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Abstract

Purpose of Review The purpose of this review is to provide
available data on a new class of allergens, the oleosins, and
their diagnostic value. There is evidence that allergen extracts
used for in vivo as well as in vitro diagnostic tests do not
contain oleosins because these proteins are lipophilic and
nearly insoluble in saline or aqueous solutions. So far, only
oleosins of peanut, sesame and hazelnut have been registered
as allergens. Reports on IgE-binding tests performed with
oleosins of different species with sera from allergic patients
show that IgE specific for oleosins are associated with severe
allergic reactions which is why they should be part of the
diagnostic tests in the future.

Recent Findings Recent findings showed that oleosins puri-
fied from in shell-roasted peanuts revealed a higher IgE-
binding capacity when compared to raw ones. Naturally puri-
fied as well as recombinantly produced peanut oleosins can be
used in basophil activation test.

Summary The synopsis of all reports on different thermal pro-
cessing of several oleosin sources and the respective data ob-
tained with patients sera investigated via immunoblot and ba-
sophil activation test points to the recommendation that—if
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naturally purified oleosins are used, they should mostly be
obtained from roasted food allergen sources. For immunoblot
and basophil activation test, both, naturally purified oleosins
as well as recombinant modified oleosins are valuable diag-
nostic tools.
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Introduction

Allergologists in molecular allergology research are often
confronted with the question: Do we really need more single
allergenic components to be identified? Does this bring us
closer to the elucidation of allergic pathomechanisms and,
subsequently, the definite cure of the disease?

The answer of the molecular allergologist is “YES”, of
course, although there is still a lot of work to do. This work,
however, should not only consist in further identification and
characterization of additional single allergens. The more sin-
gle components we know the better we shall be equipped to
investigate target-oriented sensitization routes and allergenic
pathomechanisms. With regard to the cure of the disease, it
seems more appropriate at present to improve diagnostic mea-
sures in order to identify those patients who will (or will not)
profit from already approved treatments than primarily aiming
at the development of completely new therapies.

The fact that single allergens are available is not only of
considerable advantage for component-resolved diagnosis
(CRD) but for mechanistic research on the relationship
between structure and allergenicity as well.
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Therefore, it is of interest to look at these new single com-
ponents from both sides: mainly the diagnostic but also the
scientific one.

Why Is It of so Much Interest to Identify New
Allergens?

There is evidence that whole allergen extracts used for in vivo
as well as in vitro diagnostic tests do not contain all clinically
relevant allergenic components [1, 2¢, 3, 4] which is why
these tests are sometimes negative even if the history of the
patient is positive. Although not all single allergenic compo-
nents from the respective allergen sources have been identi-
fied yet, it has become obvious that during the extraction
process some allergens might be missed and are, therefore,
not part of the commercially available diagnostic test solu-
tions. Availability of single allergens for diagnostic measure-
ments, however, can improve risk assessment and manage-
ment of food allergy.

Whereas important single allergens such as Bet v 1-homo-
logues, storage proteins and lipid transfer proteins are already
integral part of routine allergy diagnostic tests with some of
them having the potential of becoming marker allergens for
the severity of an allergic reaction (like Ara h 2) [5¢], defensins
have only recently been identified as allergens in peanuts with
some evidence of being IgE-positive only in patients with
more severe reactions [6¢]. However, there might be still some
allergens hidden in the lipophilic matrix of peanut.

What Exactly Are “Lipophilic” Allergens?

