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Abstract

Numerous pollen allergens have been reported over the last few years. Most of them belong to well-known families of proteins but some
others constitute the first member of new allergenic families. Some of the factors that can contribute to the detection and identification of
new pollen allergens are: a) advances in the technology tools for molecular analysis; and b) the deep knowledge of many allergenic sources.
The combination of these factors has provided vast information on the olive pollen allergogram and the identification of minor allergens that
become major ones for a significant population. The close taxonomical relationship between olive tree and ash -both Oleaceae- has permitted
to identify Fra e 1 (the Ole e 1-like allergen) in ash pollen and to detect the presence of protein homologues of Ole e 3 and Ole e 6. In the other
hand, extensive areas of south Europe are suffering an increasing desertification. As a consequence of this, new botanical species are sponta-
neously growing in these areas or being used in greening ground programs: Chenopodium album and Salsola kali are some examples recently
recognized as allergenic woods. The identification of the complete panel of allergens from the hypersensitizing sources might help to develop

more accurate diagnosis, and efficient and safer therapy tools for Type-I allergic diseases.

© 2006 Elsevier Masson SAS. All rights reserved.

Keywords: Allergen; Pollen allergy; Proteomic

1. Introduction

Over the last decade, lots of allergens have been character-
ized, and the number of available amino acid sequences and
three-dimensional structures of allergenic proteins has been
spectacularly increased. Recompilation of new allergens has
been possible thanks to several database banks -many of
them with access through web sites (e.g., allergen.com; allal-
lergy.net; allergom.com; Informall database, etc.)- that have
been designed and created to facilitate the knowledge and un-
derstanding of this type of health-related molecules. However,
new allergens are waiting to be detected and analysed, and the
next few years will be crucial for the identification and study
of the role of novel proteins related to IgE-mediate allergy dis-
orders. The accurate diagnosis of hypersensitive patients and

* Corresponding author. Tel.: +34 91 394 4260; fax: +34 91 394 4159.
E-mail address: rrg@bbml.ucm.es (R. Rodriguez).

0753-3322/$ - see front matter © 2006 Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.biopha.2006.09.014

the designing of the mixtures for a safer and effective immu-
notherapy definitely depend on the knowledge of the pattern of
allergenic components from a biological source.

Two main factors can be related to the increasing discovery
of new molecules involved in allergy:

a) The emergence of new technologies that improve the anal-
ysis and detection of minor components in complex mix-
tures of allergenic extracts. Sensitivity, resolution and
reproducibility are crucial factors that the new technologies
frequently guarantee, and they provide a high degree of pu-
rification which is needed to assure the unequivocal identi-
fication of a new allergen. In this concern, the proteomic
tools give very satisfactory results as deduced from the
number of works including this technology over the last
few years. In addition, the possibility to analyse the biolog-
ical role of proteins, the manufacturing of helpful enzymes
as tool for molecular biology methodology, the improve-
ment of NMR and crystallization devices and protocols,
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and the implementation of faster computer systems, have
necessarily facilitated the research on molecular allergy.

b) The advance in the knowledge of the components from re-
lated allergen sources -or even non-related sources- may
provide the rules for the utilization of specific techniques
and protocols that lead to an easier and faster detection or
identification of the homologous or related allergens. In-
formation on the properties of a protein allergen — solubil-
ity, stability, molecular weight, pl, etc.,- may in fact
facilitate the discovery of the corresponding counterparts
in different allergenic sources.

Finally, the changes in the environment or the diet habits of
the hypersensitive patients can lead to new responses involv-
ing novel allergens. This factor is especially important when
considering pollinoses as changes in the climatic environment
of specific geographical areas may come up allergens that in
the previous conditions were unnoticeable. One of the most
evident climate changes is the increasing desertification which
promotes the growth and propagation of adapted vegetables,
both in a natural way or through greening programs.

We are going to analyse how these factors are being -and
will be in the near future- responsible of the detection and
identification of new allergens involved in several pollinosis.

