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Preface 

Pollen allergy is an important public problem and one of the most common causes of
chronic ill health in the western societies. More than 25% of the population suffers 
from IgE-mediated allergies (including children and adults) which therefore represent 
a major challenge of our society, particularly because untreated allergy often
progresses to severe disabling forms of disease. This allergic disease has increased in 
prevalence during the past decades and a major increase has been predicted. 

Today allergen-specific immunotherapy is being established as the only allergen-
specific and disease-modifying approach toward the treatment for IgE-mediated 
allergies and has long lasting effects. Up until now, commonly used treatments have 
been focused on relief of the clinical symptoms to alleviate allergic inflammation 
rather than underlying immune mechanisms, i.e. antihistamine and topical 
corticosteroids. In addition, conventional immunotherapy involves administration of 
natural allergen extracts containing mixture of undefined components with potential 
to induce a life-threatening anaphylactic response and new IgE-mediated reactivity
and/or sensitizations to previously non-exposes allergens.

At present, there is not universal cure for pollen allergy, and the disease can only be
managed by allergens avoidance or treatment of symptoms. However, there is exciting 
new knowledge as these presented in this book “the cultivar issues”, which may help 
in the improvement of clinical trial, diagnosis and development of potential new 
therapies.  

Researchers in the field are working hard to understand the mechanisms of allergy, 
and the disease-causing allergens are being characterized in great detail down to their 
molecular structures and cellular and physiological functions. Advances in molecular
biology have led to an exponential increase in our understanding of molecular 
pathways involved in the manifestation of type 1 allergy symptoms, which also has 
pave the road for a significant advance in the development of a cure or vaccine for
atopic allergic diseases.  

Biochemical and molecular approaches together with computational biology, 
especially the informatics tools for allergen epitopes identification, structural 
characterization for designing allergy vaccines, have provided the knowledge to 
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resolve structural features of allergen molecules and develop safer form of specific 
immunotherapy. Various others strategies and approaches are ongoing research 
programs including cellular and immunological mechanisms of therapy, genetic 
modification of allergens, hypoallergenic proteins chimera production, DNA vaccines, 
anti-IgE therapy, different routes of vaccine delivery, reduction of the allergen proteins 
content in plant-derived food by using RNAi technology, improved production 
systems for recombinant allergens.  

Having this global vision, it seems that we are driving in the right direction to be able 
developing new and rational forms of diagnosis and therapy strategies. This way 
holds promise for curing pollen allergy sufferers and eventually may allow real 
prophylactic vaccination against allergy, i.e. tailored vaccines, or these based in pollen 
allergen proteins from defined cultivars.  

 
Dr. José C. Jiménez-López 

Purdue University,  
USA 
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1. Introduction 

Type I hypersensibility to pollen is an important cause of allergy worldwide. In other types 
of allergy like the food allergic symptoms or very frequently the oral allergy syndrome 
(OAS), clear differences between varieties/cultivars of the same or highly-related plant 
species have been described as regard to the expression of allergens and their allergenic 
importance.  

Pioneer studies were carried out in date palm tree over the later years of the last century 
(Kwaasi et al 1999, 2000). Such studies indicated that allergenicity to date fruit was a 
cultivar-specific phenomenon, and laboratory data showed that individual cultivars varied 
in their number of IgE immunoblot bands. Sera from fruit-allergic as well as pollen-allergic 
patients recognized common fruit-specific epitopes. Also, there was heterogeneity in patient 
responses to the different extracts.  Nevertheless, a number of common allergens were 
responsible for cross-reactivity between the cultivars. 

Up to date, similar studies have been carried out in an important number of plants, mainly 
those producing edible fruits like apple (Asero et al 2006; Rur 2007; Matthes and Schmitz-
Eiberger 2009; Vlieg-Boerstra et al 2011), peach (Brenna et al 2004; Ahrazem et al 2007; Chen 
et al 2008), cherry (Verschuren, http://www.appliedscience.nl/doc/Onderzoek_111117 
_Martie_Verschuren.pdf), nectarine (Ahrazem et al 2007), tomato (Dölle et al 2011), 
strawberry (Muñoz et al 2010), and lichy (Hoppe et al 2006) among others, and in seeds like 
cereals (Nakamura et al 2005), buckwheat (Maruyama-Funatsuki et al 2004) and peanuts 
(Kang et al 2007; Kottapallia et al 2008).  

© 2012 de Dios Alché et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Numerous analysis have raised the question that pollen grains, similarly to fruits may 
notably differ among different varieties/cultivars in terms of pollen micromorphology, as 
well as in their physiological characteristics (e.g. viability, vigour, ability to germinate, 
compatibility…) (Castro et al 2010; Ribeiro et al 2012), and eventually in their allergenic 
content. However, literature devoted to the comparison of the pollen allergenic 
characteristics intra- and inter- varieties is still relatively scarce. This article reviews most of 
these investigations.  

2. Taxonomy of allergenic plants 

Excellent reviews have been made as regard to the taxonomical classification of the 
allergenic plants (Yman1982; Takhtajan 1997; D’Amato et al 1998; Mothes et al 2004; 
Mohapatra et al 2004; Esch 2004; Radauer et al 2006). Moreover, several broad databases 
have compiled profuse and well-documented information linking the most relevant plant 
allergenic sources, the identified allergens and their taxonomical classification. They include 
Pharmacia (Pharmacia Diagnostics, 2001) and later Phadia/Thermo Fisher Scientific 
(http://www.phadia.com/en/Allergen-information/ImmunoCAP-Allergens/Allergen-compo 
nents-list/), the Allergome database of allergenic molecules (Mari et al 2009; 
http://www.allergome.org/index.php) and the official site for the systematic allergen 
nomenclature approved by the World Health Organization and International Union of 
Immunological Societies (WHO/IUIS) Allergen Nomenclature Sub-committee 
(http://www.allergen.org/index.php). Independently of the widespread presence of cross-
reactivity, most allergens are described in these works and databases as characterized in a 
single species (e.g. rBet v 2 Profilin, Birch= Betula verrucosa). Only a minority are referenced 
to taxonomical entities different to species, either to a combination of related species, 
cultigens or hybrids (e.g. Musa acuminata / sapientum / paradisiaca) or to a heterogeneous 
group of more than one (often numerous) species (e.g. Eucalyptus spp. Note that these 
abbreviations are not italicized or underlined, and can easily be confused with the 
abbreviations "ssp." or "subsp." referring to subspecies.). In several cases, allergens are 
referred to taxonomic ranks of higher entity than species (e.g. Theaceae). Only a few allergens 
are univocally attributed to infraspecific plant categories like varieties (e.g. Brassica oleraceae 
var. italica, var. gemmifera, var. capitata, var. botrytis). 

As regards to pollen allergen analysis, two alternatives, apparently opposite, although 
somehow complementary strategies are defined: 

Mothes et al (2004) analyzed cross-reactivities to pollens of trees of the Fagales order, fruits 
and vegetables, between pollens of the Scrophulariales and pollens of the Coniferales. They 
proposed a classification of tree pollen and related allergies based on major allergen molecules 
instead of botanical relationships among the allergenic sources, suggesting Bet v 1 as a marker 
for Fagales pollen and related plant food allergies, Ole e 1 as a possible marker for 
Scrophulariales pollen allergy and Cry j 1 and Cry j 2 as potential markers for allergy to 
Coniferales pollens. Another work analyzed pollen allergen sequences with respect to protein 
family membership, taxonomic distribution of protein families, and interspecies variability 

 
Pollen Allergenicity is Highly Dependent on the Plant Genetic Background: The “Variety”/“Cultivar” Issues 3 

(Radauer and Breteneder 2006). These authors managed to classify all pollen allergens known 
to date into a limited number of protein families, and divide them into ubiquitous (e.g. 
profilins), present in certain families (e.g. pectate lyases), or limited to a single taxon (e.g. 
thaumatin-like proteins). This approach provides invaluable help in issues like the prediction 
of cross-reactivity, the design of diagnostic methods and the assessment of the allergenic 
potential of novel molecules. A similar approach is described by Moreno-Aguilar (2008). 

On the other hand, different authors are contributing to define the specific allergenic 
composition of pollens, going deeper into the taxonomical classification usually observed (this 
is, characterizing the allergenic composition of pollens at infraspecific level), and abounding 
into the analysis of pollen allergenic polymorphism. Advantages of such strategy have been 
outlined before (Alché et al 2007). Diverse examples of this strategy are depicted next. 

3. Infraspecific botanical names 

In botany, an infraspecific name is that corresponding to any taxon below the rank of 
species. Such names are constructed based in the use of trinomial nomenclature, regulated 
by the International Code of Botanical Nomenclature (ICBN) (McNeill et al 2006), which 
includes: genus name, specific epithet, connecting term indicating the rank (not part of the 
name, but required), and finally the infraspecific epithet. It is habitual to italicize all three 
parts of the name, but not the connecting term. Five different taxonomical ranks below the 
species are explicitly allowed in the ICBN:  

a. subspecies - recommended abbreviation: subsp. ("ssp." also widely used) 
b. varietas (variety) - recommended abbreviation: var. 
c. subvarietas (subvariety) - recommended abbreviation: subvar. 
d. forma (form) - recommended abbreviation: f. 
e. subforma (subform) - recommended abbreviation: subf. 

A subspecies is a taxonomical rank formed by individuals of the same species which are 
capable of interbreeding and producing fertile offspring. However, they often do not 
interbreed in nature due to geographic isolation or other factors (http://en.wikipedia. 
org/wiki/Subspecies). The differences between subspecies are usually less distinct than the 
differences between species, but more distinct than the differences between varieties. 

A botanical variety is a taxonomic rank below that of species, characterized by differential 
appearance from other varieties. However, varieties retain the ability to hybridize freely 
among themselves, providing they become in contact. Usually, varieties are geographically 
separated. Varieties are named by using the binomial Latin name followed by the term 
“variety” (usually abbreviated as “var.”) and the name of the variety in italics. 

Subvarieties, forms and subforms constitute taxonomic ranks of “secondary“ importance 
and are more rarely used. For example, a form usually designates a group with a noticeable 
but minor deviation. Some botanists believe that there is no need to name forms, since there 
are theoretically countless numbers of forms based on minor genetic differences 
(http://en.wikipedia.org/wiki/Form_(botany)). 
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The term cultivar is defined as a plant or group of plants selected for desirable 
characteristics that can be maintained by propagation (http://en.wikipedia. 
org/wiki/Cultivar). Most cultivars have been obtained after using agronomical methods, or 
in some cases, selected from wild populations. Crops and even trees used in forestry are 
usually cultivars that have been selected for desirable characteristics including improved 
production, resistance to pests, flavor, timber production etc. Naming of cultivars is 
recommended by the International Code of Nomenclature for Cultivated Plants (ICNCP) 
(Brickell et al, 2009), and is formed of the scientific botanical name (Latin) followed by the 
term “cultivar” (usually abbreviated as “cv.”) and a cultivar epithet bounded by single 
quotation marks, for example: Olea europaea cv. 'Picual'. 

The terms “cultivar” and “variety” are not equivalent. Although different, both terms are 
often used as synonyms: thus, "grape varieties" are habitually used in viticulture 
nomenclature to indicate what should be in reality cultivars, according to the International 
Code of Nomenclature for Cultivated Plants, since grapes are mostly propagated by 
cuttings. The same applies to “olive varieties”, which should be properly named “olive 
cultivars”. In both, and in many other cases, cuttings are the most frequently selected 
propagation method, as agronomical, physiological and anatomical properties are not 
maintained in a stable-manner under sexual reproduction. However, usage of the term 
variety is well fixed in both viticulture and oliviculture, therefore, a change to the correct 
term (cultivar) is unlikely to occur. 

Finally, the term cultigen represents to a plant that has been deliberately altered or selected 
by humans. It is therefore the result of artificial (anthropogenic) selection. Their naming and 
origin can be very varied, as it is subjected to different rules and criteria 
(http://en.wikipedia.org/wiki/Cultigen).  

4. Pollens with described differential allergenicity within infraspecific 
taxonomical ranks 

Up to date, the presence of differential allergenicity within infraspecific taxonomical ranks 
has been demonstrated in the pollen of a significant number of plant species at the allergenic 
context. Next, we describe pollen allergens in these plants, as well as the most representative 
literature describing such differences.  

4.1. Date palm (Phoenix dactilifera L.) 

The most relevant allergenic questions regarding this plant are compiled in the following 
web pages: http://www.phadia.com/en/Allergen-information/ImmunoCAP-Allergens/Food-
of-Plant-Origin/Fruits/Date/ (Phadia), and http://www.allergome.org/script/dettaglio.php? 
id_molecule=1925 (Allergome).  

Briefly, Ph. dactilifera pollen contains allergens of 14.3 kDa, 27-33 kDa, 54-58 kDa and 90 kDa 
(Postigo et al 2009). The presence of cross-reactivity among the different individual species 
of tree pollen of members of the genus could be expected (Yman 1982), and RAST inhibition 
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studies have demonstrated significant cross-reactivity between P. canariensis and P. 
dactylifera pollen (Blanco et al 1995).  

Kwaasi et al (1994) compared pollen crude extracts from ten cultivars of this tree for their 
antigenic and allergenic potentials. The results of the tests performed on 6 confirmed atopic 
patients, including skin prick tests, ELISA, IgG and IgE immunoblotting analyses, 
peripheral blood lymphocyte proliferation and concomitant interleukin-4 (IL-4) production 
indicated sharp inter-cultivar heterogeneity. One of the cultivars even failed to elicit any 
skin test reactivity or bind IgE in atopic sera as determined by the indicated assays. The 
authors therefore suggest that the antigenicity and allergenicity of date palm pollen is more 
of a cultivar-specific phenomenon than a species-specific phenomenon, which is governed 
by the number, quantities or both of the major allergen epitopes possessed by that variety or 
cultivar. Nevertheless, a number of common allergens are responsible for cross-reactivity 
between the cultivars. 

It has been later demonstrated that antigens and allergens of date fruits cross-react with date 
pollen allergens and date fruit-sensitive as well as date pollen-allergic patients' sera 
recognize the same group of date fruit IgE-binding components (Kwaasi et al 1999). 
Therefore, the cultivar issue is also tremendously important in selecting date cultivars for 
allergen standardization (Kwaasi et al 2000). 

4.2. Arizona cypress (Cupressus arizonica L.) 

The most relevant allergenic questions regarding this plant are brought together in the 
following web pages: http://intapp3.phadia.com/en/Allergen-information/ImmunoCAP-
Allergens/Tree-Pollens/Allergens/Arizona-cypress-/ (Phadia), and http://www.allergome. 
org/ script/dettaglio.php?id_molecule=1793 (Allergome). 

In brief: Cupressaceae pollen is characterized by a low protein concentration and high 
carbohydrate content. Allergens from the Arizona cypress tree have been isolated, 
characterized, and their diagnostic significance established (Penon 2000). They include Cup 
a 1, a 43-kDa protein, characterized as a pectate lyase (Di Felice et al1994; 2001; Afferni et al 
1999; Aceituno et al 2000; Alisi et al 2001; Mistrello et al 2002; Iacovacci et al 2002; Arilla et al 
2004),  rCup a 1 (Aceituno et al 2000; Iacovacci et al 2002), Cup a 2, a polygalacturonase (Di 
Felice et al 2001; de Coana et al 2006), Cup a 3, a thaumatin-like protein (Cortegano et al 
2004; Togawa et al 2006; Suarez-Cervera et al 2008) and Cup a 4, a calcium-binding protein 
(de Coana 2010). C. arizonica and C. sempervirens extracts are highly cross-reactive at the IgE 
level and have a number of common epitopes. Two major IgE-reactive components of 
approximately 43 kDa and 36 kDa have been shown to be present in both (Barletta et al 
1996). C. sempervirens shows a wider diversity of allergens, whereas C. arizonica shows a 
higher content of the major 43 kDa allergen (Leduc et al 2000). Extensive cross-reactivity also 
occurs with other family members, which include Juniperus oxycedrus, Chamaecyparis obtusa 
and Thuja plicata.  

In general, species of the Cupressaceae family are a very important cause of allergies in 
various geographical areas, especially North America, Japan, and Mediterranean countries. 
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Incidence is growing spectacularly as a consequence of these species been widely used for 
reforestation, for wind and noise barriers, and ornamentally in gardens and parks, as well as 
for reforestation (Bousquet  et al 1993; Caiaffa et al 1993). 

Shahali et al (2007) performed a comparative study of the pollen protein contents in two 
major varieties of Cupressus arizonica (C. arizonica var. arizonica and C. arizonica var. glabra) 
planted in Tehran. Their investigations revealed noticeable differences in protein content of 
each variety, with a new major protein of c.a. 35 kDa present in the extracts, with high 
reactivity to the sera from allergic patients. Such band showed even more relevance than the 
major allergen Cup a 1 (45 kDa), reported as the most representative protein in pollen 
extracts of Mediterranean countries. Due to the fact that many different Arizona cypress tree 
varieties exist (recognized on the basis of distribution and of foliage, cone and bark 
characteristics and furthermore by using RAPDs markers) (Bartel et al 2003), the presence of 
huge differences in reactivity is expected. 

4.3. Birch (Betula verrucosa, Synonym: B. pendula) 

Relevant allergenic information concerning this plant (one of the best characterized allergenic 
sources up to date) is listed in the next web pages: http://intapp3.phadia.com/en/Allergen-
information/ImmunoCAP-Allergens/Tree-Pollens/Allergens/Common-silver-birch-
/http://intapp3.phadia.com/en/Allergen-informtion /ImmunoCAP-Allergens/Tree-
Pollens/Allergens/Arizona-cypress-/ (Phadia), and http://ww w. 
allergome.org/script/dettaglio.php?id_molecule=1741 (Allergome).  

In short: Birch pollen contains at least 29 antigens (Wiebicke et al 1987). Allergens of 
molecular weights of 29.5, 17, 12.5, and 13 kDa have been isolated (Florvaag et al 1988; 
Hirschl, 1989). The following allergens have been characterized: Bet v 1, a 17 kDa protein 
displaying ribonuclease activity and characterized as a PR-10 protein (Breiteneder et al 1989; 
Elsayed et al 1990; Grote et al 1993; Scheiner, 1993; Swoboda et al 1994; Taneichi et al 1994; 
Bufe et al 1996; Holm et al 2001; Mogensen et al 2002; Vieths et al 2002) , Bet v 2, a 15 kDa 
profilin (Elsayed and Vik, 1990; Valenta et al 1991a,b,c; Grote et al 1993; Scheiner, 1993;  
Seiberler et al 1994; Wiedemann et al 1996; Engel et al 1997; Domke et al 1997; Fedorov et al 
1997; Vieths et al 2002), Bet v 3, a 24 kDa calcium-binding protein (Seiberler et a. 1994; 
Tinghino et al 2002). Bet v 4, a 9 kDa Ca-binding protein (Engel et al 1997; Twardosz et al 
1997; Ferreira et al 1999; Grote et al 2002), Bet v 5, a 35 kDa isoflavone reductase-related 
protein (Vieths et al 1998; Karamloo et al 1999; Stewart and McWilliam, 2001),  Bet v 6, a 30-
35 kDa protein, PCBER (Phenylcoumaran benzylic ether reductase) (Karamloo et al 2001),  
Bet v 7, a 18 kDa protein, characterized as a cyclophilin (Cadot et al 2000) and Bet v 11 
(Moverare et al 2002). 

A large number of these allergens have been expressed as recombinant proteins, including 
rBet v 1 (Ferreira et al 2003), rBet v 2 (Valenta et al 1991a-c; Niederberger et al 1998; Susani et 
al 1995; Valenta et al 1993), rBet v 3 (Valenta et al 1991a-c; Seiberler et al 1994), rBet v 4 
(Engel et al 1997; Twardosz et al 1997; Ferreira et al 1999), rBet v 5 (Karamloo et al 1999) and 
rBet v 6 (Vieths et al 2002). 
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As significant allergenic behaviors, Bet v 1 displays a considerable degree of heterogeneity 
and consists of at least 20 isoforms which differ in their IgE-binding capacity (Bet v 1a to Bet 
v 1n), (Breiteneder et al 1989; Elsayed and Vik, 1990; Karamloo et al 1999; Friedl-Hajek et al 
1999). Birch pollen-allergic individuals may not be sensitized to any of the major birch 
pollen allergens. 

Evidence of cross-reactivity of birch allergens among different sources is very high: Cross-
reactivity exists between pollens from species within the Betulaceae family or belonging to 
closely related families (Valenta et al 1991a-c, 1993; Yman 1982, 2001; Eriksson et al 1987; 
Jung et al 1987; Ipsen et al 1985;  Breiteneder et al 1993; Kos et al 1993; Wahl et al 1996). 
Moreover, the presence of numerous so-called cross reactivity syndrome have been 
described, including the “Birch-Mugwort-Celery syndrome” (Ballmer-Weber et al 2000) and 
the ”Celery-Carrot-Birch-Mugwort-spice syndrome” when Carrot and Spices are included 
(Pauli et al 1985; Dietschi et al 1987; Helbling 1997; Wüthrich and Dietschi 1985; Stäger et al 
1991). The major birch pollen allergen, Bet v 1, and the apple allergen Mald 1 share allergic 
epitopes leading to IgE cross-reactivities (Ebner et al 1991; Vieths et al 1994; Matthes and 
Schmitz-Eiberger 2009). Especially during the birch pollen season, an increase in clinical 
reactions to apples occurs (Skamstrup-Hansen et al 2001). The most common manifestation 
of allergy to food in Birch pollen-allergic individuals is oral allergy syndrome (OAS).  

Selection and breeding of hypoallergenic trees or the application of genetic modification to 
develop these may potentially reduce the allergenic load caused by birch. This and other 
objectives have led to the development of studies to characterize genes encoding Bet v 1 
isoforms (Schenk et al 2006, 2009). Such studies included the screening of different Betula 
species and different Betula pendula cultivars. In total, fourteen different Bet v I-type 
isoforms were identified in three cultivars, of which nine isoforms were entirely new 
(Schenk et al 2006). A major conclusion of this study is that a single birch tree may produce 
a mixture of isoforms with varying IgE reactivity, and that this fact should be taken into 
account in investigations towards sensitization and immunotherapy. Variability of Bet v I 
and closely related PR-10 genes in the genome was established by Schenk et al (2009) in 
eight birch species including B. pendula and a particular B. pendula cultivar named 
΄Youngii΄. Expression studies of these genes were also carried out by using Q-TOF LC-
MSE methods. 

A recent publication by Schenk et al (2011) analyzes antigenic and allergenic profiles of 
pollen extracts from several genotypes of birch species, including several hybrids, and four 
cultivars of Betula pendula by SDS-PAGE and Western blot using pooled sera of birch-
allergic individuals. Tryptic digests of the Bet v 1 were subjected to LC-MSE analysis. 
Considerable differences in Bet v 1 isoform composition exist between birch genotypes.  

Schenk et al (2008) reviewed the controversial taxonomy of Betula, and the various 
classifications historically proposed. The basic chromosome number of Betula is n= 14, and 
the species form a series of polyploids with chromosome numbers of 2n = 28, 56, 70, 84, 112, 
and 140. Moreover, several of the recognized Betula species have a hybrid origin. The 
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simultaneous occurrence of polyploidization, extensive hybridization, and introgression 
complicates even more taxonomical studies in the genus. These authors also reviewed the 
different methods and alternative markers (including DNA markers) used to reconstruct 
species relationships within the genus Betula. The authors examined the use of AFLPs for 
this purpose in 107 Betula accessions from 23 species and 11 hybrids. At least 9 well 
determined subspecies, varieties, or cultivars of Betula pendula were included in this study 
along another 24 infraspecies-undetermined accessions of this species. This gives an idea of 
the wide germplasm involved, and the difficulty of characterizing the different allergenic 
variants present in the corresponding pollen.  

4.4. Japanese cedar (Cryptomeria japonica, Synonym: Cupressus japonica) 

Relevant allergenic information concerning this plant is assembled in the web pages 
http://www.phadia.com/en/Allergen-information/ImmunoCAP-Allergens/Tree-
Pollens/Allergens/Japanese-cedar-/ (Phadia), and http://www.allergome.org/script/dettaglio. 
php?id_molecule=1784 (Allergome).  

The following allergens have been characterized in this source: Cry j 1, a 45-50 kDa protein, 
a pectate lyase, is considered a major allergen (Yasueda et al 1983; Taniai et al 1988; Griffith 
et al 1993; Sone et al 1994; Taniguchi et al 1995; Hashimoto et al 1995; Okano et al 2001; Goto 
et al 2004; Okano et al 2004; Maeda et al 2005;Takahashi et al 2006; Midoro-Horiuti et al 
2006; Kimura et al 2008), Cry j 2, a polygalacturonase, also considered a major allergen 
(Sakaguchi et al 1990; Namba et al 1994; Komiyama et al 1994; Taniguchi et al 1995; Ohtsuki  
et al 1995; Futamura et al 2006; Goto-Fukuda et al 2007), Cry j 3, a 27 kDa protein 
characterized as a thaumatin, and a PR-5 protein (Fujimura et al 2007; Futamura et al 2002, 
2006), Cry j 4, a Ca-binding protein (Futamura et al 2006),  Cry j IFR, an isoflavone reductase 
(Kawamoto et al 2002), Cry j, a chitinase (Fujimura et al 2005), Cry j AP, a Aspartic Protease 
(Ibrahim et al 2010a), Cry j CPA9, a serin protease (Ibrahim et al 2010b), and Cry j LTP, a 
Lipid Transfer Protein (Ibrahim et al 2010c). Moreover, a number of other antigenic proteins 
have been isolated but not characterized, including proteins of 7, 15 and 20 kDa (Matsumura 
et al 2006). 

Cross-reactivity among conifer pollens has been documented (Aceituno et al 2000; Midoro-
Horiuti et al 1999; Ito et al 1995). This could be explained by the high similarity between the 
Japanese cedar allergen Cry j 1 and the major allergens of Mountain cedar (Jun a 1), Japanese 
cypress (Cha o 1) and Cupressus arizonica (Cup a 1). Other cross-reactivities include tomato 
fruit (Kondo et al 2002), latex (Fujimura 2005) and Cupressus sempervirens (Panzani et al 
1986). 

Cry j 1 and Cry j 2 are major allergens. However, concentrations of these allergens vary 
greatly in pollen from different individual Japanese cedar trees (Goto-Fukuda et al 2007). 
Most basically, there are 2 varieties of Japanese cedar trees: the popular diploid and the less 
popular triploid. These trees are not very different morphologically. In a comparison of the 
major allergens Cry j 1 and Cry j 2, the triploid tree pollen extract was shown to have lower 
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concentrations of both. The pollen from this variety may thus be less allergenic (Kondo et al 
1997). Conspicuous differences were detected in the presence of the Cry j 1 allergen in two 
kinds of cultivar: ΄Mio΄ and ΄Masuyama΄ (Saito and Teranishi, 2002). 

4.5. Olive tree (Olea europaea L.) 

Relevant allergenic information concerning this plant is compiled in the web pages 
http://www.phadia.com/en/Allergen-information/ImmunoCAP-Allergens/Tree-
Pollens/Allergens/Olive-/(Phadia), and http://www.allergome.org/script/dettaglio.php? 
id_molecule=1888 (Allergome). Furthermore, a very recent article by Esteve et al (2012) 
reviews the information available about the characterized olive allergens at present, the 
procedures used for such physicochemical and immunological characterization, as well as 
for extraction and production of olive allergens. Up to date, twelve allergens have been 
identified in olive pollen while just one allergen has been identified in olive fruit. Additional 
reviews on olive pollen allergens include the chapters by Jimenez-Lopez et al, Morales et al, 
and Zienkiewicz et al included in this book. 

Olive pollen is by far the most studied allergenic pollen at infraspecific taxonomical level. 
An important point to explain this is the fact that the olive germplasm (extremely rich 
although still unexplored in its totality), is the subject of numerous analysis carried out in 
order to characterize cultivar identity. These works include the use of morphological traits 
(Barranco and Rallo, 1984; Cimato et al, 1993; Barranco et al, 2005; Caballero et al, 2006) as 
well as molecular methods, which started with the use of isoenzyme markers (Ouazzani et 
al, 1993; Trujillo et al, 1995) and at a later stage have been carried out utilizing DNA markers 
as RFLPs (Besnard et al 2001), RAPDs (Belaj et al, 2001; Fabbri et al, 1995), AFLPs (Angiolillo 
et al, 1999) and microsatellite markers (SSRs). SSRs are one of the most reliable methods 
used in olive cultivar characterization (Baldoni et al, 2009; La Mantia et al, 2005). SSRs 
markers have been successfully used in germplasm bank classification and contributed to a 
better management of several olive collections around the world (Khadari et al, 2003; 
Muzzalupo et al, 2006; Fendri et al 2010). In order to provide a better world-wide applicable 
tool for olive DNA typing, a list of 11 SSRs markers has been selected among microsatellites 
available for olive cultivar characterization (Baldoni et al, 2009). These works have led to the 
publication of different olive cultivar catalogues (Barranco and Rallo 1984; Cimato et al 1993; 
Barranco et al 2000; Caballero et al 2006). 

