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Olive pollen is one of the most important causes of seasonal respiratory allergy in Mediterranean coun-
tries, where this tree is intensely cultivated. Besides this, some cases of contact dermatitis and food allergy
to the olive fruit and olive oil have been also described. Several scientific studies dealing with olive aller-
gens has been reported, being the information available about them constantly increasing. Up to date,
twelve allergens have been identified in olive pollen while just one allergen has been identified in olive

fruit. This review article describes considerations about allergen extraction and production, also describ-
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ing the different methodologies employed in the physicochemical and immunological characterization
of olive allergens. Finally, a revision of the most relevant studies in the analysis of both olive pollen and
olive fruit allergens is carried out.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Allergic diseases have increased in industrialized countries over
the last years, affecting up to 30% of the population [1]. Allergens
from pollen or food origin can cause allergenic reactions in predis-
posed humans evoking a range of symptoms including full-blown
life-threatening anaphylactic shock [2]. Consequently, the charac-
terization of allergenic components becomes an essential task for
immunological, epidemiological, and genetic studies of the allergic
patients.

The olive is a long-lived tree which have been cultivated and
utilized by humans for more than 5000 years, obtaining oil, fruit,
and wood [3]. It is widely cultivated in the Mediterranean basin
and more than 1500 different varietal denominations have been
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recorded in the world [4]. These olive cultivars differ both in their
fruit quality and in their pollen characteristics [5-7]. The olive tree
produces small yellow-white flowers with four petals which appear
between the end of January and the beginning of June, depending
on latitude and climatic condition [8]. Allergy to olive is mainly due
to the pollen produced in these flowers, being allergy to olive fruit
and olive oil less common.

Olive pollen is one of the most important causes of respiratory
allergy, especially where the tree is widely distributed like Cali-
fornia and the Mediterranean area [9-11]. The incidence of this
allergy is high during the olive pollination season (from May to
June), although allergic symptoms have been also reported during
the rest of the year [12]. This incidence is higher in adults, but olive
sensitization can be also recognized in children [11]. Moreover, the
prevalence of olive allergy depends on the pollen concentration and
exposure time [13-15]. In fact, the exposure of a population to a
large amount of olive pollen has bad consequences on their health,
although its exposure to olive pollen for generations, apparently,
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reduces the number of positive responders [6]. It has been deter-
mined by standard laboratory methods that olive pollen has up
to 20 proteins with allergenic activity, observing a high variabil-
ity and complexity in the responses obtained by different patients
with pollen allergy [16]. However, up to date, just twelve pollen
allergens, from Ole e 1 to Ole e 12, have been identified.

Apart from olive pollen allergy, some cases of allergic contact
dermatitis to olive [17], olive oil [18-23], or olive wood [24,25]
have also been described. Moreover, allergy associated to olive
[17,26-29] and olive oil [28] ingestion has seldom been reported
as well. It is significant the case of a patient presenting contact
dermatitis to extra virgin olive oil but not to regular oil [19]. In
this study, as in a previous one [20], patients were tested by skin
tests with the major constituents of olive oil (glycerides of oleic,
palmitic, linoleic, stearic and arachidic acids, squalene, phytosterol
and tocopherol), obtaining negative responses in all cases. Taking
into account these results and that almost all food allergens are
proteins [30], it is reasonable to propose proteins as the cause of
allergy. Although the knowledge on proteins present in olive fruit
and oil has been increased during the last years [31], the identifica-
tion of allergens in those matrices is still not resolved at all. Indeed,
just one allergen, named Ole e 13, has been identified in the olive
fruit [32,33].

Especially relevant are the cases of allergenic reaction due to
olive fruit after pollen immunotherapy [27,29]. The co-occurrence
of pollinosis with allergy to certain vegetable foods may occur
in up to 70% of pollen allergic patients [34]. Those cases suggest
the presence of a common allergen structure both in olive pollen
and in olive fruit, being a case of cross-reactivity between plant-
derived foods and pollen. Allergen cross-reactivity occurs when IgE
antibodies originally induced against one allergen binds or recog-
nizes another protein from a different biological source. Although
evolutionary unrelated proteins can show homologous conserved
sequences and exhibit a high degree of cross-reactivity, when there
are close phylogenetic relationships between the biological sources
of these allergens, the possibility of cross-reactivity increases. The
family Oleaceae, to which the olive tree belongs, contains more than
400 species including ash (Fraxinus), privet (Liqustrum), Phillyrea,
Forsythia, and jasmine (Jasminium), though within the genus Olea,
only the olive tree produces edible fruits.

This work reviews the analytical methodologies used in physic-
ochemical and immunological characterization of allergens, and its
application in the study of both olive pollen and fruit allergens.

2. Extraction and production of olive allergens

Proteins have been targeted as markers for the presence of
potentially allergenic pollen and foods. Nearly all allergens from
natural sources have been identified as proteins or glycoproteins,
showing the carbohydrate structure a lower or insignificant cell-
triggering activity compared to protein determinants [35].

The quality of the allergen extract is of huge importance, affect-
ing the outcome of the entire analysis. Two strategies can be
considered at this point, to isolate the allergenic molecule from
the natural source or to produce it in recombinant form in a het-
erologous expression system. The decision is taken in each case
taking into account the advantages and disadvantages of the two
approaches. If the allergen shows post-translational modifications
or disulfide bridges affecting the IgE binding capacity or there is
more than one isoform contributing to the overall allergenicity
activity, the purification from natural sources would be appropri-
ate. On the other hand, if allergens are exposed to active proteases
during the extraction and purification procedures, are degraded
upon extraction or are very low expressed in natural sources,
expression in heterologous systems is an important alternative

[36]. In this case, its comparison with the natural counterparts is
required.

Olive pollen extracts are commercially available and commonly
used for extracting natural allergens. In general, pollen extracts
contain a wide variety of macromolecules along with low molecu-
lar weight metabolites, salts, and pigments. Therefore, a previous
defatting step with diethyl ether or acetone is widely required. It is
very common the use of an extraction buffer for the solubilization of
allergens. Buffers like Tris—HCI, phosphate buffered saline (PBS), or
ammonium bicarbonate at slightly basic pHs are usually employed.
Sometimes it is required the addition of different additives like
detergents (e.g., SDS or Triton X-100), reducing agents (e.g., dithio-
threitol (DTT)), or additives protecting the stability of the sample
(e.g., chelating agents as ethylenediaminetetraacetic acid (EDTA)
or ethylene glycol tetraacetic acid (EGTA), antioxidants as ascor-
bic acid, and protease inhibitors as phenylmethylsulfonyl fluoride
(PMSF)). When a deglycosylation step is required, a strong acid
as trifluoromethanesulfonic acid (TFMS) is normally used [37]. All
these possibilities results in a great variability in the composition of
extracts. For example, the allergenic pattern of the olive pollen pro-
teins extracted using a short hydration time (15 min) was different
from those extracted using a longer hydration time (3 h). In fact, Ole
e 6and Ole e 7 allergens are highly soluble being almost completely
released in 15 min hydration time, whereas Ole e 3 requires a longer
hydration time [16]. Similar results were obtained by extracting
pollen with ammonium bicarbonate for different times [38]. Ole e
2 and Ole e 6 are observed just in the first extract while Ole e 3 and
Ole e 7 are also present in the following extracts.

The preparation of high-quality protein extracts from fruits is
typically more problematic than from other organisms. Plant tis-
sues, like the olive fruit, have relative low protein content and, in
addition, they have significant amounts of interfering compounds,
in this case, fats and phenolic compounds. The optimization of
an extraction procedure for olive pulp proteins that simultane-
ously remove interfering compounds, especially polyphenols, have
been developed [39]. The extraction procedure consisted of a
cleaning step to remove interfering compounds by using differ-
ent trichloroacetic acid (TCA) solutions, extraction of proteins with
a Tris/SDS/DTT buffer, and subsequent protein precipitation with
acetone.

Recombinant allergens have potential advantages over conven-
tional allergenic extracts, as above-mentioned. The recombinant
production of several allergens from olive pollen in both bacterial
and eukaryotic cells has allowed resolving problems derived from
the polymporphism and scarcity of the natural forms of these aller-
gens. The complete amino acid sequences of Ole e 1, Ole e 2, Ole e
3,0lee5,0lee6, Olee 8, Olee9, Ole e 10, and Ole e 11 have
been obtained from cDNA clones encoding these proteins. Two dif-
ferent systems have been extensively used for the recombinant
expression of olive pollen allergens: the bacteria Escherichia coli
as a prokaryotic host and the yeast Pichia pastoris as an eukary-
otic host. In addition, one example of recombinant expression in
insect cells has also been reported [40]. Methodological procedures
for the recombinant expression in E. coli are simpler than those
performed for the expression in P. pastoris. However, P. pastoris
is a system able to form disulfide bonds, necessary when glyco-
proteins are expressed. Because of this reason, P. pastoris has been
the most widely employed organism in recombinant production of
olive allergens, although some examples in E. coli have been also
described in proteins which do not contain carbohydrate compo-
nents or disulfide bridges, like Ole e 2 [41], Ole e 3 [42,43], and Ole
e 8[42,44,45].

Next to allergen extraction or recombinant production, a
purification step is usually needed. For this purpose, liquid chro-
matography is the most suitable technique [46]. Usually, more than
one chromatographic step is required, beginning with gel filtration
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chromatography or size exclusion chromatography (SEC). It has
been also widely employed affinity chromatography, because of
its high specificity, being very useful in the cases of recombinant
expression which requires a step for removing proteins becoming
from the host. Affinity chromatography using columns modified
with lectin [37,47-49], glutathione [41,49,50], and poly-L-proline
[41] have been extensively employed in the purification of olive
allergens. Columns with monoclonal antibodies (MAb) against
the allergen have been also used [51-53]. Moreover, it is usual a
final purification step by reversed-phase high-performance liquid
chromatography (RP-HPLC).

3. Techniques employed in the physicochemical and
immunological characterization of olive allergen

There are a substantial number of well-established techniques
for the physicochemical and immunological characterization of
allergens that have been widely employed in olive allergens anal-
ysis. Table 1 collects the studies available on olive allergens,
including the main aim and the analytical methodologies used in
each study.

3.1. Physicochemical characterization

The physicochemical properties influence or may even deter-
mine the immunological behavior of an allergenic molecule.
Consequently, the knowledge of molecular properties is a pre-
requisite for an appropriate immunological characterization, and
provides the basis for the generation of modified molecules.