2. Emergence of new technologies

Proteomic methodology has been successfully employed for
many goals in the field of allergy research. It is especially valu-
able for the detection and identification of allergens coming
from allergenic sources that display a complex allergenic mix-
ture and whose monodimensional electrophoresis analysis gives
a pattern of multiple bands. The difficulty of the study increases
when the amount of the allergens in the extract is very different.
This is the case of the allergenic olive pollen. Olive (Olea euro-
paea) tree is an important source of allergy in Mediterranean
countries, and it has been also documented in areas from
America, South Africa, Japan and Australia. More than 20
IgE-reactive bands can be seen in sodium dodecyl sulphate-
polyacrylamide gel electrophoresis of this extract by immunos-
taining with a pool of sera from patients reactive to olive pollen
[1—3]. To date, ten allergens -Ole e 1 to Ole e 10- have been char-
acterized in the saline extract, and the levels of these IgE-reac-
tive components goes from 20% to less than 0.01% of the total
protein. The main allergen of olive pollenis Ole e 1, a glycopro-
tein of 145 amino acids length that exhibits a major band at
20.0 kDa of apparent molecular mass and a minor non-glycosy-
lated variant at 18.5 kDa [4—8]. More than 75% of patients aller-
gic to olive pollen contain IgE reactive to this major allergen
[4,9—11]. In spite of the large number of IgE-reactive bands
in the olive pollen extract, the finding of the second allergen
took eight years. This was probably for the reason that Ole e 1
constitutes up to 20% of total protein content of the saline ex-
tract, and other allergens appear at much lower concentration
in the pollen (Ole e 2 concentration is lesser than 0.2%, and
Ole e 9 less than 0.1%). Detection and identification of minor al-
lergens is much more difficult and slow. Over the last ten years,

however, nine allergens (Ole e 2 to Ole e 10) have been identified
and characterized from olive pollen. Profilin (Ole e 2) [12,13],
two calcium-binding proteins (Ole e 3 -so called polcalcin-
with two sites for binding calcium and Ole e 8 with four sites
to bind the ion) [14—16], superoxide dismutase (Ole e 4) [17],
LTP (Olee 7)[18] 1,3-B-glucanase (Ole e 9) [19], as well as car-
bohydrate binding module (Ole e 10) [20] are biochemical roles
attributed for olive pollen allergens. For three allergens -Olee 1,
Ole e 5 [17] and Ole e 6 [21]- no biochemical activities have
been defined, at date. Several of the olive allergens belong to
families of panallergens and show strong cross-reactivity with
other members of the same family [14,15]; and Ole e 6, Ole e
7, Ole e 9 and Ole e 10 display a prevalence higher than 50%
in allergic populations exposed to high levels of olive pollen
in the air during the pollination season [11,18—22]. Most of
the olive pollen allergens have been isolated and characterized
by conventional methodologies: ion-exchange, size exclusion,
reverse-phase high pressure liquid chromatographies, amino
acid analysis, spectroscopic studies, molecular biology tech-
niques, etc. However, and in spite of the number of olive pollen
allergens characterized, several proteins remain to be analysed.
The allergenic pattern shows the existence of several IgE-reac-
tive bands around 40—50 kDa [2,3], but only Ole e 9 (46 kDa)
has been described at this range of molecular masses. This
indicates that several allergens remain to be identified. Neither
ion-exchange nor size exclusion chromatographies allowed to
isolate allergens of molecular mass higher than 40 kDa other
than Ole e 9. Here and now, proteomic plays a major role.

The two-dimensional electrophoretic analysis -by combin-
ing isoelectrofocusing and sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis- of the saline extract of the
olive pollen has rendered a complex map of the protein com-
ponents (Fig. 1A). The staining with AgNOj; is able to detect
less than 1 ng of protein and it almost guarantees the visuali-
zation of most of the spots corresponding to putative allergenic
proteins. As above mentioned, the region of the map of the
olive pollen extract comprising proteins of molecular mass
around 40—50 kDa should contain new and unknown aller-
gens. When this portion of the map is immunostained with
a pool of sera from patients allergic to this pollen, the reactiv-
ity to several proteins is clearly detected (Fig. 1B). One of this
allergens was identified as Ole e 9 (a polymorphic olive 1,3-3-
glucanase with 45 kDa and pI around 5—6.5). However, the re-
maining spots might correspond to unidentified and significant
allergens. The analysis of several IgE-reactive spots by matrix-
assisted laser desorption ionization mass spectrometry led us
to identify the pectin-methylesterase from olive pollen as
a new family of allergenic components.

