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a b s t r a c t

Peach non-specific lipid transfer protein (Pru p 3; nsLTP) has been characterized as the major food allergen
in the adult Mediterranean population. Its wheat homologous protein, Tri a 14 has a relevant inhalant
allergen in occupational baker’s asthma. Different sensitization patterns to these allergens have been
found in patients with this latter disorder. The objective of the present study was to characterize IgE
epitopes of Tri a 14 and to compare them with those of Pru p 3 using three complementary strategies: the
analysis of IgE-binding capacity of decapeptides bound to membrane, the identification of mimotopes
using a phage display random peptide library, and the analysis of the surface electrostatic potential
of both allergens. Thus, synthetic overlapping decapeptides, covering the Pru p 3 and Tri a 14 amino
acid sequences, were used to identify sequential regions involved in recognition of IgE from baker’s
asthma patients sensitized to both nsLTPs. A phage display library was screened with total IgE from the
same patients, and positive clones sequentially selected using the purified allergens, allowed to identify
mimotopes (conformational epitopes) of Tri a 14 and Pru p 3. Both sequential regions and mimotopes were
localized in the corresponding 3D molecular surface and their electrostatic properties were analyzed.
Common sequential regions with strong IgE-binding capacity (residues 31–40 and 71–80) were identified
in Tri a 14 and Pru p 3, whereas regions Tri a 1451–60 and Pru p 311–20 were found specific of each allergen.
A major conformational epitope (mimotope), L34H35N36R39S40S42D43G74V75L77P78Y79T80, which
comprised the two common sequential epitopes, was located in Tri a 14, and a very similar one in Pru p

3. However, differences were detected on the surface electrostatic potential of both mimotopes: a first
part (around residues 31–45) showed similar positive features in both allergens, whereas a second part
(around residues 74–80) was markedly negative in Tri a 14 but neutral-positive in Pru p 3. Tri a 14 and Pru
p 3 have a similar conformational region involved in IgE-binding, although their electrostatic features
are different. Additionally, common and specific sequential IgE-binding regions were mapped in both
allergens. These findings could be instrumental in understanding the cross-reactivity and specificity of

ologo
sensitization to both hom
Please cite this article in press as: Tordesillas, L., et al., Molecular basis o
wheat flour and peach fruit as models. Mol. Immunol. (2009), doi:10.1016

. Introduction

Non-specific lipid transfer proteins (nsLTPs), particularly peach
ru p 3, are the most important plant food allergens in the Mediter-

Abbreviations: nsLTP, non-specific lipid transfer protein; PB, Poisson–
oltzmann; PDB, protein data bank; SPT, skin prick test; SES, solvent-excluded
urface.
� Financial Support: Ministerio de Ciencia e Innovación-DGI, Spain (grant
IO2009-07050).
∗ Corresponding author. Tel.: +34 91 336 57 08; fax: +34 91 336 39 85.

E-mail address: araceli.diaz@upm.es (A. Diaz-Perales).

161-5890/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.molimm.2009.07.028
us allergens.
© 2009 Elsevier Ltd. All rights reserved.

ranean area (Asero et al., 2009; Fernandez-Rivas et al., 2003;
Salcedo et al., 2007; van Ree, 2002). They constitute a panallergen
family of 9 kDa (90–95 amino acids) basic peptides, with a rigid 3D-
structure due to the presence of four conserved disulphide bridges
(Salcedo et al., 2007). nsLTPs have been considered as true food
allergens, being primary sensitizers by the oral route, and proposed
as plant food allergen model (Salcedo et al., 2007; van Ree, 2002).
f allergen cross-reactivity: Non-specific lipid transfer proteins from
/j.molimm.2009.07.028

However, an increasing body of experimental data point out to a
complementary role as inhalant allergens, linked in some cases to
plant food and pollen cross-reactions (Barber et al., 2008; Lauer et
al., 2007; Zuidmeer and van Ree, 2007). In this context, wheat LTP
Tri a 14 has been recently identified as a relevant allergen involved

dx.doi.org/10.1016/j.molimm.2009.07.028
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
mailto:araceli.diaz@upm.es
dx.doi.org/10.1016/j.molimm.2009.07.028
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oth in wheat food allergy and baker’s asthma (Palacin et al., 2007,
009; Pastorello et al., 2007).

