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Background: Allergy to apple and Prunus fruits is frequently
associated with birch pollinosis, with the principal cross-react-
ing allergens involved being members of the Bet v 1 family.
However, a major 13-kd component, nonimmunologically
related to Bet v 1, has been implicated as allergen in patients
allergic to Prunoideaefruit but not to birch pollen.
Objective: We sought to isolate and characterize the 13-kd
allergen present in apple and peach.
Methods: Sera from patients allergic to both fruits were select-
ed on the basis of clinical symptoms, skin prick tests responses,
and specific IgE levels. Allergens were purified by reverse-
phase HPLC and characterized by N-terminal amino acid
sequencing, MALDI analysis, specific IgE immunodetection,
and immunoblot inhibition assays.
Results: A 13-kd protein band was recognized in crude apple
and peach extracts by 9 of 10 and 10 of 10 sera from patients
allergic to fruit, respectively. The isolation and characteriza-
tion of the corresponding allergens allowed their identification
as lipid-transfer proteins, with a molecular mass of 9058 d for
the apple protein and 9138 d for the peach protein. Both puri-
fied allergens were recognized by sera from patients allergic to
fruit and fully inhibited the IgE binding by the 13-kd compo-
nent present in the 2 crude fruit extracts.
Conclusion: Lipid-transfer proteins are relevant apple and
peach allergens and, considering their ubiquitous distribution
in tissues of many plant species, could be a novel type of panal-
lergen of fruits and vegetables. (J Allergy Clin Immunol
1999;103:514-9.)
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Allergy to apple, as well as to other plant foods such as
cherry, celery, and carrot, is commonly associated with
birch pollinosis in areas where birch trees are abundant.1-3

This cross-sensitization has been mainly explained by the
presence of homologous allergens in both the pollen from
trees of the Fagalesorder and the fruits/vegetables men-
tioned above. Thus 16- to 18-kd proteins that share com-
mon IgE epitopes with Bet v 1, the major birch pollen

allergen,4 have been characterized in alder, hazel, and
hornbeam pollen5 and in celery, cherry, and carrot.6-8

Mal d 1, the only apple allergen isolated so far, belongs
to this allergen group (63% amino acid sequence identi-
ty with Bet v 1).9 Besides the Bet v 1 protein family, pro-
filins10,11 and isoflavone reductases12 are also panaller-
gens that seem to be involved in cross-reactions between
birch pollen and plant foods.

In contrast to this association between allergy to
fruits/vegetables and allergy to tree pollens, several cases
of hypersensitivity to peach and related fruits, but with
negative responses to pollens, have been described.13 In
these cases a major 13-kd IgE-binding protein, which is
not inhibited by grass or birch pollen extract in
immunoblot inhibition assays, has been detected.13 This
low molecular weight (MW) allergen is present in peach,
apricot, plum, cherry, and probably mulberry13-15 and
seems to be confined to the fruit skin (at least in peach).14

The characterization of the 13-kd component and its rela-
tionship with other plant proteins remains unpublished.

We report here the isolation and characterization of the
low MW allergens from apple and peach and their iden-
tification as lipid-transfer proteins. The ubiquitous distri-
bution of this protein family in a variety of tissues from
many plant species16 suggests its potential role as a
panallergen in plant foods.

METHODS

Patient sera

Sera from 10 patients allergic to apple and peach were used in
this study. All patients showed immediate hypersensitivity to both
fruits according to their clinical history, positive response to skin
prick tests with the corresponding fruit extracts (ALK-Abelló,
Madrid, Spain), and specific IgE levels to apple and peach greater
than 1.4 kU/L. Clinical data of the 10 selected patients are summa-
rized in Table I. In addition, sera from 3 subjects not sensitized to
fruits (negative skin prick test responses and undetectable specific
IgE to apple, peach, and plum), but with total serum IgE levels sim-
ilar to those of the patients allergic to fruit, were used as negative
controls. Written informed consent from the selected patients and
control subjects was obtained.
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Total and specific IgE levels were quantified by the Pharmacia
CAP System FEIA (Pharmacia Diagnostics, Uppsala, Sweden).
Skin prick tests were performed with commercial glycerinated
preparations (ALK-Abelló) by conventional procedures, and wheal
areas at least 5 mm2 greater than that produced by the saline control
were considered positive.

