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What makes peanuts so allergenic?
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Abstract: Peanut allergy belongs to one of the most severe food alergies. So
far 12 peanut allergens have been registered by the 1UIS Allergen Nomen-
clature Subcommittee. The different peanut allergens and factors that con-
tribute to alergenicity are described herein. Peanut contains several class |
food allergens (especialy Arah 1, 2, 3) that are stable against heat denaturation
and proteolytic digestion and represent storage proteins. These alergens are
often associated with severe alergic reactions. Additionally, peanut contains
class Il food allergens (Ara h 5 and 8), where the IgE reactivity is caused by
cross reactions to inhalant allergens. These allergens are mostly associated with
mild to moderate allergic reactions. However, the severity of the symptoms
may change by involvement of additional factors. The peanut matrix consiststo
about 50 % of lipids, and allergenipid associations have been shown for
several peanut alergens. Further factors influencing allergenicity depend on
the peanut variety, geographical differences and aterations in food processing.
Finally, the physiological function of allergens and the mechanisms by which
they interact with the immune system are further modulating factors. Thus, the
specific allergen structure, matrix, genetic variations, geographic aterations
and further augmentation factors are important parameters that induce and
influence alergenicity.

Keywords: alergenicity; augmentation factors; class | and Il food alergens;
epitope; IgE reactivity.
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1. INTRODUCTION

Peanut is one of the most hazardous sources of food allergens that can cause
severe, sometimes even fatal, anaphylactic reactions. About 100 ug of peanut
protein can provoke symptoms in alergic individuals.l It is rather difficult to
avoid peanuts, since they may occur as hidden allergens in exotic meals and as
supplements, such as peanut oil in cosmetics. Due to their lipophilic matrix (pea
nuts contain about 50 % of lipids?), peanut proteins are considerably adhesive
and may be resistant to degradation. Possible sensitization routes are the gastro-
intestinal tract, the respiratory tract, the skin, aswell as breast feeding.

To answer the questions concerning peanut alergenicity, the complexity of
peanut allergens, co-factors and interaction with the immune system at different
interfaces have to be taken into account.

Three topics should be considered:

1. the structural characteristics of peanut allergens;

2. additional factorsthat can increase alergenicity;

3. mechanisms of sensitization by peanut allergens.

2. STRUCTURAL CHARACTERISTICS OF PEANUT ALLERGENS

The molecular structure is obviously related to alergenicity. The fact that
alergens exist only in 1.5 % of the 9318 protein families3 suggests a correlation
between molecular structure and alergenicity. This was further confirmed by
studies of da Costa Santiago et al., who demonstrated a correlation of aller-
genicity with structural uniqueness of proteins, while homologous proteins com-
mon in eukaryotic organisms and high amino acid conservation levels result in
lower alergenicity or lead to immunological tolerance.

However, little is known about the typical structural characteristics of aller-
gens.® Allergens are glycoproteins or proteins with a molecular weight of 10 to
70 kDa. They must carry at least two IgE-reactive epitopes to enable cross-link-
ing of IgE antibodies on effector cells to release mediators. The allergenic mole-
cules must be stable to reach the immune cells. Interestingly, low dosages cause
allergy, since low concentrations increase Th2 cell activation. Usually allergens
are readily soluble. The physiological functions of allergens also have to be con-
sidered as factors promoting allergenicity, although few publications exist on this
particular subject: some allergens have been identified as proteases, protease in-
hibitors, transport proteins, regulatory proteins, storage proteins and defence pro-
teins.

Subsequently, different peanut allergens and factors that contribute to aler-
genicity are described. Peanut allergens were identified by 2D immunoblotting
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ALLERGENICITY OF PEANUTS 323

using sera from peanut alergic individuals. The protein spots were identified by
tryptic mass fingerprinting and sequence homology was searched for in data-
bases.6 The complexity becomes evident when focusing on molecules of similar
size but with different pl values. Many allergens consist of isoforms that differ
from each other by exchange of one or a few amino acids and/or post-trans-
lational modifications.’8

The peanut alergens as they are listed by the IUIS Allergen Nomenclature
Subcommittee are summarized in Table |. Twelve different allergens from peanut
(Arachis hypogaea) are known: Ara h 1-Ara h 13. The structure of the allergens
varies from polypeptides (e.g., oleosins), small molecules stabilized by disulfide
bonds (e.g., Ara h 2) to complex post-translation modified glycoproteins that oli-
gomerize (e.g., Ara h 1). The physiological function of peanut allergens range
from storage proteins, protease inhibitors, pathogenesis-related proteins (PR pro-
teins for defence) to transport proteins.