Earlier evidence of the relationships between olive allergen polymorphism and the cultivar 
origin of olive pollen was reviewed by Alché et al (2007), with particular reference to the 
publications available at that time, including those by Barber et al 1990, Geller-Bernstein et 
al (1996), Waisel and Geller-Bernstein (1996), Castro (2001, 2003), Carnes Sanchez et al 
(2002), Conde Hernandez et al (2002), Hamman-Khalifa et al (2003, 2005), Alché et al (2003), 
Napoli et al (2006) and Fernandez-Caldas et al (2007). Further confirmation at the molecular 
level has risen since, based in the use of powerful cloning, proteomics (peptide mapping 
and N-glycopeptide analysis) and bioinformatics methods. These include the analysis of 
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and N-glycopeptide analysis) and bioinformatics methods. These include the analysis of 
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numerous cDNA and peptide/glucan sequences from Ole e 1 (Napoli et al, 2008; Hamman 
Khalifa et al, 2010; Castro et al, 2012; Jiménez-López et al, 2011; Soleimani et al, 2012a,b), Ole 
e 5 (Zafra, 2007), Ole e 2 (Jiménez López, 2008; Morales et al, 2008; Jiménez-López et al, 
2012b), and Ole e 11 (Jiménez-López et al, 2012a). Moreover, the reactivity of a broad panel 
of olive pollen cultivar extracts to diverse patient’ sera has been also analyzed in Jordan 
(Jaradat et al, 2011). Recently, a novel multiplex method for the simultaneous detection and 
relative quantification of pollen allergens has been set up (Morales 2012; Morales et al, 2012). 
This method will help to investigate pollen allergen polymorphism within cultivars in 
combination with patient’s reactivity, by notably improving the specificity and capacity of 
the biochemical and immunological assays. The present book also includes remarkable 
analyses of olive varietal polymorphism in those chapters by Jimenez-Lopez et al, Morales et 
al, and Zienkiewicz et al 

5. Conclusions and future perspectives  

The past and recent developments in the analysis of the differential allergenicity of pollens 
from heterogeneous infraspecific taxonomic ranks described above, confirm the need of 
rethinking current strategies for basic research on pollen allergen characterization, and the 
design of diagnosis and specific immunotherapy approaches. These issues, raised and 
discussed initially by us (Alché et al, 2007) for olive pollen allergens, seem to be valid for a 
broader number of species, as stated here. Extensive pollen allergen polymorphism is 
known to represent a general feature over the plant kingdom. The limitation of the study 
of this polymorphism just to the level of species represents a restriction which may limit 
both basic knowledge and more importantly the efficacy and the future development of 
strategies to detect and contest human pollen allergy. Although the use of marker 
allergens for order, genera or even plant families may represent an invaluable tool 
(Mothes et al, 2004), relevant differences in patient’s reactivity occur even among close-
related taxonomical ranks (e.g. van Ree 2002; Asero et al, 2005; Fenaille et al, 2009; 
Wallner et al, 2009a,b; Jaradat et al, 2011) therefore determining that even close allergenic 
compositions are not always “fully equivalent”. The analysis of allergenic variability in 
infraspecific taxonomical ranks should be considered a “must” that can be easily 
incorporated into most developing and evolving trends in allergy analysis and clinics, 
namely the design of highly specific and personalized natural extracts, hypoallergens, the 
design and production of recombinant allergens, hybrid molecules, high-throughput 
diagnosis, new forms of allergen administration and release, the analysis of allergen cross-
reactivity etc. (Schenk et al, 2006, 2011; Gao et al, 2008; Wallner et al, 2009a,b). 

Agricultural and environmental strategies to reduce the impact of pollen allergy involving 
the use of differential infraspecific taxonomic ranks are not to be discarded either. They may 
include the primary screening of relatively less allergenic varieties as proposed for wheat, 
buckwheat and other food sources (Nair and Adachi, 2002; Nakamura et al, 2005; 
Spangenberg et al, 2006), and the future design of varieties/hybrids with reduced pollen 
production, limited period of flowering, or even androsteril characteristics in a similar way 
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of that proposed for the Gilissen et al (2006a,b) for the production of hypoallergenic plant 
foods by selection, breeding and genetic modifications. 
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1. Introduction 

Olive pollen allergy is a leading cause of seasonal allergic disease in the Mediterranean 
countries, where olive trees are intensively cultivated and pollen grain count reaches very 
high levels during the pollination season (Wheeler, 1992, Liccardi et al., 1996). The level of 
sensitization to olive pollen among the general population is directly related to the 
abundance of trees as this determines allergen exposure. Nevertheless, apart from tree 
abundance, other factors such as genetic background may influence the incidence of 
sensitization to olive pollen even in areas of very high exposition (Geller-Bernstein et al. 
1996).Olive trees have been cultivated in the Mediterranean basin for several millennia and 
this has led to the selection of a wide variety of cultivars with agronomic importance. Olive 
germplasm is exceptionally wide, with more than 250 cultivars only in Spain (Barranco and 
Rallo, 2005), probably as a direct consequence of intensive cultivation.  

Material commonly used for clinical and biological analysis corresponds in most cases to 
commercially available pollen, obtained from uncertain varietal sources. Previous studies 
have determined that most allergens isolated and characterized up to date are highly 
polymorphic (Villalba et al. 1993, 1994; Lombardero et al. 1994; Asturias et al. 1997; Alché 
et al. 1998; Tejera et al. 1999; Huecas et al. 2001; Martínez et al. 2002; Jiménez-López et al. 
2012). Besides polymorphism, olive cultivars display broad differences in the expression 
levels for many allergens (Carnés et al. 2002; Conde Hernandez et al. 2002; Castro et al. 
2003; Morales 2012) as well as in the number and molecular characteristics of the 
expressed allergen isoforms (Hamman-Khalifa et al. 2003, 2008; Hamman-Khalifa 2005; 
Castro et al. 2010; Jiménez-López et al. 2012). These differences are in a certain degree 

© 2012 Morales et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



 
Current Insights in Pollen Allergens 26 

Vieths, S., Jankiewicz, A., Scho ̈ning, B. & Aulepp, H. (1994). Apple allergy: the IgE-binding 
potency of apple strains is related to the occurence of the 18-kDa allergen. Allergy, Vol. 
49, No. 4, pp. 262– 271. 

Vieths, S., Scheurer, S. & Ballmer-Weber, B. (2002). Current understanding of cross-reactivity 
of food allergens and pollen. Annals of the New York Academy of Sciences, Vol. 964, pp. 47-
68. 

Vlieg-Boerstra, B.J., van de Weg, W.E., van der Heide, S., Kerkhof, M., Arens, P., Heijerman-
Peppelman, G. & Dubois, A. E. (2011). Identification of low allergenic apple cultivars 
using skin prick tests and oral food challenges. Allergy, Vol. 66, No. 4, pp. 491–498. 

Wahl, R., Schmid Grendelmeier, P., Cromwell, O. & Wüthrich, B. (1996). In vitro 
investigation of cross-reactivity between birch and ash pollen allergen extracts. The 
Journal of Allergy and Clinical Immunology, Vol. 98, No. 1, pp. 99-106. 

Waisel, Y. & Geller-Bernstein, C. (1996). Reliability of olive pollen extracts for skin prick 
tests. Journal of Allergy and  Clinical Immunology, Vol. 98, No. 3, pp. 715-716. 

Wallner, M., Erler, A., Hauser, M., Klinglmayr, E., Gardemaier, G., Vogel, L., Mari, A., 
Bohle, B., Briza, P. & Ferreira, F. (2009a). Immunologic characterization of isoforms of 
Car b 1 and Que a 1, the major hornbeam and oak pollen allergens. Allergy, Vol. 64, No. 
3, pp. 452-460. 

Wallner, M., Himly, M., Neubauer, A., Erler, A., Hauser, M., Asam, C., Mutschlechner, S., 
Ebner, C., Briza, P. & Ferreira, F. (2009b). The influence of recombinant production on 
the immunologic behavior of birch pollen isoallergens. PLoS ONE, Vol. 4, No. 12: e8457. 

Wiebicke, K., Schlenvoigt, G. & Jäger, L. (1987). Allergologic-immunochemical study of 
various tree pollens. I. Characterization of antigen and allergen components in birch, 
beech, alder, hazel and oak pollens. Allergie und Immunologie, Vol. 33, No. 3, pp. 181-190. 

Wiedemann, P., Giehl, K., Almo, S.C., Fedorov, A.A., Girvin, M., Steinberger, P., Rudiger, 
M., Ortner, M., Sippl, M., Dolecek, C., Kraft, D., Jockusch, B. & Valenta, R. (1996). 
Molecular and structural analysis of a continuous birch profilin epitope defined by a 
monoclonal antibody. The Journal of Biological Chemistry, Vol. 271, No. 47, pp. 29915-
29921. 

Wüthrich, B. & Dietschi, R. (1985). The celery-carrot-mugwort-condiment syndrome: skin 
test and RAST results. Schweiz Med Wochenschr, Vol. 115, No. 11, pp. 258-264. 

Yasueda, H., Yui, Y., Shimizu, T. & Shida, T. (1983). Isolation and partial characterization of 
the major allergen from Japanese cedar (Cryptomeria japonica) pollen. The Journal of 
Allergy and Clinical Immunology, Vol. 71, No. 1 (Pt 1), pp. 77-86. 

Yman L. (1982). Botanical relations and immunological cross-reactions in pollen allergy. 2nd 
ed. Pharmacia Diagnostics AB. Uppsala. Sweden.   

Yman L. (2001). Allergenic Plants. Systematics of common and rare allergens. Version 2.0. 
CD-ROM. Pharmacia Diagnostics. Uppsala, Sweden. 

Zafra, A. (2007). Caracterización preliminar del polimorfismo de la proteína alergénica Ole e 
5 en el polen del olivo de distintos cultivares. Master thesis. Granada (Spain): 
University of Granada. 

Chapter 2 

 

 

 
 

© 2012 Morales et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Clustering of Olive Pollens into Model Cultivars 
on the Basis of Their Allergenic Content 

Sonia Morales, Antonio Jesús Castro,  
Carmen Salmerón, Francisco Manuel Marco,  
María Isabel Rodríguez-García and Juan de Dios Alché 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/49964 

1. Introduction 

Olive pollen allergy is a leading cause of seasonal allergic disease in the Mediterranean 
countries, where olive trees are intensively cultivated and pollen grain count reaches very 
high levels during the pollination season (Wheeler, 1992, Liccardi et al., 1996). The level of 
sensitization to olive pollen among the general population is directly related to the 
abundance of trees as this determines allergen exposure. Nevertheless, apart from tree 
abundance, other factors such as genetic background may influence the incidence of 
sensitization to olive pollen even in areas of very high exposition (Geller-Bernstein et al. 
1996).Olive trees have been cultivated in the Mediterranean basin for several millennia and 
this has led to the selection of a wide variety of cultivars with agronomic importance. Olive 
germplasm is exceptionally wide, with more than 250 cultivars only in Spain (Barranco and 
Rallo, 2005), probably as a direct consequence of intensive cultivation.  

Material commonly used for clinical and biological analysis corresponds in most cases to 
commercially available pollen, obtained from uncertain varietal sources. Previous studies 
have determined that most allergens isolated and characterized up to date are highly 
polymorphic (Villalba et al. 1993, 1994; Lombardero et al. 1994; Asturias et al. 1997; Alché 
et al. 1998; Tejera et al. 1999; Huecas et al. 2001; Martínez et al. 2002; Jiménez-López et al. 
2012). Besides polymorphism, olive cultivars display broad differences in the expression 
levels for many allergens (Carnés et al. 2002; Conde Hernandez et al. 2002; Castro et al. 
2003; Morales 2012) as well as in the number and molecular characteristics of the 
expressed allergen isoforms (Hamman-Khalifa et al. 2003, 2008; Hamman-Khalifa 2005; 
Castro et al. 2010; Jiménez-López et al. 2012). These differences are in a certain degree 

© 2012 Morales et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



 
Current Insights in Pollen Allergens 28 

maintained over the years, and have been demonstrated to be associated to the genetic 
background of the different olive cultivars (Fernandez Caldas et al. 2007; Morales 2012; 
Morales et al. this volume). Differences in the allergen composition of the extracts, 
particularly as regard to the olive pollen major allergen Ole e 1, are responsible of large 
differences in the biological potency of the extracts. Thus, Castro et al. (2003) analysed the 
allergenicity and Ole e 1 content in pollen samples of 10 cultivars of olive trees, and compared 
it to a commercial extract with no indication on varietal origin, probably representing a 
mixture of several cultivars. The authors found that there are important differences in the 
content of this major allergen and that Ole e 1 abundance correlated with total allergenicity 
when extracts were tested by skin prick test (SPT) on allergic patients. Interestingly some 
patients (about 10%) did not react with a commercial extract and only reacted to extracts 
coming from specific cultivars. These findings may have important implications in both 
diagnosis and therapy of olive pollen allergy, and in the efficacy and safety of the preparations 
used for specific immunotherapy (SIT) (Castro et al., 2003; Alché et al. 2007; Hamman-Khalifa 
et al. 2008; Jiménez-López 2008; Morales 2012).  

The basis for personalized SIT, based in the individual usage of olive cultivar extracts, have 
been described and are protected by several Spanish patents (Alché et al. 2005, 2006). 
However, and as handling and characterization of a large number of cultivar extracts is 
impracticable under industrial and clinical standards, the present work intends to define a 
limited number of model cultivar, characterized by distinctive pollen allergen profiles. For 
this purpose, a number of olive pollen extracts have been analysed in their content for 
several relevant allergens. After appropriate quantitation, several model cultivars have been 
defined to group the cultivars analysed. This model can be used as the basis for a future 
classification and inclusion of the numerous olive cultivars available. 

2. Materials and methods  

2.1. Pollen samples 

Olea europaea L. pollen samples were obtained during May and June of 2005-2010 from 
cultivated trees of the following cultivars: ΄Picual΄, ΄Manzanilla΄, ΄Arbequina΄, ΄Blanqueta΄, 
΄Cornicabra΄, ΄Verdial΄, ΄Lechín΄, ΄Hojiblanca΄, ΄Lucio΄and ΄Loaime΄. Pollen samples were 
collected from numerous branches of at least two trees of each cultivar by shaking flowering 
shoots inside paper bags. Prior to its storage in liquid nitrogen, the harvested pollen was 
sieved through a 150 µm mesh in order to eliminate fallen corollas, anthers and other rests. 
After light microscopy observation, foreign-species pollen was estimated to be <0.1% and 
other plant parts <0.5% for all the cultivars used.  

2.2. Preparation of crude protein extracts and SDS-PAGE  

Crude protein extracts were obtained by stirring 1 g of pollen for each cultivar in 10 ml 
extraction buffer (0.01 M ammonium bicarbonate, pH 8.0, and 2 mM phenylmethylsulfonyl 
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fluoride) for 8 h at 4°C. After centrifugation (2 x 30 minutes at 14,000 rpm at 4°C), the 
supernatants were filtered through a 0.2 µm filter, and stored in aliquots at –20°C. Protein 
concentration in the different samples was measured using the Bio-Rad reagent (Bio-Rad, 
Hercules, CA, USA) and bovine serum albumin (BSA) as standard. 

Proteins (30 µg per lane) and Mw1 (New England BioLabs, Ipswich, MA, USA) and  
Mw2 standards (MBI Fermentas, Vilnius, Lithuania) were separated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in 15% gels in a MiniProtean II 
system (Bio-Rad). The resulting gels were stained with Coomassie blue. The same procedure 
described here was applied to a commercially available extract used for olive pollen allergy 
diagnosis. 

2.3. Immunoblotting  

Gels obtained as described above were transferred onto BioTrace® polyvinylidene 
difluoride (PVDF) membranes (Pall BioSupport, Port Washington, NY, USA) at 100 V for 1.5 
hours using a Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad). Immunoblots were 
performed independently in the case of Ole e 1 (Figure 2) and Ole e 2 (Figure 3). Ole e 5 and 
Ole e 9 were simultaneously detected in the same membrane (Figure 4). Prior to the 
treatment with antibodies, the membranes were blocked with TBST buffer (Tris buffered 
saline: TBS + 0.3% v/v Tween 20) + 10% w/v dried skimmed milk.  

The membranes were probed with antibodies to the following allergenic proteins: Ole e 1, 
(olive pollen major allergen), Ole e 2 (profilin), Ole e 5 (Cu,Zn superoxide dismutase) and 
Ole e 9 (1,3-β-glucanase). The anti-Ole e 1 mAb was kindly provided by Dr. Carlos Lahoz 
(Fundación Jiménez Díaz, Madrid, Spain) (Lauzurica et al. 1988). The anti-Ole e 2 polyclonal 
antibody (PoAb) was produced by immunization of rabbits with a keyhole limpet 
hemocyanin (KLH)-linked synthetic peptide (AQSATFPQFKPEEM) designed from the 
predicted amino acid sequence of an olive profilin (Ole e 2). Specificity of the antibody was 
already reported by Western blotting experiments and immunolocalization of the allergen 
(Morales et al. 2008). The anti-Ole e 9 polyclonal Ab was produced as described above using 
a synthetic peptide (YPYFAYKNQPTPDT) from the Ole e 9 amino acid sequence (Huecas et 
al. 2001; Duffort et al. 2006). Finally, we also purchased a commercially available PoAb that 
recognizes a chloroplastidic isoform of Cu/Zn-superoxide dismutase (SOD) from Arabidopsis 
thaliana (Agrisera, city, Sweden, Product No AS06 170), with probed cross-reactivity to Ole e 
5 (Zafra 2007).  

Primary Abs were diluted in blocking solution and incubated for 2 h at room temperature, 
whereas secondary Abs were diluted in TBST buffer and incubated for 1 h at room 
temperature in the dark. After Ab incubation, membranes were rinsed in TBST buffer four 
times for 5 min each. The different Abs used in this work and their corresponding dilutions 
are summarized in Table 1. Each experiment described below was repeated in triplicate. 
Negative controls included preimmune serum in the cases of Ole e 2 and Ole e 9. 
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Target Primary antibody Dilution Secondary antibody Dilution 

Ole e 1 
Mouse anti-olive Ole e 1 
mAb (Lauzurica et al. 
1988) 

1:20,000 
Goat anti-mouse IgG Ab, 
Alexa fluor 488-conjugated 
(Molecular Probes) 

1:10,000 

Ole e 2 
Rabbit anti-olive Ole e 2 
PoAb 
(Morales et al. 2008) 

1:20,000 

Donkey anti-rabbit IgG  
(Fab fragment) Ab, Cy3-
conjugated (Jackson 
ImmunoResearch) 

1:10,000 

Ole e 5 
Rabbit anti-Cu/Zn SOD 
PoAb (Agrisera Prod. 
No. AS06 170) 

1:250 
Goat anti-rabbit IgG Ab, 
Alexa fluor 633-conjugated 
(Molecular Probes) 

1:10,000 

Ole e 9 
(N- domain) 

Rabbit anti-olive Ole e 9 
PoAb 

1:10,000 
Goat anti-rabbit IgG Ab, 
Alexa fluor 633-conjugated 
(Molecular Probes) 

1:10,000 

Table 1. Antibodies and dilutions used for immunoblotting experiments. mAb: monoclonal antibody; 
PoAb: polyclonal antibody. 

Imaging was carried out with a Pharos FX Plus Molecular Imager (Bio-Rad) using the 
Quantity One v4.6.2 software (Bio-Rad).  

2.4. Absolute and relative quantitation of allergens  

The intensity of each fluorescent band was calculated using the quantitation tools of the 
Quantity One v4.6.2 software. In order to increase sensitivity of measurements and to avoid 
disturbing factors like the intensity of the background, the presence of individual non-
specific spots, etc., two different methods for quantitation were used: 

 For each allergen studied, reactive bands were identified, their optical density 
individually measured and then their absolute values added for each cultivar. Relative 
percentages of each allergen were then calculated for each cultivar, taking the cultivar 
with the highest optical density as the reference, which was assigned 100%. 

 Simultaneous measurement of the optical density corresponding to all reactive bands 
from a given allergen in each cultivar was also performed. As before, relative 
percentages were also calculated, referred to the cultivar with the highest optical 
density, which was assigned 100%. 

Finally, average of the percentages calculated by both methods was worked out, and the 
resulting percentages were newly made relative to the cultivar with the highest percentage, 
which was re-assigned 100%. 
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3. Results  

3.1. SDS-PAGE protein profiles  

Figure 1 shows the protein profiles of the extracts analysed after SDS-PAGE and Coomassie 
staining. The patterns observed for the major protein species were somewhat similar for all 
the cultivars tested. However, clear quantitative differences were distinguished, from which 
the most conspicuous were those in the protein range of 17-20 kDa. Proteins within this 
range were relatively abundant in the extracts corresponding to the cvs. ΄Picual΄, 
΄Manzanilla΄, ΄Cornicabra΄, ΄Hojiblanca΄, ΄Loaime΄, ΄Blanqueta΄ and ΄Lucio΄. 

When the commercial pollen extract was assayed by SDS-PAGE, a protein profile similar to 
the profile corresponding to the individual cultivars was observed, although several bands 
were absent or poorly resolved. Proteins in the range 17-20 kDa represented a low 
proportion of the total protein for this extract. 

 
Figure 1. Coomassie stained SDS-PAGE gel of the univarietal pollen extracts and the commercial extract 
(Olea europaea) after using denaturing, reducing conditions. Gels contained 30 µg total protein per lane.  

3.2. Immunoblot detection and quantitation of Ole e 1  

Immunoblots probed with the monoclonal antibody to Ole e 1 resulted in the presence of 
two major immunoreactive bands of 18 and 20 kDa, corresponding to the monomeric non-
glycosylated and mono-glycosylated forms (Figure 2). Other immunoreactive bands with 
low quantitative relevance were observed (36, 40 y 44 kDa) in several lanes.  

Bands corresponding to the Mw of 18 and 20 kDa were quantitated according to the 
methods described above. Absolute measurements of the intensity of each individual band 
and both bands simultanously are displayed in Table 2, as well as the relative percentages 
calculated as described above. 
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Quantity One v4.6.2 software. In order to increase sensitivity of measurements and to avoid 
disturbing factors like the intensity of the background, the presence of individual non-
specific spots, etc., two different methods for quantitation were used: 

 For each allergen studied, reactive bands were identified, their optical density 
individually measured and then their absolute values added for each cultivar. Relative 
percentages of each allergen were then calculated for each cultivar, taking the cultivar 
with the highest optical density as the reference, which was assigned 100%. 

 Simultaneous measurement of the optical density corresponding to all reactive bands 
from a given allergen in each cultivar was also performed. As before, relative 
percentages were also calculated, referred to the cultivar with the highest optical 
density, which was assigned 100%. 

Finally, average of the percentages calculated by both methods was worked out, and the 
resulting percentages were newly made relative to the cultivar with the highest percentage, 
which was re-assigned 100%. 
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When the commercial pollen extract was assayed by SDS-PAGE, a protein profile similar to 
the profile corresponding to the individual cultivars was observed, although several bands 
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proportion of the total protein for this extract. 

 
Figure 1. Coomassie stained SDS-PAGE gel of the univarietal pollen extracts and the commercial extract 
(Olea europaea) after using denaturing, reducing conditions. Gels contained 30 µg total protein per lane.  

3.2. Immunoblot detection and quantitation of Ole e 1  

Immunoblots probed with the monoclonal antibody to Ole e 1 resulted in the presence of 
two major immunoreactive bands of 18 and 20 kDa, corresponding to the monomeric non-
glycosylated and mono-glycosylated forms (Figure 2). Other immunoreactive bands with 
low quantitative relevance were observed (36, 40 y 44 kDa) in several lanes.  

Bands corresponding to the Mw of 18 and 20 kDa were quantitated according to the 
methods described above. Absolute measurements of the intensity of each individual band 
and both bands simultanously are displayed in Table 2, as well as the relative percentages 
calculated as described above. 
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Figure 2. Immunoblot probed with the anti-Ole e 1 monoclonal antibody. Two major bands were 
observed (yellow arrows), corresponding to apparent molecular weights of 18 and 20 kDa.  
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18 kDa 3672 14385 16746 11894 20033 12174 17668 30706 41345 40388 17436 
20 kDa 2348 10666 11233 7983 11716 3204 11804 22780 21143 32768 13087 
Σ 18 and  
20 kDa 6021 25051 27979 19877 31749 15378 29472 52784 62489 73156 30523 

Relative % 8.23 34.24 38.25 27.17 43.40 21.02 40.28 72.15 85.41 100 41.72 
18 and 20 kDa 6659 26741 29626 22044 34260 20950 32493 54095 60906 73900 30345 
Relative % 9.01 36.18 40.09 29.83 46.36 28.35 43.97 73.21 82.42 100 41.06 
Average 
relative % 8.62 35.21 39.17 28.5 41.88 24.68 42.125 72.68 83.915 100 41.39 

Table 2. Quantitation of the two major bands cross-reactive to the anti Ole e 1 antibody. Absolute data 
in volume units (INT*mm2). 

3.3. Immunoblot detection and quantitation of Ole e 2  

Immunoblots probed with the polyclonal antiserum to Ole e 2 resulted in the presence of up 
to five major immunoreactive bands of c.a. 14, 13.7, 14.2, 14.9 and 15.7 kDa (Figure 3).  

Bands corresponding to the five Mws were quantitated according to the methods described 
above. Absolute measurements of the intensity of each individual band and all five bands 
simultanously are displayed in Table 3, as well as the relative percentages calculated as 
described above. 

 
Clustering of Olive Pollens Into Model Cultivars on the Basis of Their Allergenic Content 33 

 
Figure 3. Immunoblot probed with the anti-Ole e 2 polyclonal antiserum. Five major bands were 
observed (orange arrows), corresponding to apparent molecular weights of 14, 13.7, 14.2, 14.9 and  
15.7 kDa.  
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13.0 kDa 357152 277747 248153 405554 165942 394519 537187 356024 910640 476889 350778 
13.7 kDa 398025 305569 261364 312528 198300* 250846 484703 463371 1004748 454397 486318 
14.2 kDa 264210 198300* 198300* 223593 147305 198300* 198300* 198300* 987772 410790 198300* 
14.9 kDa 198300* 198300* 198300* 198300* 290636 198300* 198300* 198300* 198300* 198300* 198300* 
15.7 kDa 198300* 198300* 198300* 217632 198300* 198300* 198300* 198300* 198300* 198300* 198300* 
Σ bands 
above 

1415987 1178216 1104417 1357607 1000483 1240265 1616790 1414295 3299760 1738676 1431996 

Relative 
% 

42.91 35.70 33.47 41.14 30.31 37.59 49 42.86 100 52.70 43.39 

All 
bands 

2281004 2385713 2464789 2550651 2499993 2472138 2437099 2312637 2913894 2092950 1973168 

Relative 
% 

78.3 81.87 84.59 87.53 85.80 84.84 83.64 79.37 100 71.83 67.71 

Average 
relative 
% 

60.605 58.78 59.03 64.335 58.055 61.215 66.32 61.115 100 62.265 55.55 

Table 3. Quantitation of the five major bands cross-reactive to the anti Ole e 2 antibody. Absolute data 
in volume units (INT*mm2). *: band not present. The indicated value corresponds to the average of 5 
measurements made in the background.  
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Σ 18 and  
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relative % 8.62 35.21 39.17 28.5 41.88 24.68 42.125 72.68 83.915 100 41.39 

Table 2. Quantitation of the two major bands cross-reactive to the anti Ole e 1 antibody. Absolute data 
in volume units (INT*mm2). 

3.3. Immunoblot detection and quantitation of Ole e 2  

Immunoblots probed with the polyclonal antiserum to Ole e 2 resulted in the presence of up 
to five major immunoreactive bands of c.a. 14, 13.7, 14.2, 14.9 and 15.7 kDa (Figure 3).  

Bands corresponding to the five Mws were quantitated according to the methods described 
above. Absolute measurements of the intensity of each individual band and all five bands 
simultanously are displayed in Table 3, as well as the relative percentages calculated as 
described above. 
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Σ bands 
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1415987 1178216 1104417 1357607 1000483 1240265 1616790 1414295 3299760 1738676 1431996 

Relative 
% 

42.91 35.70 33.47 41.14 30.31 37.59 49 42.86 100 52.70 43.39 

All 
bands 

2281004 2385713 2464789 2550651 2499993 2472138 2437099 2312637 2913894 2092950 1973168 

Relative 
% 

78.3 81.87 84.59 87.53 85.80 84.84 83.64 79.37 100 71.83 67.71 

Average 
relative 
% 

60.605 58.78 59.03 64.335 58.055 61.215 66.32 61.115 100 62.265 55.55 

Table 3. Quantitation of the five major bands cross-reactive to the anti Ole e 2 antibody. Absolute data 
in volume units (INT*mm2). *: band not present. The indicated value corresponds to the average of 5 
measurements made in the background.  
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3.4. Immunoblot detection and quantitation of Ole e 5 and Ole e 9 

Immunoblots probed with the commercial antibody to Cu,Zn SOD (Ole e 5) and the 
polyclonal antiserum to Ole e 9 resulted in the presence of up to five major immunoreactive 
bands of c.a. 16, 16.5, 22, 26 and 50 kDa for Ole e 5, and two immunoreactive bands of c.a. 36 
and 46.5 kDa for Ole e 9 (Figure 4).  

 
Figure 4. Immunoblot probed with the anti- Cu,Zn-SOD (Ole e 5) commercial antibody and the 
polyclonal antiserum to Ole e 9. Five major bands were observed (blue arrows), corresponding to 
apparent molecular weights of 16, 16.5, 22, 26 and 50 kDa for Ole e 5, and two immunoreactive bands of 
c.a. 36 and 46.5 kDa for Ole e 9 (red arrows). 

Bands corresponding to the five Mws of Ole e 5 and two of Ole e 9 were quantitated 
according to the methods described above. Absolute measurements of the intensity of each 
individual band and all five bands simultanously are displayed in Tables 4 and 5, as well as 
the relative percentages calculated as described above. 