Crude extract preparation

Source materials supplied by ALK-Abelló, which consisted of
ground skins of apple (Malus domesticus) or peach (Prunus persi-
ca), were used as starting material for allergen purification. These
preparations were first extracted with PBS buffer (1:10 wt/vol) for
1 hour at 4°C. After centrifugation (10,000 rpm for 25 minutes at
4°C), the supernatants were dialyzed against H2O and freeze-
dried. The material obtained was then subjected to gel-filtration
chromatography on an Econo-Pac P6 desalinization column (5 mL
of total volume; Bio-Rad, Hercules, Calif) by using 0.1 mol/L
ammonium acetate as elution buffer. The appropriate fractions
corresponding to the protein peak were pooled and freeze-dried
(crude extracts).

Isolation and characterization of allergens

The crude extracts were defatted with cold acetone and then
with ethanol:ether (1:3 vol/vol) (1:5 wt/vol for 1 hour at 4°C).
The dried residues were fractionated by reverse-phase HPLC
(RP-HPLC) on a preparative Vydac-C4 column (22 × 250 mm;
particle size 10 µm; The Separations Group, Hesperia, Calif).
Elution was carried out with a 2-step linear gradient of acetoni-
trile in 0.1% trifluoroacetic acid (0% to 40% in 120 minutes and
40% to 85% in 30 minutes; 1 mL/min) after washing for 15 min-
utes with 0.1% trifluoroacetic acid. The peak corresponding to
the allergen was identified by SDS-PAGE and immunodetection
of the RP-HPLC fractions.

SDS-PAGE was performed on 4% to 20% precast poly-
acrylamide gels (Bio-Rad), following the method of Laemmli.17

N-terminal amino acid sequences were determined by standard
methods with an Applied Biosystems 477A gas-phase sequencer.
Matrix-assisted laser desorption/ionization (MALDI) mass spec-
trometry analysis was carried out by using a MALDI-2 spectrom-
eter with delayed extraction (Kratos Analytical, Manchester, UK).
Protein concentration was determined according to the method of
Bradford.18

Immunodetection and immunoblot inhibi-

tion assays

Samples were separated by SDS-PAGE on a 10% to 20% tricine
precast polyacrylamide gel (Novex, San Diego, Calif) by using
nonreducing conditions and then electrotransferred onto nitrocellu-
lose membranes as described by Towbin et al.19After blocking with
5% BSA in PBS for 2 hours at room temperature, the blots were
incubated overnight with each individual serum (1:10 dilution in
0.5% BSA, 0.05% Tween-20 in PBS). After washing 4 times with
0.1% Tween-20 in PBS, membranes were overlaid with mouse anti-
human IgE mAb HE-2 ascitic fluid20 (1:3000 dilution) for 2 hours
and then washed and incubated with a rabbit anti-mouse IgE perox-
idase-conjugated antibody (DAKO A/S, Denmark) for 1 hour.
Detection of IgE-binding components was achieved by enhanced
chemiluminescence, following the manufacturer’s instructions
(ECL-Amersham). Sera from patients not sensitized to fruit, as well
as dilution buffer, were used as negative controls.

Immunoblot inhibition assays were performed by using a pool of
sera from patients 1 to 10 (Table I). Samples (10 µg protein of the
appropriate crude extract) were separated by SDS-PAGE and elec-
trotransferred onto nitrocellulose membranes. The serum pool dilut-
ed 1:15 was preincubated with each inhibitor (4 µg of purified aller-

gen or Der p 1 as negative control, in a final volume of 1 mL) for 1
hour at room temperature before exposure to the membranes.

RESULTS

Crude extracts of apple and peach were obtained by
PBS buffer extraction of ground skins, followed by gel-
filtration chromatography (see the Methods section).
Protein content of the initial PBS extracts was 2.8% for
apple and 1.5% for peach. Sera from 10 patients allergic
to both fruits (Table I) were tested individually by spe-
cific IgE immunodetection after SDS-PAGE of the crude
extracts (Fig 1). Several IgE-binding bands, ranging from
around 6 to 100 kd, were detected, and the recognition
patterns obtained with each serum were different. A com-
ponent with a MW of about 13 kd was recognized in the
apple extract by 9 of 10 sera (90%) and in the peach
preparation by all 10 sera (100%), although the intensity
of the corresponding band varied widely, depending on
the serum assayed (compare lanes 4 and 5 in Fig 1,A).

To isolate the 13-kd allergen from both fruits, the cor-
responding crude extracts were defatted and then frac-
tionated by RP-HPLC (Fig 2,A and B). The peak with
the allergen was identified by SDS-PAGE and IgE
immunodetection of the RP-HPLC fractions. Final yields
of the isolated apple and peach allergens were 0.9‰ and
3.2‰ of the PBS-extracted protein, respectively. Homo-
geneity of the purified apple and peach proteins was
checked by SDS-PAGE, during which both allergens
showed a single band of around 13 kd, and by MALDI
analysis, which revealed a single sharp peak in the 8 to
10 kd range, with a molecular mass of 9058 d for the
apple protein and 9138 d for the peach protein.