The possibility to analyze protein-ligand interactions by
electrophoresis of the proteins under native conditions gave re-
cently the opportunity to elucidate the biological activity of the
olive allergen Ole e 10 [23]. Ole e 10 was demonstrated to bind
laminarin, a 1,3-B-glucose polysaccharide. The allergen consti-
tuted the first member of a new family of carbohydrate binding
modules which was named as CBM43 [23]. Now, we have used
this methodology to analyse the activity of the C-terminal do-
main of Ole e 9. Ole e 9 is composed of two structurally defined
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Fig. 1. Two-dimensional analysis of the olive pollen extract. A) NO3Ag stain-
ing; and B) Immunostaining of the marked section with a pool of sera from
patients allergic to olive pollen. pI and molecular mass (in kDa) of standard
proteins are indicated.

domains: the N-terminal domain (36 kDa) which possesses the
active site and, therefore, the catalytic activity to hydrolyze 1,3-
B-glucans; and the C-terminal domain (10 kDa) which is ho-
mologous to Ole e 10 (53% identity, 69% similarity). Both
the C-terminal and the N-terminal domains of Ole e 9 have
been expressed by recombinant DNA technology in the yeast
Pichia pastoris, and the molecules obtained were tested for
the IgG and IgE reactivities [24,25]: the recombinant products
displayed reactivity against specific polyclonal and monoclonal
antibodies as well as against sera from patients allergic to Ole
e 9. This recombinant C-terminal domain has been now assayed
for its capacity to bind laminarin.

Protein-ligand interaction between the C-terminal domain
of Ole e 9 and laminarin has been demonstrated by using af-
finity gel electrophoresis. This technology makes use of poly-
acrylamide gel electrophoresis in native conditions, e. g. in the
absence of denaturing reagents such as sodium dodecyl sul-
phate, urea or B-mercaptoethanol [23]. The comparison be-
tween the electrophoretic mobility in the presence and
absence of the ligand molecule -in this case the polysaccharide
laminarin- should show the capacity of interaction of the pro-
tein (or polypeptide domain) with the putative ligand. Fig. 2
illustrates the result of the study for the C-terminal domain
of Ole e 9 in comparison with the data obtained to Ole e 10
as positive control and bovine serum albumin as negative con-
trol. The mobility of the C-terminal domain was slower in the
presence than in the absence of laminarin. This demonstrates
that the C-terminal module of Ole e 9 is able to interact
with 1,3-B-glucans. The homology of the amino acid sequence
of this domain with that of the allergen Ole e 10 and the sim-
ilar biochemical capacity to bind 1,3-B-glucans suggest that it
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Fig. 2. Electrophoresis in native conditions of the C-terminal domain of Ole
¢ 9 (lane C) in comparison with Ole e 10 (lane 10) and bovine serum albumin
(lane BSA) in the absence of laminarin (— laminarin) and in the presence of
the polysaccharide (+ laminarin).

also belongs to the CBM43 family. We can hypothesize that
the role of the C-terminal domain of the whole 1,3-B-gluca-
nase protein would be the capture of the substrate in order
to be hydrolysed in the active site of the N-terminal domain.

3. Benefits of the advance on the knowledge
of related allergens

Over the last decade the research on protein allergens has
dramatically increased the number of well-known allergens.
Many of them have been incorporated to the database banks
of amino acid sequences and have been grouped in families.
Families of proteins are composed by members with identical
biochemical role but belonging to different sources. Some-
times, the families contain isoforms of the same protein ex-
pressed by multigen families. The members of a specific
family of proteins share most of the structural and functional
properties, although particular characteristics can be also dis-
played. The amino acid sequences of the members of a family
can show different degrees of similarity, but conformational
structure use to be highly conserved. The knowledge of a mem-
ber of a family of protein allergens can give the clue to the
identification of new members of the family. A good example
can be given by the Ole e 1-like family: the major olive pollen
allergen, Ole e 1, led to the research on the corresponding
counterparts from lilac (Syringa vulgaris), privet (Ligustrum
vulgare), and more important from ash (Fraxinus excelsior)
[26—29]. In fact, these species also belong to the Oleaceae
family and are close taxonomically related. Although the im-
portance of olive pollen allergy is much more high than that of
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the remaining Oleaceae pollens, the existence of cross-reactiv-
ity at the level of IgE, early described in the literature [30—
33], made interesting the analysis of the putative allergens
from these pollens. In addition, and although for a long time
the importance of ash pollen as allergy elicitor has been over-
looked, several recent reports have recognized its clinical im-
portance in areas of Central Europe. Ole e 1 is a well-known
allergen, which has been proposed as a marker of the sensiti-
zation to Oleaceae pollens [34]. It is a small protein with a lim-
ited degree of glycosylation and a putative role in fertility of
the pollen. The olive pollen contains very high amount of
the allergen, which is very soluble in saline solutions (it is eas-
ily extracted from the pollen grain). These properties can ex-
plain the high incidence of this allergen among the olive
allergic patients. Interestingly, lilac, privet and ash tree contain
homologous counterparts of Ole e 1 with highly conserved
amino acid sequences. Although privet and lilac have not
been reported as significant allergy sources, patients allergic
to olive tree are at a risk of suffer symptoms when they are
exposed to these pollens. It has been explained because they
contain high amounts of the corresponding Ole e 1-like
counterpart. The high similarity of the chemicophysical prop-
erties of these proteins from lilac and privet with those of Ole
e 1 facilitated the isolation and study of Lig v 1 and Syr v 1, to
which IgE-binding capacity was demonstrated [26,27]. These
allergens have probably a low clinical significance, although
allergy to privet is not uncommon in some regions where
this Oleaceae is being used as ornamental plant. Fra e 1, the
Ole e 1-like member from ash tree, has been recently reported
as a significant allergen among the population from Central
Europe; IgE antibodies from ash-sensitized patients bound to
Fra e 1 with a prevalence of 75% [28,29]. From all these stud-
ies, it can be deduced that identity of amino acid sequence be-
tween the Ole e 1-like Oleaceae members is higher than 80%
and they are the main components responsible for the strong
cross-reactivity that these pollens show. This feature enhances
the interest in the knowledge of their specific antigenicity as
the utilization of one member of the family could facilitate the
diagnosis and/or the immunotherapy of patients sensitized to
any Oleaceae member.