4. Clustering of cultivars according to their relative allergenic content  

Table 6 summarizes the final relative averages of reactivity calculated for each cultivar and 
allergen. Relative values present a wide range in the case of allergens Ole e 1 and Ole e 9, 
whereas Ole e 2 and Ole e 5 allergens maintain values relatively constant, higher than 50% 
for all cultivars, with a single exception (Ole e 5 in the cultivar ΄Lucio΄). 

Therefore, the following thresholds have been defined in order to divide cultivars into 
cultivars with high/average/low allergenic content for the allergens Ole e 1 and Ole e 9. In the 
case of Ole e 1, we have considered that percentages of 30% and 35% may represent reasonable 
limits, taking into account the extremely high content of some cultivars in this allergen, which 
may represents up to 23% of the total protein content for these cultivars (Castro et al. 2003). For 
Ole e 9, the percentages of 40% and 60% were selected as the thresholds. 
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16.0 kDa 12522 10472 13810 16174 8515 16875 20320 19682 1054 793 714 
16.5 kDa 33503 21491 23191 27710 33630 28904 36422 39682 27218 23811 4304 
22.0 kDa 9451 7946 9623 14385 12453 9703 13812 17211 6380 5201 5041 
26.0 kDa 6221 3389 3688 7134 7617 4447 7775 11424 12698 9191 7098 
50.0 kDa 5611 7474 9643 4818 3941 5794 8238 19507 12979 5625 4200 
Σ bands 
above 67308 50772 59955 70221 66156 65723 86567 107506 47350 44621 21357 

Relative % 62.61 47.23 55.77 65.32 61.54 61.13 80.52 100 44.04 41.51 19.87 
All bands 122909 95529 107694 136847 128879 118503 157103 155113 136354 107779 79135 
Relative % 78.23 60.81 68.55 87.11 82.03 75.43 100 98.73 86.79 68.60 50.37 
Average 
relative % 70.42 54.02 62.16 76.215 71.785 68.28 90.26 99.365 65.415 55.055 35.12 

Average 
relative to 
100 % 

70.87 54.36 62.55 76.70 72.24 68.72 90.83 100 65.83 55.41 35.34 

Table 4. Quantitation of the five major bands cross-reactive to the anti Cu,Zn SOD (Ole e 5) antibody. 
Absolute data in volume units (INT*mm2). In this case, the average relative percentage was again 
referred to 100%, as the maximun relative percentages previously calculated corresponded to two 
different cultivars (΄Hojiblanca΄ and ΄Lechín΄). 
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36 kDa 20241 18902 25868 18912 15583 17605 24746 44273 29766 28377 20736 
46.5 kDa 39567 23419 17751 16764 13584 13916 20517 53338 22784 13160 12730 
Σ 36 and 
46.5 kDa 59808 42322 43619 35677 29167 31521 45264 97612 52550 41538 33467 

Relative % 61.27 43.36 44.68 36.55 29.88 32.29 46.37 100 53.83 42.55 34.28 
36 and 46.5 
kDa 72676 51950 56389 47169 39589 45075 59672 102195 74531 52213 39717 

Relative % 71.11 50.83 55.17 46.15 38.73 44.10 58.39 100 72.93 51.09 38.86 
Average 
relative % 66.19 47.095 49.925 41.35 34.305 38.195 52.38 100 63.38 46.82 36.57 

Table 5. Quantitation of the two major bands cross-reactive to the anti Ole e 9 antibody. Absolute data 
in volume units (INT*mm2). 



 
Current Insights in Pollen Allergens 34 

3.4. Immunoblot detection and quantitation of Ole e 5 and Ole e 9 

Immunoblots probed with the commercial antibody to Cu,Zn SOD (Ole e 5) and the 
polyclonal antiserum to Ole e 9 resulted in the presence of up to five major immunoreactive 
bands of c.a. 16, 16.5, 22, 26 and 50 kDa for Ole e 5, and two immunoreactive bands of c.a. 36 
and 46.5 kDa for Ole e 9 (Figure 4).  

 
Figure 4. Immunoblot probed with the anti- Cu,Zn-SOD (Ole e 5) commercial antibody and the 
polyclonal antiserum to Ole e 9. Five major bands were observed (blue arrows), corresponding to 
apparent molecular weights of 16, 16.5, 22, 26 and 50 kDa for Ole e 5, and two immunoreactive bands of 
c.a. 36 and 46.5 kDa for Ole e 9 (red arrows). 

Bands corresponding to the five Mws of Ole e 5 and two of Ole e 9 were quantitated 
according to the methods described above. Absolute measurements of the intensity of each 
individual band and all five bands simultanously are displayed in Tables 4 and 5, as well as 
the relative percentages calculated as described above. 

4. Clustering of cultivars according to their relative allergenic content  

Table 6 summarizes the final relative averages of reactivity calculated for each cultivar and 
allergen. Relative values present a wide range in the case of allergens Ole e 1 and Ole e 9, 
whereas Ole e 2 and Ole e 5 allergens maintain values relatively constant, higher than 50% 
for all cultivars, with a single exception (Ole e 5 in the cultivar ΄Lucio΄). 

Therefore, the following thresholds have been defined in order to divide cultivars into 
cultivars with high/average/low allergenic content for the allergens Ole e 1 and Ole e 9. In the 
case of Ole e 1, we have considered that percentages of 30% and 35% may represent reasonable 
limits, taking into account the extremely high content of some cultivars in this allergen, which 
may represents up to 23% of the total protein content for these cultivars (Castro et al. 2003). For 
Ole e 9, the percentages of 40% and 60% were selected as the thresholds. 
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16.0 kDa 12522 10472 13810 16174 8515 16875 20320 19682 1054 793 714 
16.5 kDa 33503 21491 23191 27710 33630 28904 36422 39682 27218 23811 4304 
22.0 kDa 9451 7946 9623 14385 12453 9703 13812 17211 6380 5201 5041 
26.0 kDa 6221 3389 3688 7134 7617 4447 7775 11424 12698 9191 7098 
50.0 kDa 5611 7474 9643 4818 3941 5794 8238 19507 12979 5625 4200 
Σ bands 
above 67308 50772 59955 70221 66156 65723 86567 107506 47350 44621 21357 

Relative % 62.61 47.23 55.77 65.32 61.54 61.13 80.52 100 44.04 41.51 19.87 
All bands 122909 95529 107694 136847 128879 118503 157103 155113 136354 107779 79135 
Relative % 78.23 60.81 68.55 87.11 82.03 75.43 100 98.73 86.79 68.60 50.37 
Average 
relative % 70.42 54.02 62.16 76.215 71.785 68.28 90.26 99.365 65.415 55.055 35.12 

Average 
relative to 
100 % 

70.87 54.36 62.55 76.70 72.24 68.72 90.83 100 65.83 55.41 35.34 

Table 4. Quantitation of the five major bands cross-reactive to the anti Cu,Zn SOD (Ole e 5) antibody. 
Absolute data in volume units (INT*mm2). In this case, the average relative percentage was again 
referred to 100%, as the maximun relative percentages previously calculated corresponded to two 
different cultivars (΄Hojiblanca΄ and ΄Lechín΄). 
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36 kDa 20241 18902 25868 18912 15583 17605 24746 44273 29766 28377 20736 
46.5 kDa 39567 23419 17751 16764 13584 13916 20517 53338 22784 13160 12730 
Σ 36 and 
46.5 kDa 59808 42322 43619 35677 29167 31521 45264 97612 52550 41538 33467 

Relative % 61.27 43.36 44.68 36.55 29.88 32.29 46.37 100 53.83 42.55 34.28 
36 and 46.5 
kDa 72676 51950 56389 47169 39589 45075 59672 102195 74531 52213 39717 

Relative % 71.11 50.83 55.17 46.15 38.73 44.10 58.39 100 72.93 51.09 38.86 
Average 
relative % 66.19 47.095 49.925 41.35 34.305 38.195 52.38 100 63.38 46.82 36.57 

Table 5. Quantitation of the two major bands cross-reactive to the anti Ole e 9 antibody. Absolute data 
in volume units (INT*mm2). 
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Ole e 1 8.62 35.21 39.17 28.5 41.88 24.68 42.125 72.68 83.915 100 41.39 
30%-
35% 

Ole e 2 60.605 58.78 59.03 64.335 58.055 61.215 66.32 61.115 100 62.265 55.55 - 
Ole e 5 70.87 54.36 62.55 76.70 72.24 68.72 90.83 100 65.83 55.41 35.34 - 

Ole e 9 66.19 47.095 49.925 41.35 34.305 38.195 52.38 100 63.38 46.82 36.57 
40%-
60% 

Table 6. Abstract of the relative percentages of reactivity corresponding to the cultivars analysed for 
each allergen. High reactivity is marked by using bold text, and low reactivity is marked by italics, after 
considering the thresholds indicated.  

The following categories were established after following the above mentioned criteria:  

 ΄Hojiblanca΄-type extract, characterized by high contents of Ole e 1 and Ole e 9. The 
cultivar ΄Loaime΄ could be included in this same group. 

 ΄Picual΄- type extract, characterized by high content of Ole e 1 and low to average 
contents of Ole e 9. The cultivars ΄Manzanilla΄, ΄Lucio΄, ΄Cornicabra΄, ΄Lechín΄ and 
΄Blanqueta΄ could be included in this same group. 

 ΄Arbequina΄ -type extract, characterized by low content in both Ole e 1 and Ole e 9, with 
average to high contents of Ole e 5 and Ole e 2. The cultivar ΄Verdial΄ could be included 
in this same group. 

The Olea europaea commercial extract doesn’t match any of the tested cultivars, 
corresponding to an extract with a relative high proportion of Ole e 9 and low proportion of 
Ole e 1.  

This initial proposal should be implemented by further analyzing additional olive pollen 
allergens (some of them highly relevant from a clinical point of view like Ole e 7), and by 
analyzing the allergen profiles of other agronomically relevant cultivars. However, the 
classification obtained here is in good agreement with the genetic relationships among 
cultivars already described on the basis of Ole e 1 and Ole e 2 polymorphism (Hamman-
Khalifa et al. 2008; Jiménez-López et al., 2012). Moreover, this classification also supports 
clinical findings describing sharp differences in patient’s reactivity to commercially 
available extracts depending on their place of residence in Spain, where these model 
cultivars are differentially predominant (Casanovas et al. 1997). Providing that sensitization 
to specific allergens can be determined in individual patients, the application of the concept 
of allergenic profile to allergen extracts could be considered a major adventage. This concept 
would therefore open the posibility of choosing the allergen extract matching the sensitivity 
of each patient. Moreover, the continuous development of new molecular tools (e.g. new 
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antibodies with higher specificity) will undoubtedly improve the present type of studies, 
which has to be considered still preliminary. 
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1. Introduction 

The use of biological extracts for allergy diagnosis and immunotherapy has some 
disadvantages, including the high variability in their allergenic composition and the 
presence of allergens to which the patient is not allergic. As the result, wrong diagnosis, new 
sensitizations and/or systemic reactions often occur, limiting their use for specific 
immunotherapy. One of the strategies to overcome these problems is the standardization of 
biological extracts in order to control their allergenic composition. For this purpose, it is 
highly recommended to identify the allergenic molecules in the extract, to quantify them 
and to evaluate their allergenic activity in sensitized patients.  

The allergenic pollen used for the preparation of natural extracts or recombinant allergens 
may contain different allergenic isoforms and/or variable amounts of each allergen, 
depending of its genetic origin among other factors (Castro et al. 2003, Hamman-Khalifa et 
al. 2008, Castro et al. 2010 & Jiménez-López et al. 2012). Consequently, allergic patients from 
different geographical areas may exhibit differential sensitization to a given allergen 
(Movérare et al. 2002). This fact can hinder the diagnosis of an allergic patient in response to 
a particular extract. Therefore, the allergenic variability in standardized protein extracts 
should resemble as much as possible to that observed in the natural sources in order to 
assure the efficiency and safety in the diagnosis and immunotherapy procedures. 

Olive pollen produces seasonal respiratory allergy in the Mediterranean area, as well as in 
other temperate regions where it is intensively cultivated. Eleven olive pollen allergens, 
called Ole e 1 to Ole e 11, have been identified and characterized so far (Esteve et al. 2012). 
Many of these proteins exhibit a significant polymorphism as a consequence of the existence 
of point substitutions in the amino acid sequence, posttranslational modifications (e.g. 
glycosylation), and/or multimeric forms (Castro et al. 2010). In addition, some allergens 

© 2012 Zienkiewicz et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



 
Current Insights in Pollen Allergens 40 

Tejera, M.L., Villalba, M., Batanero, E., & Rodríguez, R. (1999). Identification, isolation, and 
characterization of Ole e 7, a new allergen of olive tree pollen. The Journal of Allergy & 
Clinical Immunology, Vol. 104, No. 4, pp. 797-802, ISSN 0091-6749 

Villalba, M., Batanero, E., Lopez-Otín, C., Sánchez, L.M., Monsalve, R.I., González de la 
Peña, M.A., Lahoz, C., & Rodríguez, R. (1993). The amino acid sequence of Ole e I, the 
major allergen from olive tree (Olea europaea) pollen. European Journal of Biochemistry, 
Vol. 216, No. 3, pp. 863-869, ISSN 0014-2956 

Villalba, M., Batanero, E., Monsalve, R.I., González de la Peña, M.A. Lahoz, C., & Rodríguez, 
R. (1994). Cloning and expression of Ole e I, the major allergen from olive tree pollen. 
Polymorphism analysis and tissue specificity. Journal of Biological Chemistry, Vol. 269, 
No. 21, pp. 15217-15222, ISSN 0021-9258 

Wheeler, A.W. (1992). Hypersensitivity to the allergens of the pollen from the olive tree 
(Olea europaea). Clinical and Experimental Allergy, Vol. 22, No. 12, pp. 1052-1057, ISSN 
1365-2222 

Zafra, A. (2007). Caracterización preliminar del polimorfismo de la proteína alergénica Ole e 
5 en el polen del olivo de distintos cultivares. Master Thesis. University of Granada. Spain.  

Chapter 3 

 

 

 
 

© 2012 Zienkiewicz et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Detection and Quantitation of Olive Pollen 
Allergen Isoforms Using 2-D Western Blotting 

Krzysztof Zienkiewicz, Estefanía García-Quirós, Juan de Dios Alché,  
María Isabel Rodríguez-García and Antonio Jesús Castro 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/46171 

1. Introduction 

The use of biological extracts for allergy diagnosis and immunotherapy has some 
disadvantages, including the high variability in their allergenic composition and the 
presence of allergens to which the patient is not allergic. As the result, wrong diagnosis, new 
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show major quantitative differences, depending on the genetic origin (i.e. cultivar) of pollen 
(Castro et al. 2003). Here, we have used a 2-D electrophoresis-based immunodetection 
method to analyze the molecular variability of four olive allergens, namely Ole e 1, Ole e 2, 
Ole e 7 and Ole e 9, in the pollen of the olive cultivar 'Picual'. The advantages and putative 
applications of this method are also discussed. 

2. Polymorphism of olive pollen allergens  

The olive (Olea europaea L.) pollen exhibits a complex allergenic profile with numerous 
proteins recognized by sera of olive pollen allergic patients (Rodríguez et al. 2002 & Esteve 
et al. 2012). The great majority of olive pollen allergens show a highly polymorphic nature in 
1-D and 2-D polyacrylamide gels, resulting in a pattern of multiple bands or spots, 
respectively.  

Ole e 1 is the main olive pollen allergen, and affects more than 70% of patients suffering 
from olive pollinosis. Ole e 1 is an acidic protein that consists of a single 145 amino acid 
polypeptide chain, which is glycosylated at Asn111 (Lombardero et al. 1992). The molecular 
function of Ole e 1 is unknown but, on the basis of its cellular location and expression 
pattern, it has been suggested that it might have a role in pollen-pistil communication 
during pollen tube growth (Alché et al. 1999 & Alché et al. 2004). After 1-D SDS-PAGE and 
staining, or blotting and immunolabeling with specific antibodies or sera from allergic 
patients, three bands of 18.5, 20, and 22 kDa are visible, corresponding to the non-
glycosylated, glycosylated and hyperglycosylated Ole e 1 isoforms, respectively (Villalba et 
al. 1993). Under non-reducing running conditions, a dimeric form of 40 kDa has been also 
detected (Villalba et al. 1993 & Morales et al. 2012). Ole e 1 is highly polymorphic due to the 
presence of point changes in the nucleotide sequence. These changes are extended to the 
expressed protein, affecting up to 59 different positions in the amino acid sequence (Villalba 
et al. 1994, Hamman-Khalifa et al. 2008 & Castro et al. 2010). Some of these amino acid 
substitutions are located within the epitope sequences involved in IgG and IgE binding 
(González et al. 2002). The composition of the sugar moiety is also highly variable among 
allergen isoforms (Castro et al. 2010). Interestingly, the N-linked glycan contributes to the 
final immunogenic and allergenic capacity of Ole e 1 (Batanero et al. 1994, 1999). The varietal 
origin of pollen represents a major source of variability for Ole e 1 (Hamman-Khalifa et al. 
2008 & Castro et al. 2010). Moreover, this allergen showed conspicuous quantitative 
differences among olive cultivars (Castro et al. 2003).  

Ole e 2 allergen belongs to the profilin family. Profilins are ubiquitous proteins, which are 
present in all eukaryotic cells. They control actin polymerization (Karlsson and Lindberg 
2007), being key mediators of the membrane–cytoskeleton communication (Baluska and 
Volkmann 2002). As allergens, profilins have been identified in various plant sources, such 
as pollen, latex, fruits and vegetables (Santos and Van Ree 2011). They have been designed 
as panallergens since they are responsible for many IgE cross-reactions between unrelated 
pollen and plant food allergenic sources (Valenta et al. 1992 & Santos and Van Ree 2011). 
Ole 2 has a clinical prevalence of 24% in the allergic population (Asturias et al. 1997, 
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Ledesma et al. 1998a, Martínez et al. 2002 & Quiralte et al. 2007). Four Ole e 2 isoforms of 
17.8, 17.0, 16.0, and 15.2 kDa were firstly determined (Asturias et al. 1997). Three isoforms 
with molecular weights of 13.3, 13.9 and 14.3 kDa are distinguishable after 1-D SDS-PAGE 
in the 'Picual' pollen (Morales et al. 2008). Two additional isoforms with apparent molecular 
masses of 15.7 and 14.9 kDa have been described in the cultivar 'Verdial de Huévar' (Alché 
et al. 2007). Under non-reducing electrophoretic conditions, a dimer form of Ole e 2 of about 
32 kDa has been identified (Ledesma et al. 1998a). Recently, the polymorphism of the 
allergen Ole e 2 was evaluated in 24 olive cultivars (Jiménez-López et al. 2012). Data showed 
that profilins displayed 28.2 and 24.6% of variability among cultivars for nucleotide and 
amino acid sequences, respectively. Ole e 2 sequences had 130, 131 or 134 amino acids 
length and 39 amino acid positions were variable among the cultivars analyzed. 

Ole e 3 and Ole e 8 allergens are Ca2+-binding proteins involved in intracellular signalling 
processes (Batanero et al. 1996b & Ledesma et al. 1998b, 2000). Ole e 3 is a small (9.2 kDa) 
and acidic (pI 4.2-4.3) protein, which is specifically expressed in pollen (Ledesma et al. 
1998b & Alché et al. 2003). It belongs to a new Ca2+-binding protein subfamily named 
polcalcins (Ledesma et al. 1998b), which has also been established as a new panallergen. 
The allergenic activity of polcalcins is primarily associated with the Ca2+-bound isoforms 
(Engel et al. 1997, Hayek et al. 1998 & Twardosz et al. 1997). The prevalence of Ole e 3 is 
higher than 50% of the olive pollen sensitized population (Batanero et al. 1996a). This 
allergen shows polymorphism at positions 43 (L  P) and 80 (V  I) of its amino acid 
sequence (Ledesma et al. 1998b). Ole e 8 consists of a single polypeptide of 20 kDa and its 
clinical incidence is as low as 3-4% (Ledesma et al. 2002). The molecular variability of Ole 
e 8 remains to be studied. 

Ole e 4 and Ole e 6 allergens have no homology with other known proteins. Ole e 4 has an 
IgE-binding frequency by immunoblot of 80% (Boluda et al. 1998), while the prevalence of 
Ole e 6 depends on the geographical zone and reaches values between 10 and 55% (Batanero 
et al. 1997).  Ole e 4 consists of a single acidic polypeptide chain with an apparent molecular 
weight of 32 kDa, and at least two isoforms with pIs between 4.6 and 5.1 have been 
described (Boluda et al. 1998). Ole e 6 is a Cys-rich small protein of 5.8 kDa and its amino 
acid sequence shows no microheterogeneities (Batanero et al. 1997). 

Ole e 5 is a CuZn-superoxide dismutase (SOD) with a molecular weight of 16 kDa, which 
catalyzes the dismutation of superoxide into oxygen and hydrogen peroxide, forming part 
of the cellular antioxidant defence system (Alché et al. 1998).  This olive pollen allergen has 
an IgE-binding frequency of about 35% in the population assayed (Butteroni et al. 2005). 
Several studies have demonstrated that Ole e 5 shows a remarkable degree of 
polymorphism. Thus, the olive pollen of the variety 'Picual' contains at least 4 isoforms of 
the enzyme with pIs of 4.60, 4.78, 5.08, and 5.22, respectively (Alché et al. 1998). In addition, 
Boluda et al. (1998) described five isoforms with pIs between 5.1 and 6.5 in a commercial 
pollen sample of uncertain varietal origin from USA. More recently, Butteroni et al. (2005) 
reported discrepancies between the Ole e 5 amino acid sequences of the native and the 
recombinant forms. 
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Ole e 7 allergen exhibits a high homology with several lipid transfer proteins (LTPs). It is a 
small protein (10 kDa), which exhibits a high degree of polymorphism (Tejera et al. 1999). 
Thus, two isoforms with microheterogeneities at positions 4, 5, 10 and 11 of the N-terminal 
domain of the allergen have been described (Tejera et al. (1999). Ole e 7 is recognized by sera 
of 47% of patients allergic to olive pollen (Tejera et al. 1999). The ubiquitous nature of Ole e 7 
and its high homology with LTPs from other plant species explains its high cross-reactivity 
and its designation as panallergen (Díaz-Perales et al. 2000).  

Ole e 9 is a 1,3-β-glucanase and belongs to group 2 of pathogenesis-related proteins. This 
glycoprotein displays a molecular weight of 46.4 kDa on 1-D gels and is composed of two 
immunologically independent domains: an N-terminal domain (NtD) with 1,3-β-glucanase 
activity, and a C-terminal domain (CtD) that binds 1,3-β-glucans (Treviño et al. 2008). The 
clinical incidence of Ole e 9 is high, affecting the 65% of olive allergic patients. After SDS-
PAGE under non-reducing conditions, a monomeric form of the allergen (46 kDa) and its 
dimer (91 kDa) are distinguishable. Ole e 9 shows a low but still significant level of 
polymorphism due to the presence of microheterogeneities in its amino acid sequence 
(Huecas et al. 2009). Thus, IEF analysis of the purified protein rendered four bands with pI 
values of 4.8, 4.9, 5.1, and 5.4 (Huecas et al. 2009). Ole e 9 has two potential N-glycosylation 
sites at positions Asn-355 and Asn-447. This N-linked sugar motif might also contribute to 
increase the molecular variability of Ole e 9, as it does for Ole e 1. 

Ole e 10 is a small protein (10 kDa), which belongs to a new carbohydrate-binding-module 
(CBM43) family and binds specifically 1,3-β-glucans (Barral et al. 2005). The protein is 
composed of 102 amino acid residues and shows partial homology with the C-terminal 
domain of Ole e 9. Co-localization of Ole e 10 and callose in the growing pollen tube 
suggests a role for this protein in pollen tube wall remodelling during germination (Barral et 
al. 2005). Ole e 10 has been described as a major inducer of type I allergy in humans. It is 
involved in the allergic responses of 55% of patients suffering olive polinosis (Barral et al. 
2005). However, there is no data about the polymorphism of this allergen so far. 

Finally, Ole e 11 allergen is a pollen pectin methylesterase (PME) with an apparent 
molecular weight of 37.4 (Salamanca et al. 2010). PMEs are involved in demethylation of cell 
wall pectic compounds and they are key regulators of pollen tube growth (Bosch et al. 2005 
& Jiang et al. 2005). The prevalence of this allergen between different populations of olive 
allergic patients varies from 55.9% to 75.6% (Salamanca et al. 2010). The molecular 
polymorphism of Ole e 11 remains to be studied. 

The molecular variability of olive allergens is underrepresented in commercial protein 
extracts of olive pollen that are used for allergen-specific diagnosis and treatment of allergy 
(Morales et al. 2012). The relative abundance of individual isoforms with distinct IgE-
reactivity within the protein content might affect the total allergenic potency of the extract. 
This, in turn, could lead to ambiguities in the IgE-binding responses detected for these 
allergens. Therefore, it is important to ensure that the allergenic variability in standardized 
protein extracts resembles as much as possible to that observed in the natural sources from 
which such extracts are prepared (Morales et al. 2012). 
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3. Immunoblotting as a tool for allergen standardization 

The standardization of commercial olive pollen extracts is of great importance in order to 
assure efficiency and safety in the allergy diagnosis and immunotherapy procedures (Morales 
et al. 2012). Allergen standardization in European and United States legislations is mainly 
based on IgE-binding potencies and not on the content of individual allergens in a protein 
extract. Current procedures for preparation of protein extracts from natural sources are 
frequently inadequate, because they are standardized by determining the IgE response of a 
population, which is represented by a pool of sera from allergic patients, to major allergens 
present in these extracts (Morales et al. 2012). On the contrary, IgE binding to minor allergens 
will be difficult to detect because of their relatively low content in the extract. Thus, only major 
allergens will be considered in biological standardization (van Ree 1997, 2007). The most 
common allergy diagnostic tests can be performed in vivo, like SPT (Skin Prick Test), or in vitro, 
by competitive assays such as RAST (RadioAllergoSorbent Test) or ELISA (Enzyme-Linked 
ImmunoSorbent Assay). All these methods measure the total allergenic activity, but they do 
not explain the contribution of each individual allergen to the allergic response (Morales et al. 
2012). Therefore, in addition to the allergenic potency of a protein extract, it is necessary to 
determine the molecular variability of these allergens. For this purpose, methods based on 
electrophoretic separation of proteins and immunoblotting are particularly useful and should 
be used in parallel to in vitro competitive assays (Baldo 1983). Thus, antibodies raised against 
specific allergens can be used to detect and quantify the different allergen isoforms present in 
non-standardized extracts. Such analysis can help, in turn, to design adequate dosage schemes 
and to elucidate the dose-therapeutic response of major and minor allergens.  

3.1. Detection of olive pollen allergen isoforms by 2-D Western blotting 

Protein extracts were prepared from mature pollen grains collected from olive (Olea europaea 
L.) trees (cv. 'Picual') grown in the province of Granada (Spain). Pollen samples (0.1 g) were 
suspended in 2.5 mL extraction buffer consisting of 40 mM Tris-HCl (pH 7.0), 2% (v/v) 
Triton X-100, 60 mM DTT, and 10 μL of a protease inhibitor cocktail (Sigma-Aldrich, St. 
Louis, MI, USA). Proteins were allowed to elute for 2 h at 4°C under continuous stirring. The 
resulting supernatants were desalted and delipidated in a PD-10 column (GE Healthcare 
Bio-Sciences AB, Uppsala, Sweden). Pollen proteins were then precipitated at −20°C for 1 h 
in a solution of 20% (w/v) trichloroacetic acid (TCA) prepared in acetone. The resulting 
pellet was resuspended in 0.5 mL solubilization buffer (7 M urea, 2 M thiourea, 4% w/v 
CHAPS, 5 mM tributylphosphine (TBP), 0.5% (v/v) Bio-Lyte 3–10 buffer (Bio-Rad, Hercules, 
CA, USA) and traces of bromophenol blue). Total protein content was estimated using the 
2D Quant Kit (Amersham Biosciences, Piscataway, NJ, USA) according to the 
manufacturer's instructions. 

Samples containing ∼75 μg of total protein were applied to 7 cm polyacrylamide strips (pH 
3–10NL, Bio-Rad) by in-gel rehydration at 30 V for 12 h. Focusing was conducted at 20°C in 
an Ettan IPGphor 3 Cell (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) as follows: 300 
and 1000 V for 1 h each followed by a linear increase from 1000 to 10,000 V, and finally 
10,000 V to give a total of 40 kVh. Reduction and alkylation steps were performed as 
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Ole e 7 allergen exhibits a high homology with several lipid transfer proteins (LTPs). It is a 
small protein (10 kDa), which exhibits a high degree of polymorphism (Tejera et al. 1999). 
Thus, two isoforms with microheterogeneities at positions 4, 5, 10 and 11 of the N-terminal 
domain of the allergen have been described (Tejera et al. (1999). Ole e 7 is recognized by sera 
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Ole e 10 is a small protein (10 kDa), which belongs to a new carbohydrate-binding-module 
(CBM43) family and binds specifically 1,3-β-glucans (Barral et al. 2005). The protein is 
composed of 102 amino acid residues and shows partial homology with the C-terminal 
domain of Ole e 9. Co-localization of Ole e 10 and callose in the growing pollen tube 
suggests a role for this protein in pollen tube wall remodelling during germination (Barral et 
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involved in the allergic responses of 55% of patients suffering olive polinosis (Barral et al. 
2005). However, there is no data about the polymorphism of this allergen so far. 