To further characterize the isolated allergens, their N-ter-
minal amino acid sequences were determined (Fig 3). No
heterogeneity was detected at any position of the sequences
obtained. The undetermined residues most probably corre-
sponded to cysteines, considering that sequencing was car-
ried out with native proteins. Both purified allergens, pro-
visionally named Ma (the one from apple) and Pr (that
from peach), had very similar primary structures, showing
only 3 differences in the first 22 residues. Interestingly, they
shared a high degree of sequence identity with several
lipid-transfer proteins (LTPs) previously reported, such as
those from almond (27 of 31 residues identical to Ma) and
grape (19 of 31 identical to Ma) (Fig 3). These results
allowed the identification of Ma and Pr as typical LTPs pre-
sent in apple and peach, respectively. An intermediate sim-
ilarity (10 of 31) was found between Ma and an allergen
from Parietaria judaicapollen,22which has been described
as an LTP also. Conversely, a lower similarity (7 of 31) was
found with a putative allergen from Brassica rapapollen,23

which belongs to an atypical subgroup of LTPs.
Either Ma or Pr was recognized when tested with a pool

of sera from the 10 patients allergic to fruit (Fig 4). Further-
more, both of the allergens inhibited the IgE binding to the
13-kd band of the corresponding crude extract in
immunoblot inhibition assays. Additionally, Pr was also able
to fully inhibit the recognition by IgE of the 13-kd apple
band (Ma) (Fig 4). No effect was exerted by the nonrelated
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FIG 1. Immunoblot analysis of crude extracts from apple (A) and peach (B). Samples (10 µg protein) were sepa-
rated by SDS-PAGE, electrotransferred onto nitrocellulose membranes, and immunoblotted with individual sera
from patients allergic to fruit (lanes 1 to 10), serum from a patient not allergic to fruit (NC), and dilution buffer (B).

TABLE I. Clinical data of the patients allergic to apple and peach

Total IgE Specific IgE (kU/L) SPT (mm2)*

Patient Age (y) Sex Symptoms (kU/L) Apple Peach Apple Peach

1 26 M U,FA,GA 192 5.6 8.5 64 79
2 23 F U,FA 481 10.5 17.6 95 128
3 24 F U,FA,TA 760 26.2 32.2 79 64
4 27 M U 355 2.0 2.4 33 38
5 33 M U,FA 109 13.5 12.1 38 44
6 20 F U,FA 262 1.7 1.4 79 41
7 25 M U,FA 236 49.1 52.1 75 50
8 24 F U,TA,V,A 368 4.1 6.1 16 13
9 22 M FA 298 2.4 3.4 41 44

10 19 M U,FA 64 20.2 17.8 44 57

U, Urticaria; FA, facial angioedema; GA,glottis edema; TA, tongue edema; V, vomiting; A, asthma.
*Skin prick tests expressed as wheal area.
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FIG 2. RP-HPLC fractionation of defatted crude extracts from apple (A) and peach (B). Arrow heads point to
position of the isolated allergen in each chromatographic profile. C, SDS-PAGE separation of crude extract
from apple (Em) and peach (Ep) and of the purified allergens from both fruits (Ma and Pr). D and E, MALDI
analysis of the isolated Ma and Pr proteins, respectively.

FIG 3. N-terminal amino acid sequences of the allergens purified from apple (Ma) and peach (Pr) aligned with
those previously reported for LTPs from almond (PALTP1; M Suelves, unpublished; EMBL accession number
X96714), grape (MLT2-VIT),21 Parietaria judaica (Par j 1.0102),22 and Brassica rapa (PEC-1).23

A B
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allergen Der p 1 from the mite Dermatophagoides
pteronyssinusin similar inhibition assays.

DISCUSSION

Birch pollinosis is frequently associated with apple
allergy in areas such as Central and Northern Europe, the
United States, and Canada where trees belonging to the
Fagalesfamily are abundant. Although several allergens
with structural similarities present in both pollen and
fruit have been claimed to be responsible for this cross-
sensitization,3 Mal d 1, the 17-kd apple protein homolo-
gous to Bet v 1, seems to be the most prominent cross-
reacting allergen of this fruit in subjects allergic to both
birch pollen and apple (70% to 90% of Mal d 1–positive
patients).24 We have proved the presence of the corre-
sponding 17-kd IgE-binding band in the crude apple
extract by testing it with a serum pool from patients aller-
gic to birch pollen (not shown).