Classically, the estimation of molecular weights or isoelectric
points (plIs) from allergen extracts or purified proteins were per-
formed by electrophoresis in polyacrylamide or agarose gels. The
most common methods used were isoelectric focusing (IEF) and
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). IEF has demonstrated to be more effective at detecting
small differences in protein structure or size than SDS-PAGE, and
it is extremely useful for the analysis of molecules with numerous
isomeric forms. Nevertheless, SDS-PAGE patterns are less suscep-
tible to buffer or sample interferences than IEF and it routinely
displays good alignments of component bands [35]. In fact, SDS-
PAGE has been maybe the most employed technique in olive
allergen analyses, as Table 1 shows. A combination of IEF and
SDS-PAGE separations into a 2D electrophoresis (2-DE) method
displays a higher resolution power but remains prone to many of
the same shortcomings as its component steps. Just some exam-
ples of 2-DE separations are found to olive allergens, one for Ole
e 1 [47,89] and one for Ole e 11 [122]. After separation, pro-
tein spots are usually visualized by Coomassie blue or silver stain,
although some example of radiostaining has also been reported
[71]. In the case of glycoproteins (Ole e 1, Ole e 9, Ole e 10, and
Ole e 11), proteins are transferred to a nitrocellulose membrane
and detected using a bitonylated concanavalin A (ConA) solution
[69,72,115,116,119,122] or the periodic acid-Schiff (PAS) technique
[51]. Once it is possible the visualization of spots, a semiquantita-
tive analysis can be performed by densitometry [70]. An alternative
strategy used for the accurate molecular weight determination of
olive allergens is mass spectrometry (MS). Although different ion-
ization sources are available for the analysis of proteins, matrix
assisted laser desorption ionization-time of flight (MALDI-TOF) has
been the most widely employed technique for the analysis of olive
allergens. MALDI ionization, unlike electrospray ionization (ESI),
results very robust when salts and detergents are presented, mini-
mizing the sample preparation. This technique has been employed
to determinate the molecular weight of the intact allergens Ole e
1 [38,68,79], Ole e 2 [38], Ole e 3 [38,105], Ole e 6 [38], Ole e 7

[14,38],0le e 8 [45],0lee9[115,116],Ole e 10[19,40,120], and the
N-glycans of the allergen Ole e 1 [48,76].

MS has also been employed for the identification of pollen aller-
gens by its previous digestion, usually with trypsin. In order to
improve sequence coverage, other enzymes like the proteinases
V8 protease, proteinase K, thermolysin, carboxypeptidase A, and
CNBr or the glycosidases PNGase or O-glycanase have also been
used. Usually, the masses of peptides resulting from the hydrolysis
of an allergen are measured by MALDI-TOF and matched against
protein databases for its identification. Peptide mass fingerprint-
ing has been employed in the identification of Ole e 3 [42], Ole e
11 [122], and Ole e 13 [33]. When there is no match between pep-
tides resulting from enzymatic digestion and data stored in protein
databases, identification requires the protein sequencing.

Protein sequencing by Edman degradation [123] has been
widely employed in the identification of most olive pollen aller-
gens: Olee 1[14,64,74,75,78,79],0le e 2[98],0le e 3[14,42,43,105],
Olee4[107],0lee5[107],0lee6[14,109,111],0lee 7[14],0Olee 8
[45],0lee 9[114-116], Ole e 10 [40,120], Ole e 11 [122], and Ole e
13 [32]. Nowadays, MS/MS technology has also been employed for
protein sequencing. For this purpose, proteins are enzymatically
digested and, very often, fractionated by RP-HPLC prior to MS anal-
ysis using electrospray (ESI) ionization. Resulting fragments can be
compared with databases for unequivocal identification of corre-
sponding peptides. Although MS/MS has emerged as the preferred
method for protein identification, it just has been employed in Ole
e 1 analysis [68,93] and Ole e 13 [33].

Secondary structure content and conformational studies of olive
allergens have been performed in many cases applying circular
dichroism (CD), fluorescence emission, and nuclear magnetic reso-
nance (NMR). Generally, five typical secondary structure elements,
i.e., a-helix, B-sheet, B-turn, random coil, and poly-L-proline, can
be distinguished in a CD spectrum [124]. In addition to deter-
mine the molecular structure of olive allergens, CD has also been
used to investigate the thermal and chemical stability of proteins
and protein-ligand interactions and to monitorize protein folding
and unfolding [124]. Moreover, fluorescence emission spectra have
been used to analyze the influence of carbohydrate binding on the
tertiary structure, for example, of Ole e 10[121]. On the other hand,
NMR enables the study of structural flexibilities and conformational
changes during protein-ligand interactions [125]. However, high
concentrations of allergens, isotopic protein labeling, and long data
collection and analysis times are required.

The methodologies employed for the quantitation of olive
allergens are the Kjeldahl method, the amino acid analysis, and dif-
ferent spectrophotometric-based methods (e.g., Bradford, Lowry,
Biuret-Lowry, and bicinchonicic acid (BCA) assay). In addition to
the total protein content, it is also usual to determine the cysteine,
tryptophan, and tyrosine contents.

3.2. Immunological characterization

Immunological characterization is important to study aller-
genicity, sources of symptom elicitors, factors contributing to
cross-reactivity, and it is particularly relevant for predicting aller-
genicity and designing hypoallergenic molecules for diagnosis and
therapy. In this section DNA-based methods will be avoided since
they do not detect the compounds responsible for triggering the
allergic reactions.