Finally, Ole e 11 allergen is a pollen pectin methylesterase (PME) with an apparent 
molecular weight of 37.4 (Salamanca et al. 2010). PMEs are involved in demethylation of cell 
wall pectic compounds and they are key regulators of pollen tube growth (Bosch et al. 2005 
& Jiang et al. 2005). The prevalence of this allergen between different populations of olive 
allergic patients varies from 55.9% to 75.6% (Salamanca et al. 2010). The molecular 
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The molecular variability of olive allergens is underrepresented in commercial protein 
extracts of olive pollen that are used for allergen-specific diagnosis and treatment of allergy 
(Morales et al. 2012). The relative abundance of individual isoforms with distinct IgE-
reactivity within the protein content might affect the total allergenic potency of the extract. 
This, in turn, could lead to ambiguities in the IgE-binding responses detected for these 
allergens. Therefore, it is important to ensure that the allergenic variability in standardized 
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which such extracts are prepared (Morales et al. 2012). 
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3. Immunoblotting as a tool for allergen standardization 
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ImmunoSorbent Assay). All these methods measure the total allergenic activity, but they do 
not explain the contribution of each individual allergen to the allergic response (Morales et al. 
2012). Therefore, in addition to the allergenic potency of a protein extract, it is necessary to 
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previously described (Görg et al. 1988). Protein separation in the second dimension was 
carried out in a MiniProtean III Cell (Bio-Rad). After completion of SDS-PAGE, the resulting 
gels were stained using ProteoSilver™ silver stain kit (Sigma-Aldrich, St. Louis, USA) 
according to the manufacturer’s protocol. For Western blot experiments, 75 μg of pollen 
proteins were resolved in 2-D gels as described above. Then, proteins were electroblotted 
onto a PVDF membrane in a TransBlot Turbo Transfer System (Bio-Rad). Membranes were 
blocked overnight at 4°C in a solution containing 3% (w/v) BSA in TBS buffer (pH 7.4), and 
probed with primary and the corresponding secondary antibodies according to Table 1.  

Images were acquired in a Pharos FX molecular imager (Bio-Rad) using the Quantity One 
v4.6.2 software (Bio-Rad). The reproducibility of results was confirmed by running each 
experiment in triplicate. 
 

Target Primary antibody 
(source)a

Dilution Secondary antibody (source) Dilution 

Ole e 1 Mouse anti-olive Ole e 1 
mAb (Lauzurica et al. 
1988) 

1:5,000 Goat anti-mouse IgG Ab, DyLight 
633-conjugated (Agrisera, Vännäs, 
Sweden)

1:10,000 

Ole e 2 Rabbit anti-olive Ole e 2 
PoAb (Morales et al. 2008)

1:10,000 Donkey anti-rabbit IgG Ab, 
DyLight 549-conjugated (Agrisera)  

1:10,000 

Ole e 7  
 

Chicken anti-olive Ole e 7 
synthetic peptide PoAb

1:250 Mouse anti-chicken IgG Ab, 
DyLight 488-conjugated (Agrisera)  

1:1,000 

Ole e 9 
 

Chicken anti-olive Ole e 9 
synthetic peptide PoAb 

1:5,000 Mouse anti-chicken IgG Ab, 
DyLight 488-conjugated (Agrisera)  

1:1,000 

Olive 
pollen 
allergens 

Sera from olive allergic 
patients  

1:100 Goat anti-human Ab, peroxidase-
conjugated (Sigma-Aldrich) 

1:10,000 

Table 1. Primary and secondary antibodies and the corresponding dilutions used for 2-D Western 
blotting and IgE-binding experiments. Footnotes: a) mAb, monoclonal antibody; PoAb, polyclonal 
antibody. 

A representative 2-D gel pattern of the olive pollen proteome (cv. 'Picual') containing 
approximately 1,400 spots is shown in Fig. 1. The global protein 2-D map was largely 
reproducible among replicas and the number of spots was similar to that previously 
reported in this cultivar (Castro et al. 2010). It was noticeable the presence of a string of 
prominent spots of about 20 kDa distributed along the whole pH range, forming the so-
called “train”. Densitometric studies indicated that the sum of these spots may represent 
about 15% of the total protein displayed in gels. 

The distribution of Ole e 1 isoforms on 2-D polyacrylamide gels was studied using an anti-
Ole e 1 antibody, namely 10H1 (Lauzurica et al. 1988). This antibody was able to recognize 
up to 12 different immunoreactive protein spots in the molecular weight range of 18-22 kDa 
(Fig. 2A). The Ole e 1 distribution pattern was identical to that previously reported (Castro 
et al. 2010), but a new non-glycosylated isoform was detected in the present work (Fig. 3A, 
spot 1l). A single spot matched with a 22 kDa hyperglycosylated isoform of Ole e 1 (Villalba 
et al. 1993 & Castro et al. 2010). Four major and four minor spots showed an apparent 
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molecular weight of 20 kDa and pI values between 5.1 and 8.0. They are different 
monoglycosylated isoforms of the allergen (Villalba et al. 1993 & Castro et al. 2010). Finally, 
two minor spots with pI values between 5.5 and 6.0 corresponded to two different 18.5 kDa 
non-glycosylated isoforms of Ole e 1 (Villalba et al. 1993 & Castro et al. 2010). Since proteins 
were electrophoresed under reducing conditions, we did not detect the dimer form of Ole e 
1. All these immunodetected spots fitted well in their positions on the membrane with the 
“train of spots” visualised on 2-D gels after silver staining (Fig. 1). 

 
Figure 1. Representative gel of the olive pollen proteome after 2-D electrophoresis and silver staining. 
Approximately 75 μg of pollen total protein was loaded. Numbers at the top of the gel denote the pH 
gradient in the first dimension (IEF), while protein weight markers (SDS-PAGE) are shown on the left.  

Using an anti-Ole e 2 polyclonal serum, we studied the number and distribution of Ole e 2 
isoforms on 2-D polyacrylamide gels. Thus, two major spots of 14.3 and 13.9 kDa and a 
minor spot with an apparent molecular weight of 13.3 kDa were detected on 2-D blots (Fig. 
2B). The three Ole e 2 isoforms are acidic and show pI values between 4.5 and 5.1. 

The anti-Ole e 7 antibody revealed the presence of two different isoforms of this allergen in 
the olive pollen (Fig. 2C). Both proteins showed a molecular weight of approximately 10 
kDa and exhibited pI values slightly acidic (6.6-6.8).  

The anti-Ole e 9 antibody was able to recognize six immunoreactive protein spots of about 
46 kDa and pI values between 5.8 and 6.7 (Fig. 2D). The number of spots is higher and pIs 
are different compared with other Ole e 9 isoforms previously described (Huecas et al. 
2009). This is likely because the genetic origin of pollen samples used by Huecas et al. (2009) 
is different. Control reactions using the corresponding preimmune sera lacked of reactivity 
in all cases (results not shown). 
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blotting and IgE-binding experiments. Footnotes: a) mAb, monoclonal antibody; PoAb, polyclonal 
antibody. 

A representative 2-D gel pattern of the olive pollen proteome (cv. 'Picual') containing 
approximately 1,400 spots is shown in Fig. 1. The global protein 2-D map was largely 
reproducible among replicas and the number of spots was similar to that previously 
reported in this cultivar (Castro et al. 2010). It was noticeable the presence of a string of 
prominent spots of about 20 kDa distributed along the whole pH range, forming the so-
called “train”. Densitometric studies indicated that the sum of these spots may represent 
about 15% of the total protein displayed in gels. 

The distribution of Ole e 1 isoforms on 2-D polyacrylamide gels was studied using an anti-
Ole e 1 antibody, namely 10H1 (Lauzurica et al. 1988). This antibody was able to recognize 
up to 12 different immunoreactive protein spots in the molecular weight range of 18-22 kDa 
(Fig. 2A). The Ole e 1 distribution pattern was identical to that previously reported (Castro 
et al. 2010), but a new non-glycosylated isoform was detected in the present work (Fig. 3A, 
spot 1l). A single spot matched with a 22 kDa hyperglycosylated isoform of Ole e 1 (Villalba 
et al. 1993 & Castro et al. 2010). Four major and four minor spots showed an apparent 
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molecular weight of 20 kDa and pI values between 5.1 and 8.0. They are different 
monoglycosylated isoforms of the allergen (Villalba et al. 1993 & Castro et al. 2010). Finally, 
two minor spots with pI values between 5.5 and 6.0 corresponded to two different 18.5 kDa 
non-glycosylated isoforms of Ole e 1 (Villalba et al. 1993 & Castro et al. 2010). Since proteins 
were electrophoresed under reducing conditions, we did not detect the dimer form of Ole e 
1. All these immunodetected spots fitted well in their positions on the membrane with the 
“train of spots” visualised on 2-D gels after silver staining (Fig. 1). 

 
Figure 1. Representative gel of the olive pollen proteome after 2-D electrophoresis and silver staining. 
Approximately 75 μg of pollen total protein was loaded. Numbers at the top of the gel denote the pH 
gradient in the first dimension (IEF), while protein weight markers (SDS-PAGE) are shown on the left.  

Using an anti-Ole e 2 polyclonal serum, we studied the number and distribution of Ole e 2 
isoforms on 2-D polyacrylamide gels. Thus, two major spots of 14.3 and 13.9 kDa and a 
minor spot with an apparent molecular weight of 13.3 kDa were detected on 2-D blots (Fig. 
2B). The three Ole e 2 isoforms are acidic and show pI values between 4.5 and 5.1. 

The anti-Ole e 7 antibody revealed the presence of two different isoforms of this allergen in 
the olive pollen (Fig. 2C). Both proteins showed a molecular weight of approximately 10 
kDa and exhibited pI values slightly acidic (6.6-6.8).  

The anti-Ole e 9 antibody was able to recognize six immunoreactive protein spots of about 
46 kDa and pI values between 5.8 and 6.7 (Fig. 2D). The number of spots is higher and pIs 
are different compared with other Ole e 9 isoforms previously described (Huecas et al. 
2009). This is likely because the genetic origin of pollen samples used by Huecas et al. (2009) 
is different. Control reactions using the corresponding preimmune sera lacked of reactivity 
in all cases (results not shown). 
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Figure 2. Detection of olive pollen allergens Ole e 1 (A), Ole e 2 (B), Ole e 7 (C) and Ole e 9 (D) on 2-D 
Western blot. Approximately 75 μg of pollen total protein was loaded per each gel. Numbers at the top 
of the gel denote the pH gradient in the first dimension (IEF), while protein weight markers are shown 
on the left. 

3.2. Quantitation of olive pollen allergen isoforms after 2-D Western blotting 

After scanning the resulting blots in a Pharos FX Plus Molecular Imager (Bio-Rad), the 
relative amount (%) of each allergen isoform was calculated using the Quantity One v. 4.6.2 
software (Bio-Rad). Spots reactive to each antibody were defined with the help of the tool 
“contour” and quantitation of each spot was calculated using the “volume” parameter, 
defined as the total signal intensity of the pixels × area of a single pixel, inside the defined 
boundary drawn for each spot (Morales et al. 2012). This intensity was compared with that 
of the background, in a previous calibration procedure. Densitometric data of Ole e 1, Ole e 
2, Ole e 7 and Ole e 9 allergen isoforms are shown in Fig. 3. 

 
Detection and Quantitation of Olive Pollen Allergen Isoforms Using 2-D Western Blotting 49 

 
Figure 3. Quantitative analysis of Ole e 1 (A), Ole e 2 (B), Ole e 7 (C) and Ole e 9 (D) isoforms detected 
on 2-D blots from Fig. 2.  
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Ole e 1 isoforms showed the highest quantitative differences (Fig. 3A). Thus, the 12 Ole e 1 
isoforms detected on 2D blots could be grouped on the basis of their intensities into 3 
quantitative classes: high (>50% intensity; isoforms Ole e 1a, c, e, g and i), medium (20-50%; 
Ole e 1b, d, j, k and l) and low abundant (<20%; Ole e 1f and h). On the other hand, the six 
Ole e 9 isoforms were discriminated as high (Ole e 9a, b, c and d) or low (Ole e 9e and f) 
abundant (Fig. 3D). Ole e 2a and b isoforms showed similar intensities, while the amount of 
Ole e 2c was lower but still significant. Finally, the two Ole e 7 isoforms identified showed 
similar quantities.   

3.3. IgE-binding analysis by 2-D Western blotting   

The IgE reactivity of 'Picual' pollen proteins was assayed on 2-D blots using a pool of three 
olive allergic patients’ sera and an anti-human IgE peroxidase-conjugated secondary 
antibody. Chemiluminiscent detection of IgE-binding was carried out with the Immun-
StarTM WesternCTM Chemiluminescence Kit (Bio-Rad) according to the manufacturer´s 
instructions. Chemiluminiscent spots were imaged with a ChemiDoc XRS Molecular Imager 
(Bio-Rad).  

 
Figure 4. IgE-binding analysis by 2-D Western blotting of olive (cv. 'Picual') pollen total proteins. The 
blot was probed with a pool of sera from three patients allergic to olive pollen. Reactive spots were 
visible on the 2-D blot after detection by chemiluminiscence. Protein markers are displayed on the left.  

The IgE-binding pattern is shown in Fig. 4. Incubation of the 2-D blot with patient’s sera 
revealed up to 31 IgE-reactive spots with molecular weights ranging from 18,5 to 32 kDa. 
Allergic patients’ IgEs recognized the 12 Ole e 1 isoforms detected by 10H1 antibody (Fig. 4, 
arrows). In addition, 9 new spots that might correspond to other Ole e 1 isoforms were also 
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detected by sera (Fig. 4, circles). The remaining spots (Fig.4, squares and arrowheads) did 
not match with any of the Ole e 2, Ole e 7 and Ole e 9 isoforms identified previously by 2-D 
Western blotting (Fig. 2).  

4. Conclusions 

Two-dimensional Western blotting is a suitable method for olive pollen allergen isoform 
profiling, and might help in the standardization of protein extracts used for allergy 
diagnosis and immunotherapy. The 2-D electrophoresis-based immunodetection of 
allergens has a few advantages over classical 1-D Western-blotting, since they provide: 1) 
detailed information about individual isoforms of polymorphic allergens (i.e. number of 
isoforms, pIs and their positions on the 2-D map), and 2) relative quantitative data of each 
isoform. In addition, using a pool or individual sera from an allergic population, it is 
possible to identify which are the most reactive isoforms of a given allergen. In the present 
work, four allergens, namely Ole e 1, Ole e 2, Ole e 7 and Ole e 9, have been studied in a 
single variety (i.e. 'Picual'). These analyses should extend to other olive allergenic proteins 
and a higher number of cultivars. Moreover, this method can be also applied to other 
allergenic pollens and other type of allergies (e.g. food allergens). 
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detected by sera (Fig. 4, circles). The remaining spots (Fig.4, squares and arrowheads) did 
not match with any of the Ole e 2, Ole e 7 and Ole e 9 isoforms identified previously by 2-D 
Western blotting (Fig. 2).  

4. Conclusions 

Two-dimensional Western blotting is a suitable method for olive pollen allergen isoform 
profiling, and might help in the standardization of protein extracts used for allergy 
diagnosis and immunotherapy. The 2-D electrophoresis-based immunodetection of 
allergens has a few advantages over classical 1-D Western-blotting, since they provide: 1) 
detailed information about individual isoforms of polymorphic allergens (i.e. number of 
isoforms, pIs and their positions on the 2-D map), and 2) relative quantitative data of each 
isoform. In addition, using a pool or individual sera from an allergic population, it is 
possible to identify which are the most reactive isoforms of a given allergen. In the present 
work, four allergens, namely Ole e 1, Ole e 2, Ole e 7 and Ole e 9, have been studied in a 
single variety (i.e. 'Picual'). These analyses should extend to other olive allergenic proteins 
and a higher number of cultivars. Moreover, this method can be also applied to other 
allergenic pollens and other type of allergies (e.g. food allergens). 
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1. Introduction 
Olive allergen concentrations in the pollen grain are critical in allergic response of atopic 
patients. Existing evidence shows that climatic factors can influence pollen allergen content. 
To date, the influences of temperature and precipitations over the content of birch and olive 
pollens in their respective major allergens have been analyzed. Bet v 1, the major allergen of 
birch pollen, increased its expression (Buters et al. 2008) and presented a higher allergenicity 
(Ahlholm et al. 1998) while temperatures were elevated. Differently, the content in the major 
olive pollen allergen Ole e 1 showed no apparent correlation with either temperatures or 
precipitations (Fernández Caldas et al. 2007). However, a positive correlation between total 
allergenicity and rainfall occurring in winter months was found. This correlation was not 
analyzed independently for each pollen allergen. 

Our aim was to extend the observations carried out in olive pollen, by analyzing the effects 
of climate parameters over the expression of four olive pollen allergens. Using a recently 
developed multiplex western blotting system for the assessment of allergenic molecules 
(Morales et al. 2012), we have simultaneously detected and quantified two major (Ole e 1 
and Ole e 9) and two minor allergens (Ole e 2 and Ole e 5) in the pollen extracts from seven 
olive cultivars collected along 4-7 consecutive years. The considered climatic variables 
included temperature, precipitation, number of rain days and humidity. Data were 
provided by the Spanish network for the temporal observation of ecosystems (REDOTE). 
Correlations between the allergen contents (both individually and all inclusive) and climate 
variables were studied by applying Spearman correlation tests. Results showed significant 
variations in the expression of the four allergens in the seven cultivars throughout the years 
of the analysis. All these positive correlations corresponded exactly to the period of time 
starting the winter prior to each flowering period to the end of period (this is, December 
from the previous year to June). 
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These results are discussed as regard to their putative incidence in the development of 
symptoms by patients, the requirements for medical assistance and the rates of admission 
into clinical centres and hospitals. Agronomical implications in olive sexual reproduction, 
including fruit setting and fruit production, are also discussed.   

2. Materials and methods  

2.1. Pollen samples 

Olea europaea L. pollen samples were obtained during May and June of 2000-2007 from 
cultivated trees of the cultivars: ‘Arbequina’, ‘Blanqueta’, ‘Hojiblanca’, ‘Manzanilla de 
Sevilla’, ‘Picual’, ‘Verdial de Huévar’ and ‘Verdial de Vélez’ situated at the IFAPA center 
“Alameda del Obispo” (Andalusian Regional Government, Córdoba, Spain). Pollen samples 
were collected from numerous branches of at least two trees of each cultivar by shaking 
flowering shoots inside paper bags. Prior to its storage in liquid nitrogen, the harvested 
pollen was sieved through a 150 µm mesh in order to eliminate fallen corollas, anthers and 
other rests. After light microscopy observation, foreign-species pollen was estimated to be 
<0.1% and other plant parts <0.5% for all the cultivars used.  

2.2. Preparation of crude protein extracts and SDS-PAGE  

Crude protein extracts were obtained by stirring 1 g of pollen for each cultivar in 10 ml 
extraction buffer (0.01 M ammonium bicarbonate, pH 8.0, and 2 mM phenylmethylsulfonyl 
fluoride) for 8 h at 4°C. After centrifugation (2 x 30 minutes at 14,000 rpm at 4°C), the 
supernatants were filtered through a 0.2 µm filter, and stored in aliquots at –20°C. Protein 
concentration in the different samples was measured using the Bio-Rad reagent (Bio-Rad, 
Hercules, CA, USA) and bovine serum albumin (BSA) as standard. 

Proteins (30 µg per lane) and Mw1 (New England BioLabs, Ipswich, MA, USA) and Mw2 
standards (MBI Fermentas, Vilnius, Lithuania) were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) in 15% gels in a MiniProtean II system (Bio-
Rad). The resulting gels were stained with silver nitrate (Rabilloud et al., 1994).  

2.3. Immunoblotting  

Gels obtained as described above were transferred onto BioTrace® polyvinylidene 
difluoride (PVDF) membranes (Pall BioSupport, Port Washington, NY, USA) at 100 V for 1.5 
hours using a Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad). Prior to the treatment 
with antibodies, the membranes were blocked with TBST buffer (Tris buffered saline: TBS + 
0.3% v/v Tween 20) + 10% w/v dried skimmed milk.  For membrane probing, a recently 
developed multiplex Western blotting system for the assessment of allergenic molecules 
(Morales et al. 2012) has been used. Briefly, the simultaneous detection of four olive pollen 
allergens (Ole e 1, Ole e 2, Ole e 5 and Ole e 9) on a single blot using a monoclonal antibody 
from mouse and three polyclonal antibodies raised in rabbit is carried out. We utilized 
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unconjugated Fab antibody fragments for blocking rabbit primary antibodies, and 
fluorescence-based detection. These changes allowed an accurate and reliable comparative 
quantitation of these allergens among pollen protein samples. 

2.4. Absolute and relative quantitation of allergens  

Imaging was carried out with a Pharos FX Plus Molecular Imager (Bio-Rad) using the 
Quantity One v4.6.2 software (Bio-Rad). The intensity of each fluorescent band was 
calculated using the quantitation tools of the Quantity One v4.6.2 software.  

2.5. Climate parameters  

Climate parameters were obtained from the weather tracking station situated at Córdoba 
airport (Spain) during the years 2000 to 2007. Information was extracted from the Spanish 
long term ecological research network (REDOTE). 

2.6. Statistical analysis  

Continuous variables were subjected to a study of normality distribution by using the 
Kolmorov-Smirnov test. Associations between continuous variables (non-normal 
distribution) were described by analysis of bivariate Spearman correlation (two-tailed). 
Significant correlation was considered P<0.05.  

3. Results  

3.1. Multiplex determination of year-to-year allergen expression in seven olive 
cultivars 

Figure 1A shows the protein profiles of the extracts analyzed after SDS-PAGE and silver 
staining. The different panels correspond to the cultivars analyzed between the years 2000 
and 2007. Bands were observed in the range of 15 to 75 kDa. Clear quantitative differences 
were distinguished, from which the most conspicuous were those in the bands of 20 kDa 
and 18.4 kDa among de different years, with the exception of cultivars ‘Arbequina’, ‘Verdial 
de Huévar’ and  ‘Hojiblanca’, in which the Ole e 1 bands were not well identified after silver 
staining. The remaining allergens studied were not identified after silver staining. 

Allergenic profiles were assessed by multiplex immunotransference (Figure 1B). The 
cultivars ‘Arbequina’ and ‘Hojiblanca’ displayed two Ole e 1 forms (20 kDa and 18.4 kDa) in 
contrast with the remaining cultivars, were the three major forms of Ole e 1 (22 kDa, 20 kDa 
and 18.4 kDa) were distinguished. Differences in the expression of this allergen depending 
on the year of pollen collection can be easily noticed.  

Ole e 2 was visualized in all cultivars in the form of two bands with sizes of 15.1 kDa and 14 
kDa, with the exception of the ‘Verdial de Vélez’ cultivar, in which only the 15.1 kDa band 
was present. As described for Ole e 1, the presence of noticeable differences in the 
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expression of the Ole e 2 allergen, depending the year of pollen collection can be observed in 
the corresponding multiplex immunoblots. 

 
Figure 1. A) Silver staining of total protein extracts obtained from pollen corresponding to the seven 
cultivars analyzed trhoughout the different years. B) Multiplex detection of the allergens Ole e 1, Ole e 
2, Ole e 5 and Ole e 9 in the same extracts described in panel A. Thirty micrograms of total protein were 
loaded in each lane. Lane numbers (0-7) correspond to the years analyzed (2000-2007). Molecular 
weight standards are displayed on the left.  

Ole e 5 allergen can be observed in the cultivars analyzed. However, only a weak signal was 
detected in the cultivars ‘Hojiblanca’ and ‘Verdial de Huévar’. Year-to-year differences in 
the expression of this allergen are clearly observed in ‘Picual’ and ‘Blanqueta’ cultivars.  

Finally, Ole e 9 was expressed in all cultivars analyzed. Year-to-year differences in their 
expression are observed as well, with the sharpest differences in the cultivars ‘Blanqueta’ 
and ‘Manzanilla de Sevilla’. 

3.2. Involvement of climatic factors in the expression of Ole e 1 allergen  

Correlation between the data corresponding to the major climatic factors and the expression 
of the allergens Ole e 1, Ole e 2, Ole e 5 y Ole e 9 was individually assessed for each cultivar 
by means of Spearman correlation analyses. The analysis of the correlation between the 
levels of the Ole e 1 and these climatic parameters is shown in Table 1. The presence of a 
statistically significant positive correlation between the expression of the different Ole e 1 
forms (either individually or their added values) and the accumulated yearly average 
temperatures (the addition of the monthly average temperatures during those months prior 
to the blooming period -July of the prior year to June of the current year-) was determined 
for the cultivar  ‘Blanqueta’. Total levels of the Ole e 1 allergen correlated positively with the 
monthly average temperatures during the winter period (for the cultivar ‘Verdial de 
Huévar’) or the spring period (cultivars ‘Blanqueta’, ‘Hojiblanca’). 
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Cultivar Climatic factor 
Ole e 1
 22 kDa 

Ole e 1
20 kDa 

Ole e 1
18.4 kDa 

All Ole e 1 
bands 

Arbequina Yearly AT accumulated (°C)
R -----  .65  
P   .156  

Blanqueta 

Yearly AT accumulated (°C)
R .9* 1**  .9* 
P .037 <0.001  .037 

AT April (°C) 
R  .9*   
P  .037   

AT May (°C) 
R  .9*   
P  .037   

mT May (°C) 
R .9* 1**  0.9* 
P .037 <0.001  .037 

Hojiblanca 

AT March (°C) 
R -----  1** 1** 
P   <0.001 <0.001 

mT March (°C) 
R -----  1** 1** 
P   <0.001 <0.001 

Accumulated precipitation 
winter (January-March) 

(mm) 

R ----- 1**   

P  <0.001   

precipitation February (mm)
R ----- 1**   
P  <0.001   

Picual 

AT April (°C) 
R   .643  
P   .119  

mT April (°C) 
R -----  .829*  
P   .021  

MT April (°C) 
R -----  .757*  
P   .049  

Verdial de 
Vélez 

No. days of rain in August 
R 1**  1** 1** 
P <0.001  <0.001 <0.001 

Verdial de 
Huévar 

AT February (°C) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

Accumulated precipitation 
(January-May) (mm) 

R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

No. days of rain in February
R .949 .949 .949 .949 
P .05 .05 .05 .05 

No. days of rain in April 
R 1**    
P <0.001    

Accumulated mRH  
(January-May) (%) 

R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

mRH January (%) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 
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cultivars analyzed trhoughout the different years. B) Multiplex detection of the allergens Ole e 1, Ole e 
2, Ole e 5 and Ole e 9 in the same extracts described in panel A. Thirty micrograms of total protein were 
loaded in each lane. Lane numbers (0-7) correspond to the years analyzed (2000-2007). Molecular 
weight standards are displayed on the left.  

Ole e 5 allergen can be observed in the cultivars analyzed. However, only a weak signal was 
detected in the cultivars ‘Hojiblanca’ and ‘Verdial de Huévar’. Year-to-year differences in 
the expression of this allergen are clearly observed in ‘Picual’ and ‘Blanqueta’ cultivars.  

Finally, Ole e 9 was expressed in all cultivars analyzed. Year-to-year differences in their 
expression are observed as well, with the sharpest differences in the cultivars ‘Blanqueta’ 
and ‘Manzanilla de Sevilla’. 

3.2. Involvement of climatic factors in the expression of Ole e 1 allergen  

Correlation between the data corresponding to the major climatic factors and the expression 
of the allergens Ole e 1, Ole e 2, Ole e 5 y Ole e 9 was individually assessed for each cultivar 
by means of Spearman correlation analyses. The analysis of the correlation between the 
levels of the Ole e 1 and these climatic parameters is shown in Table 1. The presence of a 
statistically significant positive correlation between the expression of the different Ole e 1 
forms (either individually or their added values) and the accumulated yearly average 
temperatures (the addition of the monthly average temperatures during those months prior 
to the blooming period -July of the prior year to June of the current year-) was determined 
for the cultivar  ‘Blanqueta’. Total levels of the Ole e 1 allergen correlated positively with the 
monthly average temperatures during the winter period (for the cultivar ‘Verdial de 
Huévar’) or the spring period (cultivars ‘Blanqueta’, ‘Hojiblanca’). 
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Cultivar Climatic factor 
Ole e 1
 22 kDa 

Ole e 1
20 kDa 

Ole e 1
18.4 kDa 

All Ole e 1 
bands 

Arbequina Yearly AT accumulated (°C)
R -----  .65  
P   .156  

Blanqueta 

Yearly AT accumulated (°C)
R .9* 1**  .9* 
P .037 <0.001  .037 

AT April (°C) 
R  .9*   
P  .037   

AT May (°C) 
R  .9*   
P  .037   

mT May (°C) 
R .9* 1**  0.9* 
P .037 <0.001  .037 

Hojiblanca 

AT March (°C) 
R -----  1** 1** 
P   <0.001 <0.001 

mT March (°C) 
R -----  1** 1** 
P   <0.001 <0.001 

Accumulated precipitation 
winter (January-March) 

(mm) 

R ----- 1**   

P  <0.001   

precipitation February (mm)
R ----- 1**   
P  <0.001   

Picual 

AT April (°C) 
R   .643  
P   .119  

mT April (°C) 
R -----  .829*  
P   .021  

MT April (°C) 
R -----  .757*  
P   .049  

Verdial de 
Vélez 

No. days of rain in August 
R 1**  1** 1** 
P <0.001  <0.001 <0.001 

Verdial de 
Huévar 

AT February (°C) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

Accumulated precipitation 
(January-May) (mm) 

R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

No. days of rain in February
R .949 .949 .949 .949 
P .05 .05 .05 .05 

No. days of rain in April 
R 1**    
P <0.001    

Accumulated mRH  
(January-May) (%) 

R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

mRH January (%) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 
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Cultivar Climatic factor 
Ole e 1
 22 kDa 

Ole e 1
20 kDa 

Ole e 1
18.4 kDa 

All Ole e 1 
bands 

mRH February (%) 
R 1**    
P <0.001    

mRH April (%) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

mRH May (%) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

 
 
 
 
 
 
 
 
 

Manzanilla de 
Sevilla 

 
 
 
 
 
 
 
 
 
 

AT March (°C) 
R   .8  
P   .104  

AT March (°C) 
R   .7  
P   .108  

mT March (°C) 
R  .9*   
P  .037   

MT May (°C) 
R  .9*   
P  .037   

Accumulated yearly 
precipitation (mm) 

R .9* 1**  0.9* 
P .037 .001  .037 

precipitation July (mm) 
R  .894  .894 
P  .04  .04 

precipitation 
September (mm) 

R 1**    
P <0.001    

precipitation 
November (mm) 

R .9* .9*  .9* 
P .03 .037  .037 

precipitation April (mm) 
R  .9*  .9* 
P  .037  .037 

No. days of rain in January
 

R  .9*  .9* 
P  .037  .037 

No. days of rain in April 
 

R  .9*  .9* 
P  .037  .037 

Accumulated yearly mRH 
(%) 

R 1**    
P <0.001    

mRH December (%) 
R .9*    
P .037    

mRH February (%) 
R  .9*  .9* 
P  .037  .037 

 
AT: average temperature. mT: minimum temperature. MT: maximum temperature. mRH: monthly relative humidity  

Table 1. Analysis of bivariate Spearman correlation (two-tailed) between the expression of the different 
Ole e 1 forms both individually and jointly (CNT*mm2) and different climatic factors. R: Spearman 
correlation coefficient. * Statistically significant correlation P<0.05; ** P<0.01. 
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Moreover, statistically significant positive correlations were observed between Ole e 1 
expression and minimum temperatures (cultivars ‘Blanqueta’, ‘Hojiblanca’, ‘Picual’ and 
‘Manzanilla de Sevilla’) or maximum temperatures (cultivars ‘Picual’ and ‘Manzanilla de 
Sevilla’) during the spring period. 