Taking into account the similarity of the sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis profiles of protein
components of olive tree, ash, lilac and privet pollens [3,32]
and the results on the isolation and characterization of olive pol-
len allergens, it can be deduced that their saline extracts contain
some other allergens in addition to the members of the Ole e 1-
like family. In order to detect the presence of proteins homolo-
gous to other olive allergens, we have performed enzyme linked
immunosorbent assays of the extract obtained from ash pollen
by using the specific antisera raised in rabbits against several ol-
ive pollen allergens as tools for immunostaining. The study was
performed in comparison with the experiments for the corre-
sponding olive pollen allergen as a positive control of the reac-
tivity. The IgG binding results are shown as absorbance values
(Fig. 3), and they indicate that all the allergens tested are pres-
ent in ash pollen extract. Ole e 1 and Fra e 1 display a significant
similarity in their responses to the Ole e 1-specific polyclonal

antibody (Fig. 3A), which is in agreement with the data of
amino acid sequences of both proteins and their widely docu-
mented cross-reactivity. The polcalcins from olive and ash pol-
len show the highest degree of similarity in their responses to
the specific antibodies (Fig. 3B), which can be explained by
the high similarity expected for their amino acid sequences.
The higher values of IgG titles obtained for ash polcalcin versus
that of the olive pollen could be explained by the presence of

3,6 =

24—

1,2 |- —

0,8 -

absorbance

21 | ]

1,4 —

0 2 4 6 8
Ab dilution

Fig. 3. Enzyme linked immunosorbent assays of ash pollen extract coated
wells () incubated with specific antibodies obtained against olive pollen al-
lergens: A) Ole e 1-specific antibody; B) Ole e 3-specific antibody; and C) Ole
e 6-specific antibody. The corresponding olive pollen allergen (@) was also
used for comparison. Serial dilutions (1/100 x 4%) of antibody were used. Ab-
sorbance at 492 nm was measured.
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higher amounts of the panallergen in the former pollen extract.
Concerning Ole e 6 counterparts, they also show great similar-
ity in their IgG reactivities (Fig. 3C); it is probably due to the
high identity of the sequences of their components. The
three-dimensional structure of Ole e 6 has been recently re-
ported and it shows two a-helices join together in a near parallel
form linked by three disulphide bonds [35]. This should deter-
mine a strong restriction to the changes of amino acids along
these segments of the polypeptide chain as they maintain a num-
ber of contacts between the side chains of the amino acid resi-
dues that constitute the helices. Therefore, it is expected the
amino acid sequences of the homologous Ole e 6-like allergens
to be highly conserved. For this reason, they could be detected
and immunologically analyzed by means of Ole e 6-specific
monoclonal and polyclonal antibodies. Based on the same
reasoning, it is also expected a degree of IgE cross-reactivity
of Ole e 6 with other Oleaceae counterparts what should be
taken into account because of its putative clinical impact.