However, the population of patients allergic to
Rosaceaefruits whose sera were assayed in this study
lived in areas basically free of birch and other Fagales
trees and therefore cannot be directly sensitized to these
tree pollens. In fact, most of the 10 sera used (6 of 10)
showed undetectable levels of specific IgE to birch
pollen. In this type of allergic population, which is fre-
quent in the Mediterranean countries, a major 13-kd
allergen present in various Rosaceaefruits has been
detected.13-15 Our results fully confirmed the relevance
of this low MW allergen because a band of similar MW,
as estimated by SDS-PAGE, was recognized in both
apple and peach extracts by at least 9 of 10 positive sera
tested (Fig 1).

The allergen was isolated from fruit skin preparations
that, at least in peach, are highly enriched in the low MW
IgE-binding band.14 The purified apple Ma and peach Pr
proteins behaved as a single SDS-PAGE (denaturing con-
ditions) band with the expected MW (around 13 kd), but
MALDI analysis of these proteins revealed a single sharp
peak of about 9.1 kd. Both isolated Ma and Pr retained
their IgE-binding capacity and fully inhibited the recog-
nition by IgE of the 13-kd component of the crude apple
and peach extracts (Fig 4). These results indicate a cross-
reactivity between Ma and Pr, allowing the presence of
unrelated allergic proteins with similar MWs in the fruit
preparations tested to be ruled out.

The N-terminal sequencing of the purified apple and
peach allergens (31 residues for Ma, which represent
about one third of its complete primary structure) has
allowed confirmation of their close similarity. Moreover, it
has led to disclosure of their relationship with plant LTPs,
particularly with those from almond and grapevine (>80%
and 60% of sequence identity when compared with Ma,
respectively). An intermediate homology (about 32%) was
found with the Parietariaallergen Par j 1.0102, which has
been claimed to be an LTP.22 Surprisingly, a weak and
even doubtful sequence relationship is shared with a
pollen protein from Brassica rapa.23 The uncertain inclu-
sion of this putative Brassicaallergen in the true plant LTP
family, on the basis of its sequence characteristics,16,23can
account for the differences with Ma and Pr.

The extent of allergen characterization in Rosaceae
fruits is still very limited. Besides Mal d 1, only a 31-kd
allergenic protein homologous to wheat trimatin and oat
avematin has been identified in apple.25 No complete or
partial sequence of a peach allergen has been published
yet, although Pru a 1 (Bet v 1 homologous)6 and pru a 2 (a
23-kd thaumatin-like protein)26 have been characterized in
cherry (Prunus avium), a closely related species. Taking
into account these designations and considering the rele-
vance of Ma and Pr in Rosaceaefruit allergy, we suggest
renaming both as Mal d 3 and Pru p 3, respectively.

Plant LTPs form a family of 9-kd (90 to 95 amino
acids) polypeptides that is widely distributed throughout
the plant kingdom. Different degrees of sequence simi-
larity have been found between LTPs, most of which
contain 8 conserved cysteines forming 4 disulfide
bridges.16 The 3-dimensional structure of some LTPs has
been determined, and a general model has been postulat-
ed with 4 α-helices and a C-terminal tail, with the over-
all structure stabilized by the 4 disulfide bridges. An
internal hydrophobic cavity running through the mole-
cule that can harbor lipidic components, such as fatty
acids, is also present.16 It was originally proposed that
LTPs play a role in the intracellular trafficking of lipids,
but this hypothesis has now been largely abandoned
because it is not consistent with several properties of this
group of polypeptides, mainly its extracellular location.
By contrast, LTPs are truly involved in the defense mech-
anisms of plants against pathogens and probably also
participate in the formation of extracellular lipophilic
materials, such as cutin or wax.16,27 Many of them are

FIG 4. Immunoblot analysis of crude extracts (Ex) from peach and
apple (10 µg of protein) and the purified Pr and Ma allergens (1.3
µg of protein). Samples were separated by SDS-PAGE, electro-
transferred onto nitrocellulose membranes, and immunodetected
with a pool of 10 sera from patients allergic to fruit. In
immunoblot inhibition assays the serum pool was preincubated
with 4 µg each of Pr (Ex + Pr), Ma (Ex + Ma), or Der p 1 (Ex + Dp)
allergens.
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with a primer based on the N-terminal amino acid sequence, is highly
homologous to the sequence of the major birch pollen allergen. J Sci
Food Agric 1996;71:475-82.

10. Valenta R, Duchene M, Ebner C, Valent P, Sillaber C, Deviller P, et al.
Profilins constitute a novel family of functional plant pan-allergens. J
Exp Med 1992;175:377-85.