Peanut is a lipid-rich fruit and highly allergenic. It is, there-
fore, most probable that lipids take part in the allergenicity
of peanuts, which is why we started to investigate single
peanut allergens for structural features that would allow
them to associate with lipids. This approach was successful
in more than one aspect: First, it could be shown that the Bet
v 1-homologue of peanut and relevant marker allergen for
pollen-associated food (class II) allergy, Ara h 8, possesses a
hydrophobic pocket where lipids are attached to the protein
[7¢]. This is noteworthy as there is some evidence for a
protective effect of lipids delaying the enzymatic digestion
and supporting the uptake of allergens by intestinal mucosa
cells [7¢, 8]. Structural association with lipids is a common
feature of members of several different protein families that
contain allergens: apart from the already named Bet v 1-
homologues, there are the lipid transfer proteins, 2S albu-
mins, lipocalins, secretoglobulins, oleosins and allergens of
the mite group 2, 5, 7, 13 and 14 proteins [8, 9], all of them
containing hydrophobic binding sites for lipid ligands, capa-
ble of inducing TH2-immunomodulation.
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However, although associated with lipids, the allergens
could/should not be classified as strictly lipophilic but just
hydrophobic, instead, as they all, except the oleosins, are sol-
uble in aqueous solutions. For instance, when taking the
GRAVY (grand average of hydropathy) index [10], a measure
of protein hydrophobicity or hydrophilicity, into account the
following scoring results can be obtained for peanut: seed
storage proteins (< — 1.0), profilin (— 0.1), Bet v 1 homologue
(— 0.4), nsLTP (0.3); oleosins (0.2—-0.5), defensins (— 0.7 to
—0.5). The grade of positivity is representing hydrophobicity
of the whole molecule, whereas the grade of negativity ac-
counts for the degree of hydrophilia. According to this calcu-
lation, lipid transfer proteins are as hydrophobic as some
oleosins. However, lipid transfer proteins are not consequently
more hydrophobic, since the calculation takes the whole mol-
ecule into account. It, therefore, does not reflect the properties
of individual domains or the folding of the protein. In fact,
nsLTPs are well-soluble proteins, and some of them are able to
bind and carry molecules, such as lipids and phospholipids, in
their internal hydrophobic cavity [11]. In contrast to nsLTP,
oleosins are oil body membrane proteins and are designed to
directly interact with lipids via a specialized domain (ex-
plained in the section below) which has been found to be the
longest hydrophobic stretch ever encountered in nature
(GRAVY score 1.8) [12]. Therefore, their solubility in aque-
ous buffers is rather low which is why oleosins are quite dif-
ficult to study.

With regard to lipid transfer proteins, a lot has been pub-
lished already on the clinical significance as markers for se-
vere reactions in the Mediterranean countries, revealing the
geographical dependency of LTP-associated reactions, so that
the focus of this review will be on truly lipophilic allergens,
the oleosins.

Oil Bodies and Oleosins

Oil bodies, also known as oleosomes, lipid bodies or
spherosomes are discrete spherical organelles found in oil-
rich plant seeds but also in algae, mosses, ferns and tapetum
of Brassicaceae [13—15]. In this review, we will mainly focus
on seed oil bodies and their oleosins as they are of importance
for allergologists. Oil bodies are storage organelles for lipids
(triglycerides) which are used as energy resource for seed
germination [16]. They have been found in diverse plant seeds
like soybean, maize, rapeseed, sunflower, peanut and sesame
[17]. Seed oil bodies consist of a core of lipids, surrounded by
a single layer of phospholipids and embedded proteins, named
oleosin (15-24 kDa), caleosin (~ 30 kDa) and steroleosin
(~ 40 kDa) (Fig. 1) [20-24]. Oleosins are by far the most
abundant proteins from oil bodies representing 80-90% of
total protein [25]. They are thought to stabilize oleosomes,
to prevent their coalescence and to possess an enzymatic
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Fig. 1 Schematic model of an oil body with its components (/eff) and determination of the molecular mass of oil body proteins from peanut by SDS-
polyacrylamid gel electrophoresis (right). Schwager et al. [18+] and Shimada et al. [19], modified

activity [26-28]. The unique characteristic of the primary se-
quence of all oleosins is its division into three defined struc-
tural domains: a central hydrophobic domain flanked on either
side by relatively hydrophilic domains, respectively [29]. The
hydrophobic domain is embedded into the oil body mem-
brane, in contrast to the hydrophilic domains which reside
on the surface of the oil body and interact with the head groups
of phospholipids [16, 29]. Once removed from the oil body,
strong detergents are required to keep oleosins in solution [30,
31]. Caleosin and steroleosin are minor oil body proteins that
received their names because of the calcium and sterol-
binding properties [32, 33]. As their allergological relevance
is unknown, they will not be discussed in this review.