TABLE I. Overview of the peanut alergens (Arachis hypogaea). PTM, post-trandational
modifications; glyc, glycosylation; S-S, disulfide bond; PR, pathogenesis-related protein
(Becker et al.,® modified)

Allergen MW/ kDa pl Structure PTM Function
Arahl 62-69 6.0-6.4 Cupin, vi cj lintype, glyc, S-S Storage protein
7S, trimer

Arah2 17-18 55 Conglutin type, 2S ss Storage protein,

abumin trypsin inhibitor
Arah 3.01 56-59 54-5.6 Cupin, legumintype, glyc, S-S, Storage protein
Arah 3.02 11S, hexamer o and &
(Arah 4) subunits
Arah5 14 4.6 Profilin - Profilin
Arah6 14 5.0 Conglutin type, 2S -

' S-S

albumin

Arah7 16-17 5.6-7.5 Conglutin type, 2S -
’ S-S

abumin
Arah 8 16-17 5.0 Bet v 1 homologous PR-10, transport

protein a
Arah9 9 9.3-9.5 Lipidtransfer protein ss PR-14, lipid

transport

Arah 10 16-18 9.4-9.6 Oleosin - Lipid transport
Arah 11 14 9.1 Oleosin - Lipid transport
Arah 1218 5 7.7 Defensin, dimer S-S PR-12, defence
Arah 138 5 8.2 Defensin, dimer S-S PR-12, defence

In contrast to pollen alergens that enter the organism without structural
changes, peanuts are usually processed by roasting before consumption and sub-
sequently undergo digestion under acidic conditions by pepsin in the stomach
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324 PETERSEN, BECKER and JAPPE

and in basic conditions in duodenum by pancreatic enzymes, before fragments
(single allergens) reach the immune system, a complex procedure, which influ-
ences their allergenicity.10

Food alergy is divided into two classes as described in Table 11.11 Class |
food allergy is characterized by systemic and more severe reactions, which is
associated with allergens resistant to heat, proteases and digestion, alowing these
alergens to pass the gastrointestinal tract without structural changes. This
category of allergensin peanut contains Arah 1, 2 and 3, which are known to be
responsible for severe anaphylactic reactions after peanut consumption.

TABLE Il. Classification of food allergensinto class| and Il

Parameter Class| Class ||
Sensitization route Gastrointestinal Inhalation
Characteristics Thermally and proteolytically ~ Thermally and proteolytically
stable unstable
Symptoms Severe reactions Often mild reactions
Anaphylaxis OAS
Examples Arahl1,2and3 Arah5and 8

However, peanut also contains class Il food alergens. In this case, the sen-
sitization is usually raised against pollen allergens via the respiratory tract. Due
to cross-reactive IgE epitopes in peanut allergens, such molecules can cause al-
lergic reactions as well. Usually these allergens are thermally and proteolytically
unstable, and often only mild symptoms are provoked.

The following description of the class | and 11 allergens of peanut is based on
the review of Becker et al.®

2.1. Characteristics of class | food allergens of peanut

Some of the peanut allergens reveal many sequentia IgE-binding epitopes,
e.g., Arah 1 possesses 23 linear epitopes.12 Even after partial cleavage during di-
gestion, some IgE-binding epitopes remain on the fragments and probably cause
histamine release.

Arah 1 and Ara h 3 belong to the cupin superfamily with a molecular struc-
ture formed by a p-barrel core domain and two additional conserved sequence
motifs. Arah 1 is a 7S globulin and belongs to the vicilin type. Hydrophobic
patches are located at the ends of the molecule; they are the binding edges for the
formation of Ara h 1 trimers.13 Ara h 3 tends to form hexamers. Its monomers
are composed of an acidic and a basic subunit linked by a disulfide bond.14 Arah
3isan 11S globulin and belongs to the legumin type.