Total expression of Ole e 1 correlated positively with the added monthly precipitation 
occurred during the winter and spring period (cultivars ‘Hojiblanca’ and ‘Verdial de 
Huévar’), as well as with the total precipitation occurred during the months prior to 
flowering (cultivar ‘Manzanilla de Sevilla’). Positive correlations are also observed between 
total levels of Ole e 1 allergen and precipitation, number of days of rain, and the monthly 
average of relative humidity during the months prior to the blooming season. 

3.3. Involvement of climatic factors in the expression of Ole e 2 allergen 

Table 2 displays the observed correlations between Ole e 2 and different climatic factors. 
 

Cultivar Climatic factor Ole e 2 
 15.1 kDa 

Ole e 2 
14 kDa 

All Ole e 2 
bands 

Arbequina 
 

AT June (°C) 
R .886*  .886* 
P .019  .019 

MT June (°C) 
R .886*  .886* 
P .019  .019 

Accumulated precipitation 
winter (January-March) (mm) 

R  .943**  
P  .005  

precipitation February (mm) 
R  .943**  
P  .005  

Hojiblanca 

AT February (°C) 
R 1**   
P <0.001   

mT April (°C)  
R   .829* 
P   .021 

MT April (°C) R   .757* 
P   .049 

Accumulated mRH (January-
May) (%) 

R 1**   
P <0.001   

mRH January (%)  
R 1**   
P <0.001   

mRH May (%) R 1**   
P <0.001   

Verdial de Vélez mRH December (%) 
R   1** 
P   <0.001 

Verdial de 
Huévar 

AT January (°C) 
R  1**  
P  <0.001  

precipitation June (mm) 
R  .775*  
P  .041  
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Cultivar Climatic factor 
Ole e 1
 22 kDa 

Ole e 1
20 kDa 

Ole e 1
18.4 kDa 

All Ole e 1 
bands 

mRH February (%) 
R 1**    
P <0.001    

mRH April (%) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

mRH May (%) 
R  1** 1** 1** 
P  <0.001 <0.001 <0.001 

 
 
 
 
 
 
 
 
 

Manzanilla de 
Sevilla 

 
 
 
 
 
 
 
 
 
 

AT March (°C) 
R   .8  
P   .104  

AT March (°C) 
R   .7  
P   .108  

mT March (°C) 
R  .9*   
P  .037   

MT May (°C) 
R  .9*   
P  .037   

Accumulated yearly 
precipitation (mm) 

R .9* 1**  0.9* 
P .037 .001  .037 

precipitation July (mm) 
R  .894  .894 
P  .04  .04 

precipitation 
September (mm) 

R 1**    
P <0.001    

precipitation 
November (mm) 

R .9* .9*  .9* 
P .03 .037  .037 

precipitation April (mm) 
R  .9*  .9* 
P  .037  .037 

No. days of rain in January
 

R  .9*  .9* 
P  .037  .037 

No. days of rain in April 
 

R  .9*  .9* 
P  .037  .037 

Accumulated yearly mRH 
(%) 

R 1**    
P <0.001    

mRH December (%) 
R .9*    
P .037    

mRH February (%) 
R  .9*  .9* 
P  .037  .037 

 
AT: average temperature. mT: minimum temperature. MT: maximum temperature. mRH: monthly relative humidity  

Table 1. Analysis of bivariate Spearman correlation (two-tailed) between the expression of the different 
Ole e 1 forms both individually and jointly (CNT*mm2) and different climatic factors. R: Spearman 
correlation coefficient. * Statistically significant correlation P<0.05; ** P<0.01. 
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Moreover, statistically significant positive correlations were observed between Ole e 1 
expression and minimum temperatures (cultivars ‘Blanqueta’, ‘Hojiblanca’, ‘Picual’ and 
‘Manzanilla de Sevilla’) or maximum temperatures (cultivars ‘Picual’ and ‘Manzanilla de 
Sevilla’) during the spring period. 

Total expression of Ole e 1 correlated positively with the added monthly precipitation 
occurred during the winter and spring period (cultivars ‘Hojiblanca’ and ‘Verdial de 
Huévar’), as well as with the total precipitation occurred during the months prior to 
flowering (cultivar ‘Manzanilla de Sevilla’). Positive correlations are also observed between 
total levels of Ole e 1 allergen and precipitation, number of days of rain, and the monthly 
average of relative humidity during the months prior to the blooming season. 

3.3. Involvement of climatic factors in the expression of Ole e 2 allergen 

Table 2 displays the observed correlations between Ole e 2 and different climatic factors. 
 

Cultivar Climatic factor Ole e 2 
 15.1 kDa 

Ole e 2 
14 kDa 

All Ole e 2 
bands 

Arbequina 
 

AT June (°C) 
R .886*  .886* 
P .019  .019 

MT June (°C) 
R .886*  .886* 
P .019  .019 

Accumulated precipitation 
winter (January-March) (mm) 

R  .943**  
P  .005  

precipitation February (mm) 
R  .943**  
P  .005  

Hojiblanca 

AT February (°C) 
R 1**   
P <0.001   

mT April (°C)  
R   .829* 
P   .021 

MT April (°C) R   .757* 
P   .049 

Accumulated mRH (January-
May) (%) 

R 1**   
P <0.001   

mRH January (%)  
R 1**   
P <0.001   

mRH May (%) R 1**   
P <0.001   

Verdial de Vélez mRH December (%) 
R   1** 
P   <0.001 

Verdial de 
Huévar 

AT January (°C) 
R  1**  
P  <0.001  

precipitation June (mm) 
R  .775*  
P  .041  
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Accumulated No. of raining 
days (January-May) 

R  1**  
P  <0.001  

No. days of rain in February 
R .949 .949 .949 
P .05 .05 .05 

No. days of rain in April 
R 1**  1** 
P <0.001  <0.001 

Accumulated mRH  
(January-May) (%)  

R  1**  
P  <0.001  

mRH February (%) 
R 1**  1** 
P <0.001  <0.001 

mRH April (%) 
R 1**   
P <0.001   

mRH May (%) 
R 1**   
P <0.001   

Manzanilla de 
Sevilla 

precipitation June (mm) 
R .949* .949* .949* 
P .014 .014 .014 

No. days of rain in June 
R .872 .872 .872 
P .05 .05 .05 

Table 2. Analysis of bivariate Spearman correlation (two-tailed) between the expression of the different 
Ole e 2 forms both individually and jointly (CNT*mm2) and different climatic factors. R: Spearman 
correlation coefficient. * Statistically significant correlation P<0.05; ** P<0.01. AT: average temperature. 
mT: minimum temperature. MT: maximum temperature. mRH: monthly relative humidity.  

The expression levels of the bands corresponding to the Ole e 2 allergen (Table 2) and/or 
their addition, correlated positively with the average temperatures for particular months 
during the winter period (cultivars ‘Hojiblanca’ and ‘Verdial de Huévar’) or spring (cultivar 
‘Arbequina’). Statistically significant correlations were also observed between the expression 
of Ole e 2 and the maximum/minimum temperatures over the months corresponding to the 
spring (cultivars ‘Arbequina’ and ‘Hojiblanca’).  

The expression of one of the Ole e 2 form is positively correlated to the accumulated 
monthly precipitation occurred during the winter months for the cultivar ‘Arbequina’, as 
well as to the precipitation occurred in particular months during the winter and spring 
(cultivars ‘Arbequina’, ‘Verdial de Huévar’ and ‘Manzanilla de Sevilla’). The Ole e 2 form 
with the higher molecular weight (15.1 kDa) also presented correlation to the accumulated 
monthly relative humidity during the months of winter and spring (cultivars ‘Hojiblanca’ 
and ‘Verdial de Huévar’). Similarly, positive correlation was detected between the total 
levels of Ole e 2 and the total number of days of rain over the winter and spring months 
(cultivar ‘Verdial de Huévar’). 

3.4. Involvement of the climatic factors in the expression of Ole e 5 allergen 

As respects to Ole e 5 allergen (Table 3), the presence of a statistically significant positive 
correlation was determined between the minimum temperature during May, and the 
precipitation observed during February in the ‘Blanqueta’ cultivar. In the cultivar ‘Verdial 
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de Vélez’, Ole e 5 correlated to the number of days of rain and the relative humidity over the 
months of February and April.  
 

Cultivar Climatic factor Ole e 5 

Blanqueta 

mT May (°C) 
R .9* 

P .0187 

precipitation February (mm) 
R .9 * 

P .0037 

Verdial de Vélez 

No. days of rain in February 
R 1** 

P <0.001 

No. days of rain in April 
R 1** 

P <0.001 

mRH February (%) 
R 1** 
P <0.001 

mRH April (%) 
R 1** 
P <0.001 

Table 3. Analysis of bivariate Spearman correlation (two-tailed) between the expression of Ole e 5 
(CNT*mm2) and different climatic factors. R: Spearman correlation coefficient. *Statistically significant 
correlation P<0.05; ** P<0.01. AT: average temperature. mT: minimum temperature. MT: maximum 
temperature. mRH: monthly relative humidity.  

3.5. Involvement of climatic factors in the expression of Ole e 9 allergen 

As regard to the Ole e 9 allergen, its expression correlated positively (Table 4) with the 
average temperatures during the months of January (cultivars ‘Arbequina’, and ‘Verdial de 
Huévar’) and March (‘Hojiblanca’). In the same way, a correlation was demonstrated 
between Ole e 9 expression and the number of days of rain during March in the cultivars 
‘Arbequina’ and ‘Verdial de Vélez’. The average relative humidity also showed a 
statistically relevant correlation during the months of winter, for the cultivar ‘Picual’, and 
specifically for January in the cultivar ‘Verdial de Huévar’. In addition, and for this last 
cultivar ‘Verdial de Huévar’, the relative humidity presents a positive correlation during the 
spring months of April and May. 

3.6. Several examples of data distributions 

We describe next several examples of data distributions corresponding to climatic factors 
showing a statistically significant correlation with the expression level of the different 
allergens. Charts represent the allergen levels (represented as band intensities) plotted 
against climatic factors like temperature (Figure 2), precipitation, relative humidity and 
number of days of rain (Figure 3). A reference line showing a theoretical absolute linear 
correlation between the variables was added to the figures.  
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Accumulated No. of raining 
days (January-May) 

R  1**  
P  <0.001  

No. days of rain in February 
R .949 .949 .949 
P .05 .05 .05 

No. days of rain in April 
R 1**  1** 
P <0.001  <0.001 

Accumulated mRH  
(January-May) (%)  

R  1**  
P  <0.001  

mRH February (%) 
R 1**  1** 
P <0.001  <0.001 

mRH April (%) 
R 1**   
P <0.001   

mRH May (%) 
R 1**   
P <0.001   

Manzanilla de 
Sevilla 

precipitation June (mm) 
R .949* .949* .949* 
P .014 .014 .014 

No. days of rain in June 
R .872 .872 .872 
P .05 .05 .05 

Table 2. Analysis of bivariate Spearman correlation (two-tailed) between the expression of the different 
Ole e 2 forms both individually and jointly (CNT*mm2) and different climatic factors. R: Spearman 
correlation coefficient. * Statistically significant correlation P<0.05; ** P<0.01. AT: average temperature. 
mT: minimum temperature. MT: maximum temperature. mRH: monthly relative humidity.  

The expression levels of the bands corresponding to the Ole e 2 allergen (Table 2) and/or 
their addition, correlated positively with the average temperatures for particular months 
during the winter period (cultivars ‘Hojiblanca’ and ‘Verdial de Huévar’) or spring (cultivar 
‘Arbequina’). Statistically significant correlations were also observed between the expression 
of Ole e 2 and the maximum/minimum temperatures over the months corresponding to the 
spring (cultivars ‘Arbequina’ and ‘Hojiblanca’).  

The expression of one of the Ole e 2 form is positively correlated to the accumulated 
monthly precipitation occurred during the winter months for the cultivar ‘Arbequina’, as 
well as to the precipitation occurred in particular months during the winter and spring 
(cultivars ‘Arbequina’, ‘Verdial de Huévar’ and ‘Manzanilla de Sevilla’). The Ole e 2 form 
with the higher molecular weight (15.1 kDa) also presented correlation to the accumulated 
monthly relative humidity during the months of winter and spring (cultivars ‘Hojiblanca’ 
and ‘Verdial de Huévar’). Similarly, positive correlation was detected between the total 
levels of Ole e 2 and the total number of days of rain over the winter and spring months 
(cultivar ‘Verdial de Huévar’). 

3.4. Involvement of the climatic factors in the expression of Ole e 5 allergen 

As respects to Ole e 5 allergen (Table 3), the presence of a statistically significant positive 
correlation was determined between the minimum temperature during May, and the 
precipitation observed during February in the ‘Blanqueta’ cultivar. In the cultivar ‘Verdial 
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de Vélez’, Ole e 5 correlated to the number of days of rain and the relative humidity over the 
months of February and April.  
 

Cultivar Climatic factor Ole e 5 

Blanqueta 

mT May (°C) 
R .9* 

P .0187 

precipitation February (mm) 
R .9 * 

P .0037 

Verdial de Vélez 

No. days of rain in February 
R 1** 

P <0.001 

No. days of rain in April 
R 1** 

P <0.001 

mRH February (%) 
R 1** 
P <0.001 

mRH April (%) 
R 1** 
P <0.001 

Table 3. Analysis of bivariate Spearman correlation (two-tailed) between the expression of Ole e 5 
(CNT*mm2) and different climatic factors. R: Spearman correlation coefficient. *Statistically significant 
correlation P<0.05; ** P<0.01. AT: average temperature. mT: minimum temperature. MT: maximum 
temperature. mRH: monthly relative humidity.  

3.5. Involvement of climatic factors in the expression of Ole e 9 allergen 

As regard to the Ole e 9 allergen, its expression correlated positively (Table 4) with the 
average temperatures during the months of January (cultivars ‘Arbequina’, and ‘Verdial de 
Huévar’) and March (‘Hojiblanca’). In the same way, a correlation was demonstrated 
between Ole e 9 expression and the number of days of rain during March in the cultivars 
‘Arbequina’ and ‘Verdial de Vélez’. The average relative humidity also showed a 
statistically relevant correlation during the months of winter, for the cultivar ‘Picual’, and 
specifically for January in the cultivar ‘Verdial de Huévar’. In addition, and for this last 
cultivar ‘Verdial de Huévar’, the relative humidity presents a positive correlation during the 
spring months of April and May. 

3.6. Several examples of data distributions 

We describe next several examples of data distributions corresponding to climatic factors 
showing a statistically significant correlation with the expression level of the different 
allergens. Charts represent the allergen levels (represented as band intensities) plotted 
against climatic factors like temperature (Figure 2), precipitation, relative humidity and 
number of days of rain (Figure 3). A reference line showing a theoretical absolute linear 
correlation between the variables was added to the figures.  
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Cultivar Climatic factor Ole e 9 

Arbequina 
AT January (°C) 

R .829* 
P .042 

No of days of rain in March 
R .088* 
P .02 

Hojiblanca 
AT March (°C) 

R 1** 
P <0.001 

mT March (°C) 
R 1** 
P <0.001 

Picual mRH December (%) 
R .857* 
P .014 

Verdial de Vélez No. days of rain in March 
R .949 
P .05 

Verdial de Huévar 

AT January (°C) R 1** 
P <0.001 

No. days of rain in February R .949 
P .05 

mRH January (%) R 1** 
P <0.001 

mRH April (%) R 1** 
P <0.001 

mRH May (%) R 1** 
P <0.001 

Table 4. Analysis of bivariate Spearman correlation (two-tailed) between the expression of Ole e 9 
(CNT*mm2) and different climatic factors. R: Spearman correlation coefficient. *Statistically significant 
correlation P<0.05; ** P<0.01. AT: average temperature. mT: minimum temperature. MT: maximum 
temperature. mRH: monthly relative humidity.  

 
Figure 2. Examples of charts displaying data distribution referring to temperatures plotted against the 
expression levels of the following allergens: A) Ole e 1, B) Ole e 2, C) Ole e 5 and D) Ole e 9. 
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Figure 3. Examples of charts displaying data distribution referring to precipitation, relative humidity 
and number of days of rain plotted against the expression levels of the following allergens: A) Ole e 1, 
B) Ole e 2, C) Ole e 5 and D) Ole e 9. 

4. Discussion and conclusions 

The allergen content of the olive pollen is clearly influenced by the genetic origin of the 
cultivar analyzed (Hamman Khalifa et al. 2008). Diverse authors have also indicated that 
climatic factors may have different effects over olive flowering and pollen development 
(Galan et al. 2001; Orlandi et al. 2010), as well as over olive pollen allergenicity (Fernández-
Caldas et al. 2007).   

The results presented here demonstrate that changes occur in the expression of four relevant 
allergens in seven cultivars, and throughout consecutive years. However, results are 
considered heterogeneous between the different cultivars. The climatic parameters taken 
into account were temperature, precipitation, number of days of rain or relative humidity 
during the months prior to the flowering period, which normally corresponds to the months 
of May and June.  

As regard to the temperature, correlations were not observed for a particular month or for 
the accumulated yearly temperature in all cultivars in a simultaneous way. However, the 
point correlations detected always corresponded to the winter and summer months 
(January-June) prior to the flowering period. This can be due to the intrinsic characteristics 
and requirements of each cultivar, or to the low number of cultivars and years studied, 
which may limit the statistical power of the analysis. 

This results are in good agreement with those described for the birch major pollen allergen 
Bet v 1 (Buters et al. 2008), where an increase of this allergen was observed in higher 
temperatures, determined by growth of sampling trees in different climatic regions, over 
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Cultivar Climatic factor Ole e 9 

Arbequina 
AT January (°C) 

R .829* 
P .042 

No of days of rain in March 
R .088* 
P .02 

Hojiblanca 
AT March (°C) 

R 1** 
P <0.001 

mT March (°C) 
R 1** 
P <0.001 

Picual mRH December (%) 
R .857* 
P .014 

Verdial de Vélez No. days of rain in March 
R .949 
P .05 

Verdial de Huévar 

AT January (°C) R 1** 
P <0.001 

No. days of rain in February R .949 
P .05 

mRH January (%) R 1** 
P <0.001 

mRH April (%) R 1** 
P <0.001 

mRH May (%) R 1** 
P <0.001 

Table 4. Analysis of bivariate Spearman correlation (two-tailed) between the expression of Ole e 9 
(CNT*mm2) and different climatic factors. R: Spearman correlation coefficient. *Statistically significant 
correlation P<0.05; ** P<0.01. AT: average temperature. mT: minimum temperature. MT: maximum 
temperature. mRH: monthly relative humidity.  

 
Figure 2. Examples of charts displaying data distribution referring to temperatures plotted against the 
expression levels of the following allergens: A) Ole e 1, B) Ole e 2, C) Ole e 5 and D) Ole e 9. 
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Figure 3. Examples of charts displaying data distribution referring to precipitation, relative humidity 
and number of days of rain plotted against the expression levels of the following allergens: A) Ole e 1, 
B) Ole e 2, C) Ole e 5 and D) Ole e 9. 

4. Discussion and conclusions 

The allergen content of the olive pollen is clearly influenced by the genetic origin of the 
cultivar analyzed (Hamman Khalifa et al. 2008). Diverse authors have also indicated that 
climatic factors may have different effects over olive flowering and pollen development 
(Galan et al. 2001; Orlandi et al. 2010), as well as over olive pollen allergenicity (Fernández-
Caldas et al. 2007).   

The results presented here demonstrate that changes occur in the expression of four relevant 
allergens in seven cultivars, and throughout consecutive years. However, results are 
considered heterogeneous between the different cultivars. The climatic parameters taken 
into account were temperature, precipitation, number of days of rain or relative humidity 
during the months prior to the flowering period, which normally corresponds to the months 
of May and June.  

As regard to the temperature, correlations were not observed for a particular month or for 
the accumulated yearly temperature in all cultivars in a simultaneous way. However, the 
point correlations detected always corresponded to the winter and summer months 
(January-June) prior to the flowering period. This can be due to the intrinsic characteristics 
and requirements of each cultivar, or to the low number of cultivars and years studied, 
which may limit the statistical power of the analysis. 

This results are in good agreement with those described for the birch major pollen allergen 
Bet v 1 (Buters et al. 2008), where an increase of this allergen was observed in higher 
temperatures, determined by growth of sampling trees in different climatic regions, over 
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two consecutive years. Another study suggests a higher allergenic response to the Bet v 1 
allergen present in birch pollen extracts grown in high average daily temperatures, in 
comparison to trees cultivated at lower temperatures (Ahlholm et al. 1998). This assay was 
carried out by using sera from patients sensitive to this pollen by using immunoblotting 
experiments. Our results indicate that high temperatures also seem to exert an increase in 
the expression of allergens in certain olive cultivars.  

We may extrapolate that an increase in the average temperatures would bring a parallel 
increase in pollen allergenic content and allergenicity as a consequence. This could be 
therefore one of the consequences of the so-called global warming produced by the 
greenhouse effect (Ahlholm et al. 1998; Cecchi et al. 2010). Moreover, we may speculate that 
the fact that urban areas are often exposed to temperatures  2 to 8 °C higher that rural areas  
(Oke 1987) may result in increased olive pollen allergenicity and allergy prevalence in and 
around the cities, where the olive tree is also present, as it is widely used as an ornamental 
plant.  

Fernández-Caldas et al. (2007) performed a similar study using six olive cultivars, over a 
period of five consecutive years. This study analyzed the content in the olive pollen major 
allergen (Ole e 1) only, which did not show statistically significant correlations to the 
precipitation average, nor to the average temperatures over the winter months prior to 
flowering. These authors described, however, a positive correlation between overall 
allergenicity and the average precipitation occurred during the winter months, for all the 
cultivars analyzed.  

Several relevant differences are noticeable between the present study and that of Fernández-
Caldas et al. (2007). First, this work combines the information available on four allergens, 
Ole e 1, Ole e 2, Ole e 5 and Ole e 9, instead of the olive pollen major allergen only. 
Therefore, the conclusions obtained are more similar to those described by Fernández-
Caldas et al. referring to whole olive pollen allergenicity than those referring to Ole e 1 only. 
On the other hand, the present study uses accumulated data instead of averages for 
parameters like precipitation and number of monthly/seasonal/yearly days of rain. 
Moreover, although in some cases, monthly averages of temperature and relative humidity 
were considered, specific correlations were calculated upon the accumulated data for 
seasonal/yearly periods. 

From an allergenic point of view, the present results suggest that those years with high 
levels of precipitation and high temperatures during the winter and the spring periods, 
contribute an enhanced allergenic content of the pollen grains at the end of the spring. We 
also may postulate that those areas of olive culture which are supplemented by artificial 
watering may yield a higher allergenicity for olive pollen-sensitized patients. The same 
would apply to urban areas, where ornamental olive trees are usually watered.  

From an agronomic point of view, the described increase in the expression of the allergen 
Ole e 1 which takes place under increased temperature and precipitation might result in 
important differences in the reproductive behavior of the plant. Thus, preliminary 
observations (Morales et al. unpublished), indicated that the enhanced levels of Ole e 1 
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correlated to increased rates of pollen germination and lower degree of olive self-
incompatibility. This hypothesis is also in good agreement with experimental observations 
made by several authors as regard to the effects of climatic factor on self-pollination and 
productivity in the olive (Androulakis and Loupassaki 1990, Lavee et al. 2002). 
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correlated to increased rates of pollen germination and lower degree of olive self-
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1. Introduction 

Profilin was first identified in plants as a birch allergen (Valenta et al. 1991). Plants have 
several genes encoding highly divergent profilin isoforms (Kovar et al. 2000; Kandasamy et 
al. 2002), differentially expressed, and with biochemical and functional diversity (Huang et 
al. 1996), particularly physiological roles in actin-based processes. Profilins are divided in 
two classes: one is ubiquitously present, and constitutively expressed in all plant tissues 
(vegetative), whereas the second class is restricted to the reproductive tissues (Kandasamy 
et al. 2002). At biochemical level, plant profilins are placed into two distinct classes: Class I 
profilins bind to phosphatidylinositol 4,5-bisphosphate [PtdIns(4,5)P2] much stronger than 
class II profilins, whereas class II have stronger affinity for actin and PLP (Gibbon et al 1998; 
Kovar et al 2000).  

The complexity of profilin expression and the number of isoforms in higher plants is 
correlated with the observation that the actin family is also more complex in plants than in 
other kingdoms (McDowell et al. 1996). Structurally, Overall look to plant profilins indicates 
that they are similar to these from yeast and vertebrate, though the identity of primary amino 
acid sequence is only about 30% (Fedorov et al. 1997; Thorn et al. 1997), which implicate 
profilins in key conserved functions throughout different kingdoms. However, the in vitro 
biochemical data suggested that different profilin isoform functions distinctly (Kovar et al. 
2000), which supports an isovariant dynamics model where particular isoforms have 
differential functions/activities. Supporting this idea, it has been proposed that plant profilin 
family multi-functionality might be inferred by natural variation through profilin isovariants 
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generated among germplasm, as a result of polymorphism. The high variability might result in 
both differential profilin properties and differences in the regulation of the interaction with 
natural partners, suggesting that isovariant dynamics may expand the responses of the actin 
cytoskeleton or buffer it to against stress (Jimenez-Lopez 2008, Jimenez-Lopez et al. 2012).  

Profilin is a major regulator of actin dynamics and is crucial for cellular growth, 
morphogenesis and cytokinesis (Jockusch et al. 2007). In addition to binding to actin, 
profilins bind to other partners like stretch of poly-proline (PLP) and proline-rich proteins, 
and phospholipids. The proline-binding ability could be a major function, being different 
among profilin isoforms, affecting actin-based structures (Kovar et al. 2001). The importance 
of the binding of profilin to PLP is supported by the finding of the differential preference for 
profilin isoforms of formin (essential actin-binding and nucleator protein) (Neidt et al. 2009), 
together with the evidence that Arabidopsis formins have preference for different profilin 
isoforms (Deeks et al. 2005).  

Another binding ligand of profilin is phospholipids. The binding of profilin to 
phospholipids links to its potential role in vesicle trafficking (Janssen and Schleicher 2001). 
Profilins have been revealed as key mediators of the membrane–cytoskeleton 
communication, acting at critical points of signaling pathways initiated by events in the 
plasma membrane and transmitted by transduction cascades to promote cytoskeletal 
rearrangements (Baluska et al. 2002). This functionality arises from their capacity of 
interaction with phosphatidylinositides (PIP2), as well as with poly-L-proline-rich proteins 
(Kovar et al. 2001).  

Several locations have been attributed to profilin. They have been localized in different plant 
cells and tissues, including the microspores, pollen grains and pollen tubes (Grote et al. 
1993, 1995; Hess et al. 1995; Fischer et al. 1996; Vidali & Hepler 1997; Kandasamy 2002). 
Plant profilin was reported to be localized in the cytoplasm of pollen tube uniformly (Hess 
et al. 1995; Vidali & Hepler 1997). However, no clear picture has yet been established about 
the precise location of profilin in the pollen tubes. In consideration of the existence of 
calcium gradient in pollen tube and the regulation of profilin’s sequestering activity by 
calcium (Kovar et al. 2000), the existence of a gradient of total sequestering activity of 
profilin in the pollen tube is expected.  

Upon pollen hydration and pollen germination, profilin was detected close to the site of 
pollen tube emergence, forming a ring-like structure around the apertural region. Profilin 
was also detected in the pollen exine of the germinating pollen grains and in the 
germination medium. Profilin was also localized in the cytoplasm of the pollen tube, 
particularly at both the proximal and apical ends (Morales et al. 2008).  

