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Abstract
Olive pollen is one of the most important causes of sea-
sonal respiratory allergy in Mediterranean countries,
where this tree is intensely cultivated. Among the high
number of protein allergens detected in this pollen, 8 –
Ole e 1 to Ole e 8 – have been isolated and characterized.
Ole e 1 is the most frequent sensitizing agent, affecting
more than 70% of the patients suffering of olive pollino-
sis, although others, such as Ole e 4 and Ole e 7, have
also been shown to be major allergens. In this context,
the prevalence of many olive pollen allergens seems to
be dependent on the geographical area where the sensi-
tized patients live. Some of the olive allergens have been
revealed as members of known protein families: profilin
(Ole e 2), Ca2+-binding proteins (Ole e 3 and Ole e 8),
superoxide dismutase (Ole e 5) and lipid transfer protein
(Ole e 7). No biological function has been demonstrated
for Ole e 1, whereas Ole e 4 and Ole e 6 are new proteins
without homology to known sequences from databases.
cDNAs encoding for Ole e 1, Ole e 3 and Ole e 8 have
been overproduced in heterologous systems. The re-
combinant products were correctly folded and exhibited
the functional activities of the natural allergens. In addi-

tion to the Oleaceae family, other species, such as Gram-
ineae or Betulaceae, contain pollen allergens structurally
or immunologically related to those of the olive tree. This
fact allows to detect and evaluate antigenic cross-reactiv-
ities involving olive allergens. The aim of this research is
the development of new diagnostic tools for olive polli-
nosis and new approaches to improve the classical im-
munotherapy.

Copyright © 2001 S. Karger AG, Basel

Introduction

The olive (Olea europaea) is a long-lived tree from
which humans have obtained oil, fruit and wood for more
than 5,000 years [1, 2]. It is widely cultivated in countries
of the Mediterranean basin [3], but was also introduced
into America, Australia, Japan and South Africa. The
olive tree displays a great number of botanical varieties –
up to 165 are found in Spain [4] –, including a wild form
called Olea oleaster. Olive pollen grains are small (mean
diameter between 17 and 21 Ìm), slightly elliptic, and tri-
colporate, with a dense reticulation. Its spreading is emi-
nently entomophilous but also anemophilous when pollen
production is abundant [5]. The pollination period of
olive trees lasts from the middle of April to the end of
June [6]. The average atmospheric concentration of pol-
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Fig. 1. Allergenic patterns of sera from patients hypersensitive to olive tree pollen. The IgE binding patterns to olive
pollen extract of 22 sera were selected as representative for the variability and complexity of the responses in individ-
uals suffering of olive pollinosis. S = Molecular mass standard proteins; E = Coomassie blue staining of olive pollen
extract.

len in areas of olive cultivation is between 100 and 200
grains/m3, although up to 3,000–4,000 grains/m3 have
been collected in areas where this tree is intensively culti-
vated, such as Jaén and Córdoba (Andalucı́a) in Spain
and Bari (Puglia) in Italy [7, 8]. Topics on aerobiology and
clinical aspects of olive pollinosis have been reviewed by
Liccardi et al. [9].

Former analyses on olive pollen allergens pointed at
proteins of about 65 and 32 kD apparent molecular mass,
as determined by SDS-PAGE [10, 11], and preliminary
attempts at their purification were carried out [11, 12].
Afterwards, proteins of 17, 19, 41–42 and 50–60 kD were
identified as major allergens of olive pollen [13–15],
although other bands of 8 and 60–70 kD were also
detected as IgE-reactive molecules in pollen extracts [8,
14]. Some of these IgE-reactive proteins of high molecular
mass have recently been identified as aggregates (multi-
meric forms) of a major allergen of 20 kD. The first data
on the amino acid sequence of an olive allergen were
reported in 1990 by Villalba et al. [16]. In this paper, the
1986 allergen nomenclature [17] was adopted, and thus
the identified protein was named Ole e I. Effective isola-
tion procedures allowed its molecular and immunological
characterization. Prevalence data over a large population
of sensitive individuals were also obtained. As a result,
Ole e 1 was recognized as the main allergen from olive
pollen. The isolation of another allergen from this biologi-
cal source took 6 years. So far, 8 olive pollen allergens are
known. This article provides a brief review of the structur-
al and immunological properties of these allergens.