Arah 2, 6 and 7 are members of the prolamin superfamily. They are acohol
soluble proline and glutamine rich storage proteins that show a specific, highly
conserved cysteine pattern (C—Xn—C—Xn—C—C-Xn—C—-X—-C—-Xn-C-Xn-C),
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ALLERGENICITY OF PEANUTS 325

whereby Ara h 6 contains 10 cysteines. Arah 2, 6 and 7 belong to the 2S albu-
mins. Ara h 2 is the most frequently recognized peanut allergen.1 Studies by
Maleki et al.10 showed that the stability of this molecule is due to the four di-
sulfide bonds. Roasting and denaturating conditions with 8 M urea did not alter
the secondary structure, as demonstrated by CD spectroscopy. However, the con-
formational structure is destroyed by reducing procedures.

Arah 9 also belongs to the prolamin superfamily, but to the subgroup of the
non-specific lipid transfer proteins (LTP). The LTPs are largely distributed in
fruits and vegetables and cause allergic reactions, especialy in individuals of the
Mediterranean region.16:17 The underlying molecule is stabilized by four disul-
fide bonds and belongs to the pathogenesis-related proteins (PR12-protein).11

Two further families of peanut allergens are associated with lipids: the ole-
osins (Ara h 10 and 11) and the defensins (Ara h 12 and 1318). Oleosins are
amphiphilic molecules that form a monolayer on oilbodies!® and peanut defen-
sins, isolated from lipophilic fractions, have recently been identified as IgE-
reactive components.18 Plant defensins are small, highly stable, cysteine-rich
peptides that constitute a part of the innate immune system, primarily directed
against fungal pathogens.20

2.2. Characteristics of class |1 food allergens of peanut

Class Il food allergens in peanut are Arah 5 and 8. Arah 5 is a profilin.21
Profilins are detectable in al eukaryatic cells and are involved in the formation
of the cytoskeleton. Since they also exist in human cells, immune responses can
only be elucidated to structurally and phylogenetically less related plant profi-
lins.22 Nevertheless, the structural differences to plant profilins are small. Cli-
nical relevance seems to be negligible. The symptoms, if any occur, are usualy
only mild.

Arah 8 is aBet v 1-homologous protein (PR-10 protein)23.24 and a class |1
food allergen, since the sensitization (especially in Northern Europe) is caused by
the major birch pollen allergen Bet v 1. This plant family is rather large and
consists of many members of fruits and vegetables from Rosaceae and Apiaceae,
respectively.2®

Even though the protein sequences can differ by 60 % among different
members, the underlying 3D structure and surface identity (important for the
antibody binding) are more similar. The characteristic 3D structure is formed by
7 antiparallel S-sheets and 2 short a-helices. These allergens are unstable to hest
and digestion and, therefore, often cause only mild reactions, e.g., the oral allergy
syndrome (OAS).24

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS

@080

EW MG RMD



326 PETERSEN, BECKER and JAPPE

3. ADDITIONAL FACTORS INFLUENCING ALLERGENICITY

For alergy development, the specific structure of the alergen/s in the con-
text of alergen exposure and the genetic background of the individual are of
profound importance.

Allergenicity can vary considerably due to the variety of the allergen sour-
ces, the form of protein extraction and the further processing.

Comparing peanuts from different varieties and origins, a peanut species
from Bali that showed nearly no Arah 1 was evidenced by 2D PAGE and immu-
noblotting.28 It might be speculated that this was a hypoallergenic peanut variant.
However, when the allergenicity of the peanut extract was determined, it was
found to be comparable to those other varieties, which is probably due to com-
pensation with higher amounts of the other peanut alergens. This is a natural
example that demonstrates that the elimination of a single allergen does not ne-
cessarily result in alower overall alergenicity.