Immunological characterization is widely based on the binding
of IgE. In vivo skin prik testing (SPT) and in vitro serological assays
are available to evaluate the presence of specific IgE to certain aller-
gens in the patients. In laboratory studies, it is very common the
use of serum samples from olive allergic patients or mice for the
characterization of the allergens by testing the IgE-binding or the
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Table 1
Techniques and methodologies employed in the characterization of olive pollen and fruit allergens.
Objective Allergen Techniques and methodologies Ref
Optical microscopy, SPT, RAST, IEF [54]
Cultivar differentiation Whole allergen extract SDS-PAGE-Coomassie/Immunoblot, Indirect ELISA, SPT [55]
MALDI-TOF-MS [38]
Lowry method, SDS-PAGE-Coomassie/Immunoblot/Immunoblot Inhibition [56]
Determination of SPT, Lowry method,.Bradford method, Basophil activ‘at.ic.)n assay, o [57]
cross-reactivity Whole allergen extract SDS-PAGE-Coomassie/Immunoblot/Immunoblot Inhibition, FEIA, FEIA Inhibition
SPT, Direct ELISA, ELISA Inhibition, SDS-PAGE-Immunoblot [58]
Indirect ELISA, ELISA Inhibition, IEF-Immunoblot [59]
Kjeldahl procedure, RAST, RAST Inhibition [60]
Allergen Whole allergen SDS-PAGE-Coomassie, CIE, RAST, RIA, RIA Inhibition, Basophil activation assay [61]
characterization extract
Epidemiological Whole allergen Sandwich ELISA [62]
study extract
Lowry method, SDS-PAGE-Immunoblot/Immunoblot Inhibition, Indirect ELISA, ELISA Inhibition [63]
Amino acid analysis, SDS-PAGE-Coomassie/Immunoblot, Edman sequencing, Indirect ELISA, ELISA [64]
Determination of lnhl.bltlon. . . -
cross-reactivity nOlee 1 Am.m.o-aad analysis, Bradford method, SDS-PAGE-Coomassie/Immunoblot, Competitive ELISA [65]
Inhibition, RAST, TEM
BCA assay, SDS-PAGE-Immunoblot, RAST, RAST Inhibition [15]
SDS-PAGE-Immunoblot, ELISA [66]
Lowry method, SDS-PAGE-Coomassie, CRIE, Edman degradation, RAST, RAST Inhibition, Sandwich [53]
ELISA
Bradford method, SDS-PAGE-Immunoblot, Optical microscopy, TEM [67]
Allergen nOlee 1 RIA, SPT [46]
purification
SDS-PAGE-Coomassie, MALDI-TOF-MS and-MS/MS [68]
Bradford method, SDS-PAGE-Immunoblot/ConA, IEF, RIA Inhibition, CRIE, CIE [69]
Biuret-Lowry method, SPT, SDS-PAGE-Coomassie/Densitometry/Immunoblot, Indirect ELISA, [70]
Competitive ELISA
SDS-PAGE-Ag/Immunoblot, MALDI-TOF-MS, 'H NMR, RAST, RAST Inhibition [48]
Bradford method, IEF-125], SDS-PAGE-Coomassie/'25], 2-DE-125], RAST, RAST Inhibition, Indirect [47]
Allergen nOlee 1 ELISA
characterization SDS-PAGE-Immunoblot, IEF-Immunoblot, CIE, CRIE [71]
Bradford method, SDS-PAGE-Coomassie/Immunoblot, ELISA Inhibition [37]
Amino acid analysis, SDS-PAGE-Coomassie/Immunoblot/Con A, PD-TOF-MS, ELISA Inhibition, Dot [72]
immunoblotting, CD analysis, Edman degradation
IEF, RAST, RAST Inhibition, SPT, SDS-PAGE [73]
SDS-PAGE, Edman degradation, ELISA, ELISA Inhibition [74]
SDS-PAGE [52]
Amino acid analysis, Cysteine content, Tryptophan content, SDS-PAGE-Immunoblot/ConA, Edman [75]
degradation, CD analysis
SDS-PAGE-Coomassie, MALDI-TOF-MS [76]
rOlee 1 SDS-PAGE-Coomassie/Immunoblot, ELISA Inhibition [41]
Allergen ELISA San'dwich, E!_ISA Inhibition, SDS—PAGE—Immunoblot, Do'F immunoblqtting [77]
characterization and nOle e 1 and rOle e 1 Am‘mc‘> acid analysis, Edman degrada}ngr}, SDS-PAGE-Coomassie, CD analysis, Fluorescence [78]
cloning emission, MALD{-TOF—MS, ELISA Inhlblthn )
Edman degradation, SDS-PAGE-Coomassie/Immunoblot/ConA, MALDI-TOF-MS, CD analysis, [79]
Fluorescence emission, ELISA Inhibition
SDS-PAGE-Coomassie/Immunoblot [49]
Characterization of the nOlee 1 Lowry method, SDS-PAGE-Coomassie/Immunoblot, Indirect ELISA, Competition ELISA, ELISA [80]
immune response in Inhibition
mice sensitized nOle e 1 and rOle e Lowry method, SDS-PAGE-Coomassie, 2-DE-Immunoblot, Indirect ELISA, Competitive ELISA, [81]
1 Cytokine assay
Bradford method, SDS-PAGE-Immunoblot, Optical microscopy, TEM [82]
Determination of the TEM [83]
allergen location nOlee 1 TEM [84]
Bradford method, SDS-PAGE-Immunoblot, Optical microscopy, TEM [67]
nOlee 1 Amino acid analysis, Edman degradation, SDS-PAGE-Coomassie, Dot immunoblotting/ConA, [85]
Allergen . Basophil activation assay
1mmun019g1c§l nOle e 1and rOle e RAST, T-cell proliferation assay, RIA, RIA inhibition, Indirect ELISA [86]
characterization 1
nOlee 1and rOle e SPT, SDS-PAGE-Coomassie, Indirect ELISA [87]
1
nOle e 1 and rOle e Amino acid quantification, SPT, Indirect ELISA, ELISA Inhibition [88]
1
Evaluation of Ole e 1 SDS—PAGE—Immupoblot, RAST Inhibition, Sandwich EITISA' o [89]
variability in different Lowry method, Kjeldahl method, SDS—!’AGE—Coomassm/Sllver, IEF, RAST Inhibition, SEC-UV [90]
olive pollen nOlee 1 Bradford method, S]?S—PAGE—Coomassw/ImmunoIJ'lqt, SPT o [91]
batches/cultivars/ SDS-PAGE-Coomassie/Immunoblot, ELISA Competition, ELISA Inhibition [92]
stages of growth 2-DE-Ag/Fluorescence/Immunoblot, nanoLC-MS/MS [93]
Bradford method, SDS-PAGE-Coomassie/Ag/Immunoblot/Densitometry, TEM, FM [94]
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Objective Allergen Techniques and methodologies Ref
Development of BCA protein assay, SDS-PAGE-Immunoblot, Sandwich ELISA [95]
detection methods nOlee 1 SDS-PAGE-Coomassie/Densitometry/lmmunoblot, Sandwich ELISA, EAST Inhibition [96]
Dot immunoblotting, ELISA Inhibition, T cell proliferation assay, Cytokine assay, Optical [97]
Evaluation of new nOlee 1 microscopy, FM
vaccines Amino acid analysis, BCA assay, SDS-PAGE-Coomassie/Immunoblot, ELISA Inhibition [98]
Indirect ELISA, Cytokine assay [99]
nOlee 1and rOle e T cell proliferation assay, Cytokine assay, Basophil activation assay, [100]
1 SDS-PAGE-Coomassie/Immunoblot, Indirect ELISA, ELISA Inhibition
Quantification of nOlee 1 Indirect ELISA [101]
airborne antigenic
activity
Obtaining of MAb nOlee 1 Lowry method, SDS-PAGE-Coomassie/PAS technique, CIE, SPT, Basophil activation assay, RIA, RAST [51]
Inhibition
Allergen nOlee 2 Lowry method, Amino acid analysis, Edman degradation, SDS-PAGE-Ag/Immunoblot, CD analysis, [102]
characterization Indirect ELISA
Allergen nOle e 2 and rOle e SDS-PAGE-Coomassie/Immunoblot, ELISA Inhibition [41]
characterization 2
and cloning
Determination of nOle e 2 Bradford method, SDS-PAGE-Coomassie/Immunoblot, FM, TEM [103]
the allergen
location
Determination of nOle e 2 SPT, Indirect ELISA [104]
the response
pattern
Determination of rOlee 3 Amino acid analysis, Lowry method, Edman degradation, MALDI-TOF-MS, SDS-PAGE-Immunoblot, [42]
cross-reactivity Indirect ELISA, ELISA Inhibition, CD analysis
Allergen nOlee 3 Amino acid analysis, Lowry method, Edman degradation, IEF-Coomassie, [105]
characterization SDS-PAGE-Coomassie/Immunoblot, MALDI-TOF-MS, CD analysis, Indirect ELISA, ELISA inhibition
Allergen rOlee 3 SDS-PAGE-Coomassie/Immunblot, CD analysis, Amino acid analysis, Edman degradation, Indirect [43]
characterization ELISA
and location
nOle e 3 SDS-PAGE-Immunoblot, TEM [106]
Allergen nOle 4 Biuret-Lowry method, SDS-PAGE-Coomassie/Ag/Immunoblot, IEF-Coomassie, Indirect ELISA, [107]
characterization ELISA Inhibition, Edman degradation
Allergen nOle e 5 Biuret-Lowry method, SDS-PAGE-Coomassie/Ag/Immunoblot, [EF-Coomassie, Indirect ELISA, [107]
characterization ELISA Inhibition, Edman degradation
Allergen nOle e 5 Bradford method, PAGE, IEF, SDS-PAGE-Immunoblot, TEM [108]
characterization and nOle e 5 and rOle e Bradford method, SDS-PAGE-Coomassie/Immunoblot/Immunoblot Inhibition, Indirect ELISA, [50]
location 5 ELISA Inhibition
Allergen rOlee 6 Amino acid analysis, Edman degradation, CD analysis, NMR, SDS-PAGE-Coomassie/Immunoblot, [109]
characterization Indirect ELISA, ELISA Inhibition
Determination of SDS—PAGE—lmmqnoblot, CD analysis, NMB - [110]
cross-reactivity nOlee 7 Edman degradation, SDS-PAGE-Coomassie/Immunoblot, IEF, Indirect ELISA [111]
Double-blind placebo-controlled, SPT [112]
Allergen nOlee 7 Amino acid analysis, Lowry method, Edman degradation, MALDI-TOF-MS, [14]
characterization SDS-PAGE-Coomassie/Immunoblot, Indirect ELISA
Determination of rOlee 8 Amino acid analysis, Lowry method, Edman degradation, MALDI-TOF-MS, SDS-PAGE-Immunoblot, [42]
cross-reactivity Indirect ELISA, ELISA Inhibition, CD analysis
Determination of nOle e 8 and rOle e Amino acid analysis, Lowry method, SDS-PAGE-Coomassie/Immunoblot/Immunoblot Inhibition [44]
cross-reactivity 8
and cloning
Allergen rOlee 8 Amino acid analysis, Edman degradation, MALDI-TOF-MS, SDS-PAGE-Coomassie/Immunoblot, CD [45]
characterization analysis, Indirect ELISA
Determination of rOlee 9 Lowry method, CD analysis, SDS-PAGE-Coomassie/Immunoblot/Immunoblot inhibition, Indirect [113]
cross-reactivity ELISA
Allergen rOlee9 Amino acid analysis, Edman degradation, MS, SDS-PAGE-Immunoblot, NMR [114]
characterization
Characterization of the Amino acid analysis, Cysteine content, Tryptophan and tyrosine content, Carbohydrate [115]
immune response in nOlee 9 determination, Edman degradation, CD analysis, MALDI-TOF-MS,
mice sensitized SDS-PAGE-Coomassie/Immunoblot/Immunoblot Inhibition, Indirect ELISA, ELISA Inhibition
Edman degradation, SDS-PAGE-Coomassie-Immunoblot, Carbohydrate detection, Amino acid [116]
analysis, Cysteine content, Lowry method, IEF-Coomassie, MALDI-TOF-MS, Indirect ELISA
Lowry method, SDS-PAGE-Coomassie/Immunoblot, Indirect ELISA, Competition ELISA, ELISA [80]
Inhibition
Evaluation of Ole e nOlee 9 SDS-PAGE-Immunoblot, RAST Inhibition, Sandwich ELISA [89]
1 contain in
different olive
pollen batches
Study of a clinical nOlee 9 SPT, SDS-PAGE-Immunoblot/Immunoblot Inhibition [117]
case
Determination of rOlee 9 SDS-PAGE-Immunoblot Inhibition, Indirect ELISA, ELISA Inhibition [118]

the diagnostic
value of N- and
C-terminal
domains
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Table 1 (Continued )

Objective Allergen

Techniques and methodologies Ref

nOle e 10
Allergen

characterization

Carbohydrate detection, Amino acid analysis, Cysteine content, IEF, [119]
SDS-PAGE-Coomassie/Immunoblot, MALDI-TOF-MS, CD analysis, PCR, Indirect ELISA, ELISA

Inhibition

nOle e 10 and rOle MALDI-TOF-MS, Edman degradation, SDS-PAGE-Coomassie/Immunoblot, AGE-Coomassie, Indirect [40]

el0 ELISA

rOle e 10 Edman degradation, MALDI-TOF-MS, SDS-PAGE-Coomassie/Immunoblot, Indirect ELISA [120]
Allergen nOlee 10 CD analysis, Fluorescence analysis, TEM, FM [121]
characterization
and location
Characterization of nOlee 10 Lowry method, SDS-PAGE-Coomassie/Immunoblot, Indirect ELISA, Competition ELISA, ELISA [80]
the immune Inhibition
response in mice
sensitized
Determination of nOle e 10 SPT, Indirect ELISA [104]
the response
pattern
Allergen rOlee 11 SDS-PAGE-Coomassie/Immunoblot, 2-DE-Coomassie/Silver/Immunoblot, Edman degradation, [122]
characterization MALDI-TOF-MS, PCR, Carbohydrate detection, CD analysis, Determination of enzymatic activity,

Indirect ELISA

Study of a clinical nOlee 13 SPT, Edman degradation, SDS-PAGE-Immunoblot [32]
case
Allergen nOle e 13 SDS-PAGE-Coomassie, MALDI-TOF-MS, nanoLC-MS/MS [33]

characterization

IgG-binding respectively, to both the natural extracts and cloned
allergens.

Gel electrophoresis followed by immunoblotting represents the
standard procedure for allergen separation and identification, and
it has been extensively applied for olive allergens, as it can be
seen in Table 1. In the immunoblot procedure, sample components
separated by IEF, SDS-PAGE, or 2D gels are transferred onto a nitro-
cellulose membrane and examined for immunological reactivities
with antibodies. The presence of bound antibodies is confirmed by
incubation with a second antibody specific for the antibody source.
Second antibodies are usually conjugated to enzymes such as alka-
line phosphatase or peroxydase, which produce insoluble colored
products with particular substrates [35]. Although this technique
is not quantitative in a formal sense, the intensities of individual
bands on a blot are proportional to antibody or antigen concen-
trations. When immunoblot inhibition is employed the incubation
with the antibody is performed in the presence of a similar antigen,
usually the recombinant one.

Although in a lesser extent, crossed immunoelectrophoresis
(CIE) and crossed radioimmunoelectrophoresis (CRIE) assays have
also been employed for olive allergen detection. CIE combines
conventional agarose electrophoresis in one dimension with a
perpendicular second-dimension rocket immunoelectrophoresis
using antibody-containing gels to produce a pattern of overlap-
ping immunoprecipitates [51,61,69,71]. On the other hand, CRIE
patterns are produced by autoradiography of unstained CIE gels
after incubations with allergic human serum and radiolabeled anti-
human IgE [53,69,71].

Moreover, dot immunoblotting have been employed in the
detection of Ole e 1 [72,77,85,97]. In this case, sample pro-
tein extracts are spotted onto a membrane and incubated with
enzyme-labeled protein specific antibodies, which bind to the
target antigens. The dots are visualized by the formation of a
colored product after enzyme-substrate interaction. Dots inten-
sity is proportional to the amount of antigen. Nevertheless, these
immunological methods render only qualitative or semiquantita-
tive results.