Clinical Significance of Oleosins

In 1998, Olszewski and co-workers described an allergenic
protein present in peanut oil [34]. After its purification and
identification as peanut oleosin, they could show IgE-binding
in sera of 3 peanut-allergic patients in 2002 [35, 36].
Moreover, based on immunoblot experiments, this group pro-
vided first hints for an increased allergenicity of oleosins from
roasted peanuts [36]. Within the next 6 years, oleosins from
sesame (Ses 14 and Sesi5) [37¢], hazelnut (Cora 12 and Cor a
13) and peanut (Ara h 10 and Ara h 11) have been registered
as allergens by the WHO/IUIS Allergen Nomenclature Sub-
Committee (www.allergen.org). However, an accompanying
publication for the registration of the hazelnut and peanut
oleosins was missing for years. The proof for the
allergenicity of Cor a 12 and Cor a 13 was provided in 2014
[2¢]. One year later, the first demonstration of the IgE-binding
properties of Ara h 10 and Ara h 11 was published [18e¢]. At
the same time, the authors also provided hints for the allerge-
nicity of a new oleosin of peanut [18e¢]. After substantial

evidence for IgE-binding, this oleosin was registered as Ara
h 15 [38e¢]. In addition, the same authors also proved the
allergenicity of the oleosin initially encountered in peanut oil
[34] in a larger cohort [38+¢]. For that reason, they were able to
fulfil the criteria of the WHO/IUIS and to register the oleosin
which was discovered more than a decade ago as Ara h 14
[38ee].

Up to now, the oleosins registered as allergens are derived
from three plant sources: peanut, sesame and hazelnut.
However, there is a growing body of evidence that oleosins
from other plant species might be elicitors of allergic reac-
tions, as well. So far, oleosins have been suspected to induce
allergic reactions after contact to flax [39], ingestion of soy-
bean [40], sunflower [41], and walnut [42, 43]. Moreover, an
IgE-binding epitope of Ara h 15 was identified which is cross-
reactive with buckwheat [44]. An overview of oleosins regis-
tered as allergens and oleosins that have been reported to have
allergenic potential is given in Table 1.

Oleosins from different food allergen sources have already
been discussed as being associated with severe allergic reac-
tions [2¢, 37+, 38¢]. Interestingly, all oleosin containing foods,
for which oleosins have been described as allergens, are re-
quiring labelling on food products [51]. Manufacturing of
foods affects the allergenic properties of proteins. In the
course of processing, allergens are exposed to different con-
ditions that can lead to their aggregation, degradation or mod-
ification. With regard to peanuts, it has been shown that
roasting is able to increase the allergenicity of various single
allergens [52, 53]. This is also true for peanut oleosins as we
could show, by immunoblot and basophil activation test
(BAT), that thermal treatment results in an elevated IgE-
binding potential [38¢¢]. This issue is probably a result of the
Maillard reaction which has been assumed to create IgE-
reactive ‘neo-epitopes’ [53—55]. In Western countries, peanuts
are usually consumed as roasted products and, therefore,
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Table 1  Overview of allergenic and potentially allergenic oleosins
Plant Component Molecular weight [kDa] Allergenic potential References
Hazelnut Cora 12 17* Yes Zuidmeer-Jongejan et al. [2¢]
(Corylis avellana) Cora 13 14-16* Akkerdaas et al. [45]
Peanut Arah 10 16* Yes Schwager et al. [18¢¢]
(Arachis hypogaea) Arah 11 14* Pons et al. [36]
Arah 14 17.5% Schwager et al. [38¢¢]
Arah 15 17
Sesame Sesi4 17* Yes Teodorowicz et al. [3¢]
(Sesamum indicum) Sesi5 15* Leduc et al. [37]
15.5 kDa-oleosin 15.5% Chen et al. [46]
Flax Not specified Probably Hyun et al. [47]
(Linum usitatissimum)
Soybean 17 kDa-oleosin 17 Probably Pons et al. [36]
(Glycine maxima) 18 kDa-oleosin 18 Herman EM [48]
24 kDa-oleosin 24
Sunflower 19 kDa-oleosin 19 Probably Macias et al. [41]
(Helianthus annuus) 20.5 kDa-oleosin 20.5 Cummins et al. [49]
Walnut 12 kDa-oleosin 12 Probably Lacomba et al. [42]
(Juglans regia) 15 kDa-oleosin 15 Santos et al. [43]

