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ABSTRACT 

Hemagglutinating activity was studied in homogenates of three 
embryonic stages, and in the hemolymph of most instar larvae and in 
adult insects of Panstrongylus megistus, an important Chagas'  disease 
vector in Brazil. A hemolymph lectin from the 5th instar larvae of 
P. megistus was purified through a biospecific adsorption by  using for- 
maldehyde-treated erythrocytes. The lectin fraction was desorbed 
with 0.2M D-galactose in 0.15M NaC1. The lectin fraction activity was 
inhibited by L-rhamnose, D-lactose, raffinose, D-galactose, and D- 
fucose. The electrophoretic pattern to native and acidic proteins re- 
solved lectin fraction in two main bands with lectin activity. These 
bands were considered as multiple molecular forms or isoforms of 
P. megistus lectin. Under denaturating conditions, isoform 1 showed 
one band with apparent mol wt  (MW) of 64 kDa while isoform 2 was 
resolved in two bands with MW of 64 and 33 kDa. 

Index Entries: Panstrongylus megistus; lectin purification; hemo- 
lymph lectin; insect. 
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INTRODUCTION 

Lectins are carbohydrate-binding proteins or glycoproteins of non- 
immune origin, with more than one binding site, which agglutinate cells 
and/or precipitate glycoconjugates in vitro (1,2). Although the in vivo 
function of lectins has not been elucidated, experimental evidences suggest 
that these molecules may act as opsonins in primitive immune systems 
(3,4), protect seeds against fungal attack (5,6), and mediate symbiosis 
between host plants and nitrogen-fixing bacteria (7, 8). Membrane lectins 
also participate in endocytosis and intracellular translocation mechanisms 
of glycoproteins (9). 

The hemolymph and tissues of various insects have demonstrated 
lectin activity and inhibition studies have been carried out to define the 
specificity of binding for the agglutinating molecules (10-12). However, 
most of these studies have been done with only one developmental stage, 
mainly the larval stage (12-14). Komano et al. (15) purified an induced 
lectin from the hemolymph of Sarcophaga peregrina larvae. This lectin has 
been studied under ontogenical and phylogenetical viewpoints (16). 

We have previously shown that hemolymph of fifth instar larvae of 
Panstrongylus megistus presented a natural lectin activity toward vertebrate 
erythrocytes and that activity toward type O fresh human erythrocytes 
was inhibited by L-rhamnose, D-lactose, raffinose, D-galactose, and D- 
fucose. The lectin activity was present in both sexes, and the supernatant 
of lysed hemocytes did not influence such an activity (17). P. megistus is a 
hematophagous hemimetabolous insect, and its biological cycle, from 
eggs to adults, passes through five larvae instars (Fig. 1). Hemolymph, 
the insect blood, is the only circulating fluid, and fills the body cavity, or 
hemocoel. It is separated from the cellular tissues by only a thin, perme- 
able connective tissue membrane and is maintained in circulation by a 
tubular dorsal heart. In addition, P. megistus is the most important vector 
of Chagas' disease in Brazil, mainly in the Northeastern area. 

In the present work we explored the lectin activity in most embryonic 
and larval stages, as well as in adult insects of P. megistus. Also, a lectin 
was partially purified from the hemolymph of the fifth instar larvae of 
this insect, and some of its properties were evaluated. 

MATERIALS AND METHODS 

Insects 

Insects were reared according to Furtado (18) and obtained from the 
insectary of the Centro de Pesquisas Aggeu Magalhaes, FIOCRUZ, Recife, 
PE, Brazil. 
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Fig. 1. Biological cycle of Panstrongylus megistus: egg; 1st, 2nd, 3rd, 4th, 
and 5th larval instars; male and female adults. 

Homogenate of Eggs and Hemolymph 
The eggs used were in the embryonic stages with medial, postmedial, 

and apical ocular spots, and were selected according to Sales (19). Ten 
eggs of each stage were homogenized in 0.5 mL of 0.15M NaC1 and cen- 
trifuged at 10,000g for 10 min. Hemolymph from the 3rd, 4th, and 5th 
instar larvae and adult insects was collected according to Gomes (17) and 
centrifuged at 10,000g to remove the hemocytes. The supernatants were 
stored at -20~ until the use. 

Erythrocytes 
Human (ABO-Rh +) and other vertebrates (mouse, sheep, and chicken) 

erythrocytes were used fresh or formaldehyde-treated by the method of 
Butler (20). 