Baker’s asthma is one of the most frequent occupational dis-
ases, affecting around 1–10% of bakery workers (Brant, 2007;
acobs et al., 2008). The inhalation of wheat flour is the most com-

on cause, although some additives, such as fungal �-amylases,
ave also been described as allergens eliciting baker’s asthma
Brant, 2007; Tatham and Shewry, 2008). Several wheat protein
amilies, mainly from the salt-soluble fraction (albumins plus glob-
lins), and particularly those belonging to the �-amylase inhibitor
amily, have been associated with this disorder (Armentia et al.,
993; Tatham and Shewry, 2008). However, no proper panel of
olecular tools (purified allergens) has been still developed for this

llergy. A wheat LTP, named Tri a 14, has been proposed as a poten-
ial useful diagnostic tool, based on its high sensitization rate (60%
f sera with specific IgE to the allergen) and in vivo (SPT) positive
esponse (62% of tested patients) (Palacin et al., 2007, 2009). Fur-
hermore, a complex sensitization profile to Tri a 14 and peach Pru
3 have been described in baker’s asthma patients (Palacin et al.,

007, 2009), indicating that there are high or poor cross-reactivity
etween the two allergens (i.e. recognition of mainly common and
pecific IgE (B)-epitopes) depending of the analyzed patient.

IgE epitopes have mainly been studied by IgE-binding analysis
f overlapping peptides bound to membranes. Sequential IgE epi-
opes can be screened by this strategy. However, the information
bout conformational epitopes, which are of great importance in
ighly resistant proteins such as nsLTPs, would be lost due to the
wn limitation of the technique. The inherent restrictions of this
pproach suggest that potentially relevant IgE-binding regions of
he allergen studied, particularly conformational epitopes formed
y sequentially discontinuous amino acid residues, cannot be
etected (Aalberse, 2000; Christensen et al., 2008). The produc-
ion of hypoallergenic forms has been used to analyze structural
pitopes. However, this is a laborious strategy, because of the diffi-
ulty of selecting the residues to be mutated. New strategies have
een developed in recent years to study and characterize regions
ith IgE-binding capacity. Phage display has shown itself to be a
owerful tool for uncovering conformational mimic epitopes or
imotopes from random peptide phage libraries (Folgori et al.,

994; Ganglberger et al., 2000; Luzzago et al., 1993). Mimotope
equences represent a region of the allergen that can be recog-
ized by IgE, and thus led to identify a structural B-cell epitope
Davies et al., 2000; Ganglberger et al., 2000; Jensen-Jarolim et al.,
998; Myers et al., 2000). Mimotopes can also be used to develop
ew immunotherapy strategies, for example, in the design of pep-
ide vaccines or in specific treatments with hypoallergenic proteins
Jensen-Jarolim et al., 1998, 1999).

Neither sequential nor conformational IgE epitopes of Tri a
4 have been located. In contrast, different Pru p 3-epitopes
ave been characterized by several methods (Garcia-Casado
t al., 2003; Pacios et al., 2008; Tordesillas et al., 2009).
hus, three sequential regions, Pru p 311–25, Pru p 331–45
nd Pru p 371–80, and a complex conformational epitope
N35N36L37R39T40P42D43R44A46S76I77P78Y79), which com-
rises in Pru p 331–45 and Pru p 371–80, have been defined. The aim of
he present work was to characterize relevant IgE-binding regions
f Tri a 14, and to compare them with the homologous regions in
ru p 3.

. Methods
Please cite this article in press as: Tordesillas, L., et al., Molecular basis o
wheat flour and peach fruit as models. Mol. Immunol. (2009), doi:10.1016

.1. Patients and sera

Patients with baker’s asthma caused by wheat flour were
ecruited at the Servicios de Alergia of Hospital Universitario La Paz
Madrid, Spain) and Hospital Universitario Rio Hortega (Valladolid,
 PRESS
unology xxx (2009) xxx–xxx

Spain). The criteria for selection were as follows: (1) a convincing
clinical history of occupational asthma provoked by inhalation of
wheat flour (Quirce et al., 2006); (2) a positive skin prick test (SPT)
response to in-house wheat salt-soluble protein extract; (3) specific
IgE level to wheat of greater than 0.35 kU/L as determined by the
Pharmacia CAP System FEIA (Phadia, Uppsala, Sweden). Consider-
ing that the major aim of the present work was to analyze common
epitopes between Pru p 3 and Tri a 14, sera from 8 patients who
covered the selection criteria, and showed specific IgE to both puri-
fied nsLTPs as measured by ELISA assay (see below), were further
selected and used in this study.