Complexity of the IgE-Binding Pattern of Olive
Pollen Extracts

The SDS-PAGE pattern of the allergenic components
of olive pollen extract – in other words, the allergogram of
the olive pollen – is very complex, since it contains a large
number of protein bands recognized by the IgE antibodies
of the sera from patients hypersensitive to this pollen
(fig. 1). Early studies showed the presence of 20 fractions
with allergenic activity [11]. Furthermore, several authors
have reported allergenic patterns of olive pollen extracts
by using individual sera, all of them showing the existence
of a large number of IgE-reactive protein bands [15, 18,
19–23]. After the identification of Ole e 1, and over the
past 5 years, an increasing number of olive pollen aller-
gens have been purified and characterized, thus confirm-
ing former prospects. To date, 8 allergens have been iden-
tified, purified and characterized, i.e. Ole e 1–Ole e 8
according to the last recommendations of the Allergy
Nomenclature Subcommittee of the International Union
of Immunology Societies [24]. But many others of high
clinical significance have been detected and their study is
under way [unpubl. results]. From our experience in the
study of allergens from olive pollen, we have observed
that the number of allergens to which an olive allergic-
patient is sensitized is often greater than 2 and reaches
8–10 in individuals with a RAST value of 5–6 for the
whole olive pollen extract.
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Table 1. Relevant properties of olive pollen allergens

Allergen MW, kD1 pI2 Cross-
reactivity3

Prevalence4

%
Recombinant5

expression
References6

Ole e 1 16.3/18.5* 5.5–6.5* yes* 170 E. coli (0.1 mg/l)
P. pastoris (60 mg/l)

16, 19, 27,
37, 38

Ole e 2 14–16** 5.1** yes 140 E. coli (20–30 mg/l) 49, 50
Ole e 3 9.2* 4.3* yes 20 E. coli (25 mg/l) 51, 52
Ole e 4 32** 4.6–5.1* ND 80* – 57
Ole e 5 16** 5.1–6.5* ND 35* – 57
Ole e 6 5.8* 4.2* no 5–20** – 58
Ole e 7 9.9–10.3* 19* ND 160 – 23
Ole e 8 18.8* 4.5** ND 3–4 E. coli (20 mg/l) 53

1 Molecular weights were obtained by mass spectrometry (*) or SDS-PAGE (**). For Ole e 1, MW of glycosylated
and nonglycosylated forms are indicated.
2 Isoelectric point (pI) was determined experimentally (*), or calculated from the amino acid sequence (**).
3 Ole e 1 exhibits cross-reactivity only with homologous counterparts from taxonomically closely related species.
ND = Not determined.
4 Prevalence data for many allergens strongly depend on the population used in the study. The data for (*) are
preliminary. The data for (**) have been recently revised by the authors.
5 The yield of the expression is indicated.
6 For Ole e 1, only references on isolation and sequencing are indicated.

Structural Properties and Functional Roles of
Olive Pollen Allergens

Ole e 1: The Most Prevalent Allergen of Olive Pollen
Although the prevalence of Ole e 1 differs in different

geographical areas, ranging from 55 to 90%, it has always
been shown to be the most prevalent allergen of olive pol-
len extract [13, 15, 16, 25]. Moreover, removal of Ole e 1
from the whole extract led to the nearly total disappear-
ance of the allergenic activity of the extract [26]. These
data, along with the fact that Ole e 1 is the most abundant
protein component of the pollen extract, make it the best-
characterized olive allergen so far (table 1).

Isolation procedures of Ole e 1 have been reported by
several authors, differing in techniques and yields [13, 16,
19]. It was characterized as a glycoprotein, and its prima-
ry structure was determined by Edman degradation of
peptides obtained by proteolysis [27]. The protein con-
sists of a single polypeptide chain of 145 amino acid resi-
dues with a calculated molecular mass of 16,331 D [27],
and contains one N-linked glycan moiety located at aspa-
ragine 111, which increases the molecular mass of the
allergen to about 1.5 kD [28]. Because of the presence of
the sugar, the SDS-PAGE pattern of purified Ole e 1
exhibits a multiple-band profile with two main compo-
nents, a nonglycosylated form of 18.5 kD (10% of the

whole allergen) and a glycosylated variant of 20.0 kD
(85%) [13, 19, 27, 28]. The allergen frequently exhibits
two faint bands at 22 and 40 kD as a result of the presence
of a hyperglycosylated component and the 20-kD dimer,
respectively [27]. The polypeptide chain possesses six cys-
teine residues arranged in three disulfide bridges whose
topology has recently been elucidated [29].