The extraction conditions also play an important role. Under akaline con-
ditions (carbonate buffer, pH 8), which mirrors the physiological conditions of
peanut uptake in man, Arah 1 and Arah 3 are especially detectable, while under
acidic conditions (acetate buffer, pH 5) oleosins and LTP (Ara h 9) appear more
prominently.27

When an attempt was made to improve the isolation of Ara h 8 from an
extract,28 it was observed that lipophilic extraction by use of chloroform and me-
thanol2® produced a more efficient isolation, resulting in pure Ara h 8. It would
not have been possible to identify the sera of Ara h 8-reactive patients in the
usually isolated extract (carbonate buffer, pH 8). However, by application of the
lipophilic extraction method, Arah 8 could clearly be detected. Thisis afact that
has to be considered for diagnosis.

A further interesting phenomenon was observed in these experiments. ex-
tracts prepared from roasted peanuts revealed a stronger IgE reactivity when
compared to the extract from unroasted peanuts (personal communication). This
may be due to roasting as Maillard products are formed30 by the reaction of car-
bohydrates and allergens, which was demonstrated for the peanut allergens Ara h
1and 2.10.13

A lipophilic matrix can also have an important influence on the allergenicity
of the molecules. Sancho et al.3! demonstrated that phosphatidylcholine induced
conformational changes in the apple allergen Mal d 1 and allowed this allergen to
penetrate the phosphatidylcholine vesicle. By this, the digestion of the Ma d 1
was retarded, and the allergenicity was retained to a large extent. Since peanut
consists of up to 50 % of lipids,2 evidence was found that lipids also interfere
with the IgE binding and digestibility of Ara h 8. After roasting, some covalent
Ara h 8ipid oxidation products might have been generated. Recombinant Ara h
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ALLERGENICITY OF PEANUTS 327

8 without lipids was degraded rapidly, while Ara h 8 isolated from roasted
peanuts was resistant in gastrointestinal digestion experiments.28

Not only Arah 8, but also several other peanut allergens are associated with
lipids. Thus, the lipid transfer protein Ara h 9, the oleosins, which float on the
surface of oilbodies, 19 Ara h 10 and 11, and finally plant defensins were iden-
tified as by-product when Ara h 8 was isolated by lipophilic extraction.18

Besides the specific structure, the quantity of allergens can influence sensi-
tization as well. Fox et al.32 reported that high levels of environmental exposure
to peanut during infancy caused higher rates of sensitizations. On the other hand,
du Toit et al.33 showed that early consumption of peanuts in infancy seemsto be
associated with a low prevalence of peanut allergy. They determined a 10-fold
lower prevalence for peanut alergy in Jewish children in Israel than in Jewish
children in the U.K. Isragli children consume peanuts in high quantities in the
first year of life, while U.K. infants avoid peanuts. Other probable factors arising
by atopy, socia class, genetic background and peanut allergenicity were ruled
out in the study.33 This indicates that a window of opportunity might exist in
early life that causes tolerance induction.34

Furthermore, the route of the allergen exposure seems to be decisive. In
peanut alergic patients, the proliferation of peanut-specific memory T-cells with
the skin-homing factor CLA+ (cutaneous lymphocyte antigen) predominates,
while peanut-tolerant groups have a mixed skin- and gastrointestinal-homing fac-
tor composition CLA+/ o4 37+.35 These results further support the hypothesis that
the initial route of allergen exposure in early lifeis crucia: allergic sensitization
might occur via the skin, while passage via the gut induces tolerance.3®

Geographical parameters and environmental factors can also influence the
occurrence of alergic reactions to specific allergens. Concerning peanut aller-
gens, a clear distribution of the North European population exposed mainly to
birch pollen results in reactivity to the Bet v 1-homologous Ara h 8, while in the
Mediterranean countries, the reactions are especially based on the lipid transfer
proteins. Thisis probably caused by exposure to the marker allergen Pru p 3 from
peach, which cross-reacts with Arah 9.17.36

Food processing habits can also influence sensitization. It is interesting to
note that peanuts are usually cooked in China, while they are mainly roasted in
other countries.37 Although peanut consumption is high in China, peanut allergy
does not seem to be as prevalent asit isin the U.S.A. The reason might be due to
the food processing. By cooking peanuts, some allergens may be washed out,
while roasting can generate new stable allergenic epitopes, e.g., Maillard pro-
ducts.38

Last but not least, factors such as acoholic drinks, non-steroidal anti-inflam-
matory drugs (NSAIDs), exercise and menses can increase food allergic symp-
toms_39,40
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328 PETERSEN, BECKER and JAPPE

4. WHAT ARE THE MECHANISMS OF THE SENSITIZATION BY PEANUT
ALLERGENS?

To understand the effect of allergenicity, it is important to investigate how
specific allergens interact with the epithelium and the immune response-trig-
gering cells.