For antigen immobilization assays, three different approaches
are available depending on the order of the addition of the reac-
tants. The indirect approach involves the immobilization of the
antigen on a solid phase and its incubation with a specific antibody,
usually a specific human IgE. A second labeled anti-IgE antibody is

next added allowing the detection [125]. In the sandwich approach,
the antibody is the one immobilized on the solid phase while
the antigen is captured by the antibody and detected by a sec-
ond antigen-specific labeled antibody, which binds the analyte.
The concentration of antigen/antibody complex is subsequently
estimated based on a standard curve generated with purified ref-
erence standards. Finally, in the inhibition approach, a reference
antigen is immobilized on the solid phase. Afterwards, the labeled
antibody and the target allergen are pre-incubated and added to
the solid-phase antigen. If no allergen is present in the inhibitor
sample, the labeled antibody will show maximal binding to the
solid-phase bound antigen, resulting in a high signal. In this case,
the absorbance is inversely proportional to the concentration of
antigen in the sample. When two antibodies are added to compete
for the binding of the antigen, the assay is carried out in a com-
petitive mode. The most common label for antibodies employed
in the analysis of olive allergens are enzymes producing colored
products (enzyme-linked immunosorbent assay (ELISA)). In some
occasions the reaction product of the enzyme was a fluorescent
compound (fluorescence enzyme immunoassay) [57]. Neverthe-
less, ELISA has been by far the most widely employed technique in
olive allergen quantitation, as Table 1 shows. Moreover, other tech-
niques using antibodies labeled with a radioactive isotope (RIA or
RAST) have been also extensively employed in the characterization
of olive allergens [51,61,69,86]. Although the techniques based on
radioactive isotopes are extremely sensitive, allowing the develop-
ment of methodologies with detection limits in the nanogram range
[92], they require specialized equipment and special precautions,
making limited its application.

Apart from the detection and the quantitation studies, many
efforts have been also focused on determining allergens cell local-
ization, allowing in many times to determine or confirm the
allergen function in the cell. Different microscopy techniques have
been employed for this purpose. Optical microscopy has been used
to determine the cell localization of olive allergens after immunos-
taining [67,82] or haemotoxylin—eosin staining [97]. Nevertheless,
transmission electron microscopy (TEM) has been the most widely
employed technique in the immunolocalization assays. In this tech-
nique the allergen is firstly incubated with a specific monoclonal
antibody followed by incubation with an anti-IgG secondary anti-
body coupled with gold particles. The images obtained by TEM
let to determine the presence and the position of allergens in
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the cell. Instead of gold, the second incubation can be performed
using a fluorescence marker, and detecting the epifluorescence
(reflected light fluorescence) with a confocal laser scanning micro-
scope (CLSM) [94,97,103,121].

Different assays are also employed to study the cell response
to allergens presence. T-cell proliferation assay has been used to
study cell mediated immune responses. T-cells are the most abun-
dant type of white blood cells and are specialized in binding to
antigens. In this assay, the cell is stimulated with the allergen, [3H]-
thymidine is next added to label the stimulated cell, and cells are
detected by radiation using a scintillation counter [86]. On the other
hand, basophils are white blood cells involved in the processes of
allergy and asthma. The activation of basophils by olive allergens
have been measured both by histamine and [3-hexosaminidase
release assays confirming the identification of the allergens or
doing an allergy screening. In the histamine release assay, a little
volume of freshly collected blood sample is added to an allergen
extract and the released histamine is measured by fluorescence
[51,57,61] or radioactive immunoassay [85]. For a given human
sample, the released histamine is proportional to the concentration
of a specific allergen in the extract [125]. B-Hexosaminidase from
basophil leukemia cells has also been used, but just in one occasion,
for the detection of olive allergens [100]. The immune cell response
has been also evaluated by cytokine measuring. In the same way,
cells were exposed to the olive allergen and the cytokine released
dueto the cell-antigen interaction was measured by ELISA[97,100].

4. Olive pollen and olive fruit studies

The presence of at least 20 proteins with allergic activity has
been demonstrated in olive pollen extracts despite only 12 of them
have been characterized (Ole e 1 to Ole e 12) [73]. Among them,
Ole e 1 has been identified as the major allergen of olive pollen.
Regarding the olive fruit, just one allergen has been described, Ole
e 13, being included in the thaumatin-like family.

Most studies have been focused on the study of one or few aller-
gens although there are also some works in which the whole pollen
extract was employed. Indeed, pollen extracts have been employed
for olive cultivar differentiation, since olive cultivars display wide
differences in the expression levels of many allergens and in the
number and molecular characteristics of the expressed allergen iso-
forms. In this sense, IEF [54], SDS-PAGE-Commassie or Immunoblot
[55],and MALDI-TOF-MS [38] have demonstrated to be useful tools.
Furthermore, total allergen extracts have also been employed for
studying cross-reactivity between olive pollen and other species
of the Oleaceae family such as ash (Fraxinus exselsior) [57,59,60],
privet (Lingustrum vulgare) [57,59,60], lilac [57], Phillyrea angustifo-
lia [60], and Russian olive [58,59]. The results showed a high degree
of cross-reactivity between species, finding common allergens in
all species. Nevertheless, the presence of allergens characteriz-
ing every species made there were no total identity between
them [60]. Moreover, the cross-reactivity between olive pollen and
pollen from phylogenetically unrelated species, including at least,
birch, mugwort, and pine pollens has also been demonstrated [56],
indicating that olive pollen can be included in the family of cross-
reactive pollens.

5. Characterization of olive allergens

First studies focused on olive pollen date from the early
80s [61,73]. In these works, a preliminary fractionation of an
olive pollen extract showed different allergenic fractions and first
approximations to the physicochemical and immunological char-
acterization were performed in these works.

Ole e 1 was the first determined pollen allergen [73], although
it was not until 1988 when it was named as Ole e 1 [69]. Its func-
tion is still unknown although some authors have suggested it is a
constitutive protein involved in reproductive functions [75] or in
the control of the osmotic gradient in the hydration process [82].
It is the most abundant protein in the olive pollen extracts, rep-
resenting up to 5-20% of the total olive pollen proteins [70]. It is
considered the most prevalent olive allergen affecting more than
80% of patients suffering hypersensitivity to olive pollen [69,71].
This allergic activity has been also tested in mice [80,81]. Indeed,
the removal of Ole e 1 from the whole extract results in the nearly
total disappearance of its allergenic activity [51]. These facts make
Ole e 1 the best characterized olive allergen so far, as Table 1 shows.

Ole e 1 is a glycoprotein that exhibits an electrophoretic pattern
consisting of two bands corresponding to the glycosylated (20 kDa)
and nonglycosyltaed (18.5 kDa) forms (see Fig. 1a) [37,51,74,126].
MALDI-TOF analysis of Ole e 1 also showed the presence of these
two forms being the glycosylated one the most abundant (see
Fig. 1b). During sample treatment or storing, those two components
can produce either aggregates of about40 kDa[71,73] or degradates
of about 8 kDa [47]. Both the cDNA [52] and the amino acid chain
of Ole e 1 have been completely sequenced [61,71,126], observ-
ing extensive microheterogeneity [75]. Moreover, sequencing also
showed a putative N-glycosylation site at position 111-113 [52,75]
and the presence of six cysteine residues linked by disulfide bonds
[75,94]. Results also demonstrated that pl ranged from 5.0 and 6.0
[47,71]. Furthermore, the allergen showed a relatively high con-
tent of periodically ordered secondary structure with 22% o helix,
21% 3 bend, 17% [3 turn, and 40% of periodic conformation, being a
glycosylation site located in the [ turn conformation [75].

The distribution of Ole e 1 transcripts (the complementary
RNA copy of a sequence of DNA) has been observed by optical
microscopy in both the microspores and the sporophytic tissue
[82]. The immunolocalization of Ole e 1 and its transcripts was
determined by immunogold labeling showing that it is placed
throughout the rough endoplasmic reticulum, where it is stored
and synthesized [65,82-84,91,94]. On the other hand, the expres-
sion of the allergen is controlled at the transcriptional level
[82,83,91], increasing after its emergence from the pollen tube dur-
ing in vitro germination and releasing into the culture medium
throughout pollen germination [94].

The proliferative response of blood cells of allergic patients
induced by Ole e 1 synthetic peptides allowed to determine that
the IgE and IgG response is fundamentally directed against peptides
located in the C-terminal half of the protein [86,87]. Besides this,
antigenicity prediction showed the existence of four main regions
which may contribute to B-cell epitopes [75].

Ole e 1 was also the first cloned olive allergen. Despite first
clones were obtained in E. coli [49], nowadays P. pastoris [79] has
become the most employed host. The comparison of the natural
allergen and the recombinant allergen obtained from P. pastoris
by their spectroscopic properties and immunological reactivities
showed they were indistinguishable [79,88].

Glycosylated Ole e 1 has been the target of many studies
focused on the carbohydrate moiety and its possible role in IgE
response. Although results on the role of this carbohydrate moiety
in allergenicity are controversial, its involvement in antigenicity
is demonstrated [77]. The carbohydrate component of Ole e 1 has
a molecular mass of 1.3 kDa, representing 5% of the total mass
of the glycoprotein [72]. Tryptic digestion of Ole e 1 revealed the
presence of a single carbohydrate-containing peptide [72]. The pri-
mary structure of the N-glycan was determined by NMR [48] and
MALDI-TOF-MS [76], identifying it as GIcNAc{_;Man3XylGIcNAc,.
The analysis of the peptide containing the carbohydrate moiety
was performed both by MALDI-MS and MS/MS allowing the
characterization of the Ole e 1 allergens [68]. Fig. 2 shows, as a
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Fig. 1. (a) SDS-PAGE (lane M, marker, lane 1, Ole e 1 pure fraction); (b) linear MALDI spectrum of Ole e 1 chemical fraction.

From [68].

representative example, the MS/MS spectrum of one glycopeptide
from Ole e 1. It showed fragments originating on either side of
the glycosylation side and fragments belonging mainly to the
cross ring cleavages of the glycan moieties. Moreover, N-glycan
profiles can also varied depending on the olive pollen cultivar [93].

In order to demonstrate the role of this carbohydrate moiety in
IgE recognition, the reactivity of sera from allergic patients were
analyzed against the free carbohydrate isolated from the allergen,
the carbohydrate-containing peptide from the allergen, and the
synthetic peptide corresponding to the same fragment [85].
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Only the unglycosylated synthetic peptide yielded negative results
demonstrating the determining role of the carbohydrate fraction in
the antigen-antibody recognition. The analysis of protease diges-
tion extracts of the allergen by RAST also demonstrated that both
a(1,3)-fucose and 3(1,2)-xylose were involved in IgE binding [48].

Polymorphism is a general feature in pollen allergens. It has
been demonstrated that the differences in allergen composition
among olive cultivars is responsible for the important differences
in the allergenic potency of the extracts. The study analyzing pol-
lens collected in different Spanish geographic areas and in different
pollen seasons showed a considerable variability in its biochemical
and immunochemical properties [62,90]. Moreover, other works
analyzing proteins [91,92] and RNA [127] from different varieties
of olive pollen also demonstrated great differences in allergenic
potency and Ole e 1 content [38,55,91,92]. These allergenicity dif-
ferences were observed in five consecutive years, demonstrating
that they are mainly due to genetic differences among olive vari-
eties [92]. Nevertheless, the climatic effect has also demonstrated
to influence on the Ole e 1 content, existing a positive correlation
between rainfall in the winter months and the total allergenicity of
the pollen [88].