The glycan moiety of Ole e 1 has a heterogeneous struc-
ture and seems to be involved in the antigenic and aller-
genic activities of the allergen; it is also responsible
for cross-reactivity with glycoproteins from plants taxo-
nomically unrelated to the olive tree [28, 30, 31]. The Ole
e 1 glycan is composed of two main oligosaccharide spe-
cies, whose primary structures have been determined: I) a
high mannose component (Man 7), and II) a complex type
N-glycan containing ß(1,2)-xylose and (ß(1,2)-GlcNAc-
Man)(1,3) linked to the ManNAcGlc-NAcGlc core [32].
The complex type component can explain the antigenicity
of the carbohydrate, since xylose has been largely shown
to be involved in the immunogenicity of plant glycopro-
teins [33]. Minor components (5–10% of the whole oligo-
saccharide), containing ·(1,3)-fucose, were also detected
in the glycan of Ole e 1 [31, 32], and their structures were
recently elucidated [34]. The presence of fucose increases
the antigenicity of such oligosaccharides. As mentioned
above, the glycan moiety of Ole e 1 is involved in
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the allergenicity of the protein: the isolated glycan con-
tains an IgE epitope, which is recognized by more than
60% of the sera from patients allergic to Ole e 1 [31].
However, the contribution of the glycan to the IgE reactiv-
ity of the whole allergen should not be highly relevant, as
deduced from the analysis of the allergenic equivalence
between the natural and recombinant forms of Ole e 1,
which exhibited very similar IgE-binding activities [35]
although they possess different N-glycans. This observa-
tion is also supported by studies performed with a nongly-
cosylated mutant of Ole e 1 (N111Q), expressed in the
yeast Pichia pastoris, which exhibited an immunologic
behavior very similar to that of the glycosylated natural
allergen [36].

The nucleotide sequence of several cDNA clones en-
coding Ole e 1 was determined by molecular biology tech-
niques showing a high degree of polymorphism since
more than 40 positions of the polypeptide chain were
found to be heterogeneous [37, 38]. The allergen belongs
to a family of proteins whose members have been found to
be expressed almost exclusively in pollen tissue. Ole e 1
exhibits the highest amino acid sequence identity (185%)
with its close relatives from other Oleaceae, such as privet
and lilac. It also displays a low but significant identity
(ranging from 24 to 31%) to Lol p 11 – the allergen from
ryegrass –, and to the homologous proteins from rice,
maize, birch, Arabidopsis thaliana, Sambucus nigra, Bras-
sica napus, and Phalaris coerulescens [39–41 and se-
quence databases].

Ole e 1 is a protein specifically expressed in pollen tis-
sue, as was demonstrated by Northern blot [37]. This is in
agreement with the results obtained from studies on the
ultrastructural localization of the allergen with Ole e 1-
specific monoclonal antibodies and its corresponding
mRNA by in situ hybridization. The allergen was local-
ized in the endoplasmic reticulum, the pollen wall and the
tapetum during pollen development [42, 43]. Both syn-
thesis and storage take place in the reticulum, suggesting a
biological role as a secretion protein [43]. This would be in
agreement with the presence of signal peptides in the ami-
no acid sequences deduced from the cDNAs encoding this
family of proteins. These findings have suggested a poten-
tial role for Ole e 1 in establishing the osmotic gradient
needed for hydration of the pollen during germination
[43], but functional analyses should be performed to
assess this biochemical activity.

Mapping of immunodominant B and T cell epitopes of
Ole e 1 has been carried out. Using several Ole e 1-specific
monoclonal antibodies, the existence of at least four IgG
antigenic determinants was demonstrated [42]. Analyzing

the proliferating response that synthetic peptides of the
allergen induce in the peripheral blood mononuclear cells
from Ole e 1-sensitized patients versus nonsensitized con-
trols, Cárdaba et al. [44] have found immunodominant T
cell epitopes located at positions 91–102 and 109–130 of
the amino acid sequence of Ole e 1, which are not recog-
nized by IgE antibodies. However, the segments of the
polypeptide chain of Ole e 1 involved in B cell determi-
nants remain to be defined.

Genetic studies of an Ole e 1-sensitive population have
shown that the specific response to the allergen is asso-
ciated with the DR7 and DQ2 HLA class II antigens
[45]. Ole e 1 IgG titers are positively correlated with
HLA-DRB1*0701 and HLA-DQB1*0201 alleles, and
DQB1*0201 was also found to be correlated with Ole e 1
IgE titers [45, 46]. In addition, it was demonstrated that
IgE antibodies against Ole e 1 were associated with FcÂRI-
ß [47].

