferences between treatments, data were analyzed by one-way analysis of variance
ANOVA) and then means ± SEM were separated using a post-hoc Tukey test. A p
alue ≤ 0.05 was considered to be significant.

. Results and discussion

The effect of cMoL incorporated in artificial diet on growth,
utritional physiology and survival of larvae was accompanied until

ourth instar, pupae and adults (Fig. 1). All nutritional parameters,
s well as the total development time (TDT) and growth index (GI),
ere evaluated together with survival and weight gain to better
nderstand the action of cMoL on this insect. Fig. 1(A and B) shows
he effect of cMoL on weight and survival of the larvae of the fourth
nstar, respectively. According to the graph, it may be clearly seen
hat the reduction in larval weight gain is dose-dependent. At 1%,
MoL caused a reduction in the average weight of ca. 45%, approach-
ng the ED50. Regression analysis demonstrated that the addition
f cMoL to the artificial diet, at 0.1%, resulted in a 0.25 mg decrease
n mass; however, no concentration of cMoL tested caused any
ignificant reduction in larval survival. Similar results have been
eported for other lectins. Coelho et al. [43] incorporated ACLEC
Anona coriacea lectin) in an artificial diet at a level of 1% for A.
uehniella larvae and observed a reduction in larval mass of ca. 50%.
lectin from Koelreuteria paniculata seeds (Kplec), added to the

rtificial diet at a concentration of 1%, was toxic to A. kuehniella,
educing the larval weight by 84% [44]. Recently, Macedo et al.
16] tested a Bauhinia monandra leaf lectin (BmoLL) for anti-insect
ctivity against A. kuehniella, Callosobruchus maculatus and Zabrotes
ubfasciatus. BmoLL in the artificial diet at 1% produced a decrease
n larval weight of 40% for A. kuehniella while at 0.5% and 0.4% it
roduced 20% and 50% decreases in the mass of Z. subfasciatus and
. maculatus, respectively.

With regard to mortality rate, the same lectin may present dif-
erent lethality for different insects species. For example, transgenic
ice plants expressing GNA show resistance to both Nephotettix
irescens and Nilaparvata lugens [45,46]. In both studies, the survival
f nymphs on GNA-expressing plants was significantly reduced (up
o 50%) [47]. Nagadhara et al. [48] tested resistance against Sogatella
urcifera by expressing GNA specifically in the phloem of trans-
enic rice plants. Survival of nymphs and fecundity of adults both
ropped by 90%, feeding decreased, and surviving nymphs suffered
elayed development [47]. However, Gatehouse et al. [49] reported
he expression of GNA in transgenic potatoes for the control of the
omato moth, Lacanobia oleracea, with a significant effect on larval
ize and adverse affect on the developmental rate, whilst effects on
urvival were not so marked. This difference in larvicidal activity of

NA towards different insect species illustrates the peculiar speci-
city of lectins as insect pest management molecules. Therefore, we
an infer that other factors intrinsic to each species of insect study
an result in different effects on larval mortality; this does not rule
ut an insecticide role for cMoL, but indicates that significant rates
containing 0.5% (2), 1.0% (3) or 2.0% (4) cMoL. (c) Effect of cMoL against pupa of the
A. kuehniella, resulting from larvae fed on diet containing 1% cMoL. Inset: variation
in the size of control pupa (1) or that of larvae fed on 1% cMoL (2). Each point is
the mean ± S.E. of ≥60 larvae. The different letters indicate significant differences
(p < 0.05; Tukey test). Bar = 1 cm.

of larval mortality were not observed for A. Kuehniella larvae. The

cMoL concentration in the artificial diet ranged from 0.5% to 2%, as
these values constitute the range of lectin concentrations found in
transgenic crops and were similar to concentrations used in other
studies with purified plant lectins [16,20,50,51].
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Table 1
Nutritional parameters of A. kuehniella fourth-instar larvae fed on 1% cMoL-treated
and control diets.