Depending on the fixation and extraction protocol used, nuclear localization has been also 
observed (Buss et al. 1992). Profilin has also been found in generative and vegetative nuclei 
of Ledebouria socialis pollen (Hess and Valenta 1997), the nuclei of Phaseolus vulgaris cells 
(Vidali et al. 1995) and Arabidopsis thaliana and maize root hairs (Braun et al. 1999, Baluska et 
al. 2001). Microinjection of a fluorescently labeled birch profilin in Micrasterias denticulata 
also shows an accumulation of profilin in the nucleus (Holzinger et al. 1997). 
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Other different profilin localizations have been described, like the chloroplast outer 
membrane, which interacts with CHUP1 protein during chloroplast movement in response 
to light (Schmidt von Braun and Schleiff 2008), and in amyloplasts (Fischer et al. 1996), in 
addition to a preferential localization in association with the plasma membrane. Moreover, a 
differential expression of different profilin isoforms has been reported in microspores and 
maize pollen (von Witsch et al. 1998). Profilin isoforms PRF1 and PRF2 were localized 
differentially in Arabidopsis epidermal cell (Wang et al. 2009), which emphasizes the 
existence of differentially regulated and localized profilin isoforms, as well as the necessity 
to determine the localization of each profilin isoform individually and carefully. 

In the present study, we have used two experimental approaches: immune-reactivity in 
blotting experiments, and immunogold experiments for profilin cellular localization at TEM, 
with the aim of analyzing the differential immune-reactivity of profilins as result of their 
high sequence polymorphism, which also drives profilins the subcellular locations.  

2. Material and methods 

2.1. Plant material 

Olive (Olea europaea L.) pollen was individually collected during May and June from olive 
trees of 24 cultivars, grown in the olive germplasm collection of the Estación Experimental 
del Zaidín, CSIC, Granada, Spain. Pollen samples were collected in large paper bags by 
vigorously shaking the inflorescences sequentially sieved through 150 and 50 μm mesh 
filters to eliminate debris and maintained at -80°C. 

Mature seeds from Acebuche (wild olive) and Picual cultivars were obtained from the same 
collection of well-characterized olive trees growing in the “Estación Experimental del 
Zaidín” (Granada, Spain), 210 days after anthesis (DAA).  

2.2. In vitro pollen germination 

Olive mature pollen from the Picual cultivar was in vitro germinated. Pre-hydration was 
performed by incubation in a humid chamber at 30°C for 30 min. The grains (0.02 g/plate) 
were then transferred to Petri dishes containing 10mL of the germination medium [10% 
(w/v) sucrose, 0.03% (w/v) Ca(NO3)2, 0.01% (w/v) KNO3, 0.02% (w/v) MgSO4 and 0.03% 
(w/v) boric acid], as described by M’rani-Alaoui (2000). The Petri dishes were maintained at 
25°C in the dark, and the pollen samples were taken at 5 min, 1, 4, 7, and 18h after the onset 
of the culture, pollen tube growth was monitoring by light microscopy. Finally, the pollen 
was pelleted by centrifugation (1000 × g for 20 s). 

2.3. Protein extraction 

Mature pollen or germinated samples were re-suspended in an extraction buffer (PBS), pH 
7.4 [140 mM NaCl, 2.7 mM KCl, 8.15 mM Na2HPO4 and 1.8 mM KH2PO4] added with 10 
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generated among germplasm, as a result of polymorphism. The high variability might result in 
both differential profilin properties and differences in the regulation of the interaction with 
natural partners, suggesting that isovariant dynamics may expand the responses of the actin 
cytoskeleton or buffer it to against stress (Jimenez-Lopez 2008, Jimenez-Lopez et al. 2012).  

Profilin is a major regulator of actin dynamics and is crucial for cellular growth, 
morphogenesis and cytokinesis (Jockusch et al. 2007). In addition to binding to actin, 
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Other different profilin localizations have been described, like the chloroplast outer 
membrane, which interacts with CHUP1 protein during chloroplast movement in response 
to light (Schmidt von Braun and Schleiff 2008), and in amyloplasts (Fischer et al. 1996), in 
addition to a preferential localization in association with the plasma membrane. Moreover, a 
differential expression of different profilin isoforms has been reported in microspores and 
maize pollen (von Witsch et al. 1998). Profilin isoforms PRF1 and PRF2 were localized 
differentially in Arabidopsis epidermal cell (Wang et al. 2009), which emphasizes the 
existence of differentially regulated and localized profilin isoforms, as well as the necessity 
to determine the localization of each profilin isoform individually and carefully. 

In the present study, we have used two experimental approaches: immune-reactivity in 
blotting experiments, and immunogold experiments for profilin cellular localization at TEM, 
with the aim of analyzing the differential immune-reactivity of profilins as result of their 
high sequence polymorphism, which also drives profilins the subcellular locations.  

2. Material and methods 

2.1. Plant material 

Olive (Olea europaea L.) pollen was individually collected during May and June from olive 
trees of 24 cultivars, grown in the olive germplasm collection of the Estación Experimental 
del Zaidín, CSIC, Granada, Spain. Pollen samples were collected in large paper bags by 
vigorously shaking the inflorescences sequentially sieved through 150 and 50 μm mesh 
filters to eliminate debris and maintained at -80°C. 

Mature seeds from Acebuche (wild olive) and Picual cultivars were obtained from the same 
collection of well-characterized olive trees growing in the “Estación Experimental del 
Zaidín” (Granada, Spain), 210 days after anthesis (DAA).  

2.2. In vitro pollen germination 

Olive mature pollen from the Picual cultivar was in vitro germinated. Pre-hydration was 
performed by incubation in a humid chamber at 30°C for 30 min. The grains (0.02 g/plate) 
were then transferred to Petri dishes containing 10mL of the germination medium [10% 
(w/v) sucrose, 0.03% (w/v) Ca(NO3)2, 0.01% (w/v) KNO3, 0.02% (w/v) MgSO4 and 0.03% 
(w/v) boric acid], as described by M’rani-Alaoui (2000). The Petri dishes were maintained at 
25°C in the dark, and the pollen samples were taken at 5 min, 1, 4, 7, and 18h after the onset 
of the culture, pollen tube growth was monitoring by light microscopy. Finally, the pollen 
was pelleted by centrifugation (1000 × g for 20 s). 

2.3. Protein extraction 

Mature pollen or germinated samples were re-suspended in an extraction buffer (PBS), pH 
7.4 [140 mM NaCl, 2.7 mM KCl, 8.15 mM Na2HPO4 and 1.8 mM KH2PO4] added with 10 
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μg/μL protease inhibitor cocktail (Sigma, Madrid, Spain) to a proportion of 5 mL solution 
per 0.5 gram of fresh tissue and then incubated at 4◦C for 4 h with vigorous shaking. After 
centrifugation at 13000 × g for 30 min at 4◦C, the supernatants were removed, dispensed into 
aliquots and stored at –20°C. The process was repeated two times and proteins from both 
protein extractions were precipitated together overnight at -20°C with a trichloroacetic acid 
solution.  

0.5 g of seeds material (cotyledons and endosperms) was directly homogenized to a very 
fine powder in a liquid nitrogen-precooled mortar with a pestle. 0.1g of this powder was 
resuspended in 5ml of 1M Tris-HCl buffer, pH 7 plus 0.7% sodium dodecyl sulfate (SDS) 
and 1% 2-mercaptoethanol (denaturing, reducing conditions). After centrifugation at 10000g 
for 15 min (4°C), the supernatants were filtered through 0.2mm filter and stored at –20◦C.  

The protein concentration was measured following the Bradford (1976) method, using the 
Bio-Rad reagent and bovine serum albumin (BSA) (Bio-Rad, Barcelona, Spain) as standard. 
In total, 30 μg of protein per lane was loaded into a 12% sodium dodecyl sulfate (SDS)-
polyacrylamide gel (PAGE), as described by Laemmli (1970). The proteins were separated 
using a Mini-Protean system (Bio-Rad). After completion of SDS-PAGE, the gels were fixed 
and Coomassie blue stained [25% methanol, 10%acetic acid and 0.1% Coomassie blue R250]. 
Digitized images were obtained using the Power Look III scanner and the MagicScan 
software (UMAX Systems GmbH, Germany). 

2.4. Protein transference and immunoblotting 

After completion of proteins separation by SDS-PAGE, they were transferred onto 
polyvinylidenedifluoride (PVDF) membranes at 25 V for 30 min in a semi-dry transfer cell 
(Bio-Rad) with transfer buffer containing 25 mM Tris-HCl pH 8.3, 192 mM, and 20% glycine. 
For immunodetection, blots were incubated for 4 h at 25◦C with a blocking solution 
containing 0.1% Tween 20 and 10% dried skimmed milk in Tris-buffered saline (TBS). The 
membranes were then probed with: 

1. Whole olive and maize profilins polyclonal antibodies anti-ZmPRA (dilution 1:500) and 
anti-Ole e 2 (Morales et al. 2008) in a dilution 1:20000. 

2. Polyclonal antibodies specific to particular isoforms of maize profilin like ZmPRO5 
(Kovar et al. 2000), ZmPRO4 (Gibbon et al. 1998) and ZmPRO3 (Karakesisoglou et al. 
1996), in a dilution 1:500. 

An alkaline phosphatase-Conjugated anti-rabbit IgG (Promega Co) diluted 1:10000 served as 
the secondary antibody, and the detection reaction was developed using NBT-BCIP 
colorimetric system. 

2.5. Quantitations 

The intensity of each band was calculated from scanned images of gels by using the 
quantitation tools of the Quantity One v4.6.2 software (Bio-Rad Laboratories, USA). 
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2.6. Microscopy analysis  

2.6.1. Immunolocalization of profilins in pollen by Transmission Electron Microscopy 

The germinated pollen grains were fixed for 2 h at 4◦C in 0.1% (v/v) glutaraldehyde (GA) 
and 4% (w/v) parformaldehyde (PF) in buffer 1. The samples were dehydrated in an ethanol 
series and embedded in Unicryl resin (BBInternational, Cardiff, UK) following a progressive 
lowering of temperature (PLT) schedule, as described by Alché et al. (1999). Ultra-thin 
sections (80 nm) were cut with an ultramicrotome (Reichert- Jung, Vienna, Austria) and 
transferred on to formvar-coated 300-mesh nickel grids. Blocking of non-specific binding 
sites was carried out by incubation of sections for 2 h in a solution containing 5% (w/v) BSA 
in washing buffer. The blocking was followed by washing in buffer 1 for 10 min and 
incubation at RT for 2.5 h with the antibodies described above, and their proper dilutions in 
the blocking solution. After washing several times with buffer 1, the grids were treated for 2 
h with a goat anti-rabbit IgG secondary antibody coupled to 15-nm gold particles 
(BBInternational) diluted 1/100 in the blocking solution. Finally, they were washed in buffer 
1 (5 × 5 min), rinsed in double-distilled water (3 × 5 min) and then stained for 15 min with a 
solution of 5% (w/v) uranyl acetate in the dark. The observations were carried out with a 
JEM-1011 (JEOL, Tokyo, Japan) TEM. The treatment of control sections was the same, 
although incubation with the primary antibody was omitted. 

2.7. Statistical analysis 

Statistical analysis was performed by using the SPSS v.18 statistical software package. A 
general comparison among multiple sample groups was performed throughout one-way 
analysis of variance (One-way ANOVA) on the basis of the Fisher-Snedecor distribution test 
(=0.05, significance value) (Mehta and Patel 1983). Normality and variances homogeneity 
of the data collection were checked by the Shapiro-Wilk test (= 0.05, significance value) 
(Shapiro and Wilk 1965) and the Levene test (= 0.05 significance value) (Levene 1960), 
respectively. Post hoc range probes and pair of species comparisons were carried out with 
the parametric test of Games-Howell (=0.05, significance value) (Games and Howell 1976). 

3. Results 

3.1. Expression and differential reactivity characterization of profilin from olive 
cultivars 

SDS-PAGE analysis of protein extracts of mature pollen from 24 olive cultivars showed 
distinctive protein profiles with different intensity.  

30μg of total protein was loaded in each line. The main protein bands of know pollen 
allergens correspond to the mayor olive pollen allergen Ole e 1, with a molecular weigh 
between 18-20 kDa. Defined protein bands corresponding to profilin around 13-15kDa are 
not clearly distinguishable (Figure 1). 
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Figure 1. Protein profile of crude protein extract from 24 olive cultivars.  

Cross-reactivity analysis between protein extracts from 24 olive cultivars with different 
antisera made against profilins from olive and maize pollen showed large differences both 
qualitative (intensity of bands) and quantitative (number of reactive bands) concerning 
profilins of MW around 13, 13.7 y 14.2kDa (Figure 2).  

Statistical analysis of densitometric quantitations was performed. The variance analysis for 
the different antisera against different protein extracts from 24 olive cultivars (Figure 2 A to 
E) showed significant differences (F-ratio=14.06, p<0.05). The reactivity values were inside a 
normal distribution (Shapiro-Wilk=0.85, p>0.05), while the Levene test indicated non 
homogeneity of variances (Levene=10.16, p<0.05).  

Multiple comparisons of the five antisera by Games-Howell test determined the existence of 
statistically significant differences (p<0.05) between pairs of serum analyzed (anti-PRA to 
anti-ZmPRO4, anti-PRA to anti-ZmPRO3, anti-ZmPRO4 to anti-ZmPRO5, and anti-
ZmPRO3 to anti-ZmPRO5, with Games-Howell test results of 73705.4, 70384.6, 124308.1 and 
53923.4, respectively.  

The analysis of the reactivity of the different cultivars against each individual antiserum 
showed statistical significant differences between Leccino and Picual, Lechín de Sevilla and 
Picudo, Lucio and Frantoio, Blanqueta and Farga, as well as between Picudo and Cornicabra 
corresponding to the immunoblots individually probed with anti-PRA, anti-ZmPRO3, anti-
ZmPRO5, anti-ZmPRO4 y anti-Ole e 2, respectively (Figure 2A-E). Oppositely, it is possible 
to observe clear differences between antisera in their reactivity to defined cultivars, such 
as Hojiblanca, Arbequina, Cornicabra, Bella de España and Empeltre for the 
immunoblotting corresponding to anti-ZmPRO3; Lechin de Sevilla, Verdial de Huevar, 
Loaime, Lucio and Leccino for anti-ZmPRO4; and Sourani and Villalonga for  anti-Ole e 2 
(Figure 2A-E). 
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Figure 2. Immuno-reactivity analysis of profilin from 24 olive pollen cultivars. Reactivity of protein 
crude extracts from 24 olive cultivars was assayed against different maize profilin antisera, A) anti-PRA, 
B) anti-ZmPRO3, C) anti-ZmPRO5, D) anti-ZmPRO4, E) as well as against olive profilin antiserum anti-
Ole e 2. Up to 3 reactive bands about 13, 13.7 and 14.2 kDa, corresponding to different isoforms of 
profilins were observed. The intensity of the reactive bands was quantitated by a densitometric analysis: 
yellow plot corresponding to 13kDa bands, pink (13.7 kDa) and blue (14.2 kDa). Red asterisks 
highlighted the differential reactivity (very high or very low) of defined cultivars to particular antisera, 
whereas blue asterisks highlighted the differential reactivity among cultivar to defined antisera.  
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3.2. Profilin expression and characterization of the differential reactivity of 
birch, hazel, timothy-grass and maize profilins 

SDS-PAGE analysis of protein extracts of mature pollen from Betula pendula, Corylus avellana, 
Phleum pratense and Zea mays displayed distinctive protein profiles in the figure 3. Defined 
protein bands corresponding to profilin are clearly distinguishable in the interval of 14-
17kDa, which is the expected size for profilin isoforms.  

 
Figure 3. Protein profile of crude protein extract from pollen of 5 individual plant species. 30μg of total 
protein was loaded in each line. 

Profilin immunodetection was performed by using the same antisera described above for 
olive. In this case, different antisera are able to distinguish up to two reactive bands, with 
molecular weights of 13.7 and 14.2 kDa (Figure 4).  

Clear differences can be appreciated when compared protein extracts reactivity of different 
species to individual antisera, as well as the reactivity of an individual protein extract to the 
different antisera assayed. 

Cross-immune reactivity analysis between protein extracts from the five species with 
different antisera made against profilins from olive and maize pollen showed large 
differences both qualitative (intensity of bands) and quantitative (number of reactive bands) 
concerning profilins of MW around 13.7 and 14.2 kDa (Figure 4).  

Statistical analysis of densitometric quantitations was performed. The variance analysis for 
the different antisera against different protein extracts showed significant differences among 
the 5 species (F-ratio= 8.13, p<0.05). 

The reactivity values were inside of a normal distribution (test de Shapiro-Wilk: 0.95, p>0.05), 
while the Levene test indicated non-homogeneity of variances (Levene: 2.86, p<0.05).  
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Figure 4. Immuno-reactivity analysis of crude protein extract from pollen of 5 plant species. Reactivity 
of proteins from 5 plant species were assayed against different maize profilin antisera, A) anti-PRA, B) 
anti-ZmPRO3, C) anti-ZmPRO5, D) anti-ZmPRO4, E) as well as against olive profilin antiserum anti-Ole 
e 2. It was appreciable up to 2 reactive bands about 13.7 and 14.2 kDa, corresponding to different 
isoforms of profilins for the species analyzed. The intensity of the reactive bands was quantitated by a 
densitometric analysis: pink color plot corresponded to 13.7kDa bands, and blue to 14.2 kDa. Red 
asterisks highlighted the differential reactivity (very high or very low) of defined species to different 
antisera, whereas blue asterisks highlighted the differential reactivity among cultivar to defined 
antiserum. 
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Multiple comparison among the antisera showed statistically significant differences (p<0.05) 
between anti-ZmPRO3 and anti-PRA, anti-ZmPRO4, and anti-ZmPRO5, respectively, with 
Games-Howell test results of 65010.5, 64564.3 y 71150.2, respectively.  

On the other hand, analysis of reactivity among species against individual antiserum 
showed statistical significant differences between Olea europaea L. and Phleum pratense, 
Olea europaea L. and Corylus avellana, Zea mays and Phleum pratense, and Corylus avellana 
and Zea mays for the antisera anti-PRA, anti-ZmPRO5, anti-ZmPRO4 and anti-Ole e 2, 
respectively.  

Reversely, it is possible to observe clear differences between antisera for defined species, 
such as Corylus avellana and Phleum pratense for anti-ZmPRO3, and Phleum pratense for anti-
Ole e 2. 

3.3. Analysis of olive pollen profilin during in vitro germination 

The study of the olive pollen germination was aimed to analyze the differential expression 
of profilin isoforms during the germination process. Figure 5 showed the protein profiles of 
olive pollen extracts (cv. Picual) obtained after hydration, and at different times of 
germination (5 min, 1h, 4h, 7h and 18h). No bands were distinguishable in the blue 
Coomassie blue stained gel around the molecular weight corresponding to profilins.  

 
Figure 5. Protein profile of crude protein extract of mature olive pollen (cv. Picual) before and at 
different times of in vitro germination. 30μg of total protein was loaded in each line. 

On the contrary, clear bands were obtained with immunoblotting experiments with the 
different antisera. 5 different bands can be distinguished corresponding to 5 different 
profilin isoforms (Figure 6), with calculated MW of 13.0, 13.7, 14.2, 14.9 and 15.7 kDa, 
respectively.  
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Figure 6. Immune-reactivity analysis of crude protein extract of mature olive pollen (cv. Picual) before 
and after in vitro germination. Reactivity of proteins extracts from mature pollen, as well as different 
stages of in vitro germination were assayed against different maize profilin antisera, a) anti-PRA, b) anti-
ZmPRO3, c) anti-ZmPRO5, d) anti-ZmPRO4, e) as well as against olive profilin antiserum anti-Ole e 2. It 
was appreciable up to 5 reactive bands about 13.0, 13.7, 14.2, 14.9 y 15.7 kDa, corresponding to different 
isoforms of profilins. The intensity of the reactive bands was quantitated by a densitometric analysis: 
blue color plot corresponded to 13.0kDa bands, pink, yellow, turquoise, and brown color to 13.7, 14.2, 
14.9 and 15.7 kDa, respectively.  
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The expression pattern of profilin is similar during in vitro germination, although 
conspicuous differences of the antisera reactivity can be pointed out for the protein extracts. 
Level of protein isoforms expression in mature pollen and hydration stage were quite 
similar. On the other hand, there was a notable decrease of protein expression level, equally 
for all the isoforms at the end of germination (7-18 hours).  Proteins expression level 
between 5 min and 4 h of germination was variable for the different profilin isoforms, 
particularly for the variants of 13.7 and 14.2 KDa. 

3.4. Analysis of cross-immunoreactivity between vegetative and reproductive 
profilins 

In order to determine the putative cross-reaction between reproductive profilins (see sections 
3.1 to 3.3) and profilins from vegetative tissues, we have tested two of the antibodies used 
above (anti-ZmPRO4, and anti-ZmPRO5) against vegetative isoforms of maize profilins.  

For this purpose, we have used protein extracts from olive seeds (cotyledon and endosperm) 
(cv Picual and Acebuche). The analysis of olive seed proteins Figure 7A showed a protein 
profile completely different to these of protein extracts from pollen. In this case, the mayor 
protein bands corresponded to different polypeptides of seed storage proteins, with MW 
ranging from 20 to 47kDa (Alché et al. 2006).  

 
Figure 7. Immune-reactivity analysis of crude protein extract of vegetative profilins from olive seed 
tissues, cotyledon and endosperm.  

Differential Immune-Reactivity and Subcellular Distribution Reveal  
the Multifunctional Character of Profilin in Pollen as Major Effect of Sequences Polymorphism 83 

The immunoblotting analysis of seed proteins with anti-Ole e 2 showed at least two reactive 
bands located at 13.7 and 14.2 kDa (Figure 7B). In addition, there were quantitative 
differences in the expression level of profilin concerning both tissues (cotyledon and 
endosperm) and cultivar. Thus, profilin in endosperm of cultivar Picual showed a higher 
level of immune-reactivity in comparison with profilins of cotyledon from the same cultivar. 

Protein extracts from olive seed cultivars Acebuche and Picual were used in immunoblot 
experiments with antiserum anti-Ole e 2. A) SDS-PAGE of crude protein extract from olive 
seeds tissues (endosperm and cotyledon) of Acebuche and Picual cultivars. B) Inmunoblot 
of seeds protein samples from (A). Reactive bands were observed at 13.7 and 14.2 kDa, 
corresponding to vegetative profilins. C) Plot corresponding to the quantitation of reactive 
bands: blue lines were depicted for 14.2 kDa bands, whereas pink color was used for 13.7 
kDa reactive bands.  
 

Specie 
Sequence 
GeneBank 

Accession N°
Chloroplast Mitochondria Secretory 

Pathway 
Others (Cytoplasm, 

Microsomes) 

Olea 
europaea L. 

- 13.2±1.6 8.2±0.8 9.8±0.5 68.8±0.7 
DQ640909 5.9±0.0 4.4±0.0 39.9±0.0 49.8±0.0 
DQ640910 7.6±0.0 7.0±0.0 20.0±0.0 65.4±0.0 
DQ640906 5.8±0.0 5.3±0.0 32.2±0.0 56.7±0.0 
DQ640903 9.7±0.0 7.4±0.0 14.2±0.0 68.7±0.0 
DQ640908 7.9±0.0 7.8±0.0 17.0±0.0 67.3±0.0 
DQ317580 6.7±0.0 4.8±0.0 28.4±0.0 60.1±0.0 
DQ640904 8.2±0.0 6.8±0.0 15.2±0.0 69.8±0.0 
DQ663553 6.7±0.0 4.8±0.0 28.4±0.0 60.1±0.0 
DQ663554 6.7±0.0 4.8±0.0 28.5±0.0 60.0±0.0 
DQ663555 6.9±0.0 4.4±0.0 28.2±0.0 60.5±0.0 
DQ663556 6.7±0.0 4.8±0.0 28.5±0.0 60.0±0.0 
DQ663558 8.7±0.0 6.8±0.0 20.0±0.0 64.5±0.0 
DQ640905 7.1±0.0 8.4±0.0 16.5±0.0 68.0±0.0 
DQ60907 8.2±0.0 6.8±0.0 15.3±0.0 69.7±0.0 

Betula 
pendula - 14.4±1.1 8.6±0.5 11.7±0.3 65.3±1.0 

Corylus 
avellana 

- 14.4±0.1 8.1±0.1 13.2±0.5 64.6±0.4 
DQ663545 8.4±0.0 6.8±0.0 22.3±0.0 62.5±0.0 
DQ663547 6.5±0.0 4.2±0.0 27.7±0.0 61.6±0.0 

Phleum 
pratense - 6.6±0.2 5.0±0.3 27.9±0.7 61.5±1.4 

Zea mays 
- 7.8±0.1 7.2±0.1 19.7±0.4 65.4±0.4 

X73280 2.5±0.0 9.9±0.0 27.1±0.0 60.5±0.0 

Table 1. Score calculated for the probability of finding a specific profilin in a particular cellular location. 
Bold numbers indicate that the score calculated for these sequences markedly differed from the average 
value. 
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similar. On the other hand, there was a notable decrease of protein expression level, equally 
for all the isoforms at the end of germination (7-18 hours).  Proteins expression level 
between 5 min and 4 h of germination was variable for the different profilin isoforms, 
particularly for the variants of 13.7 and 14.2 KDa. 
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above (anti-ZmPRO4, and anti-ZmPRO5) against vegetative isoforms of maize profilins.  
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(cv Picual and Acebuche). The analysis of olive seed proteins Figure 7A showed a protein 
profile completely different to these of protein extracts from pollen. In this case, the mayor 
protein bands corresponded to different polypeptides of seed storage proteins, with MW 
ranging from 20 to 47kDa (Alché et al. 2006).  

 
Figure 7. Immune-reactivity analysis of crude protein extract of vegetative profilins from olive seed 
tissues, cotyledon and endosperm.  

Differential Immune-Reactivity and Subcellular Distribution Reveal  
the Multifunctional Character of Profilin in Pollen as Major Effect of Sequences Polymorphism 83 

The immunoblotting analysis of seed proteins with anti-Ole e 2 showed at least two reactive 
bands located at 13.7 and 14.2 kDa (Figure 7B). In addition, there were quantitative 
differences in the expression level of profilin concerning both tissues (cotyledon and 
endosperm) and cultivar. Thus, profilin in endosperm of cultivar Picual showed a higher 
level of immune-reactivity in comparison with profilins of cotyledon from the same cultivar. 

Protein extracts from olive seed cultivars Acebuche and Picual were used in immunoblot 
experiments with antiserum anti-Ole e 2. A) SDS-PAGE of crude protein extract from olive 
seeds tissues (endosperm and cotyledon) of Acebuche and Picual cultivars. B) Inmunoblot 
of seeds protein samples from (A). Reactive bands were observed at 13.7 and 14.2 kDa, 
corresponding to vegetative profilins. C) Plot corresponding to the quantitation of reactive 
bands: blue lines were depicted for 14.2 kDa bands, whereas pink color was used for 13.7 
kDa reactive bands.  
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avellana 
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DQ663545 8.4±0.0 6.8±0.0 22.3±0.0 62.5±0.0 
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pratense - 6.6±0.2 5.0±0.3 27.9±0.7 61.5±1.4 
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Table 1. Score calculated for the probability of finding a specific profilin in a particular cellular location. 
Bold numbers indicate that the score calculated for these sequences markedly differed from the average 
value. 
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3.5. Cellular localization of profilin 

3.5.1. Predicting the cellular localization of profilin 

Predictions of the cellular location for profilins were carried out based in their primary 
sequence, and the putative presence of signal peptides responsible for targeting these 
proteins to specific cellular locations. 

Probability of profilins location was calculated by using the tools TargetP (www.cbs.dtu.dk) 
and v2.0 PSORT (psort.hgc.jp). Table 1 shows the average values of probability for profilins 
location in different cellular compartments. 

Overall, profilins exhibited high probability for cytoplasm localization. However, some 
sequences had a significant score for being localized in mitochondria and chloroplasts, while 
others were targeted to the secretory pathway. These data were confirmed by the program 
SignalP 3.0 Server (www.cbs.dtu.dk) (results not shown). 

In addition, it was calculated the average probability of nuclear localization of profilins in 
the table 2, where different sequences from species exhibited a higher or lower probability of 
localization in comparison with an average score. Based in the average score, profilins from 
Olea europaea L. are most likely localized in nucleus compared with the other species. 

Plant profilins analyzed have a targeting motif for nuclear localization which sequence is 
(RGKKGXGG(I/V)T(I/V)KKT) (Yoneda 1997).  
 

Specie Sequence GenBank 
Accession N°

Probability of Nuclear 
Location (%) 

Olea europaea L. 

- 34.8±3.3 
DQ138337 19.0±0.1 
DQ138325 18.0±0.1 
DQ117904 19.0±0.1 

Betula pendula - 25.5±0.7 

Corylus avellana 
- 29.1±0.8 

DQ663545 17.0±0.1 

Phleum pratense 

- 27.8±1.5 
X77583 33.0±0.1 
Y09546 32.0±0.1 
Y09457 31.0±0.1 
Y09458 32.0±0.1 

Zea mays 
- 26.9±2.0 

X73279 32.0±0.1 
X73280 35.0±0.1 

Table 2. Score of probability for nuclear distribution of profilins. Bold numbers indicate the average 
probability. 

The polymorphism of the profilin sequences concerning this motif is depicted in the table 3. 
Overall, micro-heterogeneities in this motif were identified for several sequences of olive, 
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hazel and timothy-grass. These changes can represent differences in the affinity for 
localization of particular profilin isoforms in defined cellular locations. 
 

Specie 
Sequence 
GeneBank 

Accession N°

Nuclear Targeting 
Motif 

 Specie
Sequence 
GeneBank 

Accession N°

Nuclear Targeting 
Motif 

Olea 
europaea 

L. 