Ole e 2: An Olive Profilin
Profilin is a ubiquitous protein found in a large num-

ber of vegetable and animal biological sources. It binds
actin polymers and is involved in signal transduction
events through phosphoinositide pathways. It has been
established as a pan-allergen [48]. Profilin has also been
purified from olive pollen extracts and, as other members
of this family of proteins, has been found to be allergenic
[49]. Molecular and immunochemical properties of Ole e
2 do not differ from those of other profilins, exhibiting a
prevalence of 24 and 140% in patients allergic to olive
pollen, as shown by immunoblotting and ELISA, respec-
tively [49]. This indicates that the allergen loses IgE-bind-
ing capacity against the sera of a large number of hyper-
sensitive individuals when it is assayed under denaturing
conditions. Olive profilin has been sequenced and ex-
pressed in Escherichia coli [50], showing 86 and 73%
identity to birch and grass profilins, respectively, which is
in agreement with the high antigenic and allergenic cross-
reactivities found between them [49].

Ole e 3 (Olive Polcalcin) and Ole e 8: Two
Ca2+-Binding Proteins
The biochemical activity of a protein is one of the main

features that allows to know its behavior. Two olive aller-
gens, Ole e 3 and Ole e 8, have been identified as Ca2+-
binding proteins [51–53]. Both allergens belong to the EF-
hand Ca2+-binding protein family, since they possess
functional segments consisting of 12 consecutive amino
acid residues flanked by two ·-helices called EF-hand
motifs, which form a conformational loop that is able to
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bind calcium ion. However, and according to their behav-
ior in affinity columns, they should display different bio-
logical roles in the pollen cell: whereas Ole e 3 belongs to
the buffering type Ca2+-binding protein subfamily [52],
Ole e 8 should develop a regulatory function involved in
signal transduction pathways [53]. In addition, Ole e 8
contains four EF-hand motifs along its polypeptide se-
quence, whereas Ole e 3 contains only two.

Ole e 3 is a small (9.2 kD) and acidic (pI 4.2–4.3) pro-
tein isolated from the pollen [51]. The protein consists of
a single chain of 84 residues which exhibits high homolo-
gy to allergenic pollen proteins from rapeseed, Bermuda
grass, timothy grass, birch and alder (60–85% of amino
acid sequence identity and 85–95% of similarity), and
strong cross-reactivity with them [51, 52]. Moreover, the
presence of Ole e 3-like proteins has also been shown in
other unrelated species, since an Ole e 3-specific polyclon-
al antiserum recognized proteins in the pollen from
wheat, mugwort, pine, cypress and rose [51, 52]. Because
of its specific expression in pollen tissue and its Ca2+-
binding capacity, the name of polcalcin has been pro-
posed for this subfamily of Ca2+-binding proteins, which
has also been established as a new pan-allergen.

Ole e 8 (18,795 D) consists of a single polypeptide
chain of 171 amino acid residues that displays an appar-
ent molecular mass of 20 kD in SDS-PAGE [53]. The
olive pollen extract contains very low amounts of this
allergen. Therefore, the strategy to obtain manageable lev-
els of the protein was the recombinant expression in E.
coli [53]. The molecular properties of Ole e 8 were those
typical of Ca2+-binding proteins, exhibiting a high level of
·-helix secondary structure and undergoing conforma-
tional changes, which depend on the presence of Ca2+ ions
[53].

Interestingly, the IgE-binding capability of Ca2+-bind-
ing allergens is related to the presence of calcium bound to
their polypeptide chains [54, 55]. This fact would allow
the designing of recombinant derivatives with a decreased
capability of binding Ca2+ ions, although maintaining the
antigenic properties; thus, their allergenic activity would
be diminished and they could be used in immunotherapy
[56].

Ole e 4, Ole e 5, and Ole e 6: Three Allergens to be
Explored
Allergens Ole e 4 and Ole e 5 were purified and partial-

ly characterized by Boluda et al. [57]. Both proteins have
an acidic pI value, and display apparent molecular masses
of 32 and 16 kD, respectively. Both are composed of a
single polypeptide chain and exhibited polymorphism

since their pIs are heterogeneous. The N-terminal end of
Ole e 4 was blocked, but internal amino acid sequences
were obtained from two tryptic peptides of the protein.
Comparison of such sequences with those of proteins con-
tained in databases showed no homology with any known
protein. By contrast, homology with superoxide dismu-
tases of several plant species, such as spinach, sweet pota-
to, grasses or tomato, was deduced from the N-terminal
amino acid sequence of Ole e 5. Prevalence analyses of
these allergens are still preliminary and should be revised,
since a small series of 20 Spanish allergic individuals was
selected for the study. Moreover, the authors suggested
the existence of variability in the allergen content of the
pollen collected in California (USA) [57].