As negative control to test the specify of the phage display, a pool
of sera from atopic patients (n = 4) without plant food allergies and
without specific IgE to nsLTPs were selected.

Written informed consent was obtained from all patients and
the study was approved by the corresponding ethics committees
of both hospitals.

2.2. ELISA assays

An in-house wheat extract of salt-soluble proteins, as well as
rTri a 14, were obtained according to Palacin et al. (2007, 2009),
and rPru p 3 was produced and isolated following Diaz-Perales et
al. (2003). Purified allergens were quantified by means of the com-
mercial bicinchoninic acid test (Pierce, Cheshire, UK), and purity
ascertained by a single band of the expected molecular size in SDS-
PAGE analysis and a single and expected (Diaz-Perales et al., 2000,
2003; Palacin et al., 2009) N-terminal amino acid sequence (10
residues).

Specific IgE to the wheat extract (15 �g/mL in solid phase) and
purified rPru p 3 and rTri a 14 (5 �g/mL) were determined in each
individual serum (1:5 dilution) from the 8 selected patients with
baker’s asthma by means of a previously described direct ELISA
method (Diaz-Perales et al., 2000). Blocking solution (Sigma) with-
out solid phase was used as negative control. Specific IgE levels
greater than 0.1 OD units (mean [OD] + 3 × S.D. to blocking) were
considered positive. All tests were performed in triplicate.

The specificity of IgE-selected phage recognition was confirmed
by ELISA assays. Plates, coated with a monoclonal antibody anti-
Human IgE (ABR Affinity BioReagents, Rockford, USA) and blocked,
were incubated with individual clones (100 �g/mL). After wash-
ing, a serum pool (1:5, 50 �L) from the selected baker’s asthma
patients or a serum pool from atopic non-fruit allergic patients
(1:5, 50 �L) used as negative control was added. Binding was
revealed with anti-M13-peroxidase-conjugated monoclonal anti-
body (1:1000 dilution; GE Healthcare Bioscience).

2.3. Dot-blot analysis of solid phase-bound synthetic peptides

Synthetic peptides (5-mer overlapping decapeptides) spanning
the entire Pru p 3- or Tri a 14-sequence and covalently bound to a
cellulose membrane (SPOTs) were obtained from JPT Peptide Tech-
nologies (Berlin, Germany). A SPOT membrane with two different
rows, one with Tri a 14-peptides and another with Pru p 3-peptides,
was incubated with blocking-PBS buffer (Sigma, Steinheim, Ger-
many) for 3 h at 25 ◦C and then overnight with a serum pool (1:5
dilution) from baker’s asthma patients. The IgE-binding spots were
subsequently revealed by 125I-labeled anti-human IgE (ALK-Abelló,
Madrid, Spain) for 4 h at 25 ◦C, and autoradiography (5 days expo-
sure at −80 ◦C).
f allergen cross-reactivity: Non-specific lipid transfer proteins from
/j.molimm.2009.07.028

2.4. Selection of phage-displayed IgE epitope-mimicking peptides

This selection was carried out as previously described (Mittag et
al., 2006). A 2-mL aliquot of a suspension of Tosyl-activated M280
Dynabeads (Invitrogen Dynal, Oslo, Norway) was loaded with

dx.doi.org/10.1016/j.molimm.2009.07.028
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Fig. 1. (A) IgE immunodetection using a serum pool from patients with baker’s
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00 �g monoclonal mouse-anti-human IgE (ABR Affinity BioRe-
gents) overnight. They were then washed with PBS 0.5% (w/v) BSA
nd with PBS 0.1% BSA. The anti-IgE-coated beads were blocked
ith PBS 2% (w/v) skim milk. The serum pool from selected patients
as diluted in PBS with 0.05% Tween 20, 0.1% skim milk (dilution

:5), and incubated with 200 �L coated bead suspension at 4 ◦C
vernight. The total IgE of baker’s asthma patients was retained,
ound to the coated beads. After extensive washing, 100 �L of
hem was used immediately for the first round of selection, while
he remaining 100 �L was retained for the second selection round.