11. Van Ree R, Fernández-Rivas M, Cuevas M, van Wijngaarden M, Aal-
berse RC. Pollen-related allergy to peach and apple: an important role for
profilin. J Allergy Clin Immunol 1995;95:726-34.

12. Vieths S, Frank E, Scheurer S, Meyer HE, Hrazdina G, Haustein D. Char-
acterization of a new IgE-binding 35 kDa protein from birch pollen with
cross-reacting homologues in various plant foods. Scand J Immunol
1998;47:263-72.

13. Pastorello EA, Ortolani C, Farioli L, Pravettoni V, Ispano M, Borga A, et
al. Allergenic cross-reactivity among peach, apricot, plum, and cherry in
patients with oral allergy syndrome: an in vivo and in vitro study. J Aller-
gy Clin Immunol 1994;94:699-707.

14. Lleonart R, Cistero A, Carreira J, Batista A, Moscoso del Prado J. Food
allergy: identification of the major IgE-binding component of peach
(Prunus persica). Ann Allergy 1992;69:128-30.

15. Navarro AM, Orta JC, Sánchez MC, Delgado J, Barber D, Lombardero
M. Primary sensitization to Morus alba. Allergy 1997;52:1144-5.

16. Kader JC. Lipid-transfer proteins in plants. Annu Rev Plant Physiol Plant
Mol Biol 1996;47:627-54.

17. Laemmli UK. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 1970;227:680-5.

18. Bradford MM. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 1976;72:248-54.

19. Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of proteins
from polyacrylamide gels to nitro-cellulose sheets: procedure and some
applications. Proc Natl Acad Sci U S A 1974;76:4350-4.

20. Sánchez-Madrid F, Morago G, Corbi AL, Carreira J. Monoclonal anti-
bodies to three distinct epitopes on human IgE: their use for determina-
tion of allergen-specific IgE. J Immunol Methods 1984;73:367-78.

21. Coutos-Thevenot P, Jouenne T, Maes O, Guerbette F, Grobois M, Le Caer
JP, et al. Four 9-kDa proteins excreted by somatic embryos of grapevine
are isoforms of lipid-transfer proteins. Eur J Biochem 1993;217:885-9.

22. Duro G, Colombo P, Costa MA, Izzo V, Porcasi R, di Fiore R, et al. Iso-
lation and characterization of two cDNA clones coding for isoforms of
the Parietaria judaicamajor allergen Par j 1.0101. Int Arch Allergy
Immunol 1997;112:348-55.

23. Toriyama K, Hanoaka K, Okada T, Watanabe M. Molecular cloning of a
cDNA encoding a pollen extracellular protein as a potential source of a
pollen allergen in Brassica rapa. FEBS Lett 1998;424:234-8.

24. Vieths S, Schöning B. Characterization of Mal d 1, the 18 kD major apple
allergen, at the molecular level. In: Wuethrich B, Ortolani C, editors.
Highlights in food allergy. Basel: Karger; 1996. p. 63-72.

25. Hsieh LS, Moos M, Lin Y. Characterization of apple 18- and 31-kD aller-
gens by microsequencing and evaluation of their content during storage
and ripening. J Allergy Clin Immunol 1995;96:960-70.

26. Inschlag C, Hoffmann-Sommerburger K, O’Riordain G, Ahorn H, Ebner
C, Scheiner O, et al. Biochemical characterization of Pru a 2, a 23-kD
thaumatin-like protein representing a potential major allergen in cherry
(Prunus avium). Int Arch Allergy Immunol 1998;116:22-8.

27. García-Olmedo F, Molina A, Segura A, Moreno M. The defensive role of
non-specific lipid-transfer proteins in plants. Trends Microbiol
1995;3:72-4.

located in the outer epidermal layer of the exposed sur-
faces of the plant, which is in line with the accumulation
of Pru p 3 in the fruit skin.14 Several LTP genes are under
developmental control and respond to pathogen infec-
tion, biotic stress conditions, or both.16 Some of these
characteristics, together with the identification of Mal d
3 and Pru p 3 as LTPs, allow several considerations. Thus
the wide distribution of LTPs among mono- and dicotyle-
donous species, suggests a potential role of this protein
family as panallergens of plant foods. Moreover, sub-
stantial changes in the amount of LTPs (allergens) could
be expected during fruit ripening, depending on environ-
mental factors or storage conditions. Finally, the poten-
tial allergenicity of this protein family should be consid-
ered when LTP genes are used to obtain transgenic plants
with enhanced resistance against pathogens.
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sequencing, and Linda Puebla (ALK-Abelló) for language revision. 
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