Ole e 6 is the smallest allergen found in olive pollen so
far. This highly soluble protein was purified, its cDNA
was cloned and sequenced, and no microheterogeneity
was detected [58]. Although the protein exhibits an appar-
ent molecular mass in SDS-PAGE of 10 kD, it consists of
a single very acidic polypeptide chain of 50 amino acids
(5,830 D by mass spectrometry), with a high content of
Cys residues arranged in two sets of a particular sequen-
tial motif, i.e. Cys-X3-Cys-X3-Cys [58]. The allergen
shows no homology with any protein contained in the
nucleotide sequence databases, but the Cys-enriched mo-
tif appears in the amino acid sequence deduced from
Tap1, a stamen-specific gene from snapdragon (Antirrhi-
num majus) and tobacco (Nicotiana tabacum). Data on
the Ole e 6 prevalence are preliminary, but seem to be
dependent on the geographical area of sensitization of the
patients.

These three olive allergens remain to be more deeply
analyzed, since complete sequences of Ole e 4 and Ole e 5,
the presence of homologous counterparts for three pro-
teins, cross-reactivities with other pollen allergens, and
even their allergenic properties are yet unknown.

Ole e 7: A Lipid Transfer Protein
The protein fraction of low molecular weight (around

10 kD) of olive pollen extract is rich in allergens. Besides
Ole e 3 and Ole e 6, it also contains Ole e 7, and we have
now evidence for the existence of more allergenic compo-
nents with a high clinical significance in this fraction [un-
publ. results]. The SDS-PAGE analysis of these allergens
shows a very similar pattern, and their specific responses
cannot be distinguished when immunoblotting the whole
pollen extract against sera from individual patients (see
fig. 1, in which 9- to 10-kD bands include all these aller-
gens).
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Ole e 7 has been purified and characterized [23]. Only
21 amino acid residues from the N-terminal end of the
polypeptide chain were determined by Edman degrada-
tion, exhibiting a high degree of microheterogeneity. The
polymorphism of the protein was corroborated by mass
spectrometry since it showed several peaks in the range of
9,876–10,091 kD. As a result of sequence homology
searches using the short portion of the obtained primary
structure, similarities with nonspecific lipid transfer pro-
teins (nsLTP) from plant tissue were detected [unpubl.
results]. Lipid transfer proteins (LTPs) are very stable
molecules, widely distributed in different species and tis-
sues, whose function is related to the ability of binding
fatty acids and which possess antibacterial and antifungal
activities [59]. This family of proteins was originally asso-
ciated with intracellular trafficking of lipids, but now a
role in the cuticle formation of aerial parts of the plant
and in defensive mechanisms against pathogens is ac-
cepted [60]. Moreover, in some plant species there are iso-
forms of LTP which may have different functions and are
differentially expressed in a tissue-specific manner. The
N-terminal amino acid sequence of Ole e 7 was found to
be most similar (around 50%) to LTP from tobacco, rape-
seed, sunflower and barley.

LTP have been identified as relevant allergens in the
Rosaceae family (peach, apricot, apple, plum) and other
vegetable foods [61, 62], and they emerge slowly as pollen
allergens [63]. Because of the ubiquitous distribution of
LTP in different plant species, they have been proposed as
a novel pan-allergen with a potential spectrum of cross-
reactivity comparable to that reported for profilins [63,
64]. Therefore, Ole e 7 could be involved in allergenic
cross-reactivity between fruits and olive pollen.

IgE-Binding Proteins Not Yet Reported
In light of the individual allergenic patterns (fig. 1), it is

easy to deduce the existence in the olive pollen of allergens
with a high molecular mass and a high clinical prevalence
that have not been examined yet. Thus, proteins of 36–
50 kD seem likely to be recognized by the IgE antibodies of
a wide population of hypersensitive patients. Recent stud-
ies have shown the existence of two allergens of 36 and
45–46 kD, but neither has been characterized either struc-
turally or immunologically [65, 66]. Our group is now
investigating the 46-kD allergen [67], and its properties
will soon be reported. Moreover, the analysis of the aller-
genic pattern of the olive pollen proteins extracted using a
short time of hydration (15 min) were different from those
of those extracted for a longer time (3 h). Thus, Ole e 6 and
Ole e 7 are highly soluble, and they are almost completely

released during the former period, whereas Ole e 3 require
longer extraction time [23, 51, 58]. From these studies, we
have evidence of the presence of an important allergen in
the fraction of 10 kD in addition to the reported proteins
Ole e 3, Ole e 6 and Ole e 7 [unpubl. results].