Several food allergens have been identified as proteases, e.g., actinidin of
kiwi (Act d 1), and Cavic et al.#! were able to demonstrate similar morphological
changes and desquamation of epithelial cells after exposure to Act d 1 and with
the house dust mite allergen Der p 1.42 Although no allergenic protease have
hitherto been identified in peanut, it might be speculated that, for example, sub-
tilisin, a serine protease in peanut kernels,43 disrupts the tight junctions, thereby
enabling peanut allergens passage through the epithelial barrier.

The alergens Ara h 2, 6 and 7 show molecular similarities to the soybean
trypsin inhibitor.19 This might result in incomplete digestion of alergens, which
can consequently elucidate alergic reactions. Shreffler et al.#4 demonstrated a
binding of the glycoprotein Ara h 1 via its carbohydrate moiety (f-glucan) to
CD209 on dendritic cells, the DC-SIGN (dendritic cell-specific intercellular ad-
hesion molecule 3 grabbing non-integrin). As a consequence, a shift towards Th2
activation occurs, as shown in human in vitro experiments. The results corres-
pond to those obtained in studies of Royer et al.,*> which showed that several
native allergens with a carbohydrate moiety (among them Ara h 1) can bind to
the mannose receptor on dendritic cells (C-type lectin) causing Th2 cell pola-
rization.

Khodoun and co-workers? proved that components from peanut extract can
activate complement in mice in vivo and in vitro and they also demonstrated this
effect in vitro in man. C3a and to a lower degree Fcyreceptors were identified as
contributing to peanut extract-induced anaphylactic shock. This was shown to
occur without the involvement of the adaptive immune system. To date, the elu-
cidating components from peanut extract have not been identified.

Furthermore, the association of proteins with lipids and lipophilic molecules
can have structural and functional effects. Karp#’ hypothesized that intrinsic ad-
juvant activity may be provided for by the association of the proteins with their
lipid cargo and that this underlies their immunogenicity and/or allergenicity. In
this context, Ara h 8 and other lipophilic allergens may support or enhance the
binding to receptors of the innate immune system, such as the Toll-like receptors
TLR2 and TLR4 that bind lipopeptides and lipopolysaccharides (LPS), respecti-
vely. Dependent on the LPS concentration, the immune responses can vary con-
siderably. In an animal model with ovalbumin, a dose of <1 ng LPS led to tole-
rance, a dose of 100 ng LPS to sensitization with a Th2 immune response and a
dose of 100 pg to Thl inflammation.48
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ALLERGENICITY OF PEANUTS 329

For the Bet v 1-homologous peanut allergen Arah 8, abinding to lipid rafts
and allergen uptake via caveolae was demonstrated. Interestingly, this binding
was only detected in birch pollen alergic individuals, but not in heathy con-
trols.49 The receptor, however, has not yet been identified.

5. CONCLUSIONS

The presented data provide evidence for a clear relationship between mole-
cular structure and allergenicity, athough many further influencing factors may
be involved. Besides the allergen structure, the variety of the source of alergens,
the matrix, the manner of processing, and with regards to the consumer, the ge-
netic background, the qualitative and quantitative exposure, the route of exposure
(gastrointestinal tract, respiratory tract, skin), and host-associated additional fac-
tors. Preliminary investigations have been performed to better understand these
interactions. Since the development of an alergic phenotype depends on many
factors, it isimportant to dissect and study the different factors.

Furthermore, the clinica relevance of the sensitization should be determined,
since sensitization does not necessarily result in clinical symptoms. Clinical
problems arise from inter- and intra-individual variability of the level triggering
alergic reactions.