Treatment (%) ECI (%) ECD (%) AD (%) CM (%)

Nutritional parameters (mean ± SE)
Control 26.58 ± 1.1a 31.13 ± 1.5a 80.67 ± 4a 68.87 ± 1.5a
1 18.28 ± 1.9b 19.42 ± 1.8b 94.06 ± 2.3b 80.23 ± 1.6b
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Table 2
Effect of cMoL (1% in the diet) on the development of the A. kuehniella larvae.

Treatment (%) %Sa TDTb GIc

Control 90.1 ± 1 46 0.0424
1 62.5 ± 1.9 61 0.0294

Values are the mean ± S.E. p < 0.05 compared to corresponding control (Student’s
CI: efficiency of the conversion of ingested food; ECD: efficiency of the conversion
f digested food; AD: approximate digestibility; CM: 100 – ECD.
eans within a column followed by a different letters are significantly different,
< 0.05; based on Tukey’s test.

Food intake and faecal production of larvae of A. kuehniella
reated on a diet containing 1% cMoL decreased by 18.7% and
6.5%, respectively. These results were followed by profound nutri-
ional changes (Table 1). The diet containing 1% cMoL decreased
by approximately 14%) the efficiency by which ingested food was
ssimilated (AD) by the larvae of A. kuehniella, when compared
o the control group. The efficiency by which A. kuehniella larvae
onverted food into body mass as shown by the amount of food con-
umed (ECI), or the amount of food absorbed in the intestine (ECD)
ecreased by 31.2% and 37.6%, respectively, while the metabolic
ost (MC) increased by 16.5%, compared to respective controls. The
ecrease in dietary utilization suggested that the reduced growth
nd decrease in faecal production resulted from behavioral and
hysiological (post-ingestive) effects [43,52,53], possibly caused by
he longer retention of food in the gut to maximize AD. A greater AD
ould help to meet the increased demand for nutrients [54,55] and

ompensate for the deficiency in foodstuff conversion (reduction in
CI and ECD), perhaps by diverting energy from biomass production
nto detoxification [43,56]. ECD also decreases as the proportion of
igested food metabolised for energy increases [57]. The low val-
es of ECI and ECD observed suggest that chronic toxicity and the
eduction in ECD likely resulted from an increase in the proportion
f assimilated energy diverted from growth to cover MC associ-
ted with detoxification and excretion of cMoL. Boleti et al. [15]
escribed an increase in MC in A. kuehniella larvae that was similar
o that seen in our study. Coelho et al. [43] observed similar results
n their study, where A. kuehniella and C. cephalonica larvae feed
n ACLEC at 2% presented lower food consumption (33% and 28%)
nd faecal production with decreases of 25% and 40%, respectively,
ccompanying similar nutritional changes.

The vast majority of individuals fed on cMoL at 1% developed to
he pupal stage. Interestingly, a significant delay in larval develop-

ent time of 15 days was found, compared to the control group. In
ddition to the significant increase in TDT, treatment with cMoL at
% caused an increase in pupal mortality of 27.6%, where the sur-
iving pupa were adversely affected and presented a smaller size
nd a reduction in the average weight of 13.5%, compared to the
ontrol group (Fig. 1C). Neither type of deformation was observed
n the pupae in both groups. Li and Romeis [30] reported that the
resence of GNA in food of green lacewing Chrysoperla carnea sig-
ificantly prolonged the larval development time by 3.7 days on
verage. Machuka et al. [50] incorporated different lectins from
frican yam beans (Sphenostylis stenocarpa) for C. maculatus larvae.
he Enugu 95-3 lectin caused an average delay in developmental
ime of 7.5, 7.8 and 11.3 days at 0.2%, 2.0% and 5.0% dietary levels,
espectively, compared to susceptible control seeds. Murdock et
l. [55] showed that WGA, lectin, which has N-acetylglucosamine
arbohydrate binding specificity, delays C. maculatus development
y 6.5 and 22.8 days at 0.2% and 1.0%, respectively. The growth
ndex (GI) measures the effects of the food substrate, such as dietary
ectin, on both survival and developmental time [36]. The princi-
le behind this parameter is that adverse conditions, such as an
nsuitable food substrate, may prolong the developmental period,
hile fewer individuals survive, resulting in a low GI value. Con-
t-test).
a Survival during the adult stage.
b TDT = total developmental time (mean developmental time per insect in days).
c GI = growth index [(in % adult emergence)/TDT].