Assay of Lectin Activity 
Fresh or formaldehyde-treated erythrocytes were washed four times 

in 0.15M NaC1 by centrifugation at 900g for 10 min and resuspended in 
the same solution to give a final 1% (v/v) cell suspension. Assays were 
carried out in V plates by twofold serial dilutions of 50/~L of hemolymph 
(78 #g of protein) or 50/~L of purified lectin, lectin fraction, (250 ng of 
protein) in 0.15M NaC1. Results were ready after 45 min and were ex- 
pressed as the reciprocal of the highest dilution giving positive agglutina- 
tion or as specific agglutination activity (titer divided by the protein con- 
centration of the hemolymph or lectin fraction). Protein concentration 
was determined by the method of Lowry et al. (21). 

Inhibition Tests 
The carbohydrates L-rhamnose, lactose, D-galactose, glucose, D- 

fucose, raffinose, D-xylose, N-acetyl-D-mannosamine, N-acetyl-D-gluco- 
samine, fl-methyl-D-arabinose, and methyl-o~-D-mannoside, were used in 
the inhibition tests. Assays were performed using formaldehyde-treated 
human erythrocytes, type O. Fifty/~L of the hemolymph or the lectin 
fraction were diluted in 50 aL of 0.15M NaC1 which contained various 
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inhibitor concentrations (100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, and 
0.19 rnM). Double dilutions were performed, and after incubation for 30 
min at room temperature, the 1% (v/v) cell suspension was added. 

Biospecific Adsorption 
Type O human formaldehyde treated erythrocytes were used as an 

affinity adsorbant according to the method of Reitherman (22). Hemo- 
lymph of fifth instar larvae (1 mL containing 37.5 mg of protein) diluted in 
12 mL of 0.15M NaC1 were mixed with erythrocytes (4 mL) and incubated 
at room temperature for 30 min under gentle shaking. The cells were 
washed four times with 0.15M NaC1, and after each wash they were cen- 
trifuged. The supernatants were tested to lectin activity. The adsorbed 
proteins were eluted by resuspending very gently the cells with 0.2M D- 
galactose in 0.15M NaC1 (30% v/v) for 30 min. The supernatant was col- 
lected by centrifugation at 5000g for 5 min, recentrifuged at 10000g for 20 
min, exhaustively dialyzed against 0.15M NaC1. The proteins were deter- 
mined by the method of Read and Northcote (23). 

Polyacrylamide Gel Electrophoresis 
for Acidic and Basic Proteins 
Under Nondenaturing Conditions 
Slabs consisting of a 3.0% (w/v) acrylamide stacking gel and a 5-15% 

(w/v) acrylamide separating gel were used with two different buffer sys- 
tems, according to Davis (24) and Reisfeld (25). Samples (50 #g) of lectin 
fraction were applied to two wells in each system and electrophoresis was 
carried out at 20 mA at room temperature. The basic system gel was stained 
as described by Reisfeld et al. (25), followed by a silver stain (26). One 
well of the acidic proteins was stained with Coomassie blue according to 
Andrews (27). The nonstained bands from Davis' gel were extracted (27) 
and the lectin activity was assayed. 

Polyacrylamide Gel Electrophoresis 
Under Denatured and Reduced Conditions 
Electrophoresis on SDS polyacrylamide slab gel was carried out by 

the method of Laemmli (28) using a 3.5% (w/v) acrylamide stacking gel 
and a 5-15% (w/v) acrylamide separating gel. The proteins eluted from 
Davis' gel (3 #g) were freeze-dryed, dissolved in sample buffer contain- 
ing (or not containing)/~-mercaptoethanol, and heated for 5 min at 100 ~ 
Samples were submitted to electrophoresis at 20 mA and the gel was silver- 
stained by the method of Morrissey (26). For apparent mol wt (MW) 
determination, the gel was calibrated with albumin (66 kDa), ovalbumin 
(45 kDa), glyceraldehyde-3-phosphate-dehydrogenase (36 kDa), carbonic 
anhydrase (29 kDa), trypsinogen (24 kDa), trypsin inhibitor (20,1 kDa), 
and o~-lacto-albumin (14,2 kDa). 
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Table 1 
Lectin Activity 

During the Biological Cycle of Panstrongylus megistus" 

101 

Stages Activity, titer -1 

Emb~o 

Larva 

Adult 

medial b 
postmedial b 
apical b 
3rd 512 
4th 512 
5th 1,024 

512 

a Using type O formaldehyde-treated human erythrocytes. 
bEgg ocular spots. 

Effects of Temperature on Stability 
The lectin fraction (aliquots of 300 mL) was submitted to 27, 37, 47, 

57, 67, 77, and 87~ for 10, 30, and 60 min, and then tested to lectin activ- 
ity with formaldehyde-treated human erythrocytes, type O. The effect of 
freezing at -20~ and thawing was also evaluated. 