Geographic Dependence on the Prevalence of
Olive Allergens

From the analysis by immunoblotting of individual
IgE responses of olive-allergic patients belonging to differ-
ent Spanish communities, a different degree of com-
plexity was observed between the allergograms of patients
exposed to high or low levels of olive pollen [22]. Hyper-
sensitive individuals living in geographic areas such as
Andalucı́a, where the olive tree is abundant, exhibited
sensitization to a significantly larger number of allergens
than those of regions with low pollen counts (for instance
from Madrid). In addition, the later patients showed a
preferential reactivity to Ole e 1, and a high percentage of
them were only reactive to this allergen [22]. This is sup-
ported by the existence of a correlation between the abun-
dance of olive trees in the patients’ neighborhood and the
incidence of skin-tested sensitivity among individuals
with suspected atopic respiratory allergy from a popula-
tion of Israelis [68]. These facts could help to explain the
differences found by several authors among allergenic
patterns as well as for the prevalence of olive allergens [15,
18, 19, 21], since they would depend on the particular sera
used in each study, besides the specific technique em-
ployed for the analysis. As an example, the prevalence of
Ole e 6 was found to range from 5 to 20% depending on
the geographical area of sensitization of the patients suf-
fering of olive pollinosis. In summary, the prevalence of
individual allergens depends, to some extent, on the level
of pollen in the atmosphere, and therefore is closely relat-
ed to the geographical area in which the patients were sen-
sitized. Interestingly, it has been shown that patients
monosensitized to Olea seem to need exceptionally high
levels of olive pollen (around 400 grains/m3) to suffer
from symptoms of allergic rhinitis [69].

The fact that most early studies on olive allergens were
done on sera from patients living in areas with lower pol-
len counts [13, 15, 16, 26, 27] may explain the focussing
on Ole e 1 during the early nineties. More recently, the use
of sera from patients living in an area with a high density
of olive trees has led to the discovery of several allergens,
many of which have a clinically significant potential [22,
52, 53, 57, 58].
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On the other hand, differences have been shown in the
allergenic components of various cultivars of O. europaea
[14, 21], even different levels of particular allergens – such
as Ole e 1 – were also measured in olive pollen extracts
depending on the natural tribes and the commercial sup-
pliers [70, 71]. Although preliminary results have shown a
correlation between the incidence of the allergic response
in a population of Israel and different olive cultivars [68],
the potential involvement of such differences – both qual-
itative and quantitative – in the antigenicity of this pollen
is to be analyzed. In addition, exposure of the hypersensi-
tive individuals to other biological sources, mainly to pol-
lens, may build up allergenic cross-reactivity in olive-
allergic patients, and the prevalence measured for a given
allergen could be the result of primary and secondary sen-
sitizations.

Cross-Reactivity: Related and Unrelated Pollens

Cross-reactivity is a process by which the IgE induced
against an allergen can be reactive to another molecule
from a different biological source. The structural similari-
ty between two allergens is a crucial factor in the degree of
allergenic cross-reactivity. Therefore, homologous pro-
teins are frequently candidates for cross-reactivity. In
addition, when there are close phylogenetic relationships
between the biological sources of the allergens, the possi-
bility of cross-reactivity increases. Although the olive tree
produces the most allergenic pollen among the Oleaceae,
other species, such as the ash (Fraxinus excelsior), privet
(Ligustrum vulgare), lilac (Syringa vulgaris) and forsythia
(Forsythia suspensa) also contain potential allergens. In
fact, cross-reactivity among Oleaceae pollens was ob-
served in early studies [3] and confirmed in the early nine-
ties [72–74]. Afterwards, three other olive allergens have
been demonstrated to be involved in cross-reactivity pro-
cesses: Ole e 1, profilin and Ole e 3.