Different studies have been focused on determining the aller-
genic cross-reactivity of Ole e 1 and other proteins belonging or
not to the Oleaceae family [128]. Cross-reactivity of Ole e 1 and
Ole e 4 [66] has been determined using different immunological
methodologies. This cross-reactivity could be explain taking into
account they share allergenic epitopes of Ole e 1 and Ole e 4,
explaining the cross-reactivity found between both of them. Fur-
thermore, the cross-reactivity of Ole e 1 with species belonging
to the Oleaceae family such as ash (Fraxinus excelsior) [53,63,65],
privet (Ligustrum vulgare)[15,53,65], lilac (Syringa vulgaris) [53,65],
and forsythia (Forsythia suspensa) have also been evaluated [65].
Ole e 1 homologues of Oleaceae species have shown a very similar
amino acid sequence and in vivo and in vitro reactivities indicating
arelevant role in cross-reactivity [53,65]. Apart from the olive fam-
ily, the cross-reactivity with other allergens from phylogenetically
unrelated species has also been studied. It has been demonstrated
cross-reactivity between olive Ole e 1 and ryegrass pollen, couch
grass (Bermuda) pollen [15], and English plantain (Plantago lanceo-
lata L.) [67]. The role of the N-linked glycan on cross-reactivity has
been also determined [64]. For that purpose, standards of glyco-
proteins as ascorbate oxidase, horseradish peroxydase, bromelain,
ovalbumin, and honeybee venom phopholipase A, were employed.
Ascorbate oxidase, peroxidase, and bromelain yielded a positive
recognition by Ole e 1 antiserum. This response disappeared when
they were deglycosylated suggesting a high relevance of glycan in
IgE recognition.

Several MAbs against Ole e 1 have been produced and purified
[51], finding five of them reactive to Ole e 1, and two of them (called
OL 2 and OL 7) able to recognize two different epitopes on the aller-
gen. MAbs have been used in the development of sensitive ELISA
tests for the measurement of Ole e 1 for clinical purposes [95,96].
The developed methods demonstrated to be reproducible, specific,
reliable, and sensitive, achieving detection limits between 0.5 and
1ng/mL, and demonstrating to be a useful tool in routine clinical
analysis. The ELISA methodology has been also employed in the
quantification of airborne Ole e 1. This study demonstrates that
both the allergenic activity as well as the pollen particles followed
in a similar curve, except in the periods before or succeeding the
main olive pollen season [101].

Finally, many efforts have been done in the development of new
therapies for the treatment of patients with olive pollen allergy. The
main part of the developments is based on the use of the allergen
Ole e 1, due to its high presence in the olive pollen and its high
prevalence in patients. Recombinant mutants of Ole e 1 with lower
allergenicity have been performed by genetic engineering [100].

Three allergen mutants containing changes in the C-terminal end
were produced and immunologically tested both by in vitro and in
vivo methodologies. Only one of them was considered interesting
as immunotherapeutic agent for treating allergic patients. Ole e 1
has been also employed in the development of intranasal vaccines
using biodegradable poly (DL-lactide glycolide) microparticles as
vehicle [97-99]. In this studies, the whole allergen [98,99] or the
peptide with the major T cell epitope [97] were encapsulated in
the biocompatible and biodegradable polymer and their viability to
serve as a vehicle for the administration of the allergen was eval-
uated. The results demonstrated the effectiveness of this type of
immunization in preventing the allergic sensitization to Ole e 1.

Ole e 2 has been described as a significant allergen that belongs
to the profilin family. Profilin is an ubiquitous protein found in
a large number of vegetable and animal biological sources that
control actin polymerization in eukaryotic cells [129]. They have
been established as pan-allergens (allergens widely distributed in
nature) due to its high cross-reactivity [102]. The presence of pro-
filins as cross-reacting components in various plants could explain
the existence of allergic patients to pollen and food from dis-
tantly related plants [129]. Indeed, Ole e 2 shows structural and
immunological similarity with other pollen sources such as birch,
ash, and grass [102,130]. Different studies of olive-pollen profilin
have established its molecular mass range between 15 and 18 kDa
[38,102]. More specifically, four isoforms with 17.8, 17.0, 16.0, and
15.2kDa molecular masses were firstly determined [41]. Never-
theless, other authors have found two isoforms with an average
molecular weight of 14.4kDa [130] and three isoforms of 13.3, 13.9,
and 14.3 kDa by SDS-PAGE analysis [103]. The pI of Ole e 2 was
5.1 [130]. The analysis of this allergen by CD revealed a secondary
structure consisting of 15% a-helix, 33% [(3-strand, 20% [3-turn, and
32% random conformation, which is in agreement with molecular
data of other profilins [102]. The prevalence of this olive allergen
has been estimated between 24 and 27% in olive-hypersensitive
patients [102,104,130], being related with asthma as the major IgE
response in sensitized patients, tighter with Ole e 10 [104]. In fact,
the risk of developing asthma in patients sensitized against both
allergens increases in comparison with the patients only sensitized
against one of them [104]. The main immune response of Ole e 2 is
related with asthma increasing this response when patients show
hypersensitivity against Ole e 2 and Ole e 1 allergens [104]. Ole e
2 displays high cross-reactivity, showing structural and immuno-
logical similarity with other pollen sources such as birch, ash, and
grass [102,130].

Ole e 3 has been identified as a polcalcin belonging to the buffer-
ing type Ca2*-binding protein subfamily [43]. It is a low molecular
mass allergen of 9.2 kDa [105], consisting of a single chain of 84
residues [43]. Two isoforms have been detected [38] with pI val-
ues of 4.2 and 4.3 determined by IEF [105]. The secondary structure
of this protein, established by CD, consisted of 52% a-helix, 10% [3-
strand, 29% 3-turn, and 9% random conformation [105], not finding
differences for either natural Ole e 3 and recombinant Ole e 3 [43].
In fact, it was demonstrated that the recombinant form retained the
allergenic and antigenic epitopes of the natural allergen [43]. The
prevalence of Ole e 3 was established in 20-50% of allergic patients
to olive pollen [42,43,105,131,132] depending, in some cases, on
the geographical area. Moreover, a decreased reactivity of the sera
from allergic patients in the absence of Ca?* was observed for Ole e 3
[42],indicating that IgE epitopes are affected by the conformational
change induced by the binding/releasing of Ca2*. Allergen loca-
tion was established by transmission electron microscopy (TEM)
observing it is mainly in the vicinity of membrane systems and in
the aperture regions of the mature pollen grain [106]. Ole e 3 cross-
reactivity is lower than that of Ole e 2, due to it has been observed
just in other pollens, not finding reactivity with fruits, seeds, or
insects [131]. Only some cases of cross-reactivity with pollens from
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rapeseed, Bermuda grass, and birch were detected observing the
most significant cross-reactivity with the Oleaceae pollens [42] and
grass pollens [132].

Ole e 4 has been scarcely studied finding just one work focused
to this allergen. In this work, Ole e 4 showed a high IgE binding
capacity [107]. It displays an apparent molecular mass of 32 kDa
and pls ranging from 4.65 to 5.1 [133]. The N-terminal extreme
is blocked and the analysis of two internal amino acid sequences
showed no homology with any known protein.

Ole e 5 shows a molecular weight of 16 kDa and has, at least,
five isoforms with pls ranging from 4.6 to 6.5 depending on the
study [107,108]. Ole e 5 shows homology up to 90% with superox-
ide dismutase (SOD) of several plant species [50,107], being the
first Cu/Zn SOD identified as an allergen in a pollen source and
suggesting a function in the protection against oxidative stress
during pollen development [108]. The Ole e 5 enzymatic activities
were measured by nitro blue tetrazolium chloride reduction with
0,°~ radicals photochemically generated [108]. Moreover, Ole e 5
from different olive varieties were cloned and expressed, showing
some differences in the amino acid sequence, probably due its high
degree of polymorphism. The percentage of recognition by pollen-
allergenic patients against rOle e 5 was of about 39% [50]. Unlike
other pollen allergens, Cu/Zn SOD have been also found in different
olive tissues such as the olive fruit pulp [33,134] and olive leaves
[135,136]. This could be a case of non-specific gene transcription
due to the presence of the same protein in different tissues becom-
ing from the same tree, and its presence in the olive pulp could
explain the cases of cross-allergy between olive pollen allergy and
olive fruit allergy.

Ole e 6 is the smallest allergen found in olive pollen so far.
Although the protein exhibits an apparent molecular weight of
10 kDa by SDS-PAGE, it consists of a single highly acidic polypeptide
chain of 50 amino acids (5.83 kDa) [38,109,111] with an pI of 4.2
[109,111]. This difference in molecular mass could be attributed
to the strong acidic character of Ole e 6 decreasing the bind-
ing of SDS to the protein and due to the fact that non-globular
molecules can give abnormal results by SDS-PAGE [109]. This
allergen shows no homology with any protein contained in the
nucleotide sequence database [109,111]. Ole e 6 is little avail-
able in the olive pollen, making difficult its extraction and being a
case where recombinant production facilitates its availability. Its
cloning renders two identical forms presenting the same struc-
ture as Ole e 6 but with different molecular mass determined by
SDS-PAGE, 10 and 14.2 kDa [109]. Ole e 6 consists of two nearly
antiparallel a-helices, bound by a short loop and maintained by
three disulfide bonds [110]. In fact, based on the results obtained by
NMR and CD, five epitopes have been proposed for this olive-pollen
allergen [110]. It is recognized by up to 50% of allergic patients
sera depending on the geographical area and olive tree presence
[111].

Ole e 7 shows similarities with nonspecific lipid transfer pro-
teins (LTP) from plant tissues [112]. These proteins play a role
related to the ability of binding fatty acids and possess antibac-
terial and antifungal activities [137]. Ole e 7 presents high degree
of polymorphism and it is formed by four isoforms differing in the
position of three amino acids [38]. Fig. 3 shows the spectra obtained
by MALDI-TOF of three different lipophilic fractions obtained from
olive pollen employing different extraction times. These different
extraction procedures allowed observing four different isoforms,
ranging from 9.6 to 10 kDa, differing in the position of three amino
acids. The prevalence of Ole e 7 has been determined in 47% in
patients with olive allergy [14] and it has been associated with an
increased risk of food anaphylaxis [112]. However, the risk degree
depended on the geographical area, ranging from 60% in patients
living in areas with intensive olive cultivation to 20% in patients
living in areas with low olive cultivation [14]. Moreover, Ole e 7

could also be involved in allergenic cross-reactivity between fruit
and olive pollen, due to patients with anaphylactic reaction after
eating fruit are also sensitized to Ole e 7 [112]. Furthermore, Ole e
7 sensitization was more frequent when symptoms were induced
after eating fresh fruit from other families such as Rosaceae and
Cucurbitaceae [112].

Ole e 8 has been identified as a Ca2*-binding protein like Ole
e 3, but displaying a different biological role: it develops a regu-
latory function involved in signal transduction pathways [45] and
belongs to different subfamilies of Ca?* binding-proteins [42]. Ole e
8 consists of a single polypeptide chain of 171 amino acid residues
displaying an apparent molecular mass of 20 kDa by SDS-PAGE [45].
Although the allergenic potential of Ole e 3 and Ole e 8 are different,
all sera reactive to Ole e 8 were also reactive to Ole e 3 [42]. Possible
differences on the prevalence between Ole e 3 and Ole e 8 has been
established due to the different amount of each protein expressed
in the pollen, much higher Ole e 3 (~500 .g/10 g dried pollen) than
Ole e 8 (15-40 ug/100 g dried pollen) [42]. In fact, the low pres-
ence of this allergen in the olive pollen makes necessary the use
of recombinant expression to obtain manageable levels of this pro-
tein [45]. Using the recombinant Ole e 8, which was demonstrated
to be immunologically equivalent to Ole e 8, cross-reactivity with
other pollens from species of the Oleaceae and Juniperus communis
families were detected [45].