A first step is to switch from prick test with mixtures from alergenic
sources, which can only differentiate between sensitized or non-sensitized, to a
component-resolved diagnosis, which allows discrimination between the diffe-
rent allergens and, hopefully, to find marker alergens (e.g., Ara h 2) that alow
severe symptoms to be predicted.50

U3BO[
HITA KUKUPUKHU YHUHHU JAKUM AJIEPTEHOM?

ARND PETERSEN, WOLF-MEINHARD BECKER u UTA JAPPE

Division of Clinical and Molecular Allergology, Research Center Borstel, Airway Research Center North
(ARCN), Member of the German Center for Lung Research, Borstel, Germany

Anepryja Ha KUKUPHKM je jefHa O Hajjauux aneprdja Ha xpany. Jlo caza je peruc-
TpoBaHO 12 anepreHa KMKUpUKHja of cTpaHe HamuexxHor Tena (IUIS Allergen Nomenclature
Subcommittee). Y oBoM pafly OIMCyjeMO pasjMuuTe ajepreHe KMKUPHKHja U daKTope Koju
TOIPUHOCE anepreHocTH. KUKUpUKY canpKu HEKOMUKo anepreHa kiace I (moceduo Ara h 1, 2
u 3), KOjU 0Z0JIEBAjy TOIVIOTHOM M INPOTEOJNIMTHYKUM pasjiaramy U 4MHE Jeno nporernHe. OHU
YeCTo U3a3uBajy jake aneprujcke peakuuje. Kukupuku cagpsku u aneprede wiace II (Arah 5u
8), xoju uHpyKyjy IgE peakTHBHOCT KOja MMa yHaKPCHO NPENO3HaBake MHXAaTOPHUX ajlep-
reHa. OBY ajiepreHu usasuBajy Onary 1o cpefme jaky anepreHocT. Ha jaunHy cumnroma mMory
yTULIATU ¥ fofaTHU daxkTopyu. Kukupuku ce cactoju of 50 % nunuia U 3a HEKOJIUKO ajepreHa
je KOHCTaTOBaHO acocoBame ca Junuauma. Ha anepreHocT yTude BpCTa KUKHPHUKHja, Ieo-
rpadCko MOPEKIO M Ha4yMH o0pafe 3a ucxpaHy. PH3HOJOIIKK MYT al€epreHa, Kao M Mexa-
HHM3MH HHTEPaKLHje ca UMYHHM CHUCTEMOM Cy, Takohe, mogynaTopHu ¢akropu. [Ipema Tome,
cneuM@HyHa CTPYKTypa ajiepreHa, KOH3MCTEHLIMja, TEHETCKe Bapujauuje, reorpadcko Io-
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330 PETERSEN, BECKER and JAPPE

PeKyIo U Apyru nojavyaBajyhu GakTopu Cy BaKHU NMapaMeTpH 3a UHAYKUU)jY U Ja/bH TOK anep-
rUjcke peakiyje.
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REFERENCES

J. O. Hourihane, S. A. Kilburn, J. A. Nordlee, S. L. Hefle, S. L. Taylor, J. O. Warner, J.
Allergy Clin. Immunol. 100 (1997) 596

M. M. Ozcan, J. Oleo Sci. 59 (2010) 1

C. Radauer, M. Bublin, S. Wagner, A. Mari, H. Breiteneder, J. Allergy Clin. Immunol.
121 (2008) 847

H. da Costa Santiago, S. Bennuru, J. M. Ribeiro, T. B. Nutman, PLoS One 7 (2012)
e40552

H. Breiteneder, E. N. Mills, J. Allergy Clin. Immunol. 115 (2005) 14

H. Schmidt, C. Gelhaus, T. Latendorf, M. Nebendahl, A. Petersen, S. Krause, M. Leippe,
W. M. Becker, O. Janssen, Proteomics 9 (2009) 3507

J. Radosavljevic, D. Dobrijevic, M. Jadranin, M. Blanusa, J. Vukmirica, T. Cirkovic
Velickovic, J. Sci. Food Agric. 90 (2010) 1702