The presence of Ole e 1-like proteins in several Olea-
ceae pollens, such as privet, ash, lilac, and forsythia, has
been demonstrated [42, 75], and several members of this
family of proteins were characterized and produced as
recombinant forms [39, 41]. Those produced by lilac and
privet were called Syr v 1 and Lig v 1, respectively,
because of the detection of specific IgE to these proteins in
the sera of olive-sensitive patients [39, 41, 75]. The amino
acid sequences of Syr v 1 and Lig v 1 are very similar to
that of the olive allergen (185% identity) [39, 41], and
thus they should share antigenic determinants with Ole
e 1. This could explain the strong allergenic cross-reac-

tivity largely observed between Oleaceae pollens, since
these proteins are, as Ole e 1, major components of these
pollen extracts [16, 39, 41, 75]. However, significant dif-
ferences were detected in the antigenic behavior of these
allergens against both Ole e 1-specific monoclonal anti-
bodies and sera from olive-sensitive patients [39, 41, 75,
76]. Therefore, Ole e 1-like proteins from Oleaceae pol-
lens, although possessing conserved polypeptide se-
quences, show structural differences detectable by both
IgE and monoclonal antibodies and result in protein-spe-
cific antigenic determinants. On the basis of the reduced
IgE-binding ability of many Ole e 1-like proteins, their use
as hypoallergenic vaccines can be suggested.

On the other hand, Ole e 1-like proteins from pollen
sources taxonomically unrelated to olive do not cross-
react with Ole e 1 at a significant level [unpubl. results].

The amino acid sequences of Ole e 1 homologous coun-
terparts from putative allergenic pollens from plants, such
as ryegrass, birch, rice, corn, rapeseed, and others are dif-
ferent enough (24–31% identity) to explain the absence of
cross-reactivity among them. However, it should also be
considered that members of the Ole e 1-like protein fami-
ly exhibit intrinsic allergenic capacity when the hypersen-
sitive individuals were in contact with their biological
sources. In fact, the homologous Ole e 1 counterpart from
ryegrass (Lol p 11) has been reported to induce type I
allergy [40], and very recently it has been found that the
main allergen from the pollen of Plantago lanceolata, Pla l
1, is the Ole e 1-like protein from this species, based on
amino acid sequence identity of the N-terminal end of the
isolated allergen to Ole e 1 [77]. Could the biochemical
activity of this family of proteins, which exhibit low con-
served amino acid sequences, be involved in the allerge-
nicity of their members? This is a question that remains to
be answered.

The existence of an IgE epitope located in the xylose-
and fucose-containing glycan of Ole e 1 [28, 30–32, 34]
and the close similarity of the carbohydrate structures of
plant glycoproteins [33] could enlarge the group of mole-
cules responsible of the cross-reactivity between olive
pollen and other unrelated vegetable sources.

Besides Ole e 1, olive pollen contains a number of pan-
allergens which have been extensively explored in other
vegetable sources: profilin and polcalcin. The involve-
ment of olive profilin in cross-reactivity was analyzed by
inhibition assays using both anti-olive profilin rabbit
serum and human sera from olive-allergic patients [49].
The specific IgG polyclonal antiserum recognized profil-
ins from all the assayed pollen extracts: ash, birch, Bermu-
da grass and maize. The degree of inhibition of the IgE-
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binding to olive profilin achieved by the extracts of these
pollens was very different. Gramineae profilins displayed
low inhibitory capability, whereas the Oleaceae profilins
showed high inhibitory capacity. However, when allergic
sera were used in the inhibition assays, the inhibitory
capacities of the different extracts were very similar: total
inhibition was always obtained, indicating a high similari-
ty in the allergenic behavior of different profilins against
the IgE from olive-allergic sera [49].

As mentioned above, Ole e 3 belongs to a widespread
family of Ca2+-binding proteins, whose polypeptide se-
quences are highly conserved, with a strong degree of
allergenic cross-reactivity among their members. Immu-
nochemical similarities between Ole e 3 and other mem-
bers of the polcalcin family were analyzed by ELISA inhi-
bition assays, and by Western and Northern blots at pro-
tein and mRNA levels, using respectively Ole e 3-specific
rabbit antiserum, and Ole e 3-specific cDNA probes [51,
52]. The allergenic pollen sources employed in these stud-
ies were olive, lilac, ash, birch, mugwort, ryegrass, maize,
Bermuda grass, cypress, and pine, as well as the nonaller-
genic rose pollen. ELISA inhibition data indicated that
the polcalcins from pollen extracts share antigenic epi-
topes with Ole e 3, as they are capable of inhibiting the
binding of the specific IgG to the olive allergen by at least
50% [51]. Immunoblotting analyses of the pollen extracts
showed differences in the recognition of polcalcins from
different sources. A similar result was obtained in hybridi-
zation experiments [52], indicating that the members of
this family of allergens share antigenic determinants but
are immunochemically and structurally distinct.