Cao et al. [50]

*Molecular weight information as documented in the WHO/IUIS database (www.allergen.org)

individuals might be more prone to be sensitized to modified
allergens, which in turn explains their higher reactivity.
However, detailed data on modifications responsible for the
increased IgE binding are still lacking. Interestingly, there are
observations on different grades of allergenicity to the oils of
peanut, soybean and sesame [37¢]. The latter is cold-pressed
and nonetheless associated with anaphylactic reactions [37¢],
whereas the discussion regarding the sensitizing potential of
peanut oil remains controversial [56].

Prevalence of Oleosin Sensitization

Data about the sensitization prevalence to seed oleosins are
generally rare. A study conducted by Leduc et al. demonstrat-
ed a consistent sensitization to the sesame oleosins, Ses i 4 and
Ses i 5, in 29 of 32 sesame-allergic patients with systemic
reactions [37¢]. As their study was not intended to evaluate
the sensitization prevalence to oleosins, patients displaying
mild symptoms or sesame-sensitized individuals without al-
lergic symptoms were not included. Therefore, substantial
prevalence data about the oleosin sensitization in sesame-
allergic patients are still missing.

There are two studies available which partially reflect the
sensitization to hazelnut oleosins. The first study utilizes the
oil body fraction of hazelnut for RAST to evaluate the sensi-
tization to oleosins in a study population having different
grades of severity [2¢]. Positive RAST results (sIgE
> 0.35 kU/L) were found in 36/91 of the tested individuals.
Immunoblot analysis with 21 of these 36 individuals con-
firmed a sensitization to the oleosin Cor a 12. As IgE reactions
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to further proteins were observable in the immunoblot, the
authors described the presence of additional allergens, at least
of Cor a 9 (118 globulin), in the oil body fractions. The con-
clusion drawn by the authors that an oleosin sensitization is
associated with severe allergic symptoms in hazelnut allergy
might be true but is slightly weakened by the fact that Cora 9,
which has also been associated with more severe symptoms, is
present in their oil body preparations [2¢].

In 2015, Datema et al. published the largest epidemiologi-
cal study on oleosins so far with 423 hazelnut-allergic patients
[57¢]. In this study, the authors revealed a sensitization to the
hazelnut oleosin, Cor a 12, between 10 and 25% across
Europe. A lower prevalence (< 8%) was reported for the cities
of Strasbourg and £6dz. Moreover, the authors showed that
children and adolescents were more often sensitized to the
oleosin than adults. This aspect was ascribed to an increasing
prevalence of birch pollen-associated hazelnut allergy with
age. Interestingly, a Cor a 12 sensitization correlated with
sensitization to other oil-rich foods such as soybean, sesame,
peanut, sunflower, but also with latex and diverse pollen. This
raised the question whether a sensitization to pollen oleosins
might be causative for [gE-mediated reactions to foods con-
taining seed oleosins and prompted us to look for differences
between oleosins from pollen and food allergen sources in the
bioinformatics literature.