Ole e 9 is the allergen of highest molecular mass, 46.4 kDa,
reported from olive pollen [115,116]. Ole e 9 is a glycosylated [3-
1,3-glucanase, which belongs to the pathogenesis-related (PR-2)
protein family [116]. It exhibits a low but significant polymorphism.
Indeed, two different isoforms of Ole e 9 can be separated by RP-
HPLC exhibiting a molecular mass of 46.431kDa and 46.307 kDa
by MALDI-TOF analysis. On the other hand, IEF can differentiate
four components with pl values between 4.8 and 5.4 [116]. Ole
e 9 secondary structure, determined by CD, consisted of 16% «-
helix and 30% [-sheet [115]. The enzymatic activity of Ole e 9
was measured using the polysaccharide laminarin as substrate
[116]. Ole e 9 prevalence significantly varied from 10% to 65% in
patients with olive pollinosis [62,116] observing similar results
with mice [80]. This allergen is constituted by two independents
domains, a N-terminal portion of 36 kDa and a C-terminal domain
0of 10.6 kDa, both immunologically active [114,115]. The C-terminal
domain presents high IgE-binding capability against sera from
Ole e 9-sensitive individuals [115] and it is homologous to Ole
e 10 olive allergen. The N-terminal domain contains the enzy-
matic activity and shows cross-reactivity with vegetable foods and
latex proteins [113]. As with Ole e 8, the low presence of Ole e
9 in the olive pollen (less than 0.3%) makes necessary the use of
recombinant technology to obtain both C-terminal and N-terminal
domains separately [113,115]. The production of the whole aller-
gen has not been successfully achieved so far. Nevertheless, 94%
of Ole e 9 allergic patients can be identified using both recom-
binant fragments [118]. Due to the low Ole e 9 concentration,
the content of this olive allergen is not well established. A high
variability was found in Ole e 9 content in different olive pollen
commercial batches using a developed immunoassay [89]. A spe-
cial clinical case of allergy to Ole e 9 was reported in a man who
worked with this allergen developed adverse reactions to it as a
consequence of the daily overexposure [117]. The 3-1,3-glucanase
olive allergen shows 39, 33, and 32% of sequence homology with
[3-1,3-glucanases from wheat, willow, and Arabidopsis thaliana,
respectively [116]. Some homologous counterparts to olive glu-
canase in ash and birch pollen [113] and cross-reactivity to
pollens, vegetable foods, and latex proteins has also been reported
[115,138].

Ole e 10 is considered a major olive allergen and patients sen-
sitized to this allergen have been reported to suffer from severe
asthma [40,104]. It has a molecular weight of 10.789 kDa and a pl
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Fig. 3. MALDI spectra of the three different fractions obtained from olive pollen.

From [38].

of 5.8 [119].Its presence in pollen is low (80 p.g/g pollen) being nec-
essary the use of recombinant technologies for its isolation [120].
However, problems with proteolysis, chemical modifications, and
slight differences in IgE and IgG recognition of recombinant Ole e
10 by P. pastoris have been detected [120]. Total immunological
and molecular equivalence of rOle e 10 and nOle e 10 was, never-
theless, demonstrated using Sf21 insect cells [139]. The secondary

structure of Ole e 10 determined by CD analysis is 17% a-helix,
33% B-sheet, and 21% B-turn [120]. Moreover, a 53% of homology
with the C-terminal domain of Ole e 9 could explain the remarkable
cross-reactivity detected between these two allergens [104,119].
The localization of Ole e 10 in the growing pollen tube together
with the presence of callose molecules (a 3-glucane) which are
major components in pollen tubes wall, suggested a possible role
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of this allergen in the wall re-formation during germination and
in the metabolism of carbohydrates [121,139]. The prevalence of
Ole e 10 in olive allergic patients was 55% and 79% in mice [80].
Ole e 10 shares IgE B cell epitopes with proteins from Oleacea,
Gramineae, Chenopodiaceae, Cupressaceae, Ambrosia, and Parietaria
pollens, latex, and vegetable foods [119]. Its high prevalence and
cross-reactivity make Ole e 10 to be considered as the major aller-
gen in olive pollen.

Up to date, there is only one research article with information
about Ole e 11 [122]. This allergen has been recently detected as a
pectin methylesterase of 342 amino acid length polypeptide with
a molecular mass of 37.4kDa, and a pI of 7.8 [122]. The secondary
structure of Ole e 11 was determined by CD spectroscopy: 3% o~
helix, 50% 3-sheet, and 27% 3-turns. It shows low homology with
other foods containing molecules from the pectin methylesterase
family and higher identity with A. thaliana and Salsola kali pollen
[122]. The prevalence of this olive pollen allergen ranged between
55.9% and 75.6% [122].

There is no published work on Ole e 12. Nevertheless, its
DNA was sequenced by Castro et al. (www.uniprot.org), deter-
mining a sequence of 308 amino acids forming a protein of
34,068 Da. This protein belongs to the family of the isoflavone
reductases, which are involved in the biosynthesis of plant defense
metabolites.

Ole e 13 is the only allergen described, until now, in the
olive fruit. It belongs to the family of the thaumatin-like proteins
which are involved in host defense processes. It is a protein of
24,727 Da which was first partially sequenced by Edman degrada-
tion [32] and next cloned and totally sequenced by Villalba et al.
(www.uniprot.org). Its analysis by nanoLC-MS/MS has permitted
to detect variations in its sequence among olive varieties, even,
within a single variety suggesting the presence of microhetero-
geneity [33]. Limited information about the allergenic reactivity of
olive pulp is available, appearing just one example of immunoblot-
ting with the allergenic serum of a patient allergic to olive fruit
[32]. In this study just one intensive band corresponding to
Ole e 13 appeared suggesting it as the main allergen in olive

pulp.

6. Conclusions

Olive pollen is a major cause of both rhinoconjunctivitis and
asthma in those regions, such as the Mediterranean area, where
large amounts of airborne olive pollen result from intensive culti-
vation. In addition to olive pollen allergy, olive foods have also been
reported to cause allergy. The search for therapies to fight these
allergies requires a better understanding of the allergen molecular
nature and the structures involved in cell activation. Despite there is
an important research work on the characterization of some olive
allergen such as Ole e 1, in most cases the knowledge is scarce
and results are contradictory. Another aspect to take into account
in olive pollen and food allergenicity is the high cross-reactivity
observed in some of them. This fact could elicit great hypersen-
sitivity reactions and synergistic effects. Another limitation is the
low presence of some of these allergens which makes more diffi-
cult its isolation and further study. Innovative analytical methods
and novel applications of available techniques are required to face
the allergenicity problems due to olive allergens in an integrated
manner.

Acknowledgments

This work was supported by projects CTQ2009-11252 (Min-
istry of Science and Innovation, Spain) and S-2009/AGR-1464
(Comunidad Auténoma of Madrid (Spain) and European FEDER

programme). C. Esteve and C. Montealegre thank the University of
Alcala for their predoctoral grants.

References

[1] M. Will-Karp, ]. Santeliz, C.L. Karp, Nat. Rev. Immunol. 1 (2001) 69-75.

[2] J. Quiralte, L. Palacios, R. Rodriguez, B. Cardaba, ].M. Arias Saavedra, M. Villalba,
J.F. Florido, C. Lahoz, ]. Investig. Allergol. Clin. Immunol. 17 (2007) 76-82.

[3] L. Rallo, D. Barranco, J.M. Caballero, C. Del Rio, A. Martin, ]J. Tous, 1. Trujillo,
Variedades del olivo en Espafia, Junta de Andalucia, MAPA and Ediciones
Mundi-Prensa, Madrid, 2005.

[4] G. Bartolini, G. Prevost, C. Messeri, G. Carignani, Olive Germplasm: Cultivars
and World-Wide Collections, FAO, Roma, 1998.

[5] J.D. Alché, AJ. Castro, J.C. Jiménez-Lépez, S. Morales, A. Zafra, A M. Hamman-
Khalifa, MLI. Rodriguez-Garcia, ]. Investig. Allergol. Clin. Immunol. 17 (2007)
69-75.

[6] C.Geller-Bernstein, G. Arad, N. Keynan, C. Lahoz, B. Cardaba, Y. Waisel, Allergy
51(1996) 356-359.

[7] R.Rodriguez, M. Villalba, E. Batanero, E.M. Gonzalez, R.I. Monsalve, S. Huecas,
M.L. Tejera, A. Ledesma, Allergy 57 (2002) 6-16.

[8] A. Wheeler, Clin. Exp. Allergy 22 (1992) 1052.

[9] N. Skitarelic, N. Skitarelic, Arh. Hig. Rada Toksikol. 60 (2009) 259-260.

[10] J. Bousquet, P. Cour, B. Guerin, F.B. Michel, Clin. Allergy 14 (1984) 249-258.

[11] G. Liccardi, M. D’Amato, G. D’Amato, Int. Arch. Allergy Immunol. 111 (1996)
210-217.

[12] C.Kirmaz, H. Yuksel, P. Bayrak, O. Yilmaz, J. Investig, Allergol. Clin. Immunol.
15 (2005) 140-145.

[13] R. Rodriguez, M. Villalba, R.I. Monsalve, E. Batanero, A. Ledesma, E. Gonzalez,
M.L. Tejera, S. Huescas, M. Garcia, I. Garcia, Rev. R. Acad. Cienc. Exact. Fis. Nat.
(Esp.) 92 (1998) 253.

[14] M.L. Tejera, M. Villalba, E. Batanero, R. Rodriguez, J. Allergy Clin. Immunol.
104 (1999) 797-802.

[15] B.A. Baldo, R.C. Panzani, D. Bass, R. Zerboni, Mol. Immunol. 29 (1991)
1209-1218.

[16] R. Rodriguez, M. Villalba, R.I. Monsalve, E. Batanero, Int. Arch. Allergy
Immunol. 125 (2001) 185-195.

[17] J. Williams, H. Roberts, B. Tate, Contact Dermatitis 56 (2007) 52-53.

[18] S. Malmkwist-Padoan, A. Pettersson, A. Svensson, Contact Dermatitis 23
(1990) 73-76.

[19] G.A.E. Wong, C.M. King, Contact Dermatitis 50 (2004) 102.

[20] T. van Joost, J.H. Sillevis Smitt, W.G. van Ketel, Contact Dermatitis 7 (1981)
309

[21] M. Isaksson, M. Bruze, J. Am. Acad. Dermatol. 41 (1999) 312-315.

[22] B. Krdnke, P. Komericki, W. Aberer, Contact Dermatitis 36 (1997) 5-10.