.4.1. First selection round
The IgE coated beads were incubated for 3 h with 211 phages

rom a library of phages displaying linear random 12-mer pep-
ides (PH.D.-12 Phage Display Peptide Library 2.7 × 109 clones; New
ngland Biolabs, UK), and washed with dilution buffer to remove
nbound phages. The phages still bound to the beads were ampli-
ed by direct infection of ER2738 Escherichia coli cells (provided
ith the phage library) following the manufacturer’s instructions.

hage amplification was allowed overnight at 30 ◦C. Phages were
urified by PEG-precipitation and titred.

.4.2. Second selection round
The beads with immobilized IgE were incubated with 211 ampli-

ed phages selected in the first round. The beads were then washed
nd aliquoted for specific elution with 500 �L of 25 �g protein/mL
f recombinant allergen (Tri a 14 and Pru p 3) in PBS with 0.1%
w/v) skim milk. One aliquot was eluted with one allergen, and cen-
rifuged. The pellet was then eluted with the other allergen. Titres
f eluted phages were determined. Single colonies were picked and
solated phage preparations were made and processed as described
y the library manufacturer. Amino acid sequences of the displayed
eptides were deduced from the DNA sequences obtained for each
hage clone using M13 phage-specific primers

.5. Location of mimotopes on protein surfaces and calculation of
lectrostatic potentials

Chain A of both X-ray structures of Pru p 3 (PDB code 2B5S,
asquato et al., 2006) and Tri a 14 (PDB code 1BWO, Gincel et
l., 1994) were used to obtain the solvent-excluded surface (SES).
esidues of clones were identified on the surface of both nsLTPs
y searching for connected regions after locating every individual
esidue area on the surface with Swiss-PDB Viewer (Pacios, 1994)
www.expasy.org/spdbv). Relative accessibilities were obtained
lso with Swiss-PDB Viewer and SES areas computed with Chimera
.3 (Pacios, 2001). The electrostatic Poisson–Boltzmann (PB) poten-
ial was calculated with APBS 0.4.0 (Wang et al., 2004), assigning
MBER99 atomic charges and radii including hydrogens added
ith PDB2PQR (Dolinsky et al., 2004). Fine (0.50-Å spacing) grids

round the 1276 (Pru p 3) and 1313 (Tri a 14) resulting atoms
ere used to solve the nonlinear PB equation in sequential-focusing
ultigrid calculations for meshes of 97 points per dimension at

98.15 K with dielectric constants of 2 for proteins and 78.54 for
ater. Potential values are given in units of kT per unit charge

k, Boltzmann’s constant; T, absolute temperature). PB potentials
apped onto protein surfaces, PB spatial isosurfaces and molecular

raphics were obtained with PyMOL 1.1 (www.pymol.org).

. Results
Please cite this article in press as: Tordesillas, L., et al., Molecular basis o
wheat flour and peach fruit as models. Mol. Immunol. (2009), doi:10.1016

.1. IgE-recognition of sequential regions from Tri a 14 and
ru p 3

Tri a 14- and Pru p 3-derived decapeptides (5-mer overlap-
ing) spanning the full amino acid sequences of each allergen were
asthma of SPOTs with synthetic decapeptides spanning the entire Tri a 14 or Pru
p 3 amino acid sequence. (B) Alignment of the amino acid sequences of Tri a 14 and
Pru p 3 highlighting the positions of the main IgE-binding peptides in each allergen.

scanned with IgE from a serum pool of baker’s asthma patients sen-
sitized to both allergens (Fig. 1A). Spots corresponding to peptides
7 (positions 31–40), 11 (positions 51–60) and 14–15 (positions
66–80) from Tri a 14, as well as those to peptides 3 (positions
11–20), 7 (positions 31–40), 15 (positions 71–80) and 17 (posi-
tions 81–91) from Pru p 3, showed the strongest IgE-recognition
(Fig. 1A and B). The sequential regions identified in Pru p 3 essen-
tially correspond to sequential epitopes 1–3 (residues 11–25, 31–45
and 71–80, respectively) previously described by Garcia-Casado et
al. (2003).