The fact that a structural motif such as the EF-hand
loop, common to a huge number of Ca2+-binding proteins,
could be a recognition site for IgE of allergic sera, extends
the range of proteins which can be involved in cross-reac-
tivity, even considering scarce similarity in the rest of the
molecule. Other allergenic Ca2+-binding proteins have
been described in animal and vegetable sources: parval-
bumin [78], Bet v 3 [79] and Jun o 2 [80], whose amino
acid sequences only share the EF-hand motifs. The puta-
tive antigenic relationships among different types of EF-
hand Ca2+-binding proteins have not been explored. Ole e
3 and Ole e 8 may be a good model for analyzing aller-
genic cross-reactivity between EF-hand Ca2+-binding pro-
teins with unrelated polypeptide sequences.

Scarce data have been published on cross-reactivity
between whole olive pollen extracts and those from unre-
lated pollens. Baldo et al. [72] demonstrated the existence
of cross-reactivity of olive and privet allergens with grass
pollen proteins, and, more recently, it has been found that

pollen proteins from birch, mugwort, pine, and cypress
share IgE epitopes with olive allergens [66]. These data
could explain the frequent polysensitization of olive-aller-
gic patients, and should be analyzed in depth since it may
help in the diagnostic of olive allergy and other polli-
noses.

Recombinant Allergens

Recombinant DNA engineering has been a very useful
tool for cloning, sequencing and production of olive aller-
gens. This technology provides homogeneous molecules
at high yield, overcoming the troubles associated with the
polymorphism of the natural proteins and the low yield
and difficulties in their purification. Two heterologous
hosts have been used for the expression of four olive pro-
teins: E. coli for Ole e 1, profilin, Ole e 3 and Ole e 8 [37,
50, 52, 53], and the yeast P. pastoris to produce Ole e 1
and its relatives from lilac and privet [76, 81].

The recombinant expression in E. coli of one cDNA
clone encoding Ole e 1 as a fusion protein linked to the
enzyme glutathione S-transferase produced an antigeni-
cally active allergen [37]. However, the low yield and lim-
ited solubility of the bacterial product led us to use an
alternative host for the sizeable expression of this protein.
P. pastoris provided an overproductive eukaryotic system
for the synthesis of recombinant Ole e 1, allowing the iso-
lation of a properly folded, soluble and secreted form of
the protein [81]. The glycosylation ability and the ade-
quate folding mechanisms of the yeast for arranging disul-
fide bridges probably explain the production of a recom-
binant glycosylated form of the allergen, whose immuno-
chemical properties were indistinguishable from those of
the natural protein purified from pollen extracts [81]. In
fact, both in vitro (ELISA and immunoblotting) and in
vivo (prick tests) analyses performed to validate recombi-
nant Ole e 1 demonstrated its immunological equivalence
to the natural form, although the glycan added to the
recombinant allergen was not identical to that of the natu-
ral Ole e 1 [35, 81]. Therefore, these analyses supported
once again the limited significance of the oligosaccharide-
specific IgE antibodies in the whole response to Ole e 1.

Bacterial systems provided satisfactory hosts for the
recombinant production of olive profilin, Ole e 3 and Ole
e 8 [52, 53]. These proteins do not contain disulfide
bridges or glycan moieties and, thus, the absence of
postranslational modifications in the produced proteins
makes E. coli a successful expression system. Both natural
and recombinant forms of Ole e 3 were able to bind/
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release calcium, these processes inducing conformational
changes in the protein, as demonstrated by SDS-PAGE
analysis and circular dichroism studies, which were re-
sponsible for the differences observed in the IgE-binding
properties of the apo- and Ca2+-bound forms of the aller-
gen [52].

All the studies on the production of olive pollen pro-
teins by DNA technology confirm the recombinant aller-
gens as excellent products for research and clinical appli-
cations. Cocktails of recombinant allergens can be pre-
pared with selected levels to replace natural allergens in
allergy diagnosis and specific immunotherapy [82]. In

addition, the availability of high levels of homogeneous
molecules provides essential tools to investigate aspects
associated with molecular and immunological features of
these proteins including their three-dimensional struc-
ture, biochemical activity, biological role, epitope map-
ping.
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44 Cárdaba B, Del Pozo V, Jurado A, Gallardo S,
Cortegano I, Arrieta I, Del Amo A, Tramón P,
Florido F, Sastre J, Palomino P, Lahoz C: Olive
pollen allergy: Searching for immunodominant
T-cell epitopes on the Ole e 1 molecule. Clin
Exp Allergy 1998;28:413–422.
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