4. Arising of novel allergen sources

It is well-known that climatic conditions determine the
developing of different plants, depending on the temperature
and humidity of the environment, the extent of seasons, dryness
and salinity of soils, etc. It is also clear that the desert areas are
increasing all around the world. South Europe is in the scope of
the environment analysts because of great regions of the Med-
iterranean countries are suffering enlarged summer seasons and
shortened winters and autumns. Dry summers and mild winters
promote the growth of specific vegetation that is able to survive
in such aggressive climatic conditions. Some of these plants are
members of the Chenopodiaceae and Amarantaceae families.
Weeds such Lamb’s quarter (Chenopodium album) or Russian
thistle (Salsola kali-pestifer) easily develop in very dry and sa-
line soils. These vegetable species are also cultivated in desert
countries such as Saudi Arabia, Kuwait, and United Arab Emir-
ates, as a part of the greening ground programs or to avoid ero-
sion of drained zones. These weeds can shed large amounts of
pollen and are also spreading big areas of United States and
temperate regions of southern Europe. Chenopod has been re-
ported to cause allergy in desert countries were it is well adap-
ted [36—39]. A significant feature of chenopod sensitivity is its
concomitant appearance with other pollinoses and probably ex-
plains the little attention that this allergy has received [40,41].

Three allergens have been recently isolated and character-
ized from chenopod: Che a 1, Che a 2 (profilin) and Che a 3 (pol-
calcin). Che a 1 belongs to the Ole e 1-like family (30% identity
with Ole e 1), and shows very low reactivity against Ole e 1-
specific antibodies [42,43]. Che a 2 and Che a 3 display high
cross-reactivity with the corresponding profilin and polcalcin
from olive pollen, as expected because of their conserved amino
acid sequences [44—46]. These allergens have been isolated
from pollen, and their IgE reactivity to sera from patients aller-
gic to chenopod pollen was demonstrated [45]. Che a 2 and Che
a 3 were also produced by recombinant technology in Escheri-
chia coli, and Che a 1 in Pichia pastoris. Profilin and polcalcin
from chenopod showed high prevalence values around 50%,

and the patients sensitive to these allergens possessed high
IgE titres [45]. In arecent work, we showed the high cross-reac-
tivity degree at the level of both polyclonal and monoclonal an-
tibodies that exist among polcalcins from taxonomically related
and non-related pollens such as those from olive, Timothy grass,
lilac and chenopod, and indicated that diagnosis of polcalcin-
sensitized patients could be performed whatever polcalcin
used [47]. However, in the same work, some specific behaviour
was also detected for any polcalcin, suggesting that for immuno-
therapy, the identification of the allergenic source responsible of
the primary sensitization should be considered.

Allergy to Salsola kali pollen has been less explored, so far.
S. kali also belong to the Chenopodiaceae family. It comes
from Eurasia, but today is widely distributed all around the
planet. S. kali is well adapted to saline-enriched and dry soils,
and is able to support great variations in pH and aggressive cli-
mates. Its presence in southern Europe as allergenic inducer is
in high rising probably due to the progressive desertification of
wide areas. Extensive cross-reactivity among members of the
Chenopodiaceae family has been demonstrated by different
methodologies [41,48]. Allergens of 14 kDa molecular mass
have been reported in chenopod and Salsola [48]. Isolation
and characterization of Che a 2 [45,46] would be in agreement
with the data obtained by Lombardero et al. (1985), but the al-
lergenic component of Salsola remained to be identified. Im-
munoblotting of S. kali pollen extract with Ole e 2-specific
polyclonal antiserum is shown in Fig. 4 in comparison with
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Fig. 4. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis and trans-
ference to membranes of Salsola kali (lane S) and Chenopodium album (lane
C) pollen extracts. The immunostained was obtained with anti-Ole e 2 (olive
profilin) specific antibody. Molecular mass markers are indicated in kDa.
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the result obtained for chenopod extract. Two protein bands of
around 14 kDa are detected in S. kali, whereas chenopod ex-
tract shows only a reactive protein band. This result indicates
that S. kali pollen contains a cross-reactive profilin that could
be involved in allergenicity. Clarification of the role of profilin
in sensitization to S. kali pollen could help to allergy diagnosis
of patients sensitive to Chenopodiaceae.

5. Conclusions

The improvement of the technology tools -mainly at the
level of sensitivity and resolution- that can be currently ap-
plied to the study of new allergy inducers as well as the recent
advances obtained on the knowledge of many allergen sources
may help to complete, in a near future, the panels of allergens
needed for an accurate diagnosis and a more efficient and safer
immunotherapy of allergy diseases.
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