H. Bernard, L. Mondoulet, M. F. Drumare, E. Paty, P. Scheinmann, R. Thai, J. M. Wal, J.
Agric. Food Chem. 55 (2007) 663

W. M. Becker, A. Petersen, U. Jappe, Allergologie 34 (2011) 398

S. J. Maleki, O. Viquez, T. Jacks, H. Dodo, E. T. Champagne, S. Y. Chung, S. J. Landry,
J. Allergy Clin. Immunol. 112 (2003) 190

H. Breiteneder, C. Ebner, J. Allergy Clin. Immunol. 106 (2000) 27

A. W. Burks, D. Shin, G. Cockrell, J. S. Stanley, R. M. Helm, G. A. Bannon, Eur. J.
Biochem. 245 (1997) 334

S. J. Mdeki, R. A. Kopper, D. S. Shin, C. W. Park, C. M. Compadre, H. Sampson, A. W.
Burks, G. A. Bannon, J. Immunol. 164 (2000) 5844

A. Boldt, D. Fortunato, A. Conti, A. Petersen, B. Ballmer-Weber, U. Lepp, G. Reese,
W.M. Becker, Proteomics 5 (2005) 675

S. J. Koppelman, M. Wensing, M. Ertmann, A. C. Knulst, E. F. Knol, Clin. Exp. Allergy
34 (2004) 583

R. Asero, G. Mistrello, D. Roncarolo, S. Amato, G. Caldironi, F. Barocci, R. van Ree,
Allergy 57 (2002) 900

S. Krause, G. Reese, S. Randow, D. Zennaro, D. Quaratino, P. Palazzo, M. A. Ciardiello,
A. Petersen, W. M. Becker, A. Mari, J. Allergy Clin. Immunol. 124 (2009) 771

A. Petersen, S. Rennert, M. Bottger, W.-M. Becker, S. Krause, T. Gutsmann, B. Lindner,

U. Jappe, European Academy of Allergy and Clinical Immunology (EAACI), Geneva,
2012, poster abstract No. 972

L. Pons, C. Chery, A. Romano, F. Namour, M. C. Artesani, J. L. Guéant, Allergy 57
Suppl. 72 (2002) 88

H. U. Stotz, J. G. Thomson, Y. Wang, Plant Sgnal. Behav. 4 (2009) 1010

T. Kleber-Janke, R. Crameri, S. Scheurer, S. Vieths, W. M. Becker, J. Chromatogr., B
756 (2001) 295

C. Radauer, H. Breiteneder, J. Allergy Clin. Immunol. 117 (2006) 141

D. Mittag, J. Akkerdaas, B. K. Ballmer-Weber, L. Vogel, M. Wensing, W. M. Becker, S.
J. Koppelman, A. C. Knulst, A. Helbling, S. L. Hefle, R. van Ree, S. Vieths, J. Allergy
Clin. Immunol. 114 (2004) 1410

S. Riecken, B. Lindner, A. Petersen, U. Jappe, W. M. Becker, Biol. Chem. 389 (2008) 415

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS

©3

56

RE MO




25

26.
27.
28.
29.
30.
31.

32.
33.

35.

36.

37.

38.

39.

41.

42.

RS

45,

46.

47.

49.

50.

ALLERGENICITY OF PEANUTS 331

C. Ebner, R. Hirschwehr, L. Bauer, H. Breiteneder, R. Vaenta, H. Ebner, D. Kraft, O.
Scheiner, J. Allergy Clin. Immunol. 95 (1995) 962

S. Krause, T. Latendorf, H. Schmidt, Y. Darcan-Nicolaisen, G. Reese, A. Petersen, O.
Janssen, W. M. Becker, Mol. Nutr. Food Res. 54 (2010) 381

W. M. Becker, Int. Arch. Allergy Immunol. 113 (1997) 118

S. Rennert, W. M. Becker, A. Petersen, Allergy 65 Suppl. 92 (2010) 405

S. D'Andréa, P. Jolivet, C. Boulard, C. Larré, M. Froissard, T. Chardot, J. Agric. Food
Chem. 55 (2007) 10008

P. J. Davis, C. M. Smales, D. C. James, Allergy 56 Suppl. 67 (2001) 56

A. |. Sancho, A. Wangorsch, B. M. Jensen, A. Watson, Y. Alexeev, P. E. Johnson, A. R.
Mackie, A. Neubauer, G. Reese, B. Ballmer-Weber, K. Hoffmann-Sommergruber, P. S.
Skov, S. Vieths, E. N. Mills, Mol. Nutr. Food Res. 55 (2011) 1690