[23] E.M. De Boer, W.G. Van Ketel, Contact Dermatitis 11 (1984) 128-129.

[24] B.M. Hausen, H.W. Rothenborg, Arch. Dermatol. 117 (1981) 732-734.

[25] A.A. Fisher, Cutis 43 (1989) 202-203.

[26] J. Azofra, Allergy 59 (2004) 559.

[27] M. Unsel, O. Ardeniz, N. Mete, R. Ersoy, A.Z. Sin, O. Gulbahar, A. Kokuludag, .
Investig. Allergol. Clin. Immunol. 19 (2009) 499-597.

[28] B. Wathrich, A. Helbling, J. Investig. Allergol. Clin. Immunol. 20 (2010).

[29] F. Feo Brito, P. Mur Gimeno, B. Bartolomé, A. Castro, F. Guerra, ]. Investig.
Allergol. Clin. Immunol. 21 (2011) 160-161.

[30] D.G. Ebo, W.J. Stevens, Acta Clin. Belg. 56 (2001) 234-247.

[31] C. Montealegre, C. Esteve, M.C. Garcia, C. Garcia-Ruiz, M.L. Marina, Crit. Rev.
Food Sci. Nutr. (2011), doi:10.1080/10408398.2011.598639.

[32] O.Palomares, M. Alcantara, ]. Quiralte, M. Villalba, N. Engl. J. Med. 358 (2008)
1306-1308.

[33] C. Esteve, B. Caiias, E. Moreno-Gordaliza, C. Del Rio, M.C. Garcia, M.L. Marina,
J. Agric. Food Chem. 59 (2011) 12093-12101.

[34] E.A. Pastorello, C. Ortolani, in: D.D. Metcalfe, H.A. Sampson, R.A. Simon (Eds.),
Adverse Reactions to Foods and Food Additives, Blackwell Scientific, Oxford,
1997, pp. 221-233.

[35] T.J. Grier, Clin. Rev. Allergy Immunol. 21 (2001) 111-140.

[36] K. Hoffmann-Sommergruber, E.N.C. Mills, S. Vieths, Mol. Nutr. Food Res. 52
(2008) S159-S165.

[37] F.De Cesare, C. Pini, G. Di Felice, M.F. Caiaffa, L. Macchia, A. Tursi, R. Tinghino,
S. Palumbo, F. Salluso, R. Federico, Allergy 48 (1993) 248-254.

[38] A.Napoli, D. Aiello, L. Di Donna, A. Sajjad, E. Perri, G. Sindona, Anal. Chem. 78
(2006) 3434-3443.

[39] C. Esteve, C. Del Rio, M.L. Marina, M.C. Garcia, Anal. Chim. Acta 690 (2011)
129-134.

[40] P. Barral, A.G. Serrano, E. Batanero, J. Pérez-Gil, M. Villalba, R. Rodriguez, J.
Biotechnol. 121 (2006) 402-409.

[41] J.A. Asturias, M.C. Arilla, N. Gdmez-Bayo6n, . Martinez, A. Martinez, R. Palacios,
J. Allergy Clin. Immunol. 100 (1997) 365-372.

[42] A. Ledesma, E. Gonzdlez, C.Y. Pascual, J. Quiralte, M. Villalba, R. Rodriguez,
Clin. Exp. Allergy 32 (2002) 1476-1483.

[43] A.Ledesma, M. Villalba, E. Batanero, R. Rodriguez, Eur. J. Biochem. 258 (1998)
454-459,

[44] A.Ledesma, M. Villalba, F. Vivanco, R. Rodriguez, Allergy 57 (2002) 40-43.

[45] A.Ledesma, M. Villalba, R. Rodriguez, FEBS Lett. 446 (2000) 192-196.

[46] N. Rubio, A. Brieva, B. Alcazar, ]. Chromatogr. 403 (1987) 312-318.

[47] P.Lauzurica, N. Maruri, B. Galocha,]. Gonzalez, R. Diaz, P. Palomino, D. Hernan-
dez, R. Garcia, C. Lahoz, Mol. Immunol. 25 (1988) 337-344.



C. Esteve et al. / Talanta 92 (2012) 1-14 13

[48] R. Van Ree, M. Cabanes-Macheteau, ]. Akkerdaas, J.P. Milazzo, C. Loutelier-
Bourhis, C. Rayon, M. Villalba, S. Kippelman, R. Aalberse, R. Rodriguez, L. Faye,
P. Lerouge, ]. Biol. Chem. 275 (2000) 11451-11458.

[49] M. Villalba, E. Batanero, R.I. Monsalve, M.A. Gonzdlez de la Peiia, C. Lahoz, R.
Rodriguez, J. Biol. Chem. 21 (1994) 15217-15222.

[50] C.Butteroni, C. Afferni, B. Barletta, P. lacovacci, S. Corinti, B. Brunetto, R. Tingh-
ino, R. Ariano, R.C. Panzani, C. Pini, G. Di Felice, Int. Arch. Allergy Immunol.
137 (2005) 9-17.

[51] M. Lombardero, S. Quirce, O. Duffort, D. Barber, ]. Carpizo, M.J. Chamorro, A.
Lezaun, J. Carreira, J. Allergy Clin. Immunol. 89 (1992) 884-894.

[52] M. Lombardero, J.A. Barbas, J. Moscoso del Prado, ]. Carreira, Clin. Exp. Allergy
24 (1994) 765-770.

[53] R.M. Obispo, J.A. Melero, J.A. Carpizo, J. Carreira, M. Lombardero, Clin. Exp.
Allergy 23 (1993) 311-316.

[54] J. Conde Hernindez, P. Conde Hernidndez, M.T. Gonzalez Quevedo Tejerina,
M.A. Conde Alcainiz, E.M. Conde Alcaiiiz, P. Crespo Moreira, M. Cabanillas
Platero, Allergy 57 (2002) 60-65.

[55] Y.Waisel, C. Geller-Bernstein, N. Keynan, G. Arad, Allergy 51 (1999) 819-825.

[56] E.M. Gonzalez, M. Villalba, R. Rodriguez, Allergy 55 (2000) 658-663.

[57] MJ. Pajarén, L. Vila, 1. Prieto, A. Resano, M.L. Sanz, A.K. Oehling, Allergy 52
(1997) 829-835.

[58] ].Sastre, M. Lluch-Bernal, A.M.G. Bustillo, J. Carnés, F. Marafién, M. Casanovas,
E. Fernandez-Caldas, Allergy 59 (2004) 1181-1186.

[59] S.M. Kernerman, J. McCullough, J. Green, D.R. Ownby, Ann. Allergy 69 (1992)
493-496.

[60] J. Bousquet, B. Guérin, B. Hewitt, S. Lim, F.B. Michel, Clin. Allergy 15 (1985)
439-448.

[61] C.Vela, C. Platas, C. Gubrindo, L. Tricas, E. Subiza, R. Garcia, C. Lahoz, Int. Arch.
Allergy Appl. Immunol. 68 (1982) 289-294.

[62] D. Barber, F. de la Torre, F. Feo, F. Florido, P. Guardia, C. Moreno, ]J. Quiralte,
M. Lombardero, M. Villalba, G. Salcedo, R. Rodriguez, Allergy 63 (2008)
1550-1558.

[63] O. Palomares, 1. Swodoba, M. Villalba, N. Balic, S. Spitzauer, R. Rodriguez, R.
Valenta, Int. Arch. Allergy Immunol. 141 (2006) 110-118.

[64] E.Batanero, M. Villalba, R.I. Monsalve, R. Rodriguez, J. Allergy Clin. Inmunol.
97 (1996) 1264-1271.

[65] E.Martin-Orozco, B. Cardaba, V. del Pozo, B. de Andrés, M. Villalba, S. Gallardo,
M.L Rodriguez-Garcia, M.C. Fernandez, J.D. Alché, R. Rodriguez, P. Palomino,
C. Lahoz, Int. Arch. Allergy Immunol. 104 (1994) 160-170.

[66] L. Boluda, E. Ferndndez-Caldas, J. Sastre, M. Casanovas, ]. Allergy Clin.
Immunol. 101 (1998), S169.

[67] AJ. Castro, J.D. Alché, B. Calabozo, M.I. Rodriguez-Garcia, F. Polo, ]. Investig.
Allergol. Clin. Immunol. 17 (2007) 93-99.

[68] A. Napoli, D. Aiello, L. Di Donna, P. Moschidis, G. Sindona, . Proteome Res. 7
(2008) 2723-2732.

[69] P.Lauzurica, G. Gurbindo, N. Maruri, B. Galocha, R. Diaz, ]. Gonzalez, R. Garcia,
C. Lahoz, Mol. Immunol. 25 (1988) 329-335.

[70] L. Boluda, J. Sastre, M. Casanovas, E. Fernandez-Caldas, ]. Immunol. Methods
223(1999) 17-26.

[71] AW. Wheeler, B.E. Hickman, B. Fox, Mol. Immunol. 27 (1990) 631-636.

[72] E.Batanero, M. Villalba, R. Rodriguez, Mol. Immunol. 31 (1994) 31-37.

[73] M. Blanca, P. Boulton, J. Brostoff, I. Gonzéilez-Reguera, Clin. Allergy 13 (1983)
473-478.

[74] M. Villalba, C. Lépez-Otin, E. Martin-Orozco, R.I. Monsalve, P. Palomino, C.
Lahoz, R. Rodriguez, Biochem. Biophys. Res. Commun. 172 (1990) 523-528.

[75] M. Villalba, E. Batanero, C. Lopez-Otin, LM. Sanchez, R.I. Monsalve, M.A.
Gonzalez de la Pefia, C. Lahoz, R. Rodriguez, Eur. J. Biochem. 216 (1993)
863-869.

[76] D. Kolarich, F. Altmann, Anal. Biochem. 285 (2000) 64-75.

[77] E.M. Gonzalez, M. Villalba, M. Lombardero, M. Aalbes, R. Van Ree, R. Rodriguez,
Mol. Immunol. 39 (2002) 93-101.

[78] E. Gonzalez, R.I. Monsalve, X.S. Puente, M. Villalba, R. Rodriguez, J. Peptide
Res. 55 (2000) 18-23.

[79] S. Huecas, M. Villalba, E. Gonzalez, A. Martinez-Ruiz, R. Rodriguez, Eur. ].
Biochem. 261 (1999) 539-545.

[80] P.Barral, M. Villalba, R. Rodriguez, E. Batanero, Ann, Allergy Asthma Immunol.
96 (2006) 466-471.

[81] E. Batanero, P. Barral, M. Villalba, R. Rodriguez, Int. Arch. Allergy Immunol.
127 (2002) 269-275.

[82] ].D. Alché, AJ]. Castro, A. Olmedilla, M.C. Fernandez, R. Rodriguez, M. Villalba,
M.L Rodriguez-Garcia, J. Cell Sci. 112 (1999) 2501-2509.

[83] J.D. Alché, A. Castro, M.L. Rodriguez-Garcia, Micron 33 (2002) 33-37.