versely, a suitable food substrate should result in a high GI value
[50,58,59]. At 1%, cMoL caused a significant drop in GI value of more
than 30% (Table 2). Similar effects of plant lectins on the devel-
opment of insects are well documented [60]. The low mortality
observed for A. Kuehniella larvae fed with cMoL was offset by low
rates of adult emergence. Another important result was the delayed
development. The extension of the life cycle of a pest is very desir-
able, since any delay in its development is advantageous because it
reduces the emergence ratio of new generations and, thus, reduces
the damage caused by the species in the target crop.

A prerequisite for toxicity is that the lectin should be able to sur-
vive the hostile proteolytic environment of the insect midgut [43].
The susceptibility of cMoL degradation by proteases of A. kuehniella
was tested by incubating the lectin with these enzymes in a 1:10
ratio, followed by SDS-PAGE (Fig. 2A). In an attempt to degrade
the lectin under study, the larvae of A. kuehniella did not show any
changes in its enzymatic profile, in the total amount of enzymes
or the production of different classes of proteases when analyzed
by gel electrophoresis and enzymatic activity in vitro (Fig. 2A).
cMoL was resistant to digestion during the first 12 h of incuba-
tion (Fig. 2B), in contrast to the control that was prepared with
BSA, where digestion of protein occurred during the first 3 h (data
not shown). Macedo et al. [60] observed that the incubation of TEL
(Talisia esculenta lectin) with purified insect cysteine-like proteases
from C. maculatus was unable to digest the lectin at up to 15 h.
Another lectin, BmoLL was resistant to gut proteolysis by C. macula-
tus and Z. subfasciatus for up 48 h [16]. These results vary according
to insect species. The incubation of ACLEC with gut proteases from
C. cephalonica larvae resulted in the degradation of the lectin that
started within first minutes but required several hours for com-
pletion. In contrast, ACLEC was more resistant to A. kuehniella gut
enzymes [43]. This result confirms the effects on larval physiology,
reaffirming that the lectin appears to have maintained its structure
to exert its insecticidal activity.

Many proteins that bind to chitin are related to plant defense
mechanisms against organisms that contain this polysaccharide as
a constituent of their membranes. This group includes wheat germ
agglutinin (WGA) and other lectins and proteins that are toxic to
insects and affect the development of fungi [61]. The mode of action
of these proteins is unknown but may interfere with the uptake of
nutrients by binding to chitin in larval midgut membranes. This
membrane exists in most phytophagous insects and is composed
primarily of chitin (containing N-acetylglucosamine residues) and
proteins [61,62]. The chromatography of cMoL on the chitin column
resulted in two peaks, one of which eluted in the equilibrium buffer
and the other with 1 M acetic acid. According to the results of HA
assays, we can affirm that the peak eluted from the column with
acetic acid is cMoL, as evidenced by the high HA and its complete
inhibition by azocasein, characteristic of cMoL (data not shown).