An analysis of oleosin genes revealed that pollen oleosins
of Brassicaceae species such as Arabidopsis thaliana have
evolved from seed oleosins [13]. However, their N-terminal
domain is truncated whereas the C-terminal domain is usually
longer than that of seed oleosins. Therefore, the overall shared
sequence identity between pollen and seed oleosins is rather
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low, except for the conserved hydrophobic domain which is
considered to be non-antigenic [24, 38¢¢]. As a consequence,
allergic cross-reactions seem to be unlikely. Our data obtained
from the mapping of IgE-epitopes of Ara h 15 and other seed
oleosins support this thesis (Jappe and Schwager, personal
communication). A BLAST search of the identified IgE-
binding sequences revealed a sequence similarity to other seed
oleosins rather than to pollen oleosins. Nevertheless, this
method is limited to the detection of sequential epitopes, and
thus we cannot completely rule out the possibility of confor-
mational epitopes that might be responsible for allergic cross-
reactions between oleosins of different plant organelles.

The observation of Schwager et al.—in contrast to the
study of Datema and co-workers—does not point to a
pollen-associated oleosin-sensitization: They recruited 74
peanut-allergic patients with different clinical phenotypes
in Northern Germany. Among them, 52 individuals
displayed an oleosin sensitization. All of these patients
reacted to at least two different oleosins purified from
roasted peanuts in immunoblot experiments ([38e¢], ex-
panded study population). All of the oleosin-sensitized
peanut-allergic patients had rather severe allergic reac-
tions after peanut consumption, pointing to oleosins as
potential marker allergens for the severity of an allergic
reaction (Fig. 2). 22/74 patients who had pollen-

P
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I T
sensitized to not sensitized
oleosins to oleosins

' severe allergic reactions

/ mild allergic reactions

Fig.2 Association of severe allergic reactions after peanut ingestion with
IgE to peanut oleosins in different subgroups of peanut allergic patients.
N = 74 patients were investigated, 53 experienced severe reactions, 52
had a genuine peanut allergy and had IgE to oleosins, 1 other individual
with severe reactions was a patient with a pollen-associated peanut
allergy. This patient was anti-oleosin-IgE negative. All those with mild
symptoms were patients with a pollen-associated peanut allergy

associated peanut allergy did not reveal oleosin sensitiza-
tion. One of them, although Ara h 8- and not storage
protein-sensitized, had experienced a severe reaction after
peanut consumption, an observation that rarely occurs
when the concentration of the heat labile Bet v 1-
homologue is high enough [58]. In our cohort of
oleosin-sensitized peanut-allergic patients, a genuine pea-
nut allergy developed mostly in childhood and was usu-
ally not accompanied by a pollen allergy at this time.

This is an important finding because according to Datema
et al., oleosins show a sensitization pattern that is similar to
profilins and CCDs [57¢¢]. However, oleosins do not seem to
be glycoproteins [59]; therefore, a cross-reactivity mediated
by cross-reactive carbohydrate determinants (CCD) can be
excluded.

Diagnostic Value of Lipophilic Allergens: Potential
of Closing Diagnostic Gaps

Diagnostic tests are based on aqueous extracts. However,
oleosins are most hydrophobic and, therefore, nearly in-
soluble proteins, which hampers immunoreactivity mea-
surement. For that reason, some patients are not diag-
nosed adequately by skin prick tests and IgE-detection
methods. Zuidmeer-Jongejan et al. showed that oleosins
are virtually absent in 9 commercially available hazelnut
extracts which are used for skin prick test solutions which
is due to the procedure of aqueous extraction that includes
defatting steps [2¢]. Hence, it is highly probable that pa-
tients with a positive history of allergy to oil seeds and
negative diagnostic tests may be oleosin-IgE positive.
Forty-one percent of those patients who had IgE against
the oil body fraction were negative in skin prick test per-
formed with commercially available solutions. Ninety per-
cent of those who were negative in the in vitro test with
oil body fraction were positive in skin prick test. It can be
hypothesized that these individuals suffered from a
pollen-associated rather than a primary hazelnut allergy.

Up to now, the number of well-characterized patients
investigated for specific IgE to oleosins is still small.
However, from initial studies and the most recent investi-
gation on different phenotypes of peanut allergy, there is
strong evidence for their potential as marker allergens for
severe allergic reactions [2¢, 37, 38e].