These results indicate the presence of common (positions 31–40
and 71–80) and specific (positions 51–60 in Tri a 14 and 11–20 in
Pru p 3) sequential IgE-binding regions in the wheat and peach
nsLTP allergens.

3.2. Identification of mimotopes of Tri a 14 and Pru p 3

A phage display peptide library was incubated with IgE isolated
from the baker’s asthma serum pool. After two selection rounds,
specific clones were eluted in two steps for both proteins (Fig. 2A).
Firstly, specific clones were eluted with Tri a 14 (T1). Non-eluted
phages were then incubated with Pru p 3, eluting Pru p 3-specific-
clones (P2). The same was done eluting first with Pru p 3 (P1),
and afterwards with Tri a 14, thus selecting Tri a 14-specific-clones
(T2). Clones from each elution were amplified overnight, the DNA-
insertion of 10 clone/elution was sequenced and the corresponding
amino acid sequences were deduced (Fig. 2B).

The specificity of the IgE/clone binding was further confirmed
by means of ELISA assays using anti-human IgE/serum pool coated
plates incubated with each selected clone. Only the results obtained
with 5 clones/elution are shown in Fig. 3. Every clone was rec-
ognized by IgE from patients with baker’s asthma. However, no
significant activity was detected when IgE from atopic patients
non-sensitized to LTPs was used, confirming the specificity of the
selection method. Thus, the selected clones can be considered spe-
cific mimotopes of Pru p 3 or Tri a 14, respectively.

3.3. Location of IgE epitopes on the structure of Pru p 3 and
Tri a 14

The selected clones of each elution were localized onto the sur-
face of Pru p 3 and Tri a 14. Four consensus sequences (one per
elution) were obtained selecting the residues which appeared more
frequently in clones together with their localization on the surface
of the corresponding allergen (Fig. 2B). The comparison of the con-
sensus sequences of both elutions for the same protein (T1 versus
f allergen cross-reactivity: Non-specific lipid transfer proteins from
/j.molimm.2009.07.028

T2 and P1 versus P2) rendered essentially the same residues. For
this reason, a final set of residues was defined for each allergen
(Fig. 2C) based on the deduced amino acid sequences comple-
mented by surface mapping of the corresponding residues.

dx.doi.org/10.1016/j.molimm.2009.07.028
http://www.expasy.org/spdbv
http://www.pymol.org/
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ig. 2. (A) Strategy followed to isolate clones expressing mimotopes of Tri a 14 an
onsensus sequence of the different elutions is indicated below. Final consensus se

Even, residues mapped onto Tri a 14 surface and those localized
n Pru p 3 overlapped. In fact, no specific IgE region was found in Tri
14 with respect to Pru p 3. The final set of residues selected on both
llergens (Figs. 2B and 4A) was located on two separate parts of the
tructure: near ends of helices 2 and 3 along with their connecting
oop (part A) on one side, and the non-structured coil at the C-
erminus (part B) on the other side. Given the overall similarity of
hese sets in Pru p 3 and Tri a 14, the specificity of the sensitization
rofile should be based on other features, such as molecular surface
roperties, which therefore, were explored.

Part A spans similar surface regions in both allergens. It cov-
rs nearly identical surface areas (388 and 400 Å2 in Pru p 3 and
ri a 14, respectively) and shows a similar electrostatic positive
ehaviour revealed by both the PB potential mapped on the sur-
ace (Fig. 4B) and the PB isosurface extending outside the protein
urface (Fig. 4C). Although part B has six residues in both proteins,
t covers a larger area in Tri a 14 (390 Å2) than in Pru p 3 (298 Å2)
nd shows a different electrostatic behaviour. While part B in Pru
3 is neutral or weakly positive, in Tri a 14 it shows a negative

ature. This feature is even more apparent in the large negative PB
sosurface patches in Tri a 14 in a spatial region of the protein which
s covered by a positive electrostatic field in Pru p 3.
Please cite this article in press as: Tordesillas, L., et al., Molecular basis o
wheat flour and peach fruit as models. Mol. Immunol. (2009), doi:10.1016