We suggest that the binding of cMoL to chitin demonstrates

the interactions of lectin with chitinous structures present in
the midgut of larvae. As such, cMoL binds strongly to chitin and
presents insecticidal activity, similarly to other insecticidal pro-
teins such as the vicilins [63,64], Talisin [65] and zeatoxin [66],
in addition to other lectins [16,43,44]. Because the occurrence of
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Fig. 2. (A) Proteolytic activity of A. kuehniella larvae fed on cMoL. Protease assay SDS-PAGE containing 0.1% gelatin: (1) midgut extract from larvae fed on the control diet, (2)
m contro
f th TLC
f again
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t
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g
s
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r
t
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d
t
f
t
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d
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t
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t

f
l

idgut extract from larvae fed on 1% cMoL, (3) faecal extract from larvae fed on the
ed on the control diet with TLCK, (6) midgut extract from larvae fed on 1% cMoL wi
rom larvae fed on 1% cMoL with TLCK. Proteolytic activity appeared as a clear zone
uehniella. cMoL and cMoL digested by 1 h, 3 h, 6 h, 12 h, 24 h and 48 h.

his carbohydrate as a structural component is limited to a few
rgans, such as the integuments of arthropods, nematodes and the
ut linings of insects, chitin metabolism is an excellent target for
elective pest control strategies [67]. Eisemann et al. [68] reported
hat ConA (a mannose/glucose ligand) bound to and increased the
ermeability of peritrophic membranes of the blowfly Lucilla cup-
ina. These authors concluded that the ingested lectin may restrict
he bi-directional movement of nutrients and digestive enzymes
cross pores in these membranes, thus leading to nutritional depri-
ation [8,68]. Macedo et al. [16,60] suggest that the alteration in
ntestinal protein content may result from an interference in the
igestive environment, which could increase the difficulty of the
ransit of molecules through the perotrophic membrane by inter-
ering with recycling and absorption, culminating in a decrease in
he protein concentration of gut contents and a greater removal of
roteins in the faeces. SDS-PAGE, containing 0.1% gelatin (Fig. 2A),
emonstrated that cMoL did not cause any change in the enzymatic
ontent of the larvae, as shown by activity levels and by the simi-
arity of the enzyme profiles obtained from the control group and
hat fed on cMoL. Another important observation is that, in both

roups, the serine proteases are largely digestive enzymes, since
he addition of a synthetic inhibitor (TLCK) upgraded its inhibition.

The insecticidal activity of lectins makes them good candidates
or the control of insect pests. However, the specific interaction of
ectins with the gut epithelium of insects may have a wider poten-
l diet, (4) faecal extract from larvae fed on 1% cMoL, (5) midgut extract from larvae
K, (7) faecal extract from larvae fed on the control diet with TLCK, (8) faecal extract
st a dark blue background. (B) SDS-PAGE of cMoL digested by midgut extracts of A.

tial for biotechnology than the insecticidal property of lectins alone
[69]. By developing chimeric proteins that use lectins as a binding
domain or subunit, they might be used, (i) to assist in concentrat-
ing bioactive polypeptides such as Bt toxins and insect hormones
[70] at or near vulnerable target sites in the insect alimentary tract,
(ii) to facilitate the transfer of cytotoxins across the epithelial cell
membrane or (iii) to help prevent proteolytic digestion of other
bioactive proteins to which they have been bound [69]. Other pos-
sible biotechnological applications of lectin may include the site
direct mutagenesis of cMoL in order to improve its insecticide
activity, similar to that performed by Zhu-Salzman et al. [69] for
Griffonia simplicifolia lectin II (GSII). Through mutagenesis studies,
the authors showed that recombinant GSII with an increase in sugar
binding also increased the insecticidal activity for Callosobruchus
maculatus.

In conclusion, this study showed that cMoL is a lectin with a
significant negative impact against A. kuehniella and suggests that
the use of this molecule may constitute an alternative method
for the combat this pest. The lectin demonstrated a tight inter-
action with chitin and proved to be refractory to digestion by A.

kuehniella midgut proteases, interfering in the digestive environ-
ment together with the glycosylated enzymes, other glycoproteins
or even in the peritrophic membrane structure, which may hinder
the transport of enzymes and their hydrolysis products, reduc-
ing the availability of amino acids for larval growth, leading to
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he poor development observed. cMoL possesses a great potential
s a biotechnological tool, promoting an environmentally friendly
griculture and being less harmful.
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