A.T. Fox, P. Sasieni, G. du Tait, H. Syed, G. Lack, J. Allergy Clin. Immunol. 123 (2009) 417
G. du Toit, Y. Katz, P. Sasieni, D. Mesher, S. J. Maleki, H. R. Fisher, A. T. Fox, V.
Turcanu, T. Amir, G. Zadik Mnuhin, A. Cohen, |. Livne, G. Lack, J. Allergy Clin.
Immunol. 122 (2008) 84

H. Renz, P. |. Pfefferle, R. Teich, H. Garn, Nestle Nutr. Workshop Ser. Pediatr. Program
64 (2009) 139

S. M. Chan, V. Turcanu, A. C. Stephens, A. T. Fox, A. P. Grieve, G. Lack, Allergy 67
(2012) 336

A. Vereda, M. van Hage, S. Ahlstedt, M. D. Ibafiez, J. Cuesta-Herranz, J. van Odijk, M.
Wickman, H. A. Sampson, J. Allergy Clin. Immunol. 127 (2011) 603

K. Beyer, E. Morrow, X. M. Li, L. Bardina, G. A. Bannon, A. W. Burks, H. A. Sampson,
J. Allergy Clin. Immunol. 107 (2001) 1077

L. Mondoulet, E. Paty, M. F. Drumare, S. Ah-Leung, P. Scheinmann, R. M. Willemot, J.
M. Wal, H. Bernard, J. Agric. Food Chem. 53 (2005) 4547

V. Cardona, O. Luengo, T. Garriga, M. Labrador-Horrillo, A. Sala-Cunill, A. lzquierdo,
L. Soto, M. Guilarte, Allergy 67 (2012) 1316

E. Jensen-Jarolim, E. Untersmayr, Allergy 63 (2008) 610

M. Cavié, M. Grozdanovié, A. Bgji¢, T. Srdi¢-Rgji¢, P. R. Andjus, M. Gavrovi¢-
Jankulovi¢, Phytochemistry 77 (2012) 46

H. Wan, H. L. Winton, C. Soeller, E. R. Tovey, D. C. Gruenert, P. J. Thompson, G. A.
Stewart, G. W. Taylor, D. R. Garrod, M. B. Cannell, C. Robinson, J. Clin. Invest. 104
(1999) 123

O. G. Paik-Ro, J. C. Seib, R. L. Smith, Theor. Appl. Genet. 104 (2002) 236

W. G. Shreffler, R. R. Castro, Z. Y. Kucuk, Z. Charlop-Powers, G. Grishina, S. Yoo, A.
W. Burks, H. A. Sampson, J. Immunol. 177 (2006) 3677

P. J. Royer, M. Emara, C. Yang, A. Al-Ghouleh, P. Tighe, N. Jones, H. F. Sewell, F.
Shakib, L. Martinez-Pomares, A. M. Ghaemmaghami, J. Immunol. 185 (2010) 1522

M. Khodoun, R. Strait, T. Orekov, S. Hogan, H. Karasuyama, D. R. Herbert, J. Kohl, F.
D. Finkelman, J. Allergy Clin. Immunol. 123 (2009) 342

C. L. Karp, J. Allergy Clin. Immunol. 125 (2010) 955

S. C. Eisenbarth, D. A. Piggott, J. W. Huleatt, |. Visintin, C. A. Herrick, K. Bottomly, J.
Exp. Med. 196 (2002) 1645

J. Renkonen, P. Mattila, S. Lehti, J. M&kinen, R. Sormunen, T. Tervo, T. Paavonen, R.
Renkonen. Allergy 64 (2009) 868

A. Asarnoj, S. Glaumann, L. Elfstrom, G. Lilja, J. Lidholm, C. Nilsson, M. Wickman, Int.
Arch. Allergy Immunol. 159 (2012) 209.

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS

©3

56

RE MO





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