Already there are allergenic components used as treat-
ment decision markers (hymenoptera venom compo-
nents), treatment efficacy indicators (Bet v 1, Phl p 1 +
5), and severity markers (Ara h 2) (summarized in [60]).
Whether oleosins can be used as such will depend on the
allergen preparation, the method, and the number of well-
characterized patients investigated in the near future.
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Is the Diagnostic Capacity of Oleosin-Based Tests
Probably Depending on the Method?

The identification of oleosin-sensitized individuals was real-
ized so far by immunoblot, ImmunoCAP, RAST or the inves-
tigation of basophil reactivity. However, one has to keep in
mind that in most studies, the experiments were carried out
with oil body fractions which were virtually contaminated
with other allergens [2¢, 43, 57¢¢].

Immunoblot

SDS-PAGE and subsequent immunoblot analysis was the
method of choice for allergological investigation of oleosins
due to their limited solubility in detergent-free buffers. With
respect to peanut, clearly visible bands indicating an IgE-
binding were only obtained when using oleosins from roasted
seeds, as described above [38¢]. In contrast, a sensitization to
hazelnut and sesame oleosins was identified by using the raw
material [2¢, 37¢]. Another problem that had to be faced is the
close similarity of molecular masses of the oleosins. Total
separation of the single molecules is difficult to achieve, and
if applied as mixture the proteins might be differentiable by
SDS-PAGE but appear most often as smear in immunoblots
[2, 18ee, 38¢¢]. Moreover, oleosins tend to form IgE-reactive
dimers and oligomers which can be observed on the mem-
brane, too [30, 35, 38e°].

Pons et al. were the first that used purified oleosins for
immunoblot experiments. However, they had hardly visible
protein bands [36]. Applying the oleosin-enriched membrane
fraction of their bacolovirus cells, they found 3/14 sera from
patients with peanut allergy reactive with the 18 kDa-oleosin
(later registered as Ara h 14) but also to further protein bands.
In the first publication on peanut oleosins in which the natural
purification of all natural oleosins from roasted peanuts was
reported, sera from 3/4 patients with severe symptoms after
peanut ingestion had IgE positivity in immunoblot [18ee].

(Automated) ELISA Techniques

ELISA techniques allow for the use of native allergens and the
detection of IgE against conformational epitopes in contrast to
immunoblot where oleosins are denatured. However, no stan-
dardized natural or recombinant oleosin is available for these
routine diagnostic tests, so far. Therefore, oil body prepara-
tions have been used in initial studies [2¢, 43, 57¢]. For the
measurements, they used the soluble part of these preparations
which might be problematic as oil bodies were contaminated
with Cor a 9 and further unknown proteins. As a consequence,
proteins that are less soluble, such as the oleosins, might be
discriminated during these procedures. This might have af-
fected the outcome of these tests as the patients’ reactivity
cannot be considered as solely oleosin-specific. Since the
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solubility of natural oleosins in detergent-free buffers will re-
main a problem, attempts to create water-soluble IgE-reactive
oleosins have been undertaken [38¢¢]. The results of these
efforts will be discussed in the next section.

Cell-Based In Vitro Diagnostics

Cell-based diagnostic tests like the basophil activation test
became more prominent within the last years as these tests
are able to mimic allergic reactions in a physiological system
[61]. So far, they have not become routine measures because
of restrictions such as high costs [62] and elaborate experi-
mental logistics [61]. However, reactivity of oleosins from
different sources in cellular assays, i.e. BAT revealed their
ability to be mediators of allergic reactions [2e, 38, 41].
Moreover, it confirmed differences in the recognition of
oleosins of raw and roasted peanut by basophil-bound IgE,
pointing to the latter as more potent to elicit allergic reactions.
A ROC-curve analysis showed that the use of oleosins obtain-
ed from roasted peanuts in BAT can identify all peanut-allergic
patients suffering from severe allergic reactions [38e].
However, the application of an oleosin mixture from raw pea-
nuts showed only minor differences when it came to sensitiv-
ity and specificity of the BAT [38e¢]. Despite these results, the
main problem of oleosins, their poor solubility, still remained,
as only a low amount of oleosins was recovered after the
necessary dialysis against BAT buffer. Again, recombinant
molecules might overcome this issue.