RESULTS 

Lectin Activity of Panstrongylus megistus 
No lectin activity was detected in the different embryonic stages of 

P. megistus when formaldehyde-treated (type O) or fresh (ABO) human 
and vertebrate (mouse, sheep, and chicken) erythrocytes were used; 
titers of 512 -1, 512 -1, 1024 -1, and 512 -1 were obtained in the hemolymph 
of 3rd, 4th, and 5th instar larvae and adult insects, respectively (Table 1). 
This lectin activity was inhibited by L-rhamnose, L-lactose, raffinose, D- 
galactose and D-fucose in the hemolymph of the different instar larvae 
and adult insects (Table 2). N-acetyl-D-mannosamine, N-acetyl-D-gluco- 
san'fine, ~-methyl-D-arabinose, methyl-ot-mannoside, L-fucose, D-xylose, 
L-sorbose, maltose, and glucose, were uneffective. 

Biospecific Adsorption 
of the Hemolymph Lectin 
When hemolymph of the fifth instar larvae was incubated to type O 

human formaldehyde-treated erythrocytes, the lectin activity was com- 
pletely removed from the obtained supernatant. After elution, the de- 
sorbed lectin fraction showed titers of activity to formaldehyde-treated 
human erythrocytes of types O (16-1), A (4-1), B (8-1), and AB (16-1). The 
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Table 2 
Inhibition by Carbohydrates 

of Agglutination of Formaldehyde-Treated Human Erythrocytes 
Type O, in Hemolymph of Larvae and Adults of Panstrongylus megistus 

Inhibitors 

Minimal inhibitory concentration, mM 

Instars 

3rd 4th 5th Adult 

L-rhamnose 0.78 0.78 0.78 0.78 
D-lactose 6.25 6.25 6.25 12.5 
Raffinose 12.5 12.5 6.25 12.5 
D-galactose 12.5 12.5 12.5 12.5 
D-frucose 25.0 12.5 25.0 25.0 

Fig. 2. Electrophoretic pattern of the lectin fraction under nondenatur- 
ing conditions. 1. isoform 1; 2. isoform 2. 

recovered protein (50/~g) showed a specific lectin activity of 3000 (titer-1/ 
mg protein.mL -1) and corresponded to 25% of the adsorbed activity. 

Properties of the Hemolymph Lectin 
No basic protein bands were detected in the lectin fraction; however ,  

the electrophoretic pattern from Davis' gel showed  two main bands,  
te rmed I and 2 (Fig. 2). After gel elution, these bands showed  lectin activ- 
ity to fresh h u m a n  erythrocytes, type O, and were considered as distinct 
molecular forms, or isoforms from the P. megistus lectin. Band 1 was 
te rmed isoform 1 (I1) and band 2, isoform 2 (I2). 
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Fig. 3. Schematic representation of SDS-polyacrylamide gel electro- 
phoresis from isoforms 1 and 2. (+) with/~-mercaptoethanol; ( - )  without/3- 
mercaptoethanol. 

The isoforms showed a distinct electrophoretic pattern on polyacryl- 
amide SDS-gel (Fig. 3). Under denaturing conditions, I1 showed one band 
(named alpha), with MW of 64 kDa. In the presence of the reductant agent 
this band was maintained and one additional 50 kDa band was visualized. 
The I2, under denaturing conditions, was resolved in two bands, named 
beta I and beta 2, of 64 and 33 kDa, respectively. Denaturing and reducing 
conditions showed a similar behavior to beta 1 and alpha I bands, with 
polypeptides of MW 64 and 50 kDa, respectively. The beta 2 band did not 
alter with ~-mercaptoethanol. 

Treatments of 10 or 30 min of heating did not affect the lectin fraction 
activity. The lectin activity presented a titer of 16 -1 and remained stable 
even when treated at 27~ for 60 min. Titers of 8 -1 were obtained after 
heating from 37 up to 77~ The lectin activity was completely lost at 87~ 
(Fig. 4). Repeated freezing and thawing did not affect the lectin activity. 

Similarly to the activity in the hemolymph, the lectin fraction activity 
was inhibited by L-rhamnose, D-lactose, raffinose, D-galactose, and D- 
fucose (Table 3). Rhamnose was the most potent inhibitor (0.19 mM). The 
other carbohydrates tested did not have any effect on the activity of the 
purified lectin. 