. Discussion

Members of the non-specific lipid transfer protein family,
ainly peach Pru p 3, are known to be important allergens asso-

iated with plant food allergy, particularly in the Mediterranean
p 3. (B) Amino acid sequences of the selected clones for the different elutions. The
es for the potential mimotopes for each allergen are also shown.

region (Asero et al., 2009; Fernandez-Rivas et al., 2003; Salcedo et
al., 2007; van Ree, 2002). These allergens are usually associated
with oral sensitization, although there is considerable evidence
of other routes by which they can sensitize (Garcia et al., 2004;
Lauer et al., 2007; Lombardero et al., 2004; Salcedo et al., 2007;
Zuidmeer and van Ree, 2007). Thus, wheat LTP, Tri a 14, has been
recently characterized as a relevant inhalant allergen associated
with baker’s asthma (Palacin et al., 2007, 2009). An extensive
cross-reactivity has been reported among allergenic nsLTPs from
different plant foods, and between them and those from some
pollen such as Artemisia and plane tree (Diaz-Perales et al., 2003;
Lauer et al., 2007; Lombardero et al., 2004; Zuidmeer and van Ree,
2007). In this context, some baker’s asthma patients sensitized to
wheat Tri a 14 also recognize in vitro and in vivo peach Pru p 3,
whereas no cross-reactivity between both allergens is found in
other patients with similar allergic disorder (Palacin et al., 2007,
2009). These experimental results suggest the presence of common,
as well as specific IgE epitopes in Tri a 14 and Pru p 3. This scenario,
together with the lack of information on Tri a 14 epitopes, led us to
characterize such epitopes in the wheat allergen and to compare
them with those located in Pru p 3. Three different and complemen-
tary strategies have been used: the analysis of IgE-binding capacity
of 5 mer overlapping decapeptides bound to membrane, the char-
f allergen cross-reactivity: Non-specific lipid transfer proteins from
/j.molimm.2009.07.028

acterization of mimotopes using a phage display of a 12-amino acid
peptide library, and the analysis of surface electrostatic potential
properties of both allergens.

Three relevant sequential regions of Tri a 14 have been identified
by IgE immunodetection of synthetic decapeptides: Tri a 1431–40,

dx.doi.org/10.1016/j.molimm.2009.07.028
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ig. 3. IgE-binding to selected phage clones. ELISA assays were performed with mo
ach selected clone. Means (n = 3) and S.D. (bars) are represented. Blocking solution
0.04] OD units of negative control) is indicated by a horizontal line.

ri a 1451–60, and Tri a 1466–80. Comparison with the sequential IgE-
inding regions here found in Pru p 3, namely Pru p 311–20, Pru p
31–40 and Pru p 371–91, which essentially overlapped with its IgE
pitopes previously described (Garcia-Casado et al., 2003), indicate
he presence of two common regions involved in IgE-binding (Tri a
Please cite this article in press as: Tordesillas, L., et al., Molecular basis o
wheat flour and peach fruit as models. Mol. Immunol. (2009), doi:10.1016

431–40/Pru p 331–40 and Tri a 1466–80/Pru p 371–91) that could medi-
te the cross-reactivity between both allergenic nsLTPs. In contrast,
ri a 1451–60 and Pru p 311–20 would represent specific regions,
hich could partially account for the differential sensitization to

he two allergens described in some patients.

ig. 4. Amino acids in Pru p 3 (upper row) and Tri a 14 (lower row) mimotopes. (A) Rib
elices 2 and 3 in magenta, and residues in the non-structured coil at the C-terminus in
he surface. (C) PB electrostatic potential isosurfaces −1 (red) and +1 (blue) in the space o
nal anti-human IgE in solid phase, a pool of sera from baker’s asthma patients, and
tested as negative control, and cut-off value (0.24 OD units = mean [0.12] + 3 × S.D.