DQ640909 RGKKGAGGITIKKT  Corylus 
avellana

DQ663545 RGKKGAGGITVKKT 
DQ640910 RGKKGAGGITVKKT  DQ663547 RGKKGAGGITVKKT 
DQ138336 RGKKGAGGITIKKT  

Phleum 
pratense

X77583 RGKKGAGGITIKKT 
DQ640906 RGKKGAGGITIKKT  Y09546 RGKKGAGGITIKKT 
DQ640908 RGKKGAGGITVKKT  Y09457 RGKKGAGGITIKKT 
DQ317574 RGKKGSGGITSKKT  Y09458 RGKKGAGGITIKKT 
DQ663553 RGKKGAGGITIKKT  DQ663535 RGKKGAGGITIKKT 
DQ663554 RGKKGAGGITIKKT  DQ663536 RGKKGAGGITIKKT 
DQ663555 RGKKGAGGITIKKT  DQ663537 RGKKGAGGITIKKT 
DQ663556 RGKKGAGGITIKKT  DQ663538 RGKKGAGGITIKKT 
DQ663557 RGKKGAGGITIKKT  DQ663539 RGKKGAGGITIKKT 
DQ640905 RGKKGAGGITVKKT  DQ663540 RGKKGAGGITIKKT 
DQ138358 RGKKGTGGITIKKT  DQ663541 RGKKGAGGITIKKT 
DQ138352 RGKKGSGGITIKET  DQ663542 RGKKGAGGITIKKT 
DQ138354 RGKKGSGGITIKET     

Table 3. Changes in the motif targeting to a nuclear localization of profilin sequences. 
Sequence of nuclear motif is characterized by the sequence RGKKGXGG(I/V)T(I/V)KKT, where X is the 
amino acid serine (S) in the majority of the analyzed sequences. The variable amino acids were 
highlighted in bold and red color. 

3.5.2. Experimental approach for profilin cellular localization 

The experimental approach for profilin localization was performed to determine whether 
there is really a differential distribution of profilin isoforms. Immuno-localization assays 
were performed by transmission electron microscopy (TEM) in ultrathin sections of 
germinated pollen grains of olive (cv. Picual) using different antisera: anti-Ole e 2 and anti-
PRA (Figures 8 and 9), anti-ZmPRO3 (Figure 10), anti-ZmPRO4 (Figure 11), anti-ZmPRO5 
(Figure 12).  

All immune-localizations showed that profilins (gold particles) were preferentially located 
in the cytoplasm (Figures 8A and 9-12A), in addition to both nuclei of vegetative/generative 
cell (Figures 8A and 9A). Moreover, abundant gold grains were located in the pollen 
apertures (Figures 8C, 10C and 11C), in along the pollen wall, pollen tube and the pollen tip 
(Figures 8A and 9-12B), as well as in the material associated with the pollen grain exine 
(pollen coat) (Figures 8B, 11B and 12C). No significant number of labeling were found in the 
negative controls, for which were omitted the primary antiserum (Figure 9C). The overall 
number of gold grains in the sections was variable, and depending on the antiserum used. 
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hazel and timothy-grass. These changes can represent differences in the affinity for 
localization of particular profilin isoforms in defined cellular locations. 
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Table 3. Changes in the motif targeting to a nuclear localization of profilin sequences. 
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3.5.2. Experimental approach for profilin cellular localization 

The experimental approach for profilin localization was performed to determine whether 
there is really a differential distribution of profilin isoforms. Immuno-localization assays 
were performed by transmission electron microscopy (TEM) in ultrathin sections of 
germinated pollen grains of olive (cv. Picual) using different antisera: anti-Ole e 2 and anti-
PRA (Figures 8 and 9), anti-ZmPRO3 (Figure 10), anti-ZmPRO4 (Figure 11), anti-ZmPRO5 
(Figure 12).  

All immune-localizations showed that profilins (gold particles) were preferentially located 
in the cytoplasm (Figures 8A and 9-12A), in addition to both nuclei of vegetative/generative 
cell (Figures 8A and 9A). Moreover, abundant gold grains were located in the pollen 
apertures (Figures 8C, 10C and 11C), in along the pollen wall, pollen tube and the pollen tip 
(Figures 8A and 9-12B), as well as in the material associated with the pollen grain exine 
(pollen coat) (Figures 8B, 11B and 12C). No significant number of labeling were found in the 
negative controls, for which were omitted the primary antiserum (Figure 9C). The overall 
number of gold grains in the sections was variable, and depending on the antiserum used. 
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Profilin distribution

Antiserum Cytoplasm Pollen 
Coat Aperture Negative 

Control 

Pollen 
Germination 

Media 

Anti-PRA 6.06±3.94 7.83±4.67 8.22±2.22 2.00±0.42 27.13±8.89 

Anti-ZmPRO3 34.70±9.66 8.83±4.54 4.86±2.04 5.00±0.87 48.56±23.76 

Anti-ZmPRO4 5.91±3.02 4.34±1.32 10.83±3.06 2.00±0.38 32.75±9.63 

Anti-ZmPRO5 13.00±3.35 5.14±1.95 2.20±0.45 3.00±0.44 18.70±17.36 

      

 
Table 4. Gold grains count for each antiserum used in this study. Measures corresponded to gold 
grains/μm2. Profilin counting values corresponding to the different subcellular localization were 
plotted. C= Cytoplasm; PC= Pollen Coat; A= Aperture; NC= Negative Control; PGM= Pollen 
Germination Media.  
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Figure 8. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-Ole e 2 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls C) and the apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: material 
adhered to the pollen walls (pollen coat). The bars represent 1 μm. 
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Profilin distribution
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Figure 8. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-Ole e 2 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls C) and the apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: material 
adhered to the pollen walls (pollen coat). The bars represent 1 μm. 
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Figure 9. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-PRA antiserum. A) General view of the pollen tip, B) 
longitudinal section of a pollen tube, and C) negative control. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; Tp: pollen tube; V: vesicle, 
asterisks: pollen coat. The bars represent 1 μm. 
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Figure 10. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-ZmPRO3 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls, and C) apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: pollen coat. 
The bars represent 1 μm. 
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Figure 9. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-PRA antiserum. A) General view of the pollen tip, B) 
longitudinal section of a pollen tube, and C) negative control. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; Tp: pollen tube; V: vesicle, 
asterisks: pollen coat. The bars represent 1 μm. 
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Figure 10. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-ZmPRO3 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls, and C) apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: pollen coat. 
The bars represent 1 μm. 
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Figure 11. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-ZmPRO4 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls, and C) apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: pollen coat. 
The bars represent 1 μm. 
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Figure 12. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-ZmPRO5 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls, and C) apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: pollen coat. 
The bars represent 1 μm. 
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Figure 11. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-ZmPRO4 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls, and C) apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: pollen coat. 
The bars represent 1 μm. 
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Figure 12. TEM immune-localization of olive pollen profilin in sections of mature pollen (cv Picual) 
during in vitro germination by using anti-ZmPRO5 antiserum. A) General view of the vegetative cell 
cytoplasm, B) pollen grain walls, and C) apertural region. The location of the gold particles is 
highlighted with circles and arrows. Ap: apertures; CV: vegetative cell cytoplasm, Ex: exine, In: intine, 
M: mitochondria, N: nucleus, P: plastid, ER: endoplasmic reticulum; V: vesicle, asterisks: pollen coat. 
The bars represent 1 μm. 
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4. Discussion 

4.1. Molecular characteristics of profilin explain the pan-allergen character and 
their specific cross-immune reactivity  

Profilins as pan-allergens are present in a wide variety of plant sources, and responsible for 
numerous cross-reactions. On the other hand, profilins are also able to elicit allergic 
responses highly specific by recognition of specific epitopes (immuno-dominant regions of 
recognition and interaction with B cells and T of the human immune system). IgE antibody 
production by B lymphocytes IgE-mediated response plays a major role in cross-reactivity 
between allergens and the symptoms of allergy (Aalberse et al. 1992). However, in addition 
to humoral responses, has been shown that the cross-reactivity also attends through 
humoral responses mediated by T cells, i.e. reactivity to allergens of plant foods (Mal d 1, 
Api g 1 and Dau c 1) with the pollen allergen Bet v 1. In the first case, it is likely that both 
fresh and cooked food (in which conformational epitopes are lost), induce T cell activation 
and symptoms mediated by them, and do so in the absence of binding to IgE (Bohle et al. 
2003). The allergenic responses (mechanisms) should be considered of special relevance, 
since knowledge gained on antigens recognized by T- and B-cells will allow a better 
understanding of specific immune responses with applications in allergy therapy (López-
Torrejón et al. 2007).  

The "double allergenic activity" of profilin can be explained by the combination of a high 
structural conservation, together with the presence of a high sequence polymorphism.  

The experimental results clearly demonstrate that different forms of profilins have described 
differential immunological characteristics as they respond differently to the antibodies used. 
This suggests that the recognition of profilins by the human immune system would also 
very likely to be differential. Several reasons can justify the broad cross-reactivity of the 
different profilins:  

1. The presence of a number of specific and common surface features in the structure of 
the majority of allergens can make differences in immune-reactivity among allergens. 
Typically, a high hydrophobicity of amino acids integrating epitopes, in addition to 
good accessibility to the region of the protein seems to be key parameters for high 
reactivity, 

2. The epitopes more relevant in determining the reactivity of the profilins are 
conformational epitopes, not linear. Thus special consideration should be given to the 
potential electrostatic and solvent exposure of these molecules in order to find out what 
the specific IgE epitopes responsible for cross-reactions.  

3. Secondary structural elements of the proteins such as regions rich in α-helices, β sheets 
or turns are factors promoting that reactivity. These characteristics have been observed 
not only in profilin, but also in other families such as LTP and allergenic storage 
proteins of seeds (Seong & Matzinger 2004). Moreover, the similarities between the 
structure of human and grasses profilins in addition to other different plant species 
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might be a cause of the possible role of human profilin in the extension of allergic 
symptoms caused by profilins of other species in atopic patients (Valenta et al. 1991). 

4. Another relevant factor described as a possible cause of cross-reactions in multiple 
species, even if they are phylogenetically distant, is the presence of polymeric forms of 
allergens, i. e. plant and human profilin (Valenta et al. 1994). Vrtala et al. (1996) have 
shown that birch profilin induced an IgG response, subclass 2 (IgG2) in mice and 
primates, which is typical of polymeric antigens. Maize profilin isoform ZmPRO1 can 
be in multimeric forms that persist even after denaturing and reducing agents in similar 
manner that happens with the native human profilin (Babich et al. 1996). In addition, 
the formation of profilin multimers is not incompatible with the profilin 
function/activity carried out through interaction with its ligands (Jonckheere et al. 
1999). Differential recognition of plant profilin multimers by the immune system is not 
based in a simple additive effect, because profilin multimers act synergistically to 
facilitate sterical access to binding sites which present unique epitopes (Psaradellis et al. 
2000).  

5. Cross-reactivity and pan-allergen character is not the only important feature that 
distinguishes profilins in their immune-reactivity. Several studies have documented 
very specific allergenic reactivity of the profilins. Some of these have shown that 
specific IgE epitopes can even distinguish variables plant profilins, even from the same 
family, and the reactivity among plant profilins is only partial (Vallverdu et al. 1998). 
These differences in reactivity can be attributed to the presence of a high polymorphism 
in these molecules (Radauer et al. 2006). 

Polymorphism is a common feature in many allergenic proteins. It has been reported 
different degrees of polymorphism in diverse allergen sources, which include dust mites 
(Piboonpocanun et al. 2006), food (Hales et al. 2004, Gao et al. 2005) and pollen allergens of 
different tree species and herbaceous (Chang et al. 1999). However, although the 
polymorphism is beginning to be detailed in depth, relatively little is known about the 
causes which originate. In some cases, the allergen polymorphism has been attributed to the 
presence of multigene families (Bond et al. 1991). In other allergens, the presence of multiple 
forms of the allergen can be explained by the existence of posttranslational modifications 
(Batanero et al. 1996a). In apple (Malus domestica), have been characterized up to 18 genes of 
Mal d 1, and there is differences in allergenicity depending on the cultivar (Gao et al. 2005) 
which may be due to this extensive allelic diversity. In olive, it has been shown that 
polymorphism of the allergen Ole e 1 is clearly linked to genetic background (cultivar) 
(Hamman-Khalifa et al. 2008), similarly to what happens to Ole e 2, where there are 
differential molecular characteristics due to polymorphism, which would be sufficient to 
explain the differences in reactivity allergenic / immunogenic among profilins from different 
species, different olive varieties, and even among the same isoforms of profilins (Jimenez-
Lopez 2008; Jimenez-Lopez et al. 2012). 

The experimental data suggest that the profilin family of proteins likely contains 
numerous functionally-distinctive isoforms, also reflected in differential cellular 
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might be a cause of the possible role of human profilin in the extension of allergic 
symptoms caused by profilins of other species in atopic patients (Valenta et al. 1991). 

4. Another relevant factor described as a possible cause of cross-reactions in multiple 
species, even if they are phylogenetically distant, is the presence of polymeric forms of 
allergens, i. e. plant and human profilin (Valenta et al. 1994). Vrtala et al. (1996) have 
shown that birch profilin induced an IgG response, subclass 2 (IgG2) in mice and 
primates, which is typical of polymeric antigens. Maize profilin isoform ZmPRO1 can 
be in multimeric forms that persist even after denaturing and reducing agents in similar 
manner that happens with the native human profilin (Babich et al. 1996). In addition, 
the formation of profilin multimers is not incompatible with the profilin 
function/activity carried out through interaction with its ligands (Jonckheere et al. 
1999). Differential recognition of plant profilin multimers by the immune system is not 
based in a simple additive effect, because profilin multimers act synergistically to 
facilitate sterical access to binding sites which present unique epitopes (Psaradellis et al. 
2000).  

5. Cross-reactivity and pan-allergen character is not the only important feature that 
distinguishes profilins in their immune-reactivity. Several studies have documented 
very specific allergenic reactivity of the profilins. Some of these have shown that 
specific IgE epitopes can even distinguish variables plant profilins, even from the same 
family, and the reactivity among plant profilins is only partial (Vallverdu et al. 1998). 
These differences in reactivity can be attributed to the presence of a high polymorphism 
in these molecules (Radauer et al. 2006). 
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different degrees of polymorphism in diverse allergen sources, which include dust mites 
(Piboonpocanun et al. 2006), food (Hales et al. 2004, Gao et al. 2005) and pollen allergens of 
different tree species and herbaceous (Chang et al. 1999). However, although the 
polymorphism is beginning to be detailed in depth, relatively little is known about the 
causes which originate. In some cases, the allergen polymorphism has been attributed to the 
presence of multigene families (Bond et al. 1991). In other allergens, the presence of multiple 
forms of the allergen can be explained by the existence of posttranslational modifications 
(Batanero et al. 1996a). In apple (Malus domestica), have been characterized up to 18 genes of 
Mal d 1, and there is differences in allergenicity depending on the cultivar (Gao et al. 2005) 
which may be due to this extensive allelic diversity. In olive, it has been shown that 
polymorphism of the allergen Ole e 1 is clearly linked to genetic background (cultivar) 
(Hamman-Khalifa et al. 2008), similarly to what happens to Ole e 2, where there are 
differential molecular characteristics due to polymorphism, which would be sufficient to 
explain the differences in reactivity allergenic / immunogenic among profilins from different 
species, different olive varieties, and even among the same isoforms of profilins (Jimenez-
Lopez 2008; Jimenez-Lopez et al. 2012). 

The experimental data suggest that the profilin family of proteins likely contains 
numerous functionally-distinctive isoforms, also reflected in differential cellular 
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localizations as a result of a differential expression of some forms of profilins in vitro 
germination of pollen grain, and the preferential localization of some forms of profilins in 
different cellular compartments. These data also revealed that the differential immune-
reactivity of profilins is likely the result of the presence of both common and specific 
epitopes features, which would be generated by the described sequence polymorphism, 
and might explain differential sensitizations of allergenic patients to olive pollen cultivars 
as well as cross-reactions between pollens from different species, as well as pollen and 
food allergens. 

In the present work, it has been identified up to five immune-reactive bands to antibodies in 
the different extracts analyzed, after separation of the polypeptides by electrophoresis. The 
number of bands identified in other studies (Alché et al. 2007) also ranges from 3 to 5, 
depending on the separation methods employed, and the observed molecular weight ranges 
are very similar. 

It is noteworthy to see that there is differential reactivity of the profilins in different species 
(and varieties in the case of the olive tree) to the antibodies used in immunoblot 
experiments. These differences vary not only depending on the antibody used, but for a 
given antibody can be observed dramatic differences in the reactivity of a species (varieties), 
and even between different forms of profilins (different bands) within the same species or 
variety. These differences have proved to be statistically. These type of experiential 
evidences can highlight two important aspects that distinguish the immunological reactivity 
of profilins: i) profilins are responsible for cross-allergenicity between allergens 
(recognizable bands in almost all species and/or varieties) and ii) other antibodies are able to 
recognize subtle differences in the structure between different forms of these molecules 
(differences in the reactivity of protein bands between species and varieties with different 
antibodies). In this sense, the observed differences in the reactivity of the extracts of 
different varieties of olive, seems to support the varietal character as discriminatory 
parameter in pollen allergens, as clearly was demonstrated for other allergens such as Ole e 
1 (Hamman-Khalifa et al. 2008), and Ole e 2 (Jimenez-Lopez 2008; Jimenez-Lopez et al. 2012) 
in the case of olive. 

The cellular localization observed for profilins in this work corresponds essentially to that 
predicted by bioinformatics tools, which is otherwise very similar to that described by other 
authors. With a few exceptions (eg Fischer et al. 1996 that Phl p 4 located in amyloplasts of 
pollen from Phleum pratense), most authors reported the profilins localization in the 
cytoplasm and exine of pollen grain and in the cytoplasm of pollen tube. The olive pollen, 
profilins are found distributed in the cytoplasm of the pollen grain and pollen tube, without 
preferential localization or binding to organelles, structures or compartments. The large 
presence of labeling was also associated to the exine, the material adhered to the exine and 
the apertural region can be considered distinctive, suggesting evidences of a massive release 
of the allergen to the media when pollen is hydrated, which has been previously described 
for Ole e 2 and Ole and 1 (Alché et al. 2004; Morales et al. 2008). 
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Immunolocalization experiments using anti-ZmPRO4 and anti-ZmPRO5 confirm the 
predictions of nuclear localization for olive pollen profilins. Such accumulation may be 
the result of passive diffusion due to the small size of profilin that allows them to pass 
through the nuclear pore complex (Yoneda 1997). However, a possible active and selective 
process by a non-classical signal of nuclear localization, or perhaps other elements such as 
importin-like proteins might be implicated in that nuclear localization (Yoneda 1997). In 
animal cells, has been found exportin-like proteins that are specific for profilin (exportin 
6) and recognizes only the actin-profilin complex, which export the complex outside the 
nucleus.  

Furthermore, in the nucleus has been also located several natural ligands of profilin like 
PIP2 (Mazzotti et al. 1995), actin and other ABPs such as ADF-cofilin in maize (Jiang et al. 
1997) and CAPG (Lu & Pollard 2001). Nuclear distribution suggests that profilin could play 
an important role in controlling the function of nuclear actin (Rando et al. 2000), in addition 
to be involved in processes such as chromatin condensation and translation signals from 
cytoplasm to nucleus (Valster et al. 2003). 

4.2. Implications of polymorphism in the diagnosis and allergy therapy 

Cross-reactivity between profilins has broad implications in the phenomena of allergy, 
being responsible for many cases of double sensitization to pollens and various foods (van 
Ree 2004). Furthermore, the high cross-reactivity might justify the current use of a single 
profilin (recombinant profilin of birch pollen, Bet v 2) for the diagnosis of allergy. 

The existence of high polymorphism and differential reactivity to different profilin isoforms 
may have a number of consequences for the diagnosis and allergy therapy. Given the 
differential reactivity of patients to different forms of profilins, it is extremely important that 
the extracts used in clinical trials should take in consideration the existence of 
polymorphism in these molecules. As reviewed by Alché et al. (2007), the content of 
allergens in the protein extracts should be as similar as possible to the panel of proteins to 
which the atopic patient is usually exposed and reactive. Therefore, in the case of patients 
with allergy to profilins, it should be carefully analyzed their reactivity to the different 
isoforms, in order to adjust or "personalize" the treatment. In addition, a great advantage of 
this customization is the increased safety of immunotherapy treatments, avoiding 
undesirable sensitization induced “de novo” by immunotherapy, which have been 
documented by several authors. 

New concepts in diagnosis and therapy often include the use of recombinant allergen 
molecules (Crameri and Rhyner 2006). Recombinant allergens undoubtedly provide 
tremendous advantages over the use of specific conventional allergen immunotherapy, 
based on the use of extracts from natural sources. However, a reduction in the number of 
allergen proteins in the extracts for immunotherapy (as is happening through the exclusive 
use of a single recombinant profilin form) may lead to the emergence of substantial 
differences between vaccines and the actual exposure of patients to their environments, 
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localizations as a result of a differential expression of some forms of profilins in vitro 
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epitopes features, which would be generated by the described sequence polymorphism, 
and might explain differential sensitizations of allergenic patients to olive pollen cultivars 
as well as cross-reactions between pollens from different species, as well as pollen and 
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In the present work, it has been identified up to five immune-reactive bands to antibodies in 
the different extracts analyzed, after separation of the polypeptides by electrophoresis. The 
number of bands identified in other studies (Alché et al. 2007) also ranges from 3 to 5, 
depending on the separation methods employed, and the observed molecular weight ranges 
are very similar. 

It is noteworthy to see that there is differential reactivity of the profilins in different species 
(and varieties in the case of the olive tree) to the antibodies used in immunoblot 
experiments. These differences vary not only depending on the antibody used, but for a 
given antibody can be observed dramatic differences in the reactivity of a species (varieties), 
and even between different forms of profilins (different bands) within the same species or 
variety. These differences have proved to be statistically. These type of experiential 
evidences can highlight two important aspects that distinguish the immunological reactivity 
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(recognizable bands in almost all species and/or varieties) and ii) other antibodies are able to 
recognize subtle differences in the structure between different forms of these molecules 
(differences in the reactivity of protein bands between species and varieties with different 
antibodies). In this sense, the observed differences in the reactivity of the extracts of 
different varieties of olive, seems to support the varietal character as discriminatory 
parameter in pollen allergens, as clearly was demonstrated for other allergens such as Ole e 
1 (Hamman-Khalifa et al. 2008), and Ole e 2 (Jimenez-Lopez 2008; Jimenez-Lopez et al. 2012) 
in the case of olive. 

The cellular localization observed for profilins in this work corresponds essentially to that 
predicted by bioinformatics tools, which is otherwise very similar to that described by other 
authors. With a few exceptions (eg Fischer et al. 1996 that Phl p 4 located in amyloplasts of 
pollen from Phleum pratense), most authors reported the profilins localization in the 
cytoplasm and exine of pollen grain and in the cytoplasm of pollen tube. The olive pollen, 
profilins are found distributed in the cytoplasm of the pollen grain and pollen tube, without 
preferential localization or binding to organelles, structures or compartments. The large 
presence of labeling was also associated to the exine, the material adhered to the exine and 
the apertural region can be considered distinctive, suggesting evidences of a massive release 
of the allergen to the media when pollen is hydrated, which has been previously described 
for Ole e 2 and Ole and 1 (Alché et al. 2004; Morales et al. 2008). 
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Immunolocalization experiments using anti-ZmPRO4 and anti-ZmPRO5 confirm the 
predictions of nuclear localization for olive pollen profilins. Such accumulation may be 
the result of passive diffusion due to the small size of profilin that allows them to pass 
through the nuclear pore complex (Yoneda 1997). However, a possible active and selective 
process by a non-classical signal of nuclear localization, or perhaps other elements such as 
importin-like proteins might be implicated in that nuclear localization (Yoneda 1997). In 
animal cells, has been found exportin-like proteins that are specific for profilin (exportin 
6) and recognizes only the actin-profilin complex, which export the complex outside the 
nucleus.  

Furthermore, in the nucleus has been also located several natural ligands of profilin like 
PIP2 (Mazzotti et al. 1995), actin and other ABPs such as ADF-cofilin in maize (Jiang et al. 
1997) and CAPG (Lu & Pollard 2001). Nuclear distribution suggests that profilin could play 
an important role in controlling the function of nuclear actin (Rando et al. 2000), in addition 
to be involved in processes such as chromatin condensation and translation signals from 
cytoplasm to nucleus (Valster et al. 2003). 

4.2. Implications of polymorphism in the diagnosis and allergy therapy 

Cross-reactivity between profilins has broad implications in the phenomena of allergy, 
being responsible for many cases of double sensitization to pollens and various foods (van 
Ree 2004). Furthermore, the high cross-reactivity might justify the current use of a single 
profilin (recombinant profilin of birch pollen, Bet v 2) for the diagnosis of allergy. 

The existence of high polymorphism and differential reactivity to different profilin isoforms 
may have a number of consequences for the diagnosis and allergy therapy. Given the 
differential reactivity of patients to different forms of profilins, it is extremely important that 
the extracts used in clinical trials should take in consideration the existence of 
polymorphism in these molecules. As reviewed by Alché et al. (2007), the content of 
allergens in the protein extracts should be as similar as possible to the panel of proteins to 
which the atopic patient is usually exposed and reactive. Therefore, in the case of patients 
with allergy to profilins, it should be carefully analyzed their reactivity to the different 
isoforms, in order to adjust or "personalize" the treatment. In addition, a great advantage of 
this customization is the increased safety of immunotherapy treatments, avoiding 
undesirable sensitization induced “de novo” by immunotherapy, which have been 
documented by several authors. 

New concepts in diagnosis and therapy often include the use of recombinant allergen 
molecules (Crameri and Rhyner 2006). Recombinant allergens undoubtedly provide 
tremendous advantages over the use of specific conventional allergen immunotherapy, 
based on the use of extracts from natural sources. However, a reduction in the number of 
allergen proteins in the extracts for immunotherapy (as is happening through the exclusive 
use of a single recombinant profilin form) may lead to the emergence of substantial 
differences between vaccines and the actual exposure of patients to their environments, 
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unless a careful selection of the panel of recombinant allergens for immunotherapy is made. 
This strategy can be incorporated into virtually all new vaccines currently under 
development to improve the diagnosis and therapy, and to include the hybrid or modified 
molecules, allergen fragments, multimers, or the design of hypoallergenic proteins. For 
instance, a detailed reactivity analysis of isoforms present in particular cultivars, combined 
with protein sequence analysis, could aid the design of hypoallergenic proteins, which 
might complement the strategies currently in use (Marazuela et al. 2007). Besides a thorough 
investigation of the allergenic isoforms of the germplasm species could also help identifying 
natural hypoallergenic profilin isoforms in some cultivars of olive. 

5. Conclusion 

This study highlights and support a previous work developed by the same group (Jimenez-
Lopez 2008; Jimenez-Lopez et al. 2012) about multi-functionality and regulatory importance 
evolved from sequence polymorphism of pollen profilins, as a potential mechanism to 
generate multiple profilin isovariants in a wide genetic (germplasm) background of 
particular plant species like olive. 

This polymorphism in profilin isovariants is reflected in the differential immune-reactivity 
exhibited by different cultivars to antibodies generated against vegetative and reproductive 
profilins, in addition to differential subcellular location in pollen grains and germinated 
pollen tubes. Both characteristics lead to strongly propose that functional differences among 
profilin isoforms, as well as regulatory pathways throughout profilin-ligand binding 
properties, could have a direct influence in the subcellular location and actin cytosqueleton 
dynamics as direct consequence of polymorphism. Furthermore, this variability reflected in 
the epitopes generation in panallergen like Ole e 2, has extreme importance in the 
standardization of formulations for allergy diagnosis in clinical trials and tailored-
immunotherapy development. 
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1. Introduction 

The worldwide prevalence of allergic diseases such as asthma, atopic dermatitis and allergic 
rhinitis has increased during the last two decades (Holgate, 1999; Eder et al., 2006). Allergic 
rhinitis now affects 400-500 million people worldwide (Greiner et al., 2011; Ozdoganoglu & 
Songu, 2012) and adversely affects social life, school performance, and work productivity 
(Bousquet et al., 2001). The first case of Japanese cedar pollinosis in Japan was reported in 
the mid-1960s (Horiguchi & Saito, 1964), but now half of the Japanese population have 
become sensitized to Japanese cedar pollens and 24-29% of the population is suffering from 
the disease (Kaneko et al., 2005), so that Japanese cedar pollinosis is now rated as one of the 
most common diseases in Japan (Okamoto et al., 2009). The complicated interaction between 
genetic and environmental factors is thought to cause the development of allergic diseases. 
Many genetic loci related to atopy, a genetic tendency to produce immunoglobulin E (IgE) 
in response to environmental allergens, have been identified through genome-wide 
association studies (Grammatikos, 2008). However, changes in the environment have made 
a more significant contribution than genetic factors to the recent increase in the prevalence 
of allergic diseases (Nolte et al., 2001; Ho, 2010), since it seems unlikely that genes would 
have changed during the last two decades. Dietary change has been proposed as one of the 
environmental factors responsible for the increasing prevalence or the worsening symptoms 
of allergic diseases (Devereux & Seaton, 2005; Devereux, 2006; Kozyrskyj et al., 2011; 
Nurmatov et al., 2011; Allan & Devereux, 2011). Indeed foods include both allergy-
promoting and anti-allergic nutrients (McKeever & Britton, 2004), and flavonoids, which are 
plant secondary metabolites, can have powerful antioxidant, anti-allergic and immune-
modulating effects (Hollman & Katan, 1999; Middleton et al., 2000; Manach et al., 2004). This 
review article introduces the anti-allergic properties and efficacy of flavonoids for patients 
with Japanese cedar pollinosis and discusses the possibility that an appropriate intake of 
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flavonoids may constitute an effective complementary and alternative medicine as well as a 
preventative strategy for allergic diseases. 

