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a b s t r a c t

Sera from peanut allergic patients contain IgE that specifically interact with the peanut lectin PNA and
other closely related legume lectins like LcA from lentil, PsA from pea and PHA from kidney bean. The IgE-
binding activity of PNA and legume lectins was assessed by immunoblotting, surface plasmon resonance
eywords:
eanut agglutinin
egume lectins
llergenicity

(SPR) and ELISA measurements, using sera from peanut allergic patients as a IgE source. This IgE-binding
cross-reactivity most probably depends on the occurrence of structurally related epitopes that have been
identified on the molecular surface of PNA and other legume lectins. These epitopes definitely differ from
those responsible for the allergenicity of the major allergens Ara h 1, Ara h 2 and Ara h 3, also recognized by
the IgE-containing sera of peanut allergic patients. Peanut lectin PNA and other legume lectins have been

l alle
IgE in
gE-binding epitopes
ross-reactivity

characterized as potentia
significance of the lectin–

. Introduction

Allergy to peanut and other legume seeds has now become a
ajor concern of public health not only in children and adoles-

ents, but also in adults with a worrying increase of Quincke œdema
r anaphylactic shocks during the last 5 years, especially in indus-
rial countries (Sampson, 2004). The major (glyco)protein allergens
esponsible for peanut allergy have been identified and character-
zed. They belong to the different families of vicilins (Ara h 1) (Burks
t al., 1991), conglutins (Ara h 2, Ara h 6, and Ara h 7) (Burks et al.,
992), and glycinins (Ara h 3 and Ara h 4) (Rabjohn et al., 1999).
imilar allergens also occur in the closely related edible legumes
pea, soybean, kidney bean, and lupine) (de Leon et al., 2003; Goetz
t al., 2005; Magni et al., 2005) and other tree nuts (Pecan nut,
razil nut, and Pistachio) (Wang et al., 2002, 2003; Robotham et al.,
Please cite this article in press as: Rougé, P., et al., Characterization of IgE
cross-reacting with other structurally related legume lectins. Mol. Immuno

005) that apparently give rise to IgE-binding cross-reactions with
he peanut allergens (Barre et al., 2008). However, seed proteins
onsist of an extremely complex mixture of individual proteins
ith particular properties (enzyme activity, sugar- or lipid-binding

Abbreviations: Con A, concanavalin A from Jack bean (Canavalia ensiformis); DbL,
olichos biflorus (horse gram) lectin; IgG, immunoglobulin G; IgE, immunoglobulin
; LcA, Lens culinaris (lentil) agglutinin; LoLI, Lathyrus ochrus (yellow flowered pea)
solectin I; PHA-E, Phaseolus vulgaris (kidney bean) erythroagglutinin; PNA, peanut
Arachis hypogea) agglutinin); PsA, Pisum sativum (pea) agglutinin; SBA, soybean
Glycine max) agglutinin.
∗ Corresponding author. Tel.: +33 05 34 32 38 58; fax: +33 05 34 32 38 02.

E-mail address: rouge@scsv.ups-tlse.fr (P. Rougé).

161-5890/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.molimm.2010.05.006
rgens for patients allergic to edible legume seeds. However, the clinical
teraction has to be addressed.

© 2010 Elsevier Ltd. All rights reserved.

activity) besides participating in the protein bodies as seed storage
proteins (Shewry et al., 1995). Among these proteins, lectins are
known for a long time as a widespread group of plant proteins with
interesting properties like their ability to trigger some non-specific
lymphoblastic transformation in relation to their carbohydrate-
binding properties (Stavy et al., 1971). Besides their occurrence
in seeds, lectins have been characterized in other plant organes,
namely in tubers, bulbs or fruits (Van Damme et al., 1998).

Although lectins are abundantly represented in, e.g. edible fruits
(banana and tomato), bulbs (onion, garlic, and shallot), tubers
(potato) or in dietary legume seeds (soybean, peanut, kidney
bean, and pea), their potential allergenicity has been only scarcely
investigated and thereby appears as poorly documented. How-
ever, several reports exist on the potential allergenicity of Con
A from the Jack bean (Canavalia ensiformis) seeds (Gollapudi and
Kind, 1975; Siraganian and Siraganian, 1975; Mitchell and Clarke,
1979) and other plant lectins (Barnett et al., 1983; Zavazal and
Krauz, 1985; Shibasaki et al., 1992; Burks et al., 1994; Chung and
Champagne, 1999; Haas et al., 1999; Gruber et al., 2005). A few
cases of type I allergy to elderberry (Sambucus nigra) have been
recently attributed to a ribosomal activating protein (RIP) of the
pollen (Förster-Waldl et al., 2003). In fact, the amino acid sequence
stretches available for this so-called RIP suggest that this protein
-binding epitopes of peanut (Arachis hypogaea) PNA lectin allergen
l. (2010), doi:10.1016/j.molimm.2010.05.006

most probably corresponds to a lectin of the ricin B-chain fam-
ily that also occurs in the elderberry fruits (Van Damme et al.,
1997). However, rather conflicting results were reported on the
allergenicity of the peanut (Arachis hypogea) lectin PNA. In a previ-
ous study on 12 patients with atopic dermatitis and a positive food

dx.doi.org/10.1016/j.molimm.2010.05.006
dx.doi.org/10.1016/j.molimm.2010.05.006
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
mailto:rouge@scsv.ups-tlse.fr
dx.doi.org/10.1016/j.molimm.2010.05.006
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Table 1
Listing of patients allergic to peanut.

Subject Code Sex/age (years) Allergic historya Symptomb

J.C. P1 M/6 PA, TNA, EA
L.A. P2 M/4 PA, TNA, MUA, EA, MA, FA, P PR, E
G.C. P3 F/15 PA A
F.E. P4 F/8 PA, P E
D.M. P5 F/6 PA, EA PR
M.J. P6 F/6 PA, LA (soybean), EA, P E
P.A. P7 M/10 PA, EA, MA, P A
P.P. P8 M/11 PA, P A, PR
O.E. P9 F/4 PA, TNA, LA (lentil), EA, P A, PR
G.J. P10 F/9 PA, TNA, EA, P E
M.G. P11 F/19 PA
G.T. P12 M/8 PA, EA, P A, RC
D.R. P13 M/10 PA, GA, EA, MA, P A
C.B. P14 M/4 PA, P

P15
P16

a PA, peanut allergy; TNA, tree nut allergy; LA, legume allergy; GA, gluten allergy;
ARTICLEModel
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hallenge to peanut, PNA reacted in only 50% of the patients and
as thus considered as a minor legume allergen (Burks et al., 1994).
ore recently, a substantial increase in the IgE-binding level of sera
as observed in six out of seven patients allergic to peanut (85%)
hereas no binding occurred with sera from non-allergic individu-

ls (Gruber et al., 2005). In contradiction with the previous results
hese data suggest that PNA behaves as a major peanut allergen.
ccording to the high sequential/structural conservation of legume

ectins (Van Damme et al., 1998), IgE specific for PNA should also
ross-react with other closely related lectins from other legume
eeds, e.g. SBL from soybean (Glycine max) or PsA from pea (Pisum
ativum).

Here, we report on immunoblotting, surface plasmon reso-
ance measurements and ELISA using sera from patients allergic
o peanut, which confirm the IgE-binding ability of legume lectins
nd their cross-reactivity with PNA. Exposed IgE-binding epitopic
egions were identified on the molecular surface of dimeric (PsA
rom pea, LcA from lentil) and tetrameric (PNA) legume lectins.

. Materials and methods

.1. Chemicals

Sugars were purchased from Sigma and rabbit anti-human
gE was obtained from Dako. Sensor chips (CM 5), HBS
10 mM Hepes, 150 mM NaCl, containing 0.05% surfactant P20
nd 3.0 mM EDTA, pH 7.4) and all the chemicals required
o activate the carboxymethyl-dextran and immobilize the
lycoproteins (100 mM N-hydroxysuccinimide, 400 mM N-ethyl-
′-(3-dimethylaminopropyl)carbodiimide hydrochloride and 1 M
thanolamine hydrochloride adjusted to pH 8.5 with NaOH) were
rom BIAcore AB (Uppsala, Sweden).

.2. Isolation and purification of lectins

Except for PNA, DbL and PHA-E, which were purchased from
igma, other legume lectins were isolated from dry seeds and
urified by affinity chromatography. SBA was isolated by affinity
hromatography on N-caproylgalactosamine-Sepharose and sub-
equent elution with 100 mM galactose, according to Allen and
euberger (1975). LcA, PsA and LoLI were specifically retained
n Sephadex G100 and eluted by adding 100 mM glucose to the
ris-buffered saline (pH 7.6) elution buffer, as previously described
Rougé and Sousa-Cavada, 1984). The purity of the lectin prepara-
ions was checked by SDS-PAGE in 12.5% acrylamide gels followed
y Coomassie blue staining (Laemmli, 1970).

.3. Sera from allergic patients

Sera from 16 patients allergic to peanut (Table 1), which had
een previously challenged by skin prick tests and oral provoca-
ion tests with the offending food, were used as an IgE source for
mmunoblotting, SRP analyses and ELISA measurements.

.4. Immunoblotting

One millilitre of each lectin sample used at three concentrations
f 50 ng ml−1, 100 ng ml−1 and 200 ng ml−1 in 10 mM PBS (pH 7.4)
ontaining 20 mM Gal and Man, was spotted onto a Hybond ECL
itrocellulose membrane (Amersham) and the membrane was air-
ried for 1 h at room temperature. After a pre-incubation in PBS
Please cite this article in press as: Rougé, P., et al., Characterization of IgE
cross-reacting with other structurally related legume lectins. Mol. Immuno

ontaining 20 mM Gal and Man, 3% (w/v) BSA and 0.1% (v/v) Tween
or 1 h, the membrane was soaked in the patient IgE-containing
era diluted 1:10 in the same buffer and incubated for 2 h in a moist
hamber. After three washings of 10 min each with the same buffer,
he membrane was soaked in rabbit HRP-labelled anti-human IgE
MUA, mustard allergy; EA, egg allergy; MA, milk allergy; FA, fish allergy; P, pollinosis.
b A, asthma; E, eczema; PR, pollinic rhinitis; RC, rhinoconjunctivitis.

diluted 1/5000 in the buffer and incubated for 1 h under gentle
stirring. Following three washings of 10 min each with buffer, the
immunolabelled spots were detected using the ECL Plus detection
(Amersham) after 1 min exposure in cassette. All the handlings
were carried out at room temperature. In order to prevent a possible
sugar-binding mediated interaction of the immobilized lectins with
the glycoproteins from human sera or the rabbit anti-IgE antibodies
that could lead to false positive reactions, the nitrocellulose mem-
brane bearing the immobilized lectins was pre-incubated with PBS
containing both Man and Gal at 20 mM concentration. The follow-
ing incubation steps with the IgE-containing sera and the anti-IgE
rabbit antibodies were similarly performed in the presence of both
sugars. In these conditions, the revealed interactions do not depend
on the carbohydrate-binding properties of the lectins (binding of
lectins to the glycan moiety of IgE or other serum proteins) but
only depend on a specific lectin–IgE interaction.

2.5. Surface plasmon resonance analysis

The specific interaction of IgE-containing sera from peanut aller-
gic patients with immobilized lectins was performed by surface
plasmon resonance (SPR) using a biosensor BIAcore X (BIAcore AB,
Uppsala, Sweden). The sera diluted 1:50 in HBS (pH 7.4) containing
20 mM Man and Gal, were injected for 5 min onto the lectin-bound
surface of the sensor chip at a flow rate of 5 mL min−1. The change
of the SPR response (expressed as resonance units or RU) was
monitored at 25 ◦C for 9.30 min. The same glycoprotein sensor
chip surfaces were used repeatedly after removing the remaining
immobilized lectin washing with 10 mM HCl for 2 min. For immo-
bilization on the sensor chip, lectins were used at a concentration
of 500 �g mL−1 in 5 mM sodium acetate buffer, pH 4.0. According
to the change of SPR response as a result of the immobilization of
the lectins on the carboxymethylated dextran layer covering the
sensor chip, an estimated surface concentration of 5–10 ng mm−2

of dextran was calculated depending on the immobilized lectins.
The interaction of anti-IgE antibodies with the IgE previously

bound to the immobilized lectins was monitored by injecting rab-
bit anti-human IgE serum diluted 1:10 in HBS (pH 7.4) containing
20 mM Gal and Man, at the beginning of the dissociation phase of

−1
-binding epitopes of peanut (Arachis hypogaea) PNA lectin allergen
l. (2010), doi:10.1016/j.molimm.2010.05.006

the IgE/lectin complex during 5 min at a flow rate of 5 mL min ,
and the change of the SPR response (RU) was monitored at 25 ◦C
during 9.30 min. All SPR measurements were performed in dupli-
cate.

dx.doi.org/10.1016/j.molimm.2010.05.006
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Fig. 1. Dot-blotting performed on nitrocellulose sheets of sera from patients P2,

Molecular surface and electrostatic potentials were calculated
and displayed with GRASP using the parse3 parameters (Nicholls
et al., 1991). The solvent probe radius used for molecular surfaces
was 1.4 Å and a standard 2.0 Å-Stern layer was used to exclude ions

Table 2
Interaction of IgE from patients allergic to peanut with PNA and other closely related
lectins immobilized on nitrocellulose membrane.

Patient PNA PHA-E SBA DbL PsA LcA LoLI

P1 (+) +++ + + +
P2 +++ +++ + +++ +++ ++ +++
P3 +++ +++ +++ + +
P4 +++ + + + + +
P5 (+) ++ +++ + + +
P6 +++ +++ + +++ ++ ++
P7 ++ +++ ++ ++ ++ ++ +
P8 (+) + +++ + ++ +
P9 +++ ++ + +++ ++ ++
P10 (+) +++ ++ ++ ++
P11 +++ + + +++ ++ + ++
P12 ++ +++ + ++ +++ ++ ++
ARTICLEModel
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.6. ELISA

The interaction of IgE with lectins was measured by ELISA
n standard 96-well microplates (Linbro). The wells were filled
ith 50 ml of PNA solution used at a concentration of 200 ng ml−1

n 10 mM phosphate buffered saline containing 2.7 mM KCl and
0 mM galactose (pH 7.4) (PBSG). After overnight incubation at 4 ◦C,
he wells were washed three times with 100 mL of PBSG containing
.1% (w/v) of BSA and 1% (v/v) Tween 20 (pH 7.4) (PBSGT), flooded
ith the same buffer and incubated for 1 h at room temperature.

he wells were loaded with 50 mL of IgE-containing sera diluted
:10 in the same buffer and after 2 h of incubation at room tem-
erature; the wells were rinsed three times with PBSGT. Mouse
onoclonal anti-human IgE (50 mL) labelled with alkaline phos-

hatase (Abcam), diluted 1:2000 in PBSGT, was added. After 1 h
f incubation at room temperature, the wells were washed three
imes with PBSGT and incubated with 100 mL of 1 mg mL−1 pf p-
itrophenyl phosphate in 0.1 M Na2CO3–NaHCO3 buffer (pH 9.8) for
h in the dark. The absorbance at 405 nm (A405) was recorded with
n MRX microplate reader (DYNEX Technologies) after the devel-
pment of the colored reaction was stopped by adding 50 mL of
.0 M NaOH. All ELISA measurements were performed in triplicate.

.7. Peptide synthesis and IgE-binding epitope mapping

Overlapping 15-mer peptides, frameshifted by three residues,
overing the entire amino acid sequences of PNA (Accession No.
AM46958), LcA (Accession No. 7428789) and PsA (Accession Nos.
30612 + 230613), were prepared using the SPOT technique (Frank,
992). The protocol previously described in detail (Laune et al.,
002) was followed, with the exception of the utilization of the
ultipep automatic SPOT synthesizer (Intavis). Briefly, peptides
ere assembled using the Fmoc chemistry on a cellulose membrane
arboring an amino polyethylene glycol moiety. The C-terminal
esidue of each peptide was coupled to the activated membrane.
fter Fmoc deprotection, the following amino acids were sequen-

ially added. At the end of the synthesis, side chain protecting
roups were removed by a trifluoroacetic acid treatment while the
inkage of the peptides to the membrane was maintained.

The membrane was soaked overnight in 20 mL of Tris-buffered
aline (TBS) containing 2 mL blocking buffer (Roche) and 1 g sucrose
pH 7.0), and then washed three times with TBS containing 0.1%
v/v) Tween (TBSTw). A 1:10 (v/v) diluted pool of patient sera was
dded in the presence of an anti-protease cocktail (Roche) and the
embrane was incubated in a moist chamber for 2 h. After three
ashes with TBSTw (pH 7.0) the membrane was stirred in a 1:4000
ilution of mouse monoclonal anti-human IgE labelled with alka-

ine phosphatase (Sigma) for 1 h. After three washes with TBSTw
pH 7.0), the interacting peptide spots were colored for 30 min by
dding the 5-bromo-4-chloro-3-indolylphosphate (BCIP) substrate
or alkaline phosphate (Promega). The membrane was washed
hree times with deionized water and dried for scanning. The mem-
rane can be used repeatedly after a regeneration step consisting in
ne wash in dimethylformamide for 1 min, three washes in deion-
zed water, three washes in 8 M urea containing 1% (w/v) SDS and
% (w/v) �-mercaptoethanol and three subsequent washes in a
ixture of ethanol–acetic acid–water (50:10:40, v/v/v).

.8. Bioinformatics

Multiple amino acid sequence alignments were based on Clustal
Please cite this article in press as: Rougé, P., et al., Characterization of IgE
cross-reacting with other structurally related legume lectins. Mol. Immuno

(Thompson et al., 1997) using the Risler’s structural matrix for
omologous amino acid residues (Risler et al., 1988).

The surface occupied by the previously predicted sequential IgE-
inding epitopes along the amino acid sequence of PNA (PDB ID
ode 2PEL) (Banerjee et al., 1996), LcA (PDB ID Code 1LEN) (Loris
P3, P6 and P10 with increasing concentrations (50 ng, 100 ng, 200 ng) of different
legume lectins (PNA from peanut, PHA from kidney bean, SBA from soybean, DbL
from horse gram, PsA from pea, LcA from lentil, LoLI from vetch) and a peanut extract
(Ara) used as a positive control.

et al., 1994), and PsA (PDB ID Code 2LTN) (Prasthofer et al., 1989)
was calculated and displayed on the molecular surface of the pro-
teins with PyMOL (W.L. DeLano, http://pymol.sourceforge.net). The
overall conformation of the sequential IgE-binding epitopes on the
molecular surface was similarly displayed with PyMOL.
-binding epitopes of peanut (Arachis hypogaea) PNA lectin allergen
l. (2010), doi:10.1016/j.molimm.2010.05.006

P13 +++ +++ ++ +++ ++
P14 (+) +++ ++ ++ + +
P15 ++ +++ +++ +++
P16 ++ ++ ++

(+), ++ and +++ correspond to weak, medium and strong interaction, respectively.

dx.doi.org/10.1016/j.molimm.2010.05.006
http://pymol.sourceforge.net/
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from patients allergic to other unrelated food, e.g. banana, apple or
kiwi, readily reacted with some immobilized lectins even though
the interaction is much more lower.
ig. 2. BIAcore measurements (expressed as RU) of the interaction of sera from
ifferent patients (P1–P10) with the peanut (PNA), lentil (LcA), pea (PsA), kidney
ean (PHA-E) and soybean (SBA) lectins. Each value is the mean of two independent
easurements.

rom the molecular surface (Gilson and Honig, 1987). The inner and
uter dielectric constants applied to the protein and the solvents
ere, respectively, fixed at 4.0 and 80.0 and the calculations were
erformed keeping a salt concentration of 0.145 M.

. Results

The patient sera that strongly reacted with a crude extract from
eanut seeds also interacted strongly with PNA and other lectins in

mmunoblotting experiments (Fig. 1). The best interaction occurred
ith PNA and lectins from the edible legumes pea (PsA) and lentil

LcA), and the non-edible yellow flowered pea (LoL1). A weaker
nteraction also occurred with lectins from kidney bean (PHA-E)
nd horse gram (DbL). SBA from soybean cross-interacted weakly
Please cite this article in press as: Rougé, P., et al., Characterization of IgE
cross-reacting with other structurally related legume lectins. Mol. Immuno

ith the IgE-containing sera. No interaction (SBA) or a faint interac-
ion (other lectins) occurred with those patient sera, which weakly
nteracted with a crude peanut extract (Table 2). In addition, no
nteraction occurred with two IgE-containing sera from patients
llergic to apple and kiwi fruits. Except a weak and apparently non-
Fig. 3. ELISA measurements at 405 nm of the interaction of sera from different
patients (P1–P14) with PNA. Each value is the mean of two independent measure-
ments.

specific interaction with DbL, PsA and LcA, no interaction occurred
between other lectins and rabbit HRP-labelled anti-human IgE
diluted 1/5000 used as a control.

Very similar results were obtained in ELISA experiments (Fig. 2)
showing a strong interaction of IgE with PNA, PsA, LcA and LoLI. Like
in immunoblotting experiments, rabbit HRP-labelled anti-human
IgE weakly interacted with a few lectins, e.g. DbL, PHA-E and SBA.

All the patient sera more or less interacted with PNA and other
immobilized lectins in SPR experiments (Fig. 3). As shown from
experiments in which an additional injection of rabbit anti-human
IgE serum enhanced the RU response, this interaction results from
the specific interaction of IgE from the checked sera with the lectins
(result not shown). However, the increase in RU response was
rather weak suggesting that an additional interaction with IgG most
probably occurred in these SPR measurements. In this respect, sera
-binding epitopes of peanut (Arachis hypogaea) PNA lectin allergen
l. (2010), doi:10.1016/j.molimm.2010.05.006

Fig. 4. Immunoblotting of a peanut extract treated by a pool of sera from peanut
allergic patients previously treated with a huge amount of PNA. The anti-PNA IgE
exhausted serum still reacts with the major and minor allergens of the peanut extract
but no more with PNA.

dx.doi.org/10.1016/j.molimm.2010.05.006
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Table 3
Amino acid sequence stretches identified as sequential IgE-binding epitopic regions along the amino acid sequences of PNA, LcA and PsA, using the SPOT technique.
Surface-exposed residues are in black boxed white letters. Residues exposed on the surface of the lectin monomer but not exposed on the surface of the tetramer
are grey boxed. Both LcA and PsA are continuously numbered as single chain lectins but they correspond in fact to two-chain lectins with distinct numbering for
their heavy (�) and shorter light (�) subunits. Underlined residues are missing in the three-dimensional structure of the lectins.
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In order to assess the specific character of IgE towards PNA and
ther legume lectins, a pool of sera from peanut allergic patients
reviously treated with a huge amount of PNA was checked for its
apacity to recognize the major peanut allergens in immunoblot-
ing experiments. As shown in Fig. 4, the anti-PNA IgE exhausted
erum still reacted with the major allergens Ara h 1 and Ara h 2
and other minor allergens like Ara h 6 and Ara h 8) of the peanut
xtract but gave no reaction with PNA.

Different IgE-binding regions were identified along the amino
cid sequences of PNA, LcA from lentil, and PsA from pea, using
era from peanut allergic patients in SPOT experiments (Table 3).
apping of the IgE-binding stretches previously identified by the
Please cite this article in press as: Rougé, P., et al., Characterization of IgE
cross-reacting with other structurally related legume lectins. Mol. Immuno

POT technique on the molecular surface of the lectins allowed us
o define more accurately those amino acid residues sufficiently
xposed to readily interact with the corresponding IgE (Fig. 5).
inally, exposed residues in each of the IgE-binding stretches were
onsidered as forming the IgE-binding epitopic regions of the

able 4
omparison of the sequential IgE-binding epitopes identified at homologous positions a
oxed white letters. Structurally homologous residues according to the Risler’s matrix (R
lectins. They correspond to more restricted sequence stretches suf-
ficiently exposed on the surface to interact with polyclonal IgE
from allergic patients. Most of these epitopic stretches consist of
hydrophilic and essentially electropositively charged residues, e.g.
Arg and Lys residues. Accordingly, they mostly coincide with the
electronegative potentials arrayed on the molecular surface of the
allergens (Fig. 5).

The dimeric LcA and PsA lectins contain more IgE-binding
regions, 9 and 10, respectively, than the tetrameric PNA (6), even
though they possess a less extended molecular surface (Table 3
and Fig. 5). The IgE-binding regions of both LcA and PsA exhibit a
high degree of sequence similarity that should account for some
-binding epitopes of peanut (Arachis hypogaea) PNA lectin allergen
l. (2010), doi:10.1016/j.molimm.2010.05.006

IgE-binding cross-reactivity among these lectins (Table 4). Less
pronounced similarities occur with the IgE-binding amino acid
sequence stretches identified along the PNA sequence, that should
decrease the IgE-binding cross-reactivity between dimeric (LcA,
PsA) and tetrameric (PNA, SBA) lectins as well (Table 4).

long the amino acid sequence of PNA, LcA and PsA. Identical residues are in black
isler et al., 1988) are grey boxed.

dx.doi.org/10.1016/j.molimm.2010.05.006
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Fig. 5. (A) Ribbon diagram of the PNA tetramer showing the localization (differently colored) of the IgE-binding epitopes identified on the molecular surface. (B) Surface
exposition of the IgE-binding epitopes (differently colored) identified on the molecular surface of the PNA tetramer. (C) Mapping of the electrostatic potentials on the
molecular surface of the PNA tetramer. Electropositively and electronegatively charged regions are colored blue and red, respectively; neutral regions are colored white. (D)
Ribbon diagram of the PsA dimer showing the localization (differently colored) of the IgE-binding epitopes identified on the molecular surface. (E) Surface exposition of the
IgE-binding epitopes (differently colored) identified on the molecular surface of the PsA dimer. (F) Mapping of the electrostatic potentials on the molecular surface of the PsA
dimer. Electropositively and electronegatively charged regions are colored blue and red, respectively; neutral regions are colored white. (G) Ribbon diagram of the LcA dimer
s on th
c lectro
e gions
fi

4

c
D
f
s
a
s
s

howing the localization (differently colored) of the IgE-binding epitopes identified
olored) identified on the molecular surface of the LcA dimer. (I) Mapping of the e
lectronegatively charged regions are colored blue and red, respectively; neutral re
gure caption, the reader is referred to the web version of the article).

. Discussion

All the assayed legume lectins consist of the quaternary asso-
iation of two (PsA, LcA and LoLI) or four protomers (PNA, PHA-E,
bL and SBA) built from a curved seven-stranded �-sheet (front
Please cite this article in press as: Rougé, P., et al., Characterization of IgE
cross-reacting with other structurally related legume lectins. Mol. Immuno

ace of the protomer) associated with a flattened six-stranded �-
heet (back face of the protomer) by turns and loops (Bourne et
l., 1990). An additional four-stranded �-sheet, also known as S-
heet (Banerjee et al., 1996), connects the two �-sheets on both
ides of the protomer. Four convergent loops located at the top
e molecular surface. (H) Surface exposition of the IgE-binding epitopes (differently
static potentials on the molecular surface of the LcA dimer. Electropositively and
are colored white (For interpretation of the references to color information in the

of the protomer build up the carbohydrate-binding site respon-
sible for the specific recognition of simple or complex sugars by
the lectins (Van Damme et al., 2007). Legume lectins roughly
differ by: (1) the occurrence of a single (single-chain lectins)
or two chain (two-chain lectins) in the protomer and, (2) the
-binding epitopes of peanut (Arachis hypogaea) PNA lectin allergen
l. (2010), doi:10.1016/j.molimm.2010.05.006

dimeric (12-stranded �-sandwich structure) or tetrameric (dimer
of dimers) association of the protomers. Accordingly, legume
lectins exhibit either two (divalent lectins) or four (tetravalent
lectins) identical carbohydrate-binding sites (Van Damme et al.,
1998).

dx.doi.org/10.1016/j.molimm.2010.05.006
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With a few exceptions, most of the assayed legume lectins inter-
cted more or less strongly with IgE-containing sera from patients
llergic to peanut in various experiments including immunoblot-
ing, SPR analyses and ELISA measurements. This interaction was
ugar-independent and did not depend on the dimeric or tetrameric
rganization of the lectins. It revealed the occurrence of IgE-binding
pitopes sufficiently exposed at the surface of the legume lectins
o be specifically recognized by the IgE paratopes. However, the

olecular basis responsible for the allergenicity (antigenicity) of
egume lectins has been poorly documented so far with respect to
he occurrence and characterization of their IgE-binding epitopes.

Despite the amounts of results that have been accumulated on
he three-dimensional structure of legume lectins, little if not all
s known on the epitope analysis of these plant proteins. Except
or the yellow flowered pea (Lathyrus ochrus) isolectin LoLI for
hich the sequential IgG-binding epitopes have been character-

zed and mapped on the three-dimensional structure (Lueken et
l., 1988, 1989), none of the other legume lectins have been inves-
igated in this way. The characterized IgG-binding epitopes of the
. ochrus lectin all occur in nicely exposed loops located between
he front and back face of the protomer and some of them coin-
ide with the four loops forming the carbohydrate-binding site
f the lectin (Lueken et al., 1988, 1989). This is not surprising
ince dimeric lectins like LoLI possess an extremely compact rod-
ike �-sandwich structure from which protrude exposed loops
hat roughly correspond to IgG-binding epitopes. Additional SPOT
xperiments performed with PNA, LcA and PsA, allowed us to
dentify 6, 9 and 10 sequential IgE-binding epitopes, respectively,
long the amino acid sequences of the lectins. As shown from the
lectrostatic potentials mapping on their molecular surface, most
f these IgE-binding regions coincide with the surface-exposed
lectropositively charged residues. These experimentally charac-
erized IgE-binding epitopes fairly well coincide with the amino
cid sequence stretches predicted as exposed epitopes according
o their hydrophilicity, flexibility, solvent exposure and charged
esidue content. According to the extremely structurally conserved
haracter of these proteins, one can assume that some IgE-binding
pitopes of other legume lectins also coincide with these exposed
oops protruding outside the molecular surface of both the dimeric
r tetrameric proteins.

Both dimeric and tetrameric legume lectins consist of tightly
acked proteins extremely resistant to heat denaturation (cook-

ng) and to proteolysis by the digestive enzymes pepsin, trypsin
nd chymotrypsin (Morari et al., 2008). As a result, they should
etain most of their IgE-binding properties along the digestive tract
o trigger some allergenic response upon consumption of cooked
egume beans by previously sensitized individuals.

Finally, lectins from currently consumed legume seeds (peanut,
oybean, kidney bean, pea, and lentil) have been demonstrated
o contain IgE-binding epitopes susceptible to specifically interact
ith IgE from peanut allergic patients. As shown in immunoblotting

xperiments performed with exhausted sera of allergic patients, IgE
hat specifically recognize legume lectins do not interact with IgE-
inding epitopes of the major peanut allergens, e.g. Ara h 1, Ara h
or Ara h 3. In this respect, PNA does not share common epitopes
ith the other seed protein allergens like vicilin (Ara h 1), legumin

Ara h 3) or 2S albumin (Ara h 2). However, the question is still
ending to discriminate between the ability of lectins to sensitize
usceptible individuals or to simply trigger an allergic reaction in
eople previously sensitized to either vicilin (Ara h 1) or legumin
Ara h 2) or their homologous proteins from other edible legumes.
Please cite this article in press as: Rougé, P., et al., Characterization of IgE
cross-reacting with other structurally related legume lectins. Mol. Immuno

owever, the reported ability of various dietary lectins to induce in
itro release of IL-4 and IL-13 from human basophiles brings some
redit to the first hypothesis that lectins could actually sensitize
usceptible subjects. Recently, the horse gram (Dolichos biflorus)
ectin DbL (or DBA for Dolichos biflorus agglutinin) has been iden-
 PRESS
ology xxx (2010) xxx–xxx 7

tified as an allergen susceptible to induce in vivo the activation of
mast cells from atopic subjects presenting an allergic reaction to
horse gram (Pramod et al., 2006). More recently, PHA was identified
as responsible for a severe case of anaphylaxis to white kidney bean
(Phaseolus vulgaris) along with phaseolin, a vicilin seed storage pro-
tein homologous to the major peanut allergen Ara h 1 (unpublished
result).
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