Recombinant Production of a Water-Soluble Peanut
Oleosin (rAra h 15)

As already stated, natural oleosins show a highly restricted sol-
ubility in detergent-free solutions which is due to the hydropho-
bic core domain of oleosins. This part of the molecule is respon-
sible for the steric position of the oleosins in the oil bodies. It is
thought to be non-antigenic [24], which is why approaches of its
biotechnological omission or the construction of an artificial
oleosin without the hydrophobic core domain deemed a sensible
one for being successful in improving the solubility in aqueous
solutions like aqueous-based routine diagnostics [38¢¢]. The fi-
nal product, a recombinant Ara h 15 was soluble in milligramme
quantities in BAT buffer whereas the solubility of the natural
oleosins was soluble in microgramme quantities [38e¢].
Interestingly, the single recombinant Ara h 15 was nearly as
reactive in BAT as the natural oleosin mixture from raw peanuts.
By providing the other peanut oleosins Ara h 10, Arah 11 and
Ara h 14 as additional recombinant analytes, the sensitivity and
specificity of the BAT with oleosins might be further improved.
Presently, the reactivity of recombinant molecules in immuno-
blot does not seem to be satisfactory ([36] and own observation).
Nevertheless, they are promising molecules for component re-
solved diagnostics in the future.
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What Are the Problems with Oleosins as Diagnostic
Tool?

Natural oleosins are nearly insoluble in aqueous/saline solu-
tions. Some of the oleosins in their respective food allergen
source have a similar molecular weight (Arah 10 and 11; Ara
h 14 and 15), which makes it difficult to separate them to
produce single components (see above) for methodologically
different test procedures (immunoblot, ELISA). Furthermore,
they tend to form dimers, which poses a problem in immuno-
blot. Since the insolubility remains a huge problem, immuno-
blots are still performed under reducing conditions with deter-
gent treatment.

The fact that IgE-reactive epitopes are basically present on
the hydrophilic domains and not on the central hydrophobic
core domain was used for the production of a modified recom-
binant oleosin which proved soluble and moderately reactive
in BAT, whereas the usability in immunoblot is unsatisfactory.
Application in ELISA is under way. Once the problem of
insolubility has been overcome, conformational epitopes on
oleosins can be investigated as well and be used for diagnostic
tests in the future.

Which Variant of Allergen Should Be Provided
for Which Diagnostic Tests?

When it comes to the application of oleosins for diagnostic
tests, one has to make a decision between natural and recom-
binant molecules. With regard to sensitivity and specificity,
purified natural molecules are the best choice for patient
screening by immunoblot analysis, and in case of peanut they
should be obtained from roasted seeds, whereas in the case of
other food allergen sources, it seems to be reasonable to use
oleosins from raw material, which should take cultural habits
of food consumption into account. In cellular tests, water-
soluble recombinant oleosins as single molecules or mixtures
should be applied due to a higher sensitivity of the test.
Presently, there are no comparative data on the performance
of purified natural and the respective recombinant oleosins
available.

Conclusion

In general, DBPCFC is the gold standard in food allergy di-
agnosis, and in many cases the only proof of an allergy to a
certain food allergen source. It is nonetheless risky, time con-
suming and costly. Therefore, it is valuable to focus research
efforts on molecular allergy diagnostics and the evaluation of
new allergenic molecules for clinical relevance and their
marker (biomarker!) potential.

The available literature summarized here unanimously
points to the fact that oleosins have the potential to be markers
for the grade of severity in food allergies, and thus they should
be included in routine measurements as soon as possible to
allow for an improved risk management of the respective pa-
tients. Thereby, it is of the essence to provide tests with the
most suitable allergen preparation: nearly pure natural
oleosins most reactive with IgE (roasted/raw) in immunoblot
and BAT, whereas recombinant molecules might be more suit-
able in automated ELISA techniques. In parallel, the investi-
gation of (large) cohorts of well-characterized patients should
be performed in order to consolidate the value of oleosins for
precision medicine.
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