2. Flavonoids possess anti-allergic activity 

In the mid-1990s we evaluated the clinical efficacy of one kind of traditional vegetarian diet 
on adult patients with severely to moderately active atopic dermatitis. After a two-month 
treatment period, the severity of dermatitis had decreased from 49.9 to 27.4 based on the 
SCORAD index, a score of atopic dermatitis severity, in association with a reduction in the 
number of peripheral blood eosinophils and the amount of urinary secretion of 8-hydroxy-
2’-deoxyguanosine, a marker of oxidative DNA damage (Kouda et al., 2000; Tanaka et al., 
2001). What factor(s) led to this amelioration of dermatitis remained unknown but 
subsequently it was found that one of the characteristics of the remedy was a high daily 
intake of flavonoids.  

 
Figure 1. Structures of basic flavonoid skeletons 

Flavonoids are comprised of a large group of low-molecular-weight polyphenolic secondary 
plant metabolites that are found in fruit, vegetables, cereals and beverages, and thus are 
common substances in the daily diet (Hollman & Katan, 1999; Middleton et al., 2000). Based 
on their skeleton, flavonoids are classified into eight groups: flavans, flavanones, 
isoflavanones, flavones, isoflavones, anthocyanidins, chalcones and flavonolignans (Fig. 1). 
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Flavonols constitute a separate class of flavonoids that possess the 3-hydroxyflavone 
backbone. Typical flavonoids such as quercetin, kaempferol, fisetin and myricetin belong to 
flavonols while luteolin and apigenin are classified as flavones. Flavonoids have been found 
to exert several biological activities including antioxidant, anti-bacterial and anti-viral 
activities, and to have anti-inflammatory, anti-angionic, analgestic, hepatoprotective, 
cytostatic, apoptotic, estrogenic or anti-estrogenic and immune-modulating effects as well as 
anti-allergic properties (Harborne & Williams, 2000; Williams & Grayer, 2004; Chirumbolo, 
2010; Visioli et al., 2011; Calderon-Montano et al., 2011; Russo et al., 2012). As a result, 
considerable interest has been paid to the role of flavonoids in the prevention of chronic 
diseases, including cardiovascular diseases, cancers, type 2 diabetes, neurodegenerative 
diseases, osteoporosis and allergic diseases (Sealbert et al., 2005).  

Mast cells and basophils expressing the high-affinity IgE receptor (FcεRI) play an important 
role in allergic inflammation by releasing chemical mediators such as histamine and cyteinyl 
leukotrienes, cytokines and chemokines (Stone et al., 2010). As for the anti-allergic activities 
of flavonoids, Fewtress and Gomperts first identified the inhibition by flavones of transport 
ATPase in histamine secretion from rat mast cells (Fewtrell & Gomperts, 1997). Fisetin, 
quercetin, myricetin and kaempferol were found to inhibit histamine release while morin 
and rutin showed little effect. Subsequently, quercetin was reported to inhibit histamine 
release by allergen-stimulated human basophils (Middleton et al., 1981; Middleton & 
Kandaswami, 1992). Flavonoids such as apigenin, luteolin, 3,6-dihydroxy flavones, fisetin, 
kaempferol, quercetin, and myricetin, all with IC50 values of less than 10 μM, were found to 
inhibit hexosaminidase release from rat mast cells (Cheong et al., 1998). In addition, 
flavonoids have also been shown to suppress cysteinyl leukotriene synthesis through 
inhibition of phospholipase A2 and 5-lipoxygenase (Lee et al., 1982; Yoshimoto et al., 1983). 
As for the suppressive effect of flavonoids on cytokine expression, Kimata et al were the first 
to report that luteolin, quercetin and baicalein inhibited the secretion of granulocyte 
macrophage-colony stimulating factor by human cultured mast cells in response to cross-
linkage of FcεRI (Kimata et al., 2000a) and subsequently showed that these compounds also 
inhibited IgE-mediated tumor necrosis factor (TNF)-α and interleukin (IL)-6 production by 
bone marrow-derived cultured murine mast cells (Kimata et al., 2000b). These findings thus 
indicate that flavonoids are inhibitors of chemical mediator release and cytokine production 
by mast cells and basophils. One of the characteristic features of allergic diseases is 
overproduction of IgE in response to environmental allergens. The differentiation of B cells 
into IgE-producing cells requires both the interaction of the CD40 ligand with CD40 and the 
action of IL-4 or IL-13 on B cells (Rosenwasser, 2011), which are provided with these signals 
by Th2 cells, basophils and mast cells (Gauchat et al., 1993). Basophils were then used to 
examine the effects of flavonoids on IL-4, IL-13 and CD40 ligand expression. It was found 
that fisetin suppressed in a dose-dependent fashion both IL-4 and IL-13 synthesis by 
allergen- or anti-IgE antibody-stimulated peripheral blood basophils and that the IC50 value 
of fisetin for inhibition of IL-4 synthesis was 5.8 μM (Higa et al., 2003; Hirano et al., 2004). 
Fisetin also inhibited IL-4, IL-5 and IL-13 production by KU812 cells, a basophilic cell line, in 
response to the calcium ionophore, A23187 plus phorbol myristate acetate (PMA), but the 
suppressive effect of fisetin on IL-6, IL-8 and IL-1β synthesis was relatively weak (Higa et 
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on adult patients with severely to moderately active atopic dermatitis. After a two-month 
treatment period, the severity of dermatitis had decreased from 49.9 to 27.4 based on the 
SCORAD index, a score of atopic dermatitis severity, in association with a reduction in the 
number of peripheral blood eosinophils and the amount of urinary secretion of 8-hydroxy-
2’-deoxyguanosine, a marker of oxidative DNA damage (Kouda et al., 2000; Tanaka et al., 
2001). What factor(s) led to this amelioration of dermatitis remained unknown but 
subsequently it was found that one of the characteristics of the remedy was a high daily 
intake of flavonoids.  

 
Figure 1. Structures of basic flavonoid skeletons 

Flavonoids are comprised of a large group of low-molecular-weight polyphenolic secondary 
plant metabolites that are found in fruit, vegetables, cereals and beverages, and thus are 
common substances in the daily diet (Hollman & Katan, 1999; Middleton et al., 2000). Based 
on their skeleton, flavonoids are classified into eight groups: flavans, flavanones, 
isoflavanones, flavones, isoflavones, anthocyanidins, chalcones and flavonolignans (Fig. 1). 
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Flavonols constitute a separate class of flavonoids that possess the 3-hydroxyflavone 
backbone. Typical flavonoids such as quercetin, kaempferol, fisetin and myricetin belong to 
flavonols while luteolin and apigenin are classified as flavones. Flavonoids have been found 
to exert several biological activities including antioxidant, anti-bacterial and anti-viral 
activities, and to have anti-inflammatory, anti-angionic, analgestic, hepatoprotective, 
cytostatic, apoptotic, estrogenic or anti-estrogenic and immune-modulating effects as well as 
anti-allergic properties (Harborne & Williams, 2000; Williams & Grayer, 2004; Chirumbolo, 
2010; Visioli et al., 2011; Calderon-Montano et al., 2011; Russo et al., 2012). As a result, 
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Kandaswami, 1992). Flavonoids such as apigenin, luteolin, 3,6-dihydroxy flavones, fisetin, 
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bone marrow-derived cultured murine mast cells (Kimata et al., 2000b). These findings thus 
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into IgE-producing cells requires both the interaction of the CD40 ligand with CD40 and the 
action of IL-4 or IL-13 on B cells (Rosenwasser, 2011), which are provided with these signals 
by Th2 cells, basophils and mast cells (Gauchat et al., 1993). Basophils were then used to 
examine the effects of flavonoids on IL-4, IL-13 and CD40 ligand expression. It was found 
that fisetin suppressed in a dose-dependent fashion both IL-4 and IL-13 synthesis by 
allergen- or anti-IgE antibody-stimulated peripheral blood basophils and that the IC50 value 
of fisetin for inhibition of IL-4 synthesis was 5.8 μM (Higa et al., 2003; Hirano et al., 2004). 
Fisetin also inhibited IL-4, IL-5 and IL-13 production by KU812 cells, a basophilic cell line, in 
response to the calcium ionophore, A23187 plus phorbol myristate acetate (PMA), but the 
suppressive effect of fisetin on IL-6, IL-8 and IL-1β synthesis was relatively weak (Higa et 
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al., 2003). In order to determine the basic structure of the flavonoids that accounts for their 
inhibition of IL-4 production and to identify more active compounds, 45 kinds of flavones, 
flavonols and their related compounds were screened (Hirano et al., 2004; Kawai et al., 
2007).  

 
Figure 2. Basic structure of flavonoids for inhibitory activity of IL-4 synthesis by basophils 

Luteolin, apigenin and fisetin were found to be the strongest inhibitors with an IC50 value of 
2.7-5.8 μM (Fig. 2). Quercetin and kaempferol are representative of flavonoids associated 
with a substantial daily intake and had an intermediate inhibitory effect on IL-4 synthesis 
with an IC50 value of 15.7-18.8 μM, but myricetin showed no such effect. These analyses of 
structure-activity relationships revealed the fundamental structure required for the action. 
For maximal effect, hydroxylation in positions 7 and 4’ is essential while the presence of OH 
in either position 3 or 5 is also required. In addition, luteolin, apigenin and fisetin were 
found to suppress CD40 ligand expression by activated basophils and KU812 cells in a dose-
dependent manner, whereas myricetin even at 30 μM did not have such an effect (Hirano et 
al., 2006). These inhibitory properties indicate that flavonoids such as luteolin, apigenin and 
fisetin are natural IgE inhibitors.  

The aryl hydrocarbon receptor (AhR) is a ligand-activated transcriptional factor that 
mediates the toxic and biological actions of many aromatic environmental pollutants such as 
dioxins (Connor & Aylward, 2006). An AhR-based in vitro bioassay for the dioxin [2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD)] revealed that the flavonoids, apigenin, luteolin, 
baicalein, quercetin, kaempferol and myricetin had noticeable inhibitory effects on AhR 
activation with an EC70 value (equal to 70% of the maximal response to TCDD) of 1.9-5.1 
μM, while marked AhR activation was displayed by daidzein, resveratrol, naringenin and 
baicalein at higher concentrations (Amakura et al., 2008). Moreover, it has recently been 
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shown that AhR is a regulator of differentiation of naïve CD4 positive T cells into effector T 
cell subsets (Marshall & Kerkvliet, 2010), suggesting that flavonoids modulate immune 
functions through their binding to AhR. 

3. The relationship between flavonoid intake and the prevalence, 
incidence or severity of allergic diseases  

As mentioned previously, flavonoids are contained in vegetables, fruit, cereals and 
beverages. Epidemiological studies have reported that a high intake of fresh fruit and 
vegetables may provide protection against asthma (La Vecchia et al., 1998; Butland et al., 
1999). The Mediterranean diet, which has high antioxidant content because of the 
preponderance of fruit, vegetables, legumes, nuts and wholegrain cereals, has been 
associated with a reduced likelihood of asthma, wheezing and allergic rhinitis in cross-
sectional studies of children (Chatzi et al., 2007; Garcia-Marcos et al., 2007; Tamay et al., 
2007; De Batlle et al., 2008; Castro-Rodriguez et al., 2008). Shaheen et al reported that the 
results of a population-based case-control study of 607 cases and 864 controls in South 
London indicated that apple consumption and red wine intake were negatively associated 
with, respectively, asthma prevalence and severity, perhaps due to the protective effect of 
flavonoids (Shaheen et al., 2001), while the follow-up study made it clear that dietary intake 
of catechins, flavonols and flavones was not significantly associated with asthma prevalence 
and severity (Garcia et al., 2005). A cohort epidemiological study of 10,054 adults in Finland 
regarding the association between flavonoid intake and risk of several chronic diseases 
found that asthma incidence was lower for higher quercetin, naringenin, and hesperetin 
intakes (Knekt et al., 2002).  

A study of 1,253 five-year-old children reported that maternal apple intake during their 
mothers’ pregnancy was associated with beneficial results for ever wheeze, ever asthma and 
doctor-confirmed asthma (Willers et al., 2007). The Irish Lifeways Cross-Generation Cohort 
Study determined an association between high maternal fruit and vegetable intake during 
pregnancy and reduced likelihood of asthma in 632 three-year-old children (Fitzsimon et al., 
2007). A third cohort study also demonstrated that wheeze and atopic sensitization in 460 
children aged 6-7 years was less frequent if their mothers had followed a Mediterranean diet 
during pregnancy (Chatzi et al., 2008). Although there have been few reports of case-control 
or longitudinal studies examining direct associations between flavonoid intake and the 
prevalence or incidence of allergic diseases, the findings of the epidemiological studies 
mentioned here suggest that higher flavonoid intake is beneficial for protection against 
allergic diseases. 

4. Efficacy of flavonoids in allergic models 

The anti-allergic characteristics of flavonoids observed in vitro led to a study using NC/Nga 
mice to test whether intake of flavonoids might be effective for the prevention or the 
amelioration of allergic symptoms. NC/Nga mice spontaneously develop severe eczema, 
scratching behaviour and serum IgE elevation with aging under nonspecific pathogen-free 
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mediates the toxic and biological actions of many aromatic environmental pollutants such as 
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tetrachlorodibenzo-p-dioxin (TCDD)] revealed that the flavonoids, apigenin, luteolin, 
baicalein, quercetin, kaempferol and myricetin had noticeable inhibitory effects on AhR 
activation with an EC70 value (equal to 70% of the maximal response to TCDD) of 1.9-5.1 
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shown that AhR is a regulator of differentiation of naïve CD4 positive T cells into effector T 
cell subsets (Marshall & Kerkvliet, 2010), suggesting that flavonoids modulate immune 
functions through their binding to AhR. 

3. The relationship between flavonoid intake and the prevalence, 
incidence or severity of allergic diseases  

As mentioned previously, flavonoids are contained in vegetables, fruit, cereals and 
beverages. Epidemiological studies have reported that a high intake of fresh fruit and 
vegetables may provide protection against asthma (La Vecchia et al., 1998; Butland et al., 
1999). The Mediterranean diet, which has high antioxidant content because of the 
preponderance of fruit, vegetables, legumes, nuts and wholegrain cereals, has been 
associated with a reduced likelihood of asthma, wheezing and allergic rhinitis in cross-
sectional studies of children (Chatzi et al., 2007; Garcia-Marcos et al., 2007; Tamay et al., 
2007; De Batlle et al., 2008; Castro-Rodriguez et al., 2008). Shaheen et al reported that the 
results of a population-based case-control study of 607 cases and 864 controls in South 
London indicated that apple consumption and red wine intake were negatively associated 
with, respectively, asthma prevalence and severity, perhaps due to the protective effect of 
flavonoids (Shaheen et al., 2001), while the follow-up study made it clear that dietary intake 
of catechins, flavonols and flavones was not significantly associated with asthma prevalence 
and severity (Garcia et al., 2005). A cohort epidemiological study of 10,054 adults in Finland 
regarding the association between flavonoid intake and risk of several chronic diseases 
found that asthma incidence was lower for higher quercetin, naringenin, and hesperetin 
intakes (Knekt et al., 2002).  

A study of 1,253 five-year-old children reported that maternal apple intake during their 
mothers’ pregnancy was associated with beneficial results for ever wheeze, ever asthma and 
doctor-confirmed asthma (Willers et al., 2007). The Irish Lifeways Cross-Generation Cohort 
Study determined an association between high maternal fruit and vegetable intake during 
pregnancy and reduced likelihood of asthma in 632 three-year-old children (Fitzsimon et al., 
2007). A third cohort study also demonstrated that wheeze and atopic sensitization in 460 
children aged 6-7 years was less frequent if their mothers had followed a Mediterranean diet 
during pregnancy (Chatzi et al., 2008). Although there have been few reports of case-control 
or longitudinal studies examining direct associations between flavonoid intake and the 
prevalence or incidence of allergic diseases, the findings of the epidemiological studies 
mentioned here suggest that higher flavonoid intake is beneficial for protection against 
allergic diseases. 

4. Efficacy of flavonoids in allergic models 

The anti-allergic characteristics of flavonoids observed in vitro led to a study using NC/Nga 
mice to test whether intake of flavonoids might be effective for the prevention or the 
amelioration of allergic symptoms. NC/Nga mice spontaneously develop severe eczema, 
scratching behaviour and serum IgE elevation with aging under nonspecific pathogen-free 
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conditions (Matsuda et al., 1997). To determine the preventive effect of flavonoids, the mice 
were orally given astragalin, kaempferol 3’glucoside (1.5 mg/kg), a major ingredient of 
flavonoid in persimmon leaf tea, or a control diet. Development of dermatitis with aging 
was observed in the control group and the severity of dermatitis was scored for evaluation. 
Oral intake of astragalin markedly prevented the appearance of the dermal symptoms, 
scratching behaviour and serum IgE elevation (Kotani et al., 2000). Moreover, when 
astragalin was administered to NC/Nga mice after the appearance of dermatitis, it 
significantly diminished its severity (Matsumoto et al., 2002). It was subsequently 
demonstrated with this mouse model that administration of extracts from petals of Impatiens 
balsamina L., which contains flavonoids such as kaempferol 3-rutinoside and 2-hydroxy-1,4-
naphthoquinone as active gradients (Oku & Ishiguro, 2001), of apigenin (Yano et al., 2009), 
or of baicalein (Yun et al., 2010) suppressed skin lesions. In an asthmatic mouse model 
sensitized with ovalbumin (OVA), it was demonstrated that oral administration of luteolin, 
even as little as 0.1 mg/kg, led to a significant suppression of bronchial hyperreactivity and 
bronchoconstriction (Das et al., 2003). It was also found that nobiletin, a 
polymethoxyflavonoid, when given intraperitoneally to OVA-sensitized rats at a dose of 1.5 
or 5 mg/kg, reduced OVA-induced increases in eosinophils and eotaxin expression (Wu et 
al., 2006). In subsequent investigations, flavonoids such as quercetin, isoquercitrin, rutin, 3-
O-methylquercetin 5,7,3’,4’-O-tetraacetate, narirutin, apigenin, luteolin, sulfuretin, 
hesperdin, fisetin and kaempferol have been shown to suppress responses in various types 
of allergic animals (Makino et al., 2001; Fernandez et al., 2005; Rogerio et al., 2007; Jung et 
al., 2007; Jiang et al., 2007; Funaguchi et al., 2007; Yano et al., 2007; Cruz et al., 2008; Park et 
al., 2009; Choi et al., 2009; Li et al., 2010; Leemans et al., 2010; Shishebor et al., 2010; Song et 
al., 2010; Kim et al., 2011; Wu et al., 2011; Gong et al., 2012). 

5. Efficacy of flavonoids for patients with allergic rhinitis 

The aforementioned findings regarding the in vitro and in vivo anti-allergic properties of 
flavonoids strongly support the notion that an appropriate intake of flavonoids may 
constitute a complementary and alternative medicine and/or a preventive strategy for 
allergic diseases (Tanaka et al., 2003; Tanaka et al., 2004; Kawai et al., 2007; Tanaka et al., 
2011; Singh et al., 2011). Indeed, the results of previous clinical trials using flavonoid extracts 
suggest that flavonoids have beneficial effects on allergic rhinitis (Takano et al., 2004; Kishi 
et al., 2005; Enomoto et al., 2006; Segawa et al., 2007; Yoshimura et al., 2007). The extracts 
examined were Perilla frutescens enriched with rosmarinic acid, apple polyphenols including 
procyanidins, or apple condensed tannin, catechin, epicatechin, phlorizin, and chlorogenic 
acid, hop water extract including quercetin and kaempferol glycosides, and tomato extract 
including mainly naringenin chalcone. However, the direct effect of flavonoids on allergic 
symptoms has remained unknown. 

Enzymatically modified isoquercitrin (EMIQ) is a quercetin glycoside that consists of 
isoquercitrin and its maltooligosaccharides, and is manufactured from rutin through an 
enzymatic modification (Fig. 3) (Salim et al., 2004), which markedly enhances the absorption 
rate through the intestine. 

 
Efficacy of Flavonoids for Patients with Japanese Cedar Pollinosis 109 

 
Figure 3. Enzymatically modified isoquercitrin is a quercetin glycoside. 

This flavonoid is approved as a food additive in Japan and is used as an antioxidant for 
various commercially available food products such as beverages. Tests were performed in 
2007, 2008 and 2009 to determine whether intake of EMIQ was effective for Japanese cedar 
pollinosis (Kawai et al., 2009; Hirano et al., 2009). Japanese cedar pollinosis is defined as an 
immunological response modulated by IgE and a seasonal (intermittent) allergic 
rhinoconjunctivitis caused by Japanese cedar pollen, characterized by nasal symptoms such 
as sneezing, rhinorrhea and nasal congestion and by ocular symptoms such as lacrimation, 
ocular itching and congestion (Okamoto et al., 2009).  

In a parallel-group, double-blind, placebo-controlled study, volunteers with Japanese cedar 
pollinosis took two capsules of 50 mg EMIQ or a placebo daily for 8 weeks during the pollen 
season. Severity of subjective symptoms was evaluated by a scoring system (Baba et al, 
2002) with some modifications. The study in 2007 began after the pollen had dispersed and 
thus aimed at examining the therapeutic effect of EMIQ. During the entire study period, 
ocular symptom+medication and ocular symptom scores for the EMIQ group were 
significantly lower than those for the placebo group (Fig. 4), while symptom+medication 
and symptom scores were significantly reduced at week 4-5 compared to those for the 
placebo group (Kawai et al., 2009).  

To examine the preventive effect of EMIQ on symptoms of pollinosis the next study in 2008 
began 3 weeks before the first day of pollen dispersion. Ocular symptom+medication and 
ocular symptom scores were also significantly suppressed during the entire period and 
symptom+medication and symptom scores were also reduced at week 5-6 (Fig. 5) (Hirano et 
al., 2009).  

Although these two studies did not show a statistically significant ameliorative effect on 
nasal symptoms, the 2009 study using 200 mg/day of EMIQ for 4 weeks clearly 
demonstrated efficacy of EMIQ for reducing nasal symptoms (Fig. 6).  
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isoquercitrin and its maltooligosaccharides, and is manufactured from rutin through an 
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Figure 3. Enzymatically modified isoquercitrin is a quercetin glycoside. 

This flavonoid is approved as a food additive in Japan and is used as an antioxidant for 
various commercially available food products such as beverages. Tests were performed in 
2007, 2008 and 2009 to determine whether intake of EMIQ was effective for Japanese cedar 
pollinosis (Kawai et al., 2009; Hirano et al., 2009). Japanese cedar pollinosis is defined as an 
immunological response modulated by IgE and a seasonal (intermittent) allergic 
rhinoconjunctivitis caused by Japanese cedar pollen, characterized by nasal symptoms such 
as sneezing, rhinorrhea and nasal congestion and by ocular symptoms such as lacrimation, 
ocular itching and congestion (Okamoto et al., 2009).  

In a parallel-group, double-blind, placebo-controlled study, volunteers with Japanese cedar 
pollinosis took two capsules of 50 mg EMIQ or a placebo daily for 8 weeks during the pollen 
season. Severity of subjective symptoms was evaluated by a scoring system (Baba et al, 
2002) with some modifications. The study in 2007 began after the pollen had dispersed and 
thus aimed at examining the therapeutic effect of EMIQ. During the entire study period, 
ocular symptom+medication and ocular symptom scores for the EMIQ group were 
significantly lower than those for the placebo group (Fig. 4), while symptom+medication 
and symptom scores were significantly reduced at week 4-5 compared to those for the 
placebo group (Kawai et al., 2009).  

To examine the preventive effect of EMIQ on symptoms of pollinosis the next study in 2008 
began 3 weeks before the first day of pollen dispersion. Ocular symptom+medication and 
ocular symptom scores were also significantly suppressed during the entire period and 
symptom+medication and symptom scores were also reduced at week 5-6 (Fig. 5) (Hirano et 
al., 2009).  

Although these two studies did not show a statistically significant ameliorative effect on 
nasal symptoms, the 2009 study using 200 mg/day of EMIQ for 4 weeks clearly 
demonstrated efficacy of EMIQ for reducing nasal symptoms (Fig. 6).  
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Figure 4. Efficacy of EMIQ on allergic symptoms caused by Japanese cedar pollinosis in 2007. The 
ameliorative effect was evaluated by total symptom (nasal+ocular symptom)+medication, total 
symptom, nasal symptom (sneezing, rhinorrhea and nasal obstruction)+medication, nasal symptom, 
ocular symptom (ocular itching, lacrimation and ocular congestion)+medication and ocular symptom 
scores. 
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Figure 5. Efficacy of EMIQ on allergic symptoms caused by Japanese cedar pollinosis in 2008. 
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Figure 5. Efficacy of EMIQ on allergic symptoms caused by Japanese cedar pollinosis in 2008. 
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Figure 6. Efficacy of EMIQ on allergic symptoms caused by Japanese cedar pollinosis in 2009. 
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Moreover, a recent study showed the beneficial action of silymarin on allergic rhinitis 
symptoms (Bakshaee et al., 2011), and clinical trials of pycnogenol, derived from the bark of 
the European coastal pine tree, including proanthocyanidines (Wilson et al., 2010), and of 
benifuuki green tea containing O-methylated catechin (Maeda-Yamamoto et al., 2009) 
demonstrated their ameliorative effects on seasonal allergic rhinitis symptoms. 

6. Flavonoid daily intake and content of foods 

Clinical trials of EMIQ involving patients with Japanese cedar pollinosis demonstrated that 
a daily intake of 100-200 mg of EMIQ is effective for the amelioration of symptoms. 100 mg 
of EMIQ, a glycosylated quercetin, is equivalent to 34 mg of quercetin. Results for the daily 
intake of flavonols plus flavones calculated in terms of the amounts of quercetin, kaempferol 
and myricetin, and, in some studies, with the addition of luteolin, apigenin and fisetin, have 
been reported in several countries (Tanaka et al., 2004). The total amount of these flavonoids 
varied from 2.6 to 68.2 mg/day in the European Union, USA and Japan. The major flavonoid 
was quercetin, ranging from 14 to 100% of the total amount of flavonoids, followed by 
kaempferol and myricetin with an average intake of 0.1 to 5.9 mg/day. An amount of 34 
mg/day of quercetin is therefore tolerable and indeed there were no adverse events in the 
clinical trials. Recently, the U.S. Department of Agriculture (USDA) database for the 
flavonoid content of selected foods was published (USDA database, release 3, 2011). The 
database contains values for 500 food items and for 28 predominant monomeric dietary 
flavonoids that include quercetin, kaempferol, myricetin, apigenin and luteolin. It should be 
pointed out that most of the compounds in food are present in glycosylated forms, but this 
database converted the glycoside values into aglycone forms using conversion factors based 
on the molecular weight of the specific compounds to make data consistent across the 
database. EuroFIR-BASIS (European Food Information Resource - Bioactive Substances in 
Food Information System) is another database currently developed for bioactives that covers 
original content values for various polyphenols in plant-based foods (Gry et al., 2007). The 
more recently published Phenol-Explorer database includes content data for 502 
polyphenols, flavonoids, phenolic acids, lignans, and stilbenes (Neveu et al., 2010; database 
URL: http://www.phenol-explorer.eu/; Perez-Jimenez et al., 2010). Over 60,000 
composition data published since 1969 have been systemically collected, evaluated, and 
stored in this database and it contains information on glycosides and esters, whereas the 
USDA database pertains to data on aglycones. The Phenol-Explorer database was used to 
examine the intake of all individual polyphenols by a total of middle-aged 4,942 men and 
women in France (Perez-Jimenez et al., 2011). Mean total intake of flavonoids including 
proanthocyanidins, catechins, anthocyanins, flavonols, flavones, flavanones, theaflavins and 
dihydroflavonols was estimated at 506 mg/day, with nonalcoholic beverages, fruit, alcoholic 
beverages, cocoa products, vegetables and cereals contributing 114, 172, 73, 90, 26 and 28 
mg/day, respectively. Mean total intake of flavonols and flavones was 51 and 33 mg/day, 
which is equivalent to 34 and 18 mg/day of aglycones, respectively. The findings obtained 
with these databases are sure to make a significant contribution to the development of 
dietary treatment for allergic rhinitis.  



 
Current Insights in Pollen Allergens 112 

 
Figure 6. Efficacy of EMIQ on allergic symptoms caused by Japanese cedar pollinosis in 2009. 
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7. Conclusion 

Allergy, a common disease worldwide, is the subject of growing concern because of its 
increasing rate of prevalence (Holgate, 1999; Eder et al, 2006). It has been suggested that 
dietary changes may contribute to this increase (McKeever & Britton, 2004; Devereux & 
Seaton, 2005; Devereux, 2006; Kozyrskyj et al., 2011; Nurmatov et al., 2011; Allan & 
Devereux, 2011). Flavonoids have antioxidant, anti-allergic and immune-modulating 
properties and recent clinical trials have shown their beneficial effect on allergic rhinitis. 
Several extensive databases for the flavonoid content of major vegetables, fruit, cereals and 
beverages can thus be expected to contribute to the dietary management of allergic rhinitis. 
Whether an appropriate intake of flavonoids can ameliorate respiratory or dermal allergic 
symptoms and prevent the onset of allergic diseases thus constitutes an important issue for 
future studies.  
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