[84] M.L Rodriguez-Garcia, M.C. Fernandez, ].D. Alché, A. Olmedilla, Protoplasma
187 (1995) 111-116.

[85] E. Batanero, J.F. Crespo, R.I. Monsalve, M. Martin-Esteba, M. Villalba, R.
Rodriguez, Allergy Clin. Immunol. 103 (1999) 147-153.

[86] B. Cardaba, V. Del Pozo, A. Jurado, S. Gallardo, 1. Cortegano, I. Arrieta, A. Del
Amo, P. Tramén, F. Florido, J. Sastre, P. Palomino, C. Lahoz, Clin. Exp. Allergy
28 (1998) 413-422.

[87] E.M. Gonzélez, M. Villalba, ]J. Quiralte, E. Batanero, F. Roncal, J.P. Albar, R.
Rodriguez, Mol. Immunol. 43 (2006) 570-578.

[88] J. Quiralte, E. Gonzdlez, .M. Arias de Saavedra, M. Villalba, ]J.F. Florido, B.
Sdenz de San Pedro, R. Rodriguez, Int. Arch. Allergy Immunol. 122 (2000)
101-107.

[89] 0. Duffort, O. Palomares, M. Lombardero, M. Villalba, D. Barber, R. Rodriguez,
F. Polo, Int. Arch. Allergy Immunol. 140 (2006) 131.

[90] D. Barber, J. Carpizo, M.C. Garcia-Rumbao, F. Polo, F. Juan, Ann. Allergy 64
(1990) 43-46.

[91] AJ. Castro, ].D. Alché, ]J. Cuevas, P.J. Romero, V. Alché, M.I. Rodriguez-Garcia,
Int. Arch. Allergy Immunol. 131 (2003) 164-173.

[92] E. Fernandez-Caldas, . Carnés, V. Iraola, M. Casanovas, Ann, Allergy Asthma
Immunol. 89 (2007) 464-470.

[93] AJ. Castro, A. Bednarcyk, C. Schaeffer-Reiss, M.I. Rodriguez-Garcia, A. Van
Dorsselaer, ].D. Alché, Proteomics 10 (2010) 953-962.

[94] ].D. Alché, M. M'rani-Alaoui, A,J. Castro, M.I. Rodriguez-Garcia, Plan Cell Phys-
iol. 45 (2004) 1149-1157.

[95] R.Van Ree, M. Aalbers, O. Kea, F.M. Marco de la Calle, ].M. Sempere Ortells, M.
Villalba, R. Rodriguez, R.C. Aalberse, Int. Arch. Allergy Immunol. 122 (2000)
224-228.

[96] M.C.Arilla, E.Eraso, I. Ibarrola, J. Algorta, A. Martinez, A.J. Asturias, Ann, Allergy
Asthma Immunol. 89 (2002) 83-89.

[97] E.G. Marazuela, N. Prado, E. Moro, H. Fernandez-Garcia, M. Villalba, R.
Rodriguez, E. Batanero, Allergy 38 (2008) 520-528.

[98] E. Batanero, P. Barral, M. Villalba, R. Rodriguez, J. Immunol. Methods 259
(2002) 87-94.

[99] E. Batanero, P. Barral, M. Villalba, R. Rodriguez, ]. Control. Rel. 92 (2003)
395-398.

[100] E.G. Marazuela, R. Rodriguez, D. Barber, M. Villalba, E. Batanero, Clin. Exp.
Allergy 37 (2007) 251-260.

[101] C. De Linares, D. Nieto-Lugilde, F. Alba, C. Diaz de la Guardia, C. Galan, M.M.
Trigo, Clin. Exp. Allergy 37 (2007) 125-132.

[102] A.Ledesma, R. Rodriguez, M. Villalba, Allergy 53 (1988) 520-526.

[103] S. Morales, ].C. Jiménez-Lopez, A.J. Castro, M.I. Rodriguez-Garcia, ].D. Alché, J.
Microsc. 231 (2008) 332-341.

[104] J. Quiralte, E. Llanes, P. Barral, J.M. Arias de Saavedra, B. Sdenz de San Pedro,
M. Villalba, J.F. Florido, R. Rodriguez, C. Lahoz, B. Cardaba, Allergy 60 (2005)
360-365.

[105] E.Batanero, M. Villalba, A. Ledesma, X.S. Puente, R. Rodriguez, Eur. ]. Biochem.
241 (1996) 772-778.

[106] J.D. Alché, L.A. Cismondi, AJ. Castro, A.M. Hamman-Khalifa, M.I. Rodriguez-
Garcia, Acta Biol. Crac. 45 (2003) 89-95.

[107] L.Boluda, C. Alonso, E. Fernandez-Caldas, J. Allergy Clin. Immunol. 101 (1998)
210-216.

[108] ]J.D. Alché, FJ. Corpas, M.I. Rodriguez-Garcia, L.A. del Rio, Physiol. Plant. 104
(1998) 772-776.

[109] P. Barral, M.L. Tejera, M.A. Trevifio, E. Batanero, M. Villalba, M. Bruix, R.
Rodriguez, Protein Expres. Purif. 37 (2004) 336-343.

[110] M.A. Treviiio, M.F. Garcia-Mayoral, P. Barral, M. Villalba, ]. Santoro, M. Rico, R.
Rodriguez, J. Biol. Chem. 279 (2004) 39035-39041.

[111] E. Batanero, A. Ledesma, M. Villalba, R. Rodriguez, FEBS Lett. 410 (1997)
293-296.

[112] J.F. Florido, J. Quiralte, ].M. Arias de Saavedra, B. Saenz de San Pedro, E. Martin
Casafiez, Allergy 57 (2002) 53-59.

[113] O. Palomares, M. Villalba, J. Quiralte, F. Polo, R. Rodriguez, Clin. Exp. Allergy
35 (2005) 345-351.

[114] M.A. Trevifio, O. Palomares, I. Castrillo, M. Villalba, R. Rodriguez, M. Rico, J.
Santoro, M. Bruix, Protein Sci. 17 (2008) 371-376.

[115] O.Palomares, M. Villalba, R. Rodriguez, Biochem. ]. 369 (2003) 593-601.

[116] S.Huecas, M. Villalba, R. Rodriguez, ]. Biol. Chem. 276 (2001) 27959-27966.

[117] O. Palomares, M. Fernandez-Nieto, M. Villalba, R.R. Rodriguez, ]J. Cuesta-
Herranz, Allergy 63 (2008) 784-785.

[118] O. Palomares, M. Villalba, J. Quiralte, R. Rodriguez, Ann, Allergy Asthma
Immunol. 97 (2006) 61-65.

[119] P. Barral, E. Batanero, O. Palomares, ]. Quiralte, M. Villalba, R. Rodriguez, J.
Immunol. 172 (2004) 2644-3651.

[120] P.Barral, E. Batanero, M. Villalba, R. Rodriguez, Protein Expres. Purif. 44 (2005)
147-154.

[121] P. Barral, C. Sudrez, E. Batanero, C. Alfonso, J.D. Alché, M.I. Rodriguez-Garcia,
M. Villalba, G. Rivas, R. Rodriguez, Biochem. J. 390 (2005) 77-84.

[122] G. Salamanca, R. Rodriguez, J. Quiralte, C. Moreno, C.Y. Pascual, D. Barber, M.
Villalba, FEBS J. 277 (2010) 2729-2739.

[123] P. Edman, Acta Chem. Scand. 4 (1950) 283-293.

[124] P.Verdino, W. Keller, Methods 32 (2004) 241-248.

[125] R.E. Poms, C.L. Klein, E. Anklam, Food Addit. Contam. 21 (2004) 1-31.

[126] B.Cardaba, E. Llanes, M. Chacartegui, B. Sastre, E. Lopez, R. Moll4, V. del Pozo,
F. Florido, ]. Quiralte, P. Palomino, C. Lahoz, J. Investig. Allergol. Clin. Immunol.
17 (2007) 83-87.

[127] A.Hamman-Khalifa, A)J. Castro, ].C. Jiménez-L6pez, M.1. Rodriguez-Garcia, J.D.
Alché, BMC Plant Biol. 8 (2008) 10-18.

[128] M. Lombardero, T. Obispo, B. Calabozo, A. Lezatn, F. Polo, D. Barber, Allergy
57 (2002) 29-34.

[129] R. Valenta, M. Duchene, C. Ebner, P. Valent, C. Sillaber, P. Deviller, F. Fer-
reira, M. Tejkl, H. Edelmann, D. Kraft, O. Scheiner, J. Exp. Med. 175 (1992)
377-385.

[130] A. Martinez, J.A. Asturias, ]. Monteseirin, V. Moreno, A. Garcia-Cubillana, M.
Hernandez, A. de la Calle, C. Sinchez-Hernandez, J.L. Pérez-Formoso, J. Conde,
Allergy 57 (2002) 17-23.

[131] M. Villalba, E. Batanero, A. Ledesma, RI. Monsalve, M.A. Gonzailez, R.
Rodriguez, J. Allergy Clin. Immunol. 99 (1997), 1440.

[132] J. Quiralte, J.F. Florido, R. Rodriguez, ].M. Arias de Saavedra, B. Sénz de San
Pedro, E. Gonzélez, M. Villalba, ]. Allergy Clin. Immunol. 103 (1999), S94.

[133] J. Carnés, E. Fernandez-Caldas, Allergy 57 (2002) 24-28.



14 C. Esteve et al. / Talanta 92 (2012) 1-14

[134] D. Horner-Méndez, L. Gallardo-Guerrero, M. Jarén-Galan, M.I. Minguez-
Mosquera, Z. Naturforsch. C 57 (2002) 113-120.

[135] FJ.Corpas, A. Fernandez-Ocafia, A. Carreras, R. Valderrama, F. Luque, F.J. Este-
ban, M. Rodriguez-Serrano, M. Chaki, J.R. Pedrajas, L.M. Sandalio, L.A. del Rio,
J.B. Barroso, Plan Cell Physiol. 47 (2006) 984-994.

[136] S. Goreta, V. Bucevic-Popovic, M. Pavela-Vrancic, S. Perica, J. Plant Nutr. Soil
Sci. 170 (2007) 398-403.

[137] F.Garcia-Olmedo, A. Molina, A. Segura, M. Moreno, Trends Microbiol. 3 (1995)
72-74.

[138] A. Barre, R. Culerrier, C. Granier, L. Selman, WJ. Peumans, EJ.M. Van
Damme, F. Bienvenu, ]. Bivenu, P. Rougé, Mol. Immunol. 46 (2009)
1595-1604.

[139] C.G.Sudrez, P.Barral, ].D. Alché, R. Rodriguez, M.I. Rodriguez-Garcia, Acta Biol.
Crac. 47 (2005), 83.



	Analysis of olive allergens
	1 Introduction
	2 Extraction and production of olive allergens
	3 Techniques employed in the physicochemical and immunological characterization of olive allergen
	3.1 Physicochemical characterization
	3.2 Immunological characterization

	4 Olive pollen and olive fruit studies
	5 Characterization of olive allergens
	6 Conclusions
	Acknowledgments
	References