DISCUSSION 

Previously, we have shown that the hemolymph of the fifth instar 
larvae of P. megistus demonstrated a natural lectin activity for human 
(ABO) and other vertebrate erythrocytes (17). In this paper, we found 
that this activity was present in larvae and adult insects, but it was absent 
in the embryonic stages studied. The hemolymph lectin of P. megistus 
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Fig. 4. Effect of heating on hemagglutinating activity of the lectin frac- 
tion. Samples were heated for 60 min. 

behaved differently from that detected in the holometabolous Sarcophaga 
peregrina whose normal larvae did not present lectin activity, but on injury 
of the body wall, it was promptly induced in the hemolymph (15). 
Takahashi et al. (29) showed that no gene for this lectin was expressed in 
the 3rd instar larvae. However, the expression of this gene was observed 
in pupal stage during normal development. 

The lectin activity during the evolutive cycle of insects has been poorly 
investigated. According to Takahashi et al. (16), the lectin of S. peregrina 
seems to be necessary at a specific embryonic stage. This lectin was also 
detected in 8-d-old embryos (16); a significant amount of lectin was present 
in 8-10-d-old embryos, but after this embryonic stage the lectin decreased 
rapidly. Bernheirmer (30) showed that embryo homogenates and the 
hemolymph of adult insects of Hyalophora cecropia did not agglutinate 
human erythrocytes. However, such activity was found in embryo homo- 
genates of the same species when rabbit erythrocytes were used (31). 
This fact was not observed with homogenates from embryonic stages of 
P. megistus when formaldehyde-treated or fresh erythrocytes from human 
(ABO) or other vertebrates (mouse, sheep, and chicken) were used in the 
agglutination assays. The failure to detect lectin activity in the embryonic 
stages of P. megistus could be related to a low concentration of this com- 
ponent, or it may reflect the presence of a controlled gene. 

Since the hemolymph of the 5th instar larvae of P. megistus gave the 
highest lectin activities, it was used to purify the lectin. The lectin fraction 
obtained showed activity to fresh or formaldehyde-treated human erythro- 
cytes (ABO) and the carbohydrate inhibition was similar to the results 
obtained in the hemolymph of the studied instar larvae and adult insects. 
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Table 3 
Inhibition by Carbohydrates of Agglutination of Formaldehyde-Treated 

Human Erythrocytes Type 0, with Panstrongylus megistus Lectin Fraction 
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Haworth Minimal inhibitory 
Inhibitor projection concentration, mM 

L-Rhamnose 

D-Lactose 

Raffinose 

D-Galactose 

~Fucose 

H .F H 
OH OH 

H OH H OH 

CH20H CH 2 

H OH H H0 OH H 

CH20H .o 5. 
H OH 

CH 3 .o 5. 
H OH 

0,19 

0,39  

1,5 

3,1 

6 ,25 

The lectin fraction was inhibited by mono- and olygosaccharides but among 
the monosaccharides, L-rhamnose was the most potent inhibitor. Accord- 
ing to Mt~kelti (32), the hydroxyl group at C-4 is critically involved in bind- 
ing lectins, since lectins that recognize mannose and glucose did not inter- 
act with galactose and vice-versa. The protein-carbohydrate interaction 
of P. megistus lectin may be related to the hydroxyl group at C-4, which is 
similar to inhibitor carbohydrates. The noninhibitor carbohydrates differ 
mainly in these positions, except for L-sorbose and methyl-/~/-D-arabinose 
that have furanose rings. The predominant interactions in protein--carbo- 
hydrate complexes are hydrogen bonds (33). The L-rhamnose specificity 
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of P. megistus lectin may be the result of the presence of neighboring hy- 
droxyl groups, which could promote the best interaction in the lectin site. 
The potential presence of isoforms or isolectins could also explain a dis- 
tinct inhibition pattern. 

Contrary to observation made on the S. peregrina lectin that demon- 
strated two subunits not linked by disulfide bonds (15), the isoforms of 
P. megistus lectin showed a common subunit that was reduced to two 
polypeptide chains. 

Most insect lectins are heat-labile in the range of 50-70~ (31). Then 
Periplaneta americana lectin was denatured at 56~ for 30 min (13). Surpris- 
ingly, an appreciable activity still remained after heating S. peregrina lectin 
at 80 ~ for 5 rnin. The P. megistus lectin lost its activity when heated at 
87~ for 1 h. Many proteins that are stable at high temperatures contain 
metallic ions and/or disulfide bonds (34). 

Similar to the lectins from Rhodnius prolixus (10), Schistocerca gregaria 
and P. americana (36), in preliminary studies, the lectin fraction aggluti- 
nated Trypanosoma cruzi (Y strain) and Leishmania donovani chagasi (IMP 
strain). In the latter parasite, the phenomenon was more prominent. D- 
galactose effectively inhibited both trypanosomatids. Thus, the isoforms 
or isolectins of P. megistus lectin could be a tool in the characterization of 
subtle features of cell surfaces. 
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