The mapping of sequential epitopes has been complemented
by the location of mimotopes (conformational epitopes) in both
nsLTPs. Thus, H35 N36 R39 S40 D43 G74 V75 L77 P78 Y79 T80 was
identified as the major mimotope of Tri a 14, which overlapped
with Tri a 1431–40 and Tri a 1466–80, identified as common epi-
f allergen cross-reactivity: Non-specific lipid transfer proteins from
/j.molimm.2009.07.028

topes by synthetic peptides. In the same way, the Pru p 3-mimotope
described in the present work, N36 L37 R39 T40 D43 R44 G74 V75
S76 I77 P78 Y79, included the sequential epitopes Pru p 331–40 and
Pru p 371–91, and is almost identical to that previously character-
ized (Pacios et al., 2008). It should be emphasized that the identified

bon diagrams showing side chains of residues in the region of the loop between
blue. (B) Surfaces of residues in A with the PB electrostatic potential mapped onto
utside the protein surface. (A–C) Plotted at the same spatial orientation.

dx.doi.org/10.1016/j.molimm.2009.07.028
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imotopes comprise two out of the three sequential IgE-binding
egions defined in each allergen. The correspondence of the results
btained by two strategies (synthetic peptides bound to membrane
nd phage display) is evidence of their complementarity. However,
he residues contained in sequential epitopes Tri a 1451–60 and
ru p 311–20, were not identified in the selected clones by phage
isplay. This might be explained by their location on the protein
D-structure that shows low relative accessibilities for the majority
f residues in these sequences. This highlights the difficulty of ful-
lling their role in sensitization, taking into consideration the high
tability of the nsLTP-folding. However, the role of Tri a 1451–60 in
aker’s asthma cannot be ruled out.

The alignment of Tri a 14- and Pru p 3-mimotopes resulted in
he presence of a main core that can be involved in cross-reactivity:
36 R39 T/S40 S42 D43 G74 V75 I/L77 P78 Y79. These core residues,

ocalized in two distant regions in the amino acid sequence, were
lose in the 3D-structure and gave rise to two differentiated surface
egions with distinct electrostatic features. Electrostatic poten-
ials of part A, Tri a 1431–40/Pru p 331–45, show similar positive
ehaviour and comparable surface areas. On the contrary, part B,
ri a 1465–80/Pru p 371–80, have markedly different characteristics.
lthough the residues were rather similar, Tri a 14 exhibited signif-

cant negative potential and larger areas than Pru p 3, which shows
esides a neutral or positive potential. This distinct electrostatic
ature could bring about differences in the recognition of the two
llergens by molecular properties of the regions involved. Hence,
he specific residues would not be as important as the determi-
ant of sensitization. However, further experimental evidence is
equired to confirm this hypothesis.

In summary, this work identifies most of the IgE epitopes of Tri
14 as corresponding to those identified here and also previously
escribed in Pru p 3. The conservation of the residues in both aller-
ens (and in other allergenic members) of the nsLTP family (Salcedo
t al., 2007) may explain the cross-reactions among allergens of
his protein group. Moreover, epitopes involved in food allergies
ppear to be the same as those recognized by other types of sen-
itization, such as that occurring in the respiratory tract. Hence,
he Pru p 3-mimotope identified using IgE from baker’s asthma
atients (inhalation allergy) is almost the same as that previously
escribed when using sera of peach-allergic patients (food allergy).
his finding could be of relevance to the design of new hypoal-
ergenic mutants for use in alternative immunotherapy strategies.
owever, specific sequential epitopes described by synthetic pep-

ides (Tri a 1451–60 and Pru p 311–20) and electrostatic potential
ifferences of conformational regions involved in IgE-binding can
xplain the specific sensitization to both allergens.

The obtained results in this work confirm the power of mimo-
ope identification in the study of conformational epitopes as an
lternative way of producing hypoallergenic proteins. The tech-
ique could be of particular importance in the study of food
llergens, given that nsLTPs probably involve mainly conforma-
ional epitopes. The wider use of this technique would undoubtedly
acilitate the characterization of IgE epitopes in different allergens
Partidos and Steward, 2002; Riemer et al., 2004; Sharav et